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H istory teaches that the discovery of cure for a disease rarely
precedes the knowledge of its cause. Therefore, it is perhaps

important to review attempts, in a timeline presentation, that were
made to discover the cause of cancer in humans.

Ancient peoples from prehistoric times believed that cancer was
caused by evil spirits, natural forces, contact with wicked men, and
disharmony of the planets. According to Hebrew, Greek, and Roman
teachings, cancer was caused by sin, violation of religious rules, and
the wrath of gods. Hippocrates (BC 460-375) and his disciples were
opposed to superstitions and hypothesized that excess or deficiency
of blood, mucus, and bile could cause cancer, particularly in old age.
Galen (AD 131-203) and his followers, in the Roman Empire and
beyond, believed that accumulation of black bile in the breast, uterus,
lips, and hemorrhoids caused cancer. Galen’s theory was accepted as
doctrine by medical practitioners and organized religions for sixteen
centuries with little modification. In the early Middle Ages, accumu-
lation of noxious substances in blood as cause of disease, including
cancer, was added to Galen’s humoral theory and led to introduction
of blood letting. Although alchemists, astrologers, and contagion the-
orists pressed their own thoughts, Galen’s doctrine withstood all
challenges throughout the Middle Ages.1

With revolutionary fervor, an outspoken Swiss physician and
chemist, Paracelsus (1493-1541), was the first to openly oppose the
Galenists, and Paracelsus almost got away with it. But his opponents
caught up with him in Salzburg, Austria, and beat him to death.
Paracelsus proposed that deposits of salt of sulfur and arsenic in
blood cause cancer, particularly in miners, masons, chemists, and
metallurgists.2 He left for us the first description of an association
between occupational diseases and cancer. Ambroise Paré (1510-
1590), a distinguished French surgeon, felt that the antecedent cause
of cancer was an irregular diet that induced accumulation of feculent
material in the blood. Overheating changed this material to a corro-
sive substance that produced ulceration of the cancer.3

Discoveries by anatomists in the 1500s, discovery of blood circu-
lation in 1628 by William Harvey (1578-1657), and the description of
lymphatics by Thomas Bartholin (1616-1680) in 1656 introduced the
concept of coagulation and fermentation of the blood and lymph as
the cause of cancer. By observing deterioration (ulceration and ne-
crosis) of various organs harboring cancer, surgeons pointed out that
cancer was a destructive growth and was caused by internal structural
transformation of glandular and vascular organs.4 Although surgeons
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did not support the humorists’ theories, most physi-
cians continued to accept them with some modifica-
tion. Noted Dutch physician, chemist, teacher, and
bibliographer Herman Boerhaave (1668-1738) be-
lieved that cancer was an outlet to the accumulated
bad humors that contained the cancer virus (some
sort of toxic substance). Venous and lymphatic ob-
structions facilitated accumulation of this material
similarly to accumulation of urea in the urine in uri-
nary obstruction. Boerhaave held that the source of
the cancer virus (the bad substance) was most likely in
the water or in the soil. After the cancer virus was
acquired, he wrote,5 it remained in the body in such a
way that it could be transferred to children by heredity
and to members of the family by contagion. His
thought forwarded earlier Middle Ages beliefs that
cancer was contagious, and cancer patients should be
isolated in out-of-town hospitals. After all that was
written and spoken about cancer by the early 1700s,
everybody was convinced that schirrous and scrophu-
lous tumors, all cancers, were the result of coagulation
and stagnation of the flow of blood and chyle. Ulcer-
ation was a particularly bad thing and was caused by
accumulation of corrosive acids, deprivation of nour-
ishment, and changes in the shape of the moon.6

Surgeons advocated excision of all swellings, polyps,
and tumefactions before they became cancerous.7

Promotion of early and aggressive treatment by exci-
sion superheated the conflict between surgeons (pio-
neer surgical oncologists) and physicians (pioneer
medical oncologists) that lasted for centuries.

In 1775, Percivall Pott (1714-1788) reported8 an
occupational cancer, chimney sweeps’ cancer of the
scrotum, by long-standing accumulation of soot in the
perineoscrotal skin. He believed that soot was an irri-
tant due to its contents, such as ammonia, sulfur, and
arsenic. Pott also described cancer of the tongue and
cheek caused by carious teeth.

The first monograph on cancer was written by
Bernard Peyrilhe (1735-1804) and was published in
1776 (Fig. 1). On one hundred thirty-five pages, Pey-
rilhe presented his thinking and all that was known
about cancer prior to his time.9 He explained that he
wrote the book because the extent of ignorance about
cancer was embarrassing. He continued to believe,
along with others,5,6 that there was a cancer virus, but
nobody in the whole world, he wrote, knew what it
was. As to development of cancer, he thought that the
process was similar to how chickens develop from
eggs under incubation. Once the blood, lymph, and
bile are accumulated by stagnation, fermentation be-
gins to take place. Fermentation is facilitated by heat,
humidity, obstruction of vessels, alterations in blood
by long use of medications, diminution of transpira-

tion, and cessation of menstruation. Ulceration and
local putrefaction (necrosis) are aided by application
of corrosive chemicals, long duration, decreased cir-
culation, absence of air, and rupture of cellular tissues
(fat and parenchyma). And, he added, cancer attacks
sick people, particularly ones who are icteric with
scirrhous (firm) liver and have hydropic belly. Peyrilhe
believed that the cancerous virus is transmitted from
parents to children and others through the air, saliva,
and other body secretions. Hence, isolation of cancer
patients in cancer wards was justified.

The first illustrated medical dictionary published
in 1791 in London10 listed overheated minute lym-
phatic vessels as the proximate cause of cancer.
Changes induced by celibacy, increased body heat,
scanty and irregular menstrual flow, sorrow or other

FIGURE 1. Title page of Bernard Peyrilhe’s Dissertation on Cancer, 1776 (See

Reference 9). Reprinted from the author’s private collection.
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disturbances of the mind contributed to conversion of
the inspissated material into cancer. It was added, as
an aside, that earlier suspicion of small worms in
ulcerated cancers now can be confirmed with the aid
of the microscope.

As examination of corpses of deceased cancer pa-
tients became common near the end of the eighteen
century, questions arose concerning whether the
cause of cancers in different organs was the same. Not
having anything to point to as a cause, early research-
ers concluded that cancer was an idiopathic affection
and was linked to cancerous diathesis.11 With the in-
troduction of this new thought, trauma, irritation, and
inflammation were looked upon as sorts of honing
devices for cancer, but alone they could not cause
cancer without cancer diathesis, a predisposition. This
theory received wide acceptance because it explained
the frequent origin of cancer without apparent cause.
Soon, it was added,12 that there were two kinds of
predisposition, hereditary and acquired. Among he-
reditary examples, cancer in both breasts and cancer
in the uterus and breast were listed. Cancer of the
stomach was recorded as an acquired disease and was
thought to be caused by chronic inflammation, ulcer-
ation, and cicatrization.

The first definitive work13 listing chronic irritation,
chronic inflammation, burns, freezing injuries, and
other external conditions as causes of acquired cancer
was published in 1826. Accumulation or deposit of
albumen (fibrin) in the tissues was named as the point
of origin of cancer.

Récamier (1774-1852) in his seminal work on can-
cer14 reconfirmed that there are two kinds of cancer,
local and constitutional. And he continued that con-
stitutional cancers can be hereditary similar to arthri-
tis and strumatosis but that not all hereditary cancers
are constitutional, e.g., breast cancer. As to the cause
of local, so-called acquired or spontaneous cancers, he
listed changes in eating habits and degeneration of
preexisting benign lesions, e.g., pigmented nevi and
polyps. Récamier concluded that the fact that no per-
son is exempt from cancer must be because of dis-
persed embryonic rests in the body. Activation of such
congenital rests by changing climate, habitation, life-
style, or acquiring diseases, such as syphilis and tu-
berculosis, were further sources of cancer. The local
irritation theory was extended to religious communi-
ties in cloisters, which claimed that cancer of the
uterus was induced by masturbation.15 Cancer of the
uterine cervix was reported as a consequence of
trauma by coition and abortion. On the basis of the
above statements,13–15 it was firmly held in French
schools for nearly 100 years that without chronic irri-
tation and inflammation, there is no local cancer.

From the early 1800s, emerging new fields in med-
icine, pathophysiology, microscopic pathology, clini-
cal chemistry, and bacteriology profoundly influenced
thinking about the cause of cancer. The year 1838 was
a momentous year. In Berlin, this was the year in
which Theodore Schwann (1810-1882) introduced the
cell theory (the theory that human and animal tissues
are composed of cells), and his mentor, Johannes Mûl-
ler (1801-1858), came to the conclusion that cancers
are formed from blastema.16 According to Müller, the
cancerous blastema was an amorphous granular ma-
terial that is exuded from blood, the mystical sub-
stance, and then by internal burst are formed. Conse-
quently, from the nuclei germ, cells emerged and
deposited in a scattered way between normal tissue
elements; these served as the primary source of can-
cer. Within a couple of years, the blastema theory
received wide acceptance. Some of the earliest believ-
ers in it were Thomas Hodgkin (1798-1866) and James
Paget (1814-1899). Paget wrote in his book17 that can-
cer was a blood-borne disease. However, he added,
because there were so many different cancers in ap-
pearance and cellular composition, the morbid mate-
rial (the blastema) must be deposited from blood into
a part of the body that is altered from normal, is
receptive to such material, and permits its growth. He
pointed out that preexisting benign tumors are good
ground for such deposits. Paget admitted that the
blastema is not formed from the natural constituents
of blood. He speculated that the blastema is formed
from some invisible particles that must be separated
from blood to become cancerous. Once the particles
are in the blood, they cannot be removed and are
transferred from parents to children. Hermann Lebert
(1813-1878), another believer in the blastema theory,
went as far as claiming,18 with others,19 that there is no
need to have an organ to produce cancer. The only
thing needed is a capillary vessel with blood in it.
Although Lebert found it surprising that despite high
vascularity of the lung, the brain, and the spleen,
cancer is far less common in these organs than in
many other organs. He reasoned that the cancer dia-
thesis in blood must exist for some time before it
appears externally. How was it introduced into the
blood he could not tell, but he found that rich people
were more liable to cancer than the poor.

One would believe that after announcement that
cells come from cells, in 1858, by Rudolph Virchow20

(1821-1902), a student of Johannes Muller, the blast-
ema theory was given up. No, it did not happen. The
blastema theory spread all around the world. Oddly,
two eminent physicians in Philadelphia in the United
States, Samual D. Gross (1805-1884) and Joseph
Woodward (1833-1884), held on to it longer21,22 than
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most others. Woodward, in an award lecture present-
ed22 at the Smithsonian Institute in Washington, D.C.,
proposed that cancer cells were formed by metamor-
phosis from exuded white blood cells.

Despite difficulties in convincing many, the blast-
ema theory was gradually replaced by the embryonic
rest theory of Julius Cohnheim (1839-1884). Cohnheim, a
student of Virchow, reintroduced23 in 1877 Récamier’s
nearly fifty years old14 embryonic rest theory with some
modifications. He named highly vascular sites, e.g., ori-
fices and mucocutaneous junctions, as prevalent sites of
unutilized embryonic cell rests. He also considered em-
bryonic vestiges, e.g., the urachus, mesonephros, and
the Gartner duct, as well as unused cell rests in the
adrenal, thyroid, liver, breast, ovary, and other organs as
precursors of cancer.

At just about the time when the cancerous blast-
ema theory was given up and the embryonic rest the-
ory resurfaced, cancer of the tongue and lips were
definitively linked to smoking.24 It was proven that
industrial tar, coal tar, and crude paraffin caused skin
cancer.25 Bladder tumors in workers in chemical and
rubber factories were linked to exposure to aniline,
fuchsin, and related chemicals.26 Investigations of in-
dustrial and occupational exposures showed high
prevalence of lung cancer in workers in cobalt, bis-
muth, and nickel mines, whereas skin cancers in farm-
ers and sailors were linked to chronic exposure to
sunlight.27

Advances in bacteriology, especially the identifi-
cation of bacteria and parasites as infection-causing
organisms, led to a search for cancer-causing organ-
isms. At the turn of the nineteenth century, an endless
number of articles and monographs was published on
cancer-causing microbes and parasites.28 –30 Some in-
vestigators went as far as claiming that cancer cells
were not epithelial cells but that they were parasites,
coccidian.28 Of all these efforts, two parasites, Schis-
tosoma haematobium31 and later on Clonorchis sinen-
sis were proven to be related to bladder cancer and
cancer of the bile ducts, respectively. The infection
theory was also extended to viruses. Although numer-
ous viruses were shown to produce tumors in experi-
mental animals, the first virus, the Epstein–Barr virus
linked to human cancer, was not discovered until
1964.

As microscopic examination of cancer cells be-
came routine laboratory procedure, it was inevitable
that chromosomal anomalies, including asymmetry,
were noticed.32 Within a decade, hereditary transmis-
sion of chromosomal changes was confirmed.33 In
1914, Theodor Boveri (1862-1915) was the first to pro-
pose34 that a change in the chromosomal constitution
of cells is one of the prerequisites for malignant trans-

formation of cells. He wrote that cancer cells almost
always contain an abnormal chromosome complex.
The abnormality is due to a defect that results in
accelerated and abnormal nuclear division that is vis-
ible under the microscope as atypical, multipolar, mi-
tosis. It was deducted that if alterations in the chro-
mosomes were prerequisite to cancer, all that caused
such changes, including radiation, were carcinogens.
Indeed, within a few years after the discovery of the
x-ray, the first radiation-induced carcinoma was re-
ported on the hand of a technician.35 The first report
was followed by voluminous literature on the subject.
Most of the reported cases occurred in radiologists
and were mostly carcinomas with a few leukemias and
sarcomas. Similarly, within a decade after radium was
isolated from uranium, irradiation-induced cancers
began to appear.36

In 1911, Moritz Ribbert (1855-1920) of Germany
introduced the theory that detachment of cells from
each other by increased tissue tension, under external
and internal stimuli, caused dislocation and uncon-
trolled growth of cells.37 James Ewing (1866-1943) of
New York added to the above concept that this un-
controlled growth produced primitive, embryonic
cells with unlimited potential.38 Ewing believed that
local irritation can induce such an uncontrolled
growth of cells, and he listed several examples, among
which were carcinoma of the lower lip due smoking a
clay pipe, oral carcinoma due to chewing of betel leaf
mixed with tobacco and lime, esophageal carcinoma
due to consumption of hot food and spices, skin car-
cinoma due to burns (from Kangris in natives of Kash-
mir), and carcinoma of the bladder and other organs
due to chronic inflammation, fistulae, ulcers, trauma,
stones, and parasites. Among toxic chemicals, he in-
cluded arsenic and alcohol as carcinogens and
pointed out that carcinoma of the lung occurs in
workers who inhale tobacco dust in cigar factories and
in the chromate industry. As to heredity’s role in the
etiology of cancer, Ewing felt there was much to be
done, but he indicated that it seemed there were two
kinds of heredity: direct transmission of the cancer
itself with its abnormal antecedents and indirect
transmission by transmission of enhanced liability to
cancer. He warned that it would be a mistake to be-
lieve that the etiology of all cancers is the same. He
found puzzling that active growth of cancer is occa-
sionally interrupted by periods of relative or complete
quiescence and questioned whether this periodicity in
growth is due to changes in the life cycle of an onco-
genic virus.38

In 1923, the first discussion was published on
increased incidence of pulmonary cancer in cigarette
smokers.39
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As to brain tumors, theories of tissue tension,
displaced heterotopic cells, increased vascularity, and
neuroglial repair were entertained, but, ultimately, it
was admitted that, when all had been said, the cause
of growth of glial neoplasms remained unknown.40

Radioactivity in causation of osteosarcoma in lu-
minescent-dial painters brought renewed interest in
the danger of radiation.41

Before the 1920s ended, the importance of cells
and their cytologic alterations in development of can-
cer were presented in a more concise way than ever
before.42 The author emphasized that the cancer
problem is mainly due to chromosomal changes in
nuclei of cancer cells and to disruption of the normal
connection between the nucleus and the cytoplasm.
These phenomena expressed microscopically in many
forms, including alteration in the nuclear– cytoplasmic
ratio. It was suggested that frequent presence of lym-
phocytes around cancers may represent an unknown
defense mechanism against cancer or that the lym-
phocytes may be carriers of the carcinogen.

In 1931, James Ewing in his 87-page monograph
on cancer43 devoted 30 pages to causation of cancer
(Fig. 2). He wrote that it is a serious misconception to
consider cancer a single disease. If there are multiple
forms of cancer, he wrote, then there must be multiple
causes. Ewing listed scores of known factors that may
cause cancer and added a few new ones, injury to
chromosomes, viruses, excessive secretion of sex hor-
mones, increased fatty and mineral acids in the diet,
foreign bodies and nonhealing wounds, constipation,
hyperplasia and hypertrophy, loss of growth restraint
in bone, polyps, papillomas, cysts, obesity, alkalosis of
blood, and fumes from automobiles. In his concluding
remarks, he underlined that experimental production
of cancer has thrown much light on the origin of many
cancers but has explained none of them completely,
particularly not cancers in humans. Ewing was an
invited lecturer at the London Cancer Conference in
1928. He presented his thoughts on “The Causal and
Formal Genesis of Cancer.” Part of his lecture was
reproduced in a book dedicated to Ewing.44 Among
the many things Ewing said, he indicated that the
observed increase in cancer of the lung during recent
years was highly suggestive of its correlation to the
immense spread of cigarette-smoking habits. Within a
year of the publication of Ewing’s monograph,43 an
entire book was published on primary carcinoma of
the lung,45 shortly after cancer of the lung was linked
to asbestosis.46

Leukemia, from the time the name was coined in
1845 by Rulph Virchow,20 was not regarded as cancer.
This assumption was suddenly changed in 1938 by the
publication of a book.47 The writer stated that al-

though leukemia is widely distributed over the world
and no races or groups of people are immune to it,
almost nothing is known of the cause of leukemia, a
disease that behaves like cancer. As to potential
causes, the author listed unidentified infectious
agents, excess or deficient formation of some essential
substance in blood, or heredity by interaction of pri-
mary and associated genes.

The role of heredity in genesis of cancers in
general, and in particular in breast cancer, was re-
viewed48 in 1946. The author concluded that there
are numerous inherited precancerous and cancer-
ous conditions that are unequivocally linked with
genetically determined genes. Among neoplasms
with genetically transmitted genes, retinoblastoma,
breast carcinoma, certain uterine and ovarian can-

FIGURE 2. Title page of James Ewing’s Causation, Diagnosis and Treatment

of Cancer, 1931 (See Reference 43). Reprinted from the author’s private

collection.
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cers, neurofibromatosis, and polyposis of the colon
were listed.

The aftermath of the Second World War height-
ened attention to radiation-induced cancer. Reports
were documenting local and systemic damages in-
cluding thorotrast injection-induced angiosarcoma of
the liver,49 radiation-induced leukemia in radiolo-
gists,50 bone sarcomas in irradiated bones,51 and thy-
roid cancer in childhood and adolescence after radia-
tion of enlarged thymus.52

Following prior leads,24,39,44 two articles appeared
in 1950 that linked lung carcinoma to cigarette smok-
ing.53,54 The writers pointed out that although they
found that cigarette smoking was closely related to
carcinoma of the lung, no such association could be
found in a group of patients with adenocarcinoma and
that 32 percent of female lung cancer patients were
nonsmokers53 (Table 1).

Earlier references to chemical carcinogens fol-
lowed in the 1950s, placing attention on intracellular,
enzymatic changes in cancer cells.55 Also in the 1950s,
advances in chemistry and biochemistry permitted
specific identification of carcinogenic compounds in
historically known carcinogens.56

Specific intranuclear alterations and chromo-
somal changes were noted in cancer cells during the
last several decades before the 1950s,32–34,42 but the
technology to observe minute changes in chromo-
somes was lacking. In the 1960s, things changed for
the better by the discovery of a small chromosome
(that was later named the “Philadelphia chromo-
some”) in leukemic cells from patients with chronic
myelogenous leukemia.57 The discovery gave impe-
tus to a relatively new field, cytogenetics. Of course,
by everybody’s admission, it remained to be re-
solved whether chromosomal changes were initia-
tors of cancer or were just epiphenomena.

Since 1960, a long list of proven and suspected
cancer-causing chemical, physical, and biologic
agents has been compiled. But an analysis of thoughts
about causation of cancer after 1960 would be beyond
the scope of this review, because anything that has
occurred during the last five decades cannot be re-
garded as history.
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