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Gargantua on his Great Mare, entering Paris where he is
â€œbeheldof everybody with great admiration.â€•

These three are mirrors of man, including cancer re
searchers. Gulliver is man as man is, hard to distinguish
from a Yahoo. Don Quixote is man as man imagines
himself to be, noble but an ineffectual dreamer. And
Gargantua is man as man wishes he were: larger than life
and admired by all.

Laguna Honda Home

â€œAsI walked through the wilderness of this world, I
lighted on a certain placeâ€•in San Francisco, in a castle by a
body of water called Laguna Honda, or deep lake (Fig. 4).
There, in 1947, was established the Laboratory of Experi
mental Oncology, a combined operation of the National
Cancer Institute and the School of Medicine ofthe Univer
sity of California. It was my purpose to demonstrate two
arrangements: (a) that biomedical research programs of the
NIH should develop as colonies of full partnership with
institutions of higher learning throughout the United States:
and (b) that biomedical research in the clinic and in the
laboratory should be pursued by full4ime research teams
working in this partnership. It was a premature regional
cancer center.

We assembled a group and were allocated two floors of a
wing of the castle, a metropolitan old people's home. We
had a 15-bed unit for clinical investigations and a floor for
laboratories and animals. Fig. 5 is a group picture of the
staff taken in 1949. Fig. 6 is another group picture, showing
our solidarity as members of the Commissioned Corps of
the Public Health Service, now under dire threat to its
survival.

Experimental clinical chemotherapy of cancer was our
underlying theme (31, 32). We were first to use nitrogen
mustard, antifolates, and Myleran in the San Francisco Bay
area (27, 44, 46). We performed one of the earlier hypo
physectomies for cancer in the United States (33). We
attempted to use infections for therapeutic effects in leu
kemia (5).

Howard Bierman and his clinical team passed catheters
into arteries, outlined the vascular patterns of tumors, and
treated the tumors with drugs introduced through the
arteries (7). They performed cross-circulation studies be
tween patients with leukemia and patients with other neo
plasms (3) and cannulated the thoracic duct in man (4).
Reports of these investigations are still well worth reading,
20 years later.

Thje Or@@ 1525

My dear old friends:
Tonight I would like to share with you some pages from

my professional family album. I shall not apologize for the
personalized, historical approach.

Here I could quote Santayana's words about reliving
history. I prefer a more recent version by the resident
philosopher of MA D Magazine, Alfred E. Neuman. â€œLearn
from the mistakes of others,â€• said Neuman, â€œâ€˜causeyou'll
never live long enough to make â€˜emall yourself.â€•

First of all, I would like you to meet three lifelong boon
companions of mine.

The youngest is Lemuel Gulliver, Surgeon and Captain of
several ships, whose travels were described by Jonathan
Swift in 1726. Fig. I shows Gulliver on his last journey, to
the Land of Houynhnms. He and a primate beast, a Yahoo,
are having their â€œcountenances diligently comparedâ€• by the
Master Horse.

The second hero is the impecunious country gentleman
who called himself Don Quixote de la Mancha. His
adventures were recorded by Miguel Cervantes in 1605. In
Fig. 2 Picasso pictures Don Quixote on his horse Rozinante,
about to tilt with a windmill.

The third hero is Gargantua, the uninhibited giant created
by FranÃ§ois Rabelais in 1532. Fig. 3 is DorÃ©'sdrawing of
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especially for Hodgkin's disease and acute leukemia of
children.

We pursued, as well, biochemical and radioactive isotopic
research on patients and on animals (22, 28) and tried to
find immunological expressions of tumors (23). Regarding
the latter, authoritative scientists insisted that we were
wasting our time; with the techniques then at our disposal,
they may have been right.

We also provided staff functions for the cancer research
program of the University of California (30) and evaluated
the national effort in cancer teaching in medical schools (6).
We even thought and talked about ethics and the problems
of investigations on man. Our main symposium (36)
embarrassingly preceded similar discussions that were going
on at higher levels in Bethesda. The proceedings of the
symposium were finally allowed to be published and are still
quoted as one of the basic documents in this vexing field.

So, after 7 years, 500 patients, 1.6 million 1950-vintage
dollars, and over I 30 publications, the Laboratory of
Experimental Oncology was closed. This Gulliver's Voyage
to Academia came to an end in a waterfront dive called the
Tin Angel. It was a gloriously alcoholic end.

Epidemiology Defined

After the shipwreck, I found myself back at my profes
sional home, the National Cancer Institute. Rod Heller,

Fig. 2. Don Quixote and Sancho Panza (1605), by Pablo Picasso, 1955.
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Fig. I. Gulliver and a Yahoo (1726), by G. Morten, 19th century.

Among the worrisome elements was the lack of â€œcon
trolsâ€•for our clinical investigations, in the sense that would
be required in acceptable research on animals. This was
before the day of modern clinical trials by multiinstitutional
groups. Our limited material and our therapeutic obliga
tions did not allow more than historical comparisons. For
this we set about analyzing clinical records that were made
available to us. We started with leukemias and lymphomas,
because they showed greatest clinical response to chemo
therapy. With the help of the Tumor Registry and biometric
collaboration with the late Eschscholzia Lucia, we analyzed
the survival experience of the preceding 30 years.

Survival was chosen as the base consideration for a
simple reason: the diagnosis of dead-or-alive is made with
more precision than any other. More sophisticated clinical
indices are now available, but presumably the quick and the
dead still have to be segregated first.

Our analyses did not lead to happy conclusions. During
our span of study, little if any increase in survival could be
demonstrated for leukemias (38, 40) and lymphomas (42,
43) or, for that matter, breast cancer (39). And, comparing
our figures with earlier reports from England and from
Massachusetts, there wasjust as little to cheer about. When
survival in a fatal disease remains stable over three decades,
one begins to wonder about the effects of therapy. Doubts
about therapy do not make one popular in medical circles,
especially among practitioners who sell the wares. This was
20 years ago, of course. The situation is better now,

I
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Adventures in Cancer Epidemiology

mously, as in the historical case of Percivall Pott. A
fashionable surgeon, he would have been politely surprised
at being called an epidemiologist, just because in 1775 he
almost offhandedly described scrotal cancer among chim
ney sweeps. The sweeps themselves knew of their affliction
and its cause long before but were not handy with pens. A
patron saint of epidemiology, John Snow, was primarily an
anesthetist, for practical pecuniary reasons. His beautiful
work on cholera in London, ca. 1850, went unrecognized
until it was resurrected by later admirers. Now the handle of
the Broad Street pump that Snow removed to stop the
water-borne epidemic is the club insigne of epidemiologists.

The definition of epidemiology I like best was by the late
Alexander Gilliam. Sandy said that epidemiology is what an
epidemiologist does.

Tobaccogenic Cancers

The hottest field in cancer epidemiology during the
mid-fifties was lung cancer and cigarettes. I joined in the
fray and got my feet wet and my head bloodied.

Suspicions that tobacco fumes are not healthy and that
human lungs were not intended to be tobacco smoke filters
go back several centuries. Warnings appear in writings
within a hundred years after Europeans made tobacco one
of the lucrative crops from the New World. By 1950 there
was a well-founded concern in England and in the United
States about the steeply rising mortality from lung cancer in
men. A number of retrospective studies linked lung cancer
to tobacco smoking, especially of cigarettes. My starting
point of interest was the 1950 JAMA paper by a medical
student, Ernest Wynder, and the professor of surgery,
Evarts Graham, ofWashington University in St. Louis (48).

Two prospective studies were organized soon thereafter.
The first, using 60,000 British physicians, was conducted by
Doll and Hill ( 10). Hammond and Horn of the American
Cancer Society then initiated their study on 187,000 men
( 17). Early returns from both inquiries pointed out increased
mortality among smokers; proportionately this increase was
most marked for lung cancer and numerically for heart

Fig. 3. Gargantua enters Paris (1532), by Gustave DorÃ©,19th century.

director then and gentleman always, put me in charge of a
group of statisticians and epidemiologists who had been
assembled by the late Harold Dorn. This group was and
remains one of the more illustrious biometric teams in the
world.

Statisticians I knew. They are people who deal with
numbers, and if they are any good they are hard to snow.
There are two major types: mathematical statisticians,
whom I never could understand, and analytical statisticians.
Government personnel classifications abbreviate the latter
to anal. stat., which I long confusedwith a clinical order.

Epidemiologists are a mixed lot and come from many
walks of medical, sociological, and economic persuasions.
They include statisticians who refuse to be browbeaten by
clinicians, physicians who acquire a nodding acquaintance
with statistics, and geographic pathologists who learn to
distinguish pathology specimens from people. There are
also macroepidemiologists, who consider it beneath their
dignity to deal with populations of less than 100,000, and
microepidemiologists, who look for intuitive insights in
unusual small clinical experiences. And there are all grades
in between, maintaining furious defense of their specific
approach.

The designation of epidemiologist can be made posthu Fig. 4. Laguna Honda Home, San Francisco, Calif.
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Fig. 5. Staff of the Laboratory of Experimental Oncology, San Francisco, 1949. Left to right: Row I, Jessie Morris, Wilbur Cainell, Queen Frances,
Joanne Slater, Eugene Shivers, Elijah Randolph. Robert Jenkins. Row 2, Nellie Halliday, Rita Norwood, Ray Upham, Michael Shimkin, Patricia
Morrow, Barbara Clark. Bernard Shacter, Dorothy Messee, Howard Bierman. Row 3, Margaret Brown, Michael Crile, Daniel Koblick, Mattie Duncan,
Muriel Johnson, Edna Waters, Margaret Claus, Lucille Brown, Edna Rix, Efelka Ferguson, Meta Roehlen, Joan Reinhart, Florence Herber, Fauno
Cordes, Elizabeth Fitzgerald. Row 4, Charles Dittrick, John Lanman, Serafeim Masouredis, James Jones, Morris Sable, Henry Traeger, Stanley Ogush.

disease. Wynder (49) accentuated laboratory investigations
that established that tobacco â€œtarâ€•contained carcinogens
active to the skin of mice.

The data by 1957 were unequivocal, loud, and clear (45).
Tobacco smoking, especially in the form of cigarettes, is a
health hazard of major proportions. It causes lung cancer
and several other neoplasms of the upper respiratory tract
and of the urinary bladder; it also accelerates mortality
from heart disease.

The cries from the tobacco industry were even louder. It
is all statistical association, the cause of cancer is unknown,
and so on ad nauseum. It is a waste of time to respond to
their well-designed, well-paid-for illogic.

The National Cancer Institute contributed widely to the
smoking epidemiology endeavors. Dorn ( I I ) added another
massive prospective study on Veterans of World War I. We
inquired into the situation among women and found them to
be not too dissimilar to men (15). Wejoined hands with our
coworkers in other institutions and answered in detail the
reservations that could have been held against the over
whelming evidence (8). Smoking was obviously a major

public health problem. In our attempts to do something
about it, we used all suasion at our command, including
ridicule. I collected cigarette ads (2), which produced some
embarrassed laughs at lectures.

Cigarettes certainly have been lucrative for the advertis
ing trade. During the early 1930's, the theme was how nice
and safe they were. â€œBlowsome my way,â€• requested the
nubile maiden before she could light her own. â€œWhatis
there to be afraid of, why not inhale,â€• is asked in a 1932
invitation to suicide (Fig. 7). Later, cigarettes acquired
therapeutic properties. â€œReachfor a Lucky instead of a
sweet,â€• prevented obesity and was followed by cigarette
smoking for jangled nerves, tiredness, poor digestion, and
protection of something called the T zone. â€œMore doctors
smoked Camels,â€• was supposed to clinch it all.

During the 1950's, the ad men went psychological, with
the Marlboro Man and his tattoo equating smoking with
masculinity. Finally, they got pleasure, youth, sex, and the
automobile all in one package, with a dare of whether you
were man enough for their brand of poison.

All of which is good unclean fun. A relationship between
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Adventures in Cancer Epidemiology

advertising and cigarette sales is hard to demonstrate. While
our ad men went the hard-sell route, the British stuck to
their soft approach. British cigarette sales were almost as
high as ours, and their lung cancer rates were even worse. In
the Soviet Union advertising was practically nonexistent,
but tobacco was increasing their lung cancer also.

Resistance of official and voluntary agencies was over
come gradually, whether by sheer weight of the facts or by
other considerations being a moot point. The United States
government, lagging behind Great Britain and the Scandi
navian countries, finally recognized the obvious in 1964, at
least so far as its official health agency was concerned. A
committee of presumably uncommitted scientists was ap
pointed to advise the Surgeon General. I dubbed it the Flat
Earth Committee, since its task was yet another examina
tion of the evidence that the world is not a pancake (26). The
facts were duly restated, published, and distributed, and
they continue to be updated by the Clearinghouse on
Smoking and Health. Alas, the facts are yet to penetrate our
Department of Agriculture, and our White House. Congress
finally decided that some control over advertising was in the
public interest, imposed a warning label on cigarette packs,
and threw cigarette ads off television. These steps assuaged

some consciences, but the health consequences remain to be
demonstrated.

In this interesting affair, the aspect that held me spell
bound was that at no time were we able to get the support of
some of our leading cancer research scientists. Reasons for
the opposition were hard to identify in science or in logic.
Bruised egos and private vendettas obviously abounded. But
what can be the explanation of such giants as the late C. C.
Little in the United States, and the late R. A. Fisher in
England joining the tobacco side? What windmills were they
tilting?

Last year over 580 billion cigarettes were manufactured
in the United States. If my arithmetic is not as shaky as
usual, this is almost a half-pack per day for every man,
woman, and babe-in-arms. Some of the poison is exported,
and the rest is concentrated among 52 million cigarette
smokers. We have a long way to go, baby!

The definition of tobacco smoking as a major health
hazard in the Western world ranks with the discovery of the
last century of the dangers of contaminated water supplies.
It is also a demonstration of the wide hiatus between
knowledge and wisdom, especially when profits tilt the
balance, and of the small place science occupies in our

Fig. 6. Public Health Service Officers, Laboratory of Experimental Oncology, 1952. Left to right, Laurens P. White, Jesse L. Steinfeld, Leo R.
Melcher, Michael B. Shimkin, Nicholas L. Petrakis, Keith H. Kelly.
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ing in Egypt described the frequent occurrence of cancer of
the urinary bladder among the Egyptian population. The
report of A. R. Ferguson is the best known (24). The
bladder neoplasms were associated with infestations by S.
haematobium ova and a chronic hyperplastic cystitis.
Inference was drawn that the fluke infestation was etiologi
cally related, and the bladder concerns of Egypt became
known as bilharzial cancers.

The evidence that S. haeniatobium is the causative agent
was based essentially on pathological descriptions. Fergu
son did compare his specimens with autopsies of individuals
without bladder cancer. Both groups had encystments, and
his data are faulted on reanalysis.

In 1950, no designed epidemiological studies from Egypt
were recorded in the literature, although clinical and
pathological reports abounded. Nor had anyone investi
gated the parasite for possible carcinogenic activity in
animals.

In 1951, Piero Mustacchi, at that time an American
Cancer Society research fellow in San Francisco, was on a
visit to Egypt and took the opportunity to look into the
question. He returned with the news that, between our
Naval Medical Research Unit No. 3 (NAMRU) in Cairo,
his Egyptian medical friends, and hospital officials, some
thing could be worked out. In his pocket he carried a test
tube filled with schistosomes, dried and frozen, which had to
be cleared through customs, the Department of Agriculture,
and the NIl-I. Further negotiations led to the acquisition of
more schistosome material. We implanted the carcasses
under the skin of mice. Nothing happened, but we recorded
the negative in the literature (41).

Five years later, now from the Bethesda base of opera
tions, opportunity knocked again. Piero Mustacchi was
again dispatched to Egypt. Since a prospective study design
appeared unlikely, we projected a retrospective survey of
reports on the presence ofS. haematobium ova in the urine
specimens of primary admissions to hospitals. Their pres
ence and numbers would be analyzed for correlation with a
diagnosis of cancer of the urinary bladder.

The first survey, at the American Mission Hospital in
Tanta, was completed when France and England got into a
disputation with Nasser about the Suez Canal. The atomic
powers, the United States and the Soviet Union, began
huffing and puffing behind the scenes. All foreigners were
ordered out of Egypt, with the exception of those at
NAMRU 3. Piero spent the rest ofhis time assisting in the
evacuation, eventually landing with his records in Italy.

Return to Egypt could not be arranged, and we decided to
parlay our small investment by extending the studies to
Ghana. One of the arguments against the causal role of S.
haemaiobium in bladder cancer was that infestation existed
in western Africa as well as in Egypt, but the bladder cancer
rate was purported to be at the levels among European
populations. The frequency rate in western Africa was
shown to be considerably higher than in Europe when the
populations were adjusted for age. As in Egypt, there was
correlation between the presence and number of S.
haematobium ova in the urine and bladder cancer. We
wrote a satisfying paper (25).
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Fig. 7. Full color full page cigarette advertisement. United States.
1932.

political-econom ic ecology. Nevertheless, research on the
health hazard of tobacco deserves the highest accolade, the
Nobel Prize. Rightfully the Prize should be shared by Doll
and Hill, Hammond and Horn, and Wynder. Please con
sider this a nomination, and I hope that appropriate ears are
listening.

Bilharzial Cancer

Since the days of the pharaohs, the agricultural workers
of the Nile valley have been afflicted with chronic hemor
rhagic cystitis. In some areas hematuria was so universal
that it was confused with menstruation, in both sexes.

In 1851, a young German parasitologist, Theodor Max
imilian Bilharz, found worms in the mesenteric veins of an
Egyptian fellah. The blood fluke was named after Bilharz,
but later renamed Schistosoma. Three major species were
described in man, and the life cycles were gradually
clarified. For Schistosoma haemaiobium, the African spe
cies that caused cystitis, the reservoir is man, who sheds the
ova in the urine. The ova hatch in the contaminated waters,
and the mericidia invade small fresh-water snails. The
parasites emerge as free-swimming cercariae that penetrate
the skin of people wading in the water. Adult flukes develop
in the cystic veins and reproduce sexually; the ova then
encyst themselves in the urinary bladder wall.

By 1911, several German and British pathologists work
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Adventures in Cancer Epidemiology

The chief missing link now was experimental replication.
Nonhuman primates were described to harbor S. hae
matobium, and we began negotiations to get NAMRU 3
interested. Several factors conspired against the develop
ment of appropriate studies, including stringent Egyptian
quarantine regulations against importation of primates that
could harbor yellow fever. In the United States, the primate
centers that were developing rapidly after the Soviet model
in Sukhumi were reluctant to get involved with a potentially
hazardous parasite. A contract proposal was nevertheless
prepared with the Southwest Foundation in San Antonio,
but it was shelved by fiscal restrictions that were beginning
to be imposed upon biomedical research.

To my delight, in the January issue of the Journal of the
National Cancer Institute appeared a report by Robert
Kuntz, Allen Cheever, and Betty Myers (20), describing
the appearance of invasive bladder cancer in two nonhu
man primates experimentally infected with S. haemato
bium. Kuntz is a parasitologist who had worked at
NAMRU 3; and his coworkers had been at the NIH. And
the funding came from U.S.-Japan collaborative arrange
ments. The seed had taken root after all. The Southwest
Foundation group has harvested the fruits. An experimen
tal model is available, and studies on the pathogenesis now
can be pursued, including the identification of the carcino
genic chemicals elaborated by the parasite.

It is estimated that there are some 50 million people
infested with S. haematobium in Africa and the Near East.
Even with the low risk to carcinogenesis, the numbers that
are involved are in the same order of magnitude as the
tobacco-caused cancers. Here is another defined environ
mental carcinogenic problem of massive proportions. The
problem seems to be susceptible to technical resolution.
There is little evidence that solutions are being actively
pursued. What ,a wonderful collaborative project this would
be between Israel and Egypt! We do have the usual health
hazard warnings, ofcourse. Fig. 8 is the Egyptian equivalent
of our cigarette labels. The poster, paraphrased, says,
â€œWarning. The Health Officer Has Determined That
Wading is Dangerous To Your Health.â€•

Epidemiology of Survival

What happens to people with cancer, or the epidemiology
of survival, became important at the National Cancer
Institute with the orders to launch a national cancer
chemotherapy program. Kenneth Endicott was recruited
from the Grants program to be its architect and guide. He,
in turn, recruited Marvin Schneiderman to plan clinical
trials and to teach reluctant clinicians about such matters as
randomization, types of errors, and significance. Peter
Armitage was induced to come from England and help set
up sequential procedures.

At the same time, analyses of previous and current results
in cancer therapy were started on a national scale by a newly
organized End-Results group under Sidney Cutler. Data
were assembled from participating state and hospital regis
tries, totaling over 50,000 records per year. The forms,
definitions, and language between registries and with the

S@i t.d

Fig. 8. Egyptian public health poster on schistosomiasis. Arabic words
in right upper corner identify the Ministry of Public Health. Above is
written, â€œAvoidBilharzia.â€• Below, â€œStagnantwater is the source of
contamination and disease.â€•

computers had to be standardized. It was fortunate that
there was ample trained talent to call upon. We also had one
population-based registry, of Connecticut, which was
started in 1937 and is the oldest and the best of its kind in
the world. Both Sidney Cutler and William Haenszel had
been involved previously in its operations, which facilitated
our intimate relationships.

Analyses started to flow from these efforts (35). Results
were presented at the National Cancer Conferences and
formed the hard-rock foundations for many considerations
and controversies. Little change in survival rates could be
demonstrated for cancer of the lung, stomach, esophagus,
and pancreas: the results were miserable everywhere. But
there was improvement during the 1950's in salvage of
patients with cancer of the rectum, thyroid, uterus, and
testis.

Special analyses showed,that pneumonectomy produced
no improvement in survival over lobectomy for lung cancer
(34). Radical mastectomy was no better than more limited
resection in breast cancer (37). The latter topic still evokes
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emotional responses from proponents of radical procedures.
The End-Results group in its heyday expanded interna

tionally. Interesting and challenging ideas were explored by
comparing results on patients in the United States with
those on patients in Denmark. England, or France, where
therapeutic concepts differed from ours. An organizational
meeting of European registries was held in 1959. Fig. 9
shows the group that assembled in Bethesda. The combined
efforts led to a publication of a monograph in 1964 (9).

Fiscal restrictions imposed upon cancer research during
the mid-sixties curtailed international arrangements. Inter
national arrangements are essential in epidemiology. Their
role is again being realized, and they are again being
supported. The International Agency for Cancer Research
at Lyon, France, is an increasingly vigorous addition to
international cancer efforts. The main attention at present is
on the search for causes, which provide rational basis for
prevention and control of cancer. Eventually, the efforts will
include interest in what happens to cancer patients. Empha
sis should be on survival, rather than on mortality, and the
study of survival should include measures of the quality of
the salvaged lives.

Aflatoxin Cancers

In 1960 reorganization of the National Cancer Institute,
under the direction of Ken Endicott, created an area for

Field Studies. Fig. 10 shows the chiefs, ca. 1963. Later this
activity went into metamorphosis and emerged as the
Etiology area under Paul Kotin.

One of the adventures during this period involved aflatox-
in. It illustrates that we need greater attention to animal
populations, or epizootiology.

A telegram summoned me to Boise, Idaho, where a
meeting of angry rainbow trout raisers was threatening to
sue fish food producers because the fish were coming down
with liver cancers. Trout raising was a lucrative cottage
industry, which stocked "Ucachem" pools along the high

ways of the west, where one was guaranteed to catch a trout
that could be fried on the spot or cleaned and Dry-Iced, or
even stuffed. One shipment of fish was stopped at the
Oregon-California border because many of the fish were
floating belly up, with large, lumpy livers that under the
microscope contained hepatocellular carcinomas. A few
telephone calls established that this was a widespread
epidemic and that it was related to food sources.

Before World War II, fish hatcheries fed their hatchlings
with offal from slaughterhouses, a messy, smelly operation.
Streams were stocked with fingerlings in order to terminate
the process at the earliest possible stage. The food process
ing industry then devised fish diets, neat pellets of fish meal
and other constituents on which fish thrived. Now there was
no problem with offal, and hatcheries kept the fish until they
were ready to catch. The rainbow trout lost much of their

Fig. 9. Ad Hoc Group on International Cooperation in Evaluation of End-Results. National Cancer Institute, Bethesda, Md., 1959. Left to right:
Row I. Einar Pedersen (Norway), W. P. D. Logan (England), Howard B. Latourette (U. S.), Johannes Clemmesen (Denmark), Pierre F. Denoix
(France). Row 2, George Linden (U. S.), Piero Mustacchi (U. S.), Erkki Saxen (Finland), Michael Shimkin (U. S.), Benno K. Milmore (U. S.), William
Haenszel (U. S.), John C. Bailar (U. S.), Harold F. Dorn (U. S.), William L. Lourie (U. S.), Charles B. Clayman (U. S.), Sidney J. Cutler (U. S.).
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wild color, and the life-span of the fish when they were
stocked in streams was measurable in hours. They rose at
anything; in hatcheries, pellets thrown over the fish runs
were gobbled by the fish before they hit the water. Rainbow
trout in Japan, New Zealand, and Denmark were descend
ants of single fish-egg shipments several decades before, and
much of the trout sold in the United States restaurants was
flown in frozen from Japan and Denmark. It took longer to
substantiate that they, too, had trout-hepatoma problems.

A transfer of funds was made to the Department of
Interior to enable John Halver at the Western Fish Nutri
tion Laboratory in Washington State to start studying the
problem. The usual carcinogenic contaminants were
promptly ruled out, but in the process it was learned that
rainbow trout were as susceptible as rats to hepatocar
cinogenesis from azo dyes, aminofluorenes, and urethan.
Work was then oriented to the tedious fractionation of the
diets, with the primary hypothesis being that polymerized
fats were the carcinogenic culprits.

During the same period, in 1960, an epidemic in England
was killing thousands of chicks and ducklings with acute
hepatic necrosis. This epidemic was quickly traced to food
sources also, especially to peanuts from Brazil and Africa.
The peanut industry, including soap manufacturers, were
quite worried and soothing telegrams began to flow across
the Atlantic. Soon it was shown that peanuts were innocent
unless the shell had cracked under warm, humid conditions

and the nut became the medium for the growth of a mold,
Aspergillus flavus. This common mold elaborated corn
pounds that demonstrated blue and green fluorescence
under UV. Diets containing mold products were hepato
toxic to chicks and ducklings and produced hepatomas in
rats. Two teams of chemists, one in England and one at the
Massachusetts Institute ofTechnology, raced to identify the
chemicals (47).

Herman Kraybill and I (19) were watching the happen
ings from the advantageous position of being able to
manipulate funds. Halver was being supported, and now we
helped the MIT group, who promptly defined the chemical.
In the meanwhile, Halver reported that the most carcino
genic fraction of his fish diet was in the neutral fat, and not
in the precipitate where polymerized lipids would be ex
pected. Herm and I looked at these data, and the physical
characteristics of aflatoxin, and it did not take much
imagination. We telephoned Gerald Wogan at M IT, who
sent some aflatoxin to 1-lalver, and Halver sent some fish
food samples to MIT. There was perfect correlation be
tween the content of aflatoxin in the fish diets and
carcinogenicity in fish, and aflatoxin promptly induced
hepatoma in trout. In fact, the trout hepatomas in this
investigation were the first tumors produced by the defined
chemical (16).

Gerry Wogan and his clinical coworkers have taken the
problem to human populations. In Africa and in Southeast
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Fig. 10. Staff of the Field Studies Area, National Cancer Institute, Bethesda, Md., 1963. Left to right: Row I. Robert J. Taylor, John H. Weisburger.
Robert W. Miller, Eileen Young, Michael B. Shimkin, Eli Nadel. Row 2, Joseph Mahoney, William Haenszel, Sidney J. Cutler, John C. Bailar III, Hans
Falk, Marvin A. Schneiderman, Paul Kotin, Herman F. Kraybill, Owen Scott.
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Asia, where hepatomas are frequent, there is excellent
correlation between their frequency and the aflatoxin con
tent in the food (I).

Here is yet another environmental carcinogen afflicting
millions of people, which can be controlled by modern
technology. This carcinogen is not the result of an industrial
process or a man-made chemical, but is a â€œnaturalâ€•
product. Nature is not a benevolent mother, as the simplis
tic popular view of ecologists will have. She is as cruel as
man, who is one of her children.

L'envoi

We come to the end of our tales, with many yet to tell.
Just to mention a few: the scare of simian virus 40
contamination of polio vaccine ( I3); the lack of relationship
of rectal polyps to rectal cancer (18); the evaluation of
X-ray mammography for breast cancer detection (29); and
leukemia clusters in Niles and elsewhere ( 14). For epizooti
ologists, there were kidney tumors in frogs (12) and
lymphoma in cattle (21).

I now admit that I had several purposes in telling my
tales. One purpose was to whet your appetite for more
epidemiological research in cancer. The other purpose was
to provide me with an excuse to make a few comments
about biomedical research.

Research is the most powerful thought-and-action proc
ess devised by man for understanding and manipulating his
external and internal environments toward goals man
considers desirable.

Research needs unlimited vistas and unfettered dreams.
Research is hampered by all limitations and all dogma,
religious, philosophical, or political. Or research dogma.

Research is a serious business, but it is also a form of
play. The best playing, and the best research, is done when it
is fun. Fun is stimulated by unpredictability, by curiosity,
the thrill of discovery, and victory. Rewards are nice too.
Factors that reduce fun in research reduce the quality of the
research. Among such negative factors are too much
planning, too many reviews, too many reports, too many
goals set by others.

Research, indeed, can be divided into research you want
to do yourself, preferably without anyone knowing about it
until it is completed, and research you want somebody else
to do, preferably under your close supervision. In which
would you prefer to participate, and which do you think will
turn out to be of higher quality?

As with art, music, literature, and other creative pursuits,
scientific resea rch requ ires acceptance and nurtu re by
society. In creative pursuits, efficiency is not excellence, and
success is not necessarily achievement. Sponsors who bear
the cost must feel that they are able to afford it and, indeed,
cannot afford to be without it, despite difficulties in
budgeting and cost-benefit analysis.

I have had the fortune of participating in biomedical
research during its golden age in the United States, between
1945 and 1965. Those were two decades of ample resources,
of a spirit of adventure, of chance-taking, of broad goals

considered desirable by scientists and their public support
ers.

The climate turned cold toward the mid-sixties, not only
for biomedical scientists but for much of our society. Many
of our cherished beliefs were unmasked as myths, and we
had to search for new myths to cover our nakedness. We
have yet to recover from the trauma of that period, and the
effect of the trauma, as usual, is more intense on our
younger, more vulnerable colleagues. Just as the children of
the Great Depression of the 1930's were left with an
indelible economic mark upon their spirit, so the generation
of scientistsnow maturing shall bear the mark ofthe present
problem @.

The time clock does not move backwards for man, but
there are other springs and other summers before us. Those
with talent again will plan to their hearts' content and to
their brains' challengeâ€”and perhaps retire cancer as an
other victory of man using the research method.

And all of us already are part of that great adventure.
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