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Meeting Report

Rare Events as Clues to Cancer Etiology: The Eighteenth Annual Symposium of the
Princess Takamatsu Cancer Research Fund1

Alert clinicians have played a key role in first recognizing adenoma, carcinoma, peliosis, or angiosarcoma. Toxicological
environmental and genetic influences in cancer etiology. A
variety of these contributions was the subject of this symposium.
Each presentation was to begin with a brief history of the
subject to be discussed, followed by a description of new under
standing derived from subsequent research. The histories were
intended to be a central theme, or "glue," to bind the talks

together.

Geographic Clusters

J. F. Fraumeni (National Cancer Institute, Bethesda, MD)
described a powerful geographic/epidemiological approach to
cancer etiology. First, maps were made of cancer mortality by
counties. Then, case-control studies were made concerning
deaths in high-rate areas. In this way, for example, oral cancer
among southern women was related to the habit of snuff dip
ping, bladder cancer in a New Jersey county was linked to
chemical exposures at work, and lung cancer along the Georgia
coast was traced to asbestos exposures among shipbuilders in
World War II (1). Amazingly, the Chinese at the same time
were making the same sorts of maps (2). Neither country was
aware of this work in progress on the other side of the world.
Subsequently other countries have adopted the approach. The
newest maps by geographic subunits for mortality among
United States whites show increasing homogeneity throughout
the nation with the passage of time from 1950 to 1980 (3).

Has the study of neighborhood clusters been equally reveal
ing? No, according to C. W. Heath (South Carolina Department
of Health and Environmental Control, Columbia, SC), who
described the long experience of the Centers for Disease Control
in studies primarily of childhood leukemia, which provided no
information as to cause. The problem is that relatively rare
cancers are still frequent enough to occur in clusters by chance.
Nevertheless, most human carcinogens have first been recog
nized through clusters, as illustrated by the following reports.

Chemical Carcinogens

H. Fai k (Centers for Disease Control, Atlanta, GA) told of
the first three cases of hepatic angiosarcoma due to vinyl
chloride exposure, recognized by a factory physician who was
a surgeon. A registry was created, and at the latest count 125
cases had been listed worldwide. A cohort study made of work
ers exposed to vinyl chloride monomer showed a 10-fold excess,
and a nationwide case-control study of histologically proven
hepatic angiosarcoma, 1964-1974, showed that 7% were re
lated to vinyl chloride monomer, 12% to Thorotrast, and 4%
to arsenic; 4 cases were associated with the use of androgenic
anabolic steroids (4). The pathology of the last-mentioned cases
was intermediate between the three other causes of hepatic
angiosarcoma and neoplasia due to oral contraceptives. Appar
ently all have a precursor stage in common, but the causal agent
influences the frequency of the disease expressed, i.e., hepatic
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studies have shown that reactive intermediate metabolites are
the most likely carcinogens; that they are short lived and formed
in the hepatocytes but migrate to the adjacent sinusoidal cells,
which have less potential for detoxification; and that the me
tabolites covalently bond to macromolecules such as DNA.

An influence of oral contraceptives in the genesis of liver
neoplasia was described by G. H. Barrows (Saint Francis Med
ical Center, Hartford, CT). An intern noted that three women
on the drug had developed benign neoplasms of the liver at one
hospital; to these cases she added another four from a nearby
city. Barrows helped to establish a registry of cases which now
lists 227, mostly in the United States. HistolÃ³gica! study
showed the range of subtypes, primarily adenomas and focal
nodular hyperplasia (5). A decrease in case reporting may reflect
a drop in incidence, perhaps related to the reduction of estrogen
and progesterone content of birth control pills.

An intern also discovered that mustard gas workers during
World War II developed cancer of the respiratory tract. The
first case he saw aroused his suspicion. Y. Nishimoto (West
Japan Railway Company Hospital, Hiroshima, Japan) de
scribed the findings from the subsequent surveillance of former
workers: 74 of 675 who manufactured the gas and 49 of 598
maintenance workers at the factory developed cancer of the
upper or lower respiratory tract (6). Intervention is the only
way to decrease the number of cases in the future. To this end,
a biological response modifier was administered to 175 former
mustard gas workers in 1984. The results are as yet inconclu
sive.

I. Ishikawa (Kanazawa Medical University, Ishikawa, Japan)
described the excess of renal cell carcinoma in Japan among
patients on hemodialysis: 119 cases, 28 of whom had mÃ©tas
tases, among 66,310 patients on dialysis. From this study, the
largest case-series yet reported, a better definition is being
obtained of the risk factors and the pathology (7). Uremie
metabolites are believed to be responsible. The known high risk
should lead to earlier detection and treatment, including a high
priority for renal transplantation.

A cluster of seven young women with clear-cell adenocarci-
noma of the vagina in Boston led to a case-control study that
established exposure to diethylstilbestrol early in gestation as a
cause. A. L. Herbst (University of Chicago, Chicago, IL), who
has been involved in studies of this neoplasm from the begin
ning, described the next step, establishment of a registry of
these cases. From this resource epidemiological studies have
been made of risk factors, interval of susceptibility during
intrauterine life, and pathology. The cumulative risk was about
1 in 1000 diethylstilbestrol daughters up to 34 years of age (8).
A much higher frequency of congenital malformations was
noted affecting the female genital tract. Overall, these malfor
mations appear to be related to a disturbance in the embryolog-
ical development of the mÃ¼llerianducts. Among males some
genital malformations have been observed, but no definitive
excess of cancer. Diethylstilbestrol is the first known human
transplacental chemical carcinogen, which apparently acts
through its teratogenic effect.

Contamination of cooking oil with polychlorinated biphenyls
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was recognized in Kyushu, Japan, in 1968 because it caused an
epidemic of chloracne. M. Kurat su ne (Nakamura Gakuen Col
lÃ¨ge,Fukuoka, Japan), who has been involved in these studies
from the beginning, reported on cancer through 1983 in the
cohort of persons who had chloracne (9). A significant excess
was noted only of liver cancer: 9 cases observed as compared
with 1.61 expected. To date 5 of the 9 cases have been confirmed
as primary in the liver. Among other possible influences were
hepatitis B infection and alcohol abuse.

Parasites

Since the 16th century Yamanashi Prefecture in eastern
Japan has been infested with Schistosoma japonicum, which
leads to hepatic cirrhosis. Recently an excess of liver cancer in
this area has been the subject of a case-control study. Y. Inaba
(Juntendo University, Tokyo, Japan) said that analysis of data
from 1977 to 1979 suggested that the infestation was a risk
factor for liver cancer, but the history of schistosomiasis was
thought to have been biased, so a study was made of mortality
in the years 1958-1985. It indicated that schistosomiasis was
linked with liver cancer, but so was hepatitis B virus, and the
influence of each has been difficult to evaluate.

At this Symposium, the longest history of a disease was
described by Tawfik (National Cancer Institute, Cairo, Egypt),
who said that medical papyri from 1500 B.C. refer to hematuria
produced by abdominal worms. Schistosome ova have been
found in the kidneys of Egyptian mummies from about 1000
B.C. The relationship between the ova and hematuria to cancer
of the bladder is much more recent. This cancer has a different
subsite and subtype than urinary bladder cancer which is not
related to schistosomiasis. Newer laboratory studies are begin
ning to be applied to understand the cellular biology. It is of
interest that another form of schistosomiasis is also associated
with cancer at the site where its ova concentrate: S. japonicum
infestation has been linked to cancer of the lower bowel among
Chinese living near the mouth of the Yangtze River (10).

Viruses

The epidemic of AIDS began with a cluster of 5 cases among
homosexual men in Los Angeles, first reported by the Centers
for Disease Control in 1981. Soon after, a cluster of Kaposi's

sarcoma was observed among patients with AIDS. N. Mueller,
(Harvard School of Public Health, Boston, MA) described the
occurrence of "opportunistic malignancies," which arose after

immunological defenses were crippled by the AIDS retrovirus.
Ninety-five % of these neoplasms are B-cell lymphomas or
Kaposi's sarcoma. The remainder are Hodgkin's disease, cloac-

ogenic anorectal cancer, and squamous cell carcinoma of the
head, neck, or oral cavity. With the loss of immunological
control, potential cancer viruses go uncontested; cytomegalovi-
rus and Epstein-Barr virus have been implicated, and papillo-
mavirus is suspect. Progress has been swift in moving from
syndrome delineation through epidemiology to molecular bi
ology, which has been illuminating the interaction of viruses
and immunity in carcinogenesis.

Kaposi's sarcoma has declined in frequency from 35% of all

AIDS cases in 1981 to about 15% in early 1987. According to
G. R. Newell (M. D. Anderson Hospital, Houston, TX), the
rate of Kaposi's sarcoma paralleled the decline in the use of

street-variety nitrites. Thus, these chemicals appear to alter the
expression of virus-induced neoplasia (11). Such an effect may
account for the variability in the expression of Hodgkin's dis

ease related to socioeconomic conditions. In turn, what is
learned about Hodgkin's disease may apply to the etiology of

testicular cancer, because of similarities in the epidemiolÃ³gica!
characteristics of the two neoplasms. This illustrates how clues
to etiology may be sought through analogy.

Another retrovirus, HTLV-I, causes adult T-cell leukemia in
southwestern Kyushu. A. Igata (Kagoshima University, (Kago-
shima, Japan) said that he and his coworkers had noted a
cluster of myelopathy in the same area 15 years ago. Twelve
years later the disease, spinal spastic paresis, was linked to adult
T-cell leukemia when the antibody to the virus was found in
the blood and spinal fluid of patients with myelopathy. Blood
transfusions were frequently the means of transmission, but
among children who had not been transfused, all six mothers
who were tested showed antibodies to HTLV-I, indicating
maternal-child transmission. Adult T-cell leukemia has not yet
been observed among children or young adults. The myelopathy
has occurred elsewhere, notably in Jamaica, and a great inter
national race is on to define its mechanism through immuno-
neurology and molecular biology.

This discovery of African lymphoma was made not only by
Burkitt in 1958, but also at the same time by the pathologists
O'Conor and Davies. As told by G. T. O'Conor (Loyola Uni

versity, Maywood, IL), the three then collaborated in 1960 in
publishing two reports that established the clinical-pathological
entity now known as Burkitt's lymphoma. In Africa the neo

plasm has been related to Epstein-Barr virus infection and
holoendemic malaria. The features in common for both en
demic Burkitt's lymphoma in Africa and sporadic Burkitt's

lymphoma elsewhere appear to be immunosuppression and T-
cell deregulation. The mechanism is believed to be related to a
translocation involving chromosome 8, which activates the c-
myc oncogene located near the breakpoint (12). Thus, from
geographic clustering of a rare childhood cancer have come
epidemiolÃ³gica! and laboratory findings that should continue
to serve as a model for identifying basic mechanisms in carci
nogenesis which may apply to a variety of diseases and may
provide novel means for prevention and control.

Through the study of a single family in 1975, D. T. Purtilo
(University of Nebraska, Omaha, Nebraska) and his associates
delineated a genetic disorder now known as the X-linked Km
phoproliferative syndrome (13). He established a registry and
now has data on 50 such families with about 200 males who
have had fatal infectious mononucleosis, lymphoma, and/or
acquired hypogammaglobulinemia after Epstein-Barr virus in
fection. Mortality was about 85% by the tenth birthday and
100% by age 40 years. The lymphoproliferative lesions are
associated with myc protooncogenes. Laboratory studies in
progress seek to determine the mechanism involved. In a little
more than a decade since the syndrome was delineated, its
origins have been traced to an environmental-genetic interac
tion, and the pathophysiology is being defined, which can form
the basis for early diagnosis and treatment. X-linked lympho
proliferative model has implications for the diverse diseases
induced by Epstein-Barr virus and for other immunodeficiency
disorders.

Ionizing Radiation

The presentation by S. Sun (Institute of Radiation Protection,
Shanxi, People's Republic of China) concerned respiratory

carcinoma among tin miners exposed to radon and arsenic in
Yunnan Province, China. Two historical features were of special
interest. Decades ago, children 9 or 10 years old worked as
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miners because they were small enough to enter the long twist
ing tunnel through its single entrance. Because water was in
short supply, it was drunk after it had been used to wash the
arsenic-containing ore. HistolÃ³gica! study of the respiratory
passages showed ore particles near peripheral lung cancers, the
origin of which was believed to be in part related to arsenic. In
contrast, no ore particles were seen near the bronchi, where the
carcinogenic effect was thought to be entirely due to radon.

Studies of the carcinogenic effects of exposure to ionizing
radiation were first described as case reports soon after Roent
gen discovered X-rays in 1895. The presentation by H. Kalo
(Radiation Effects Research Foundation, Hiroshima, Japan)
revealed the high level of epidemiolÃ³gica! sophistication that
has now been reached in defining the details and interactions
of radiation with other variables in the cohort studies of atomic-
bomb survivors in Hiroshima and Nagasaki (14). Most, but not
all, forms of cancer have been induced by this exposure. Survi
vors who were the youngest at the time of the bombing are now
entering the age of rapidly mounting cancer rates, and the need
for continued follow-up is as great as ever. Among the group
exposed in utero a hint of an increased rate of cancers of
adulthood has been noted.

N. Kamada (Research Institute for Nuclear Medicine and
Biology, Hiroshima, Japan), in his description of breakpoints
in the chromosomes of atomic-bomb survivors, noted particu
larly the nearness of oncogenes, with suspicion falling especially
on N-ras as a triggering factor.

Environment, Nonspecific

B. Ramot (Tel Aviv University, Tel Aviv, Israel) told how,
beginning in 1982, the frequency of a non-T-cell leukemia began
to increase among Arab children in the Gaza Strip, whereas
there was no change in the frequency of T-cell acute lympho-
cytic leukemia. In Israel generally, the occurrence of lymphoma
of the small intestine associated with prior malabsorption syn
drome and (often) a-heavy-chain disease has virtually disap
peared. It formerly affected young adult Arabs and Jews from
North Africa. These two changes paralleled an improvement in
the standard of living and illustrate how an increase or decrease
in the frequency of cancer subtypes within subgroups of a
population can point the way to an effect of the environment.

Multiple Primary Cancers

To clarify the role of the environment and genetics in the
origins of multiple primary cancers, S. Watanabe (National
Cancer Center Research Institute, Tokyo, Japan) combined
clinical, epidemiolÃ³gica!, and laboratory methods. Among
about 50,000 consecutive patients with cancer seen at the
National Cancer Center in Tokyo, he found that 1,740 had
multiple primary cancers, of whom 155 had lung cancer and
322 (females) had breast cancer. Case-control studies revealed
the lung cancer patients to have an excess of second primaries
in the lung, oropharynx, larynx, and lymph system. The breast
cancer patients had an excess only of cancer in the opposite
breast. The only risk factor for multicentric lung cancer cases
was tobacco smoking; no risk factor was found for bilateral
breast cancer, not even family history. Fragile sites were found
in 5 of 40 patients with adenocarcinoma of the lung and in 3
of 28 with squamous cell carcinoma; this is about twice the
usual frequency of these chromosomal abnormalities. No excess
was seen in multiple primary cancer patients with breast cancer.
Three patients had triple primaries with breast cancer and all

had chromosomal aberrations of peripheral lymphocytes, a
finding that merits further study as an indicator of high risk.

A New Entity

The newest entity described at this Symposium concerned an
observation first made by M. E. Ratlin (Beth Israel Hospital,
Boston, MA) 2 years ago. He had seen three young patients
who had the same unusual immunological phenotype: a large-
cell lymphoma that expressed Ki-1 antigen in tissue sections.
The patients had peripheral lymphadenopathy and frequently
had regressing skin lesions. Their cancer cells resembled the
Reed-Sternberg cells of Hodgkin's disease but expressed differ

ent antigens. Possibly all cases of regressing atypical histiocy-
tosis are in fact Ki-1 lymphomas (15). Similar cases have
previously been reported from Japan (16), where they may have
been related to mosquito bites. Multiagent chemotherapy pro
duces durable remissions. Laboratory studies of regression of
these tumors may reveal a mechanism that applies as well to
other lymphomas or other cancers.

Genetics

D. G. Harnden (University of Birmingham, Birmingham,
United Kingdom) traced the history of human cancer genetics
from 1914, when Boveri predicted in surprisingly accurate
detail that chromosomal changes would be implicated in carci-
nogenesis. Much of today's understanding has come from stud

ies of (a) genetic-environmental interactions and (Â¿>)constitu
tional chromosomal aberrations. The effect of the environment
varies with the genetic susceptibility of the population. Thus,
the incidence of skin cancer is related not only to the amount
of sun exposure, but also to the amount of skin pigmentation.
Hypersensitivity occurs in the genetic disease xeroderma pig-
mentosum due to defective repair of damage to DNA by expo
sure to ultraviolet light. A DNA repair defect also explains the
hypersensitivity to the acute effects of ionizing radiation that
has been found in another genetic disorder, ataxia telangi-
ectasia.

A. G. Knudson (Fox Chase Cancer Center, Philadelphia,
PA), the first Prince Takamatsu Memorial Lecturer, in speak
ing of chromosomal abnormalities said that three levels of
research were involved in the discovery of a new class of cancer
genes: (a) clinical observations of rare cancers, retinoblastoma
and Wilms' tumor, provided epidemiological clues about ge

netic transmission, showing them to be autosomal dominant
traits, and stimulated a 2-event model that related hereditary
and nonhereditary forms to each other; (b) the study of chro
mosomes of patients with the hereditary forms of these neo
plasms and multiple malformations showed chromosomal dele
tions which led to the localization of the genes for the neoplasm;
(f) studies of DNA revealed that gene deletion or inactivation
had occurred in both members of the chromosome pair, and
what appeared to be an autosomal dominant trait clinically was
confirmed to be a recessive trait at the level of the cell. Absence
of the normal gene allowed the cancer to occur. Because onco
genes, when activated, lead to cancer, the genes that predispose
to cancer only when they are inactivated have been called
antioncogenes (17). The same genetic abnormalities found in
the hereditary forms of these cancers are found in neoplastic
tissue of the same type when the cancer occurs sporadically.
Antioncogene abnormality is apparently also involved in can
cers of the colon, breast, and small-cell sarcoma of lung. Thus,
what appeared at first to be a rarity now applies to a substantial
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proportion of human cancer. It may be that transfection of the
appropriate normal gene into tumor cells will reverse the on-
cogenicity that occurs in its absence.

F. P. Li (Dana-Farber Cancer Center, Boston, MA) described
a family he observed in 1967 in which two children who were
first cousins had soft-tissue sarcomas and close relatives had
other cancers, especially of the female breast. Three other
families were added by screening hospital charts of children
with rhabdomyosarcoitia and, separately, by matching parental
names for children who had died of this neoplasm as determined
from a registry of United States childhood cancer death certif
icates. Next a registry was established for such families, which
now number 24. They have an excess not only of soft-tissue

and breast cancers, but also of osteosarcomas, brain tumors,
adrenocortical neoplasia, and acute leukemia. These cancers
also occur excessively in double primaries. The disorder is now
known as the Li-Fraumeni family cancer syndrome. A prospec

tive study of three such families showed that among the 31
members 10 developed 16 cancers in 12 years (18). A battery
of laboratory studies yielded no consistent abnormalities, but
recently a study of 16 soft-tissue sarcomas of diverse subtypes
revealed that three had homozygous deletion of the retinoblas-
toma (Rb-1) locus on chromosome 13ql4, the same region in
which a breast cancer gene has been found. Thus, a link is
emerging between rare cancers and one of the commonest
neoplasms among women.

M. A. Tucker (National Cancer Institute, Bethesda, MD)
addressed the question: where have dysplastic nevi led us? The
story began in 1977, when a National Cancer Institute group
noted that, in a large series of melanoma cases assembled in
Philadelphia, some were familial. Dr. Mark Greene took an
interest in these cases and developed the clinical and epidemi
olÃ³gica!aspects of a study. He collaborated with, among others,
Dr. Wallace Clark, a pathologist at the University of Pennsyl
vania, who had been interested in what are now called dysplastic
nevi. Early in the study these nevi were found in two families
with cutaneous melanoma and served to identify individuals at
increased risk of the disease. It has since been learned that
almost all people with dysplastic nevi develop melanomas, and
about 50% of all melanomas show microscopic evidence of
dysplastic nevi. Programs were developed to mass-educate phy
sicians to recognize the cancer-prone nevi and to appreciate the
need to remove them (19). The clinical application of this
research into dysplastic nevi serves as a prototype for cancer
control. Meanwhile, the research turned to genetic studies of
the single, highly penetrant autosomal dominant gene that is
responsible for the nevi and for melanoma. Linkage studies
suggest that the locus is on the long arm of chromosome 1.
Because sunlight increases the risk of melanoma, laboratory
research was undertaken which showed that lymphocytes from
affected individuals have increased mutagenesis from exposure
to UV light, and their fibroblasts suffer increased killing when
exposed in culture to UV radiation or to 4-nitroquinoline oxide,
a UV-mimetic chemical. In a decade melanoma research has
moved from clinical observation to cancer prevention and lab
oratory research to define the location of the gene which, in the
future, may lead to characterizing the gene product and its role
in carcinogenesis.

Ataxia telangiectasia was first established as an entity by
Boder and Sedgwick in 1957. They noted lymphoma in one
case; the association between the two disorders was established
by Peterson et al. in 1965. Immunodeficiency and chromosomal

instability are usually seen in AT,2 which is transmitted as an

autosomal recessive disorder. An extensive review of the liter
ature in 1971 by Gatti and Good served as the foundation for
the Immunodeficiency Cancer Registry in Minneapolis, which
is still active. On the basis of an epidemiolÃ³gica! study, Swift
et al. (20) reported an excess of breast cancer in AT hÃ©tÃ©rozy
gotes, which, they theorized, may mean that 18% of women
with breast cancer are carriers of the AT gene. The effort to
find the gene locus was described by R. A. Gatti (University of
California, Los Angeles, CA), who told of his studies of genetic
linkage with respect to models that assume that the genes for
the five AT complementation groups are closely grouped, or
the genes are dispersed, or the hÃ©tÃ©rozygotescan be studied
along with homozygotes in one large family. Studies to date
using these models have eliminated about 30% of the genome
as the site of the gene locus. A few possible sites suggested by
the linkage studies are under further investigation. Once the
gene has been cloned and its function has been determined,
better estimates can be made of cancer risk and perhaps a
treatment or cure for AT can be developed.

In an overview, K. Berg (University of Oslo, Oslo, Norway)
applied knowledge of cancer genetics with respect to prevention.
Studies of coronary heart disease set an example. First, a high-
risk syndrome was identified by Muller in 1937 that linked
CHD, hypercholesterolemia, and xanthomatoses in Norwegian
families. Recent studies by others have identified genetic factors
that account for 50-70% of the variation in the risk of prema
ture CHD in the general population. Diet, an environmental
influence, primarily causes CHD in persons with a genetic
predisposition to the disease. At work here are genes and
environment, not genes or environment. Contrary to popular
belief, genetically determined disease can be modified. With
regard to cancer, however, one should adopt a strategy that
targets persons at high risk as well as a "total-population"

strategy. If primary prevention is not possible, early diagnosis
and treatment (secondary prevention) can greatly lower the toll
of the disease. This thinking, and evidence for genetic high risk
of cancer as exemplified by presentations at this meeting, led
to a workshop on the subject sponsored in 1986 by the Fogarty
International Center at the (United States) NIH. The report of
this workshop (21 ) gives specific measures for lowering cancer
occurrence or mortality in persons at high risk. The measures
include genetic counseling, prenatal diagnosis, screening to
detect high risk, removal of precursor lesions, prophylactic
removal of target organs, chemoprevention, modification of
life-style, and, in the future, vaccination, gene therapy, and
screening for predictive genetic markers.

As the Nakahara Memorial Lecturer, R. W. Miller (National
Cancer Institute, Bethesda, MD) noted that racial differences
may provide clues to cancer etiology. Among them are the
rarity of Ewing's sarcoma and testicular cancer in nonwhites,
and the low frequency (one-half that seen elsewhere) of Wilms'

tumor in Japan. Presumably, differences in gene mutability are
involved. Two United States-Japan workshops have been de
voted to the reciprocal relationships in the two countries in the
frequencies of B-cell lymphoma (high in the United States, low
in Japan) and of certain autoimmune diseases (low in the United
States, high in Japan) (22). Possibly immunoregulatory genes
protect the Japanese against lymphoma but predispose them to
autoimmune diseases. Although an association of etiological
importance may be suspected from a single case (e.g., respira
tory cancer in a mustard gas worker) or family (Li-Fraumeni

2The abbreviations used are: AT, ataxia telangiectasia; CHD, coronary heart

disease.
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syndrome), generally a "rule of three" is a useful guide. Three

rare pairs of observations in a short period of time are unlikely
to be due to chance. A recent example concerns the small
number of patients with cystic fibrosis of the pancreas who have
reached 30 years of age. Three of them have developed carci
noma of the ileum (23). Nontropical sprue, another disease
with steatorrhea, has a high risk of carcinoma (and lymphoma)
of the small intestine. Possibly slow movement of carcinogen-
containing intestinal contents allows them to act as promoters
in the development of these neoplasms. Another rarity is the
association, well established, of Klinefelter's syndrome with

teratoma of the mediastinum. Recently several patients with
the syndrome have had teratomas at another site, the pineal
gland. Two of these patients were in Japan, where germ cell
neoplasms of the pineal are 12 times more common than they
are in other countries (24). Buccal smears for Barr bodies in
Japanese patients with pineal tumors may soon identify a third
case with Klinefelter's syndrome and help explain the propen

sity of Japanese to the neoplasm and the chromosomal disorder.

Postscript

Finally, it should be noted that repeatedly at this Symposium
we have heard how rare observations led first to delineation of
a syndrome, then to a registry that provided further definitions
and a basis for case-control studies. Epidemiology played a key
role, and laboratory research often provided exciting new con
cepts of the carcinogenic process. The advances were great
when the span of activities extended from individual case re
ports of rare events to molecular biology. The extraordinary
value of linking clinical, epidemiolÃ³gica!, and laboratory re
search is clear.

Robert W. Miller, Chief
Clinical Epidemiology Branch
400 Executive Plaza
National Cancer Institute
Bethesda, Maryland 20892
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