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x &

An ad hoc committee for scientific review of ABCC was formed at the direction of
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INTRODUCTION

1.1 The Atomic Bomb Casualty Commission.
ABCC was established, following a Presidential
Directive issued to the National Academy of
Sciences-National Research Council in November
1946, to undertake long-range investigations of the
effects of radiation on survivors of the bombs in
Hiroshima and Nagasaki. Actual operations were
begun in March 1947, with a hematological investi-
gation led by Dr. James V. Neel.

With funding provided by the Atomic Energy
Commission, and under the guidance of the
Committee on Atomic Casualties of the National
Research Council, laboratories were built in
Hiroshima and Nagasaki, and the research program
intensified. Early efforts included a genetic study
of pregnancy terminations, physical examinations
of exposed children and adults, a survey of leukemia,
and surveys to obtain names and exposure histories
of potential subjects. Programs for continuing
examination of survivors were organized, and
autopsy pathology services established.

1.2 Evaluation by the Francis Committee; The
Unified Study Program. By October 1955, while a
number of programs were in full operation, dif-
ficulties were recognized in organization of studies,
which were not well coordinated and not always
well designed. Accordingly, a committee led by
Dr. Thomas Francis, Jr., visited ABCC, surveyed the
program, and recommended major restructuring.
The committee proposed the use of fixed and well-
defined cohorts of persons with programs so inter-
locked that clinical, pathological, and mortality
data could be collected for the same persons in a
cumulative fashion.

The earliest relatively complete name lists of
persons exposed to the bombs dated from October
1950, at which time, in conjunction with the
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Japanese National Census, all Japanese were asked
to state whether they had been in Hiroshima or
Nagasaki at the time of the bombs. Lists of the
195,000 residents of the two cities who replied
affirmatively were turned over to ABCC. Field
investigations of these people — a task that occupied
about 7 years — ultimately yielded the present
JNIH-ABCC Life Span Study sample of nearly
109,000 persons, of whom just under 24,000
received doses estimated at more than 10 rad and
20,000 had doses of 1 to 9 rad. The remainder
with less than | rad could serve as controls. This
entire cohort was to be traced for mortality from
1950 forward utilizing the Japanese Vital Statistics
reporting system. A subsample of 20,000 were to
have biennial examinations in a program now called
the ABCC-JNIH Adult Health Study. Pathology
examinations were to be concentrated in the Life
Span sample, although effective autopsy procure-
ment methods did not start until 1961.

In 1957 Dr. George B. Darling became Director of
the ABCC. During the next 15 years he succeeded
first in implementing The Unified Study Plan
recommended by the Francis Committee and then in
ensuring continuity for the studies. The "basic
programs were made into binational instruments
through protocols discussed and accepted by the
Japanese National Institute of Health. Continuity
of program supervision was ensured by the agree-
ment of institutions in the United States to sponsor
and to help to staff departments at ABCC (Medicine
and Pathology by the corresponding departments at
Yale and UCLA, and Statistics by the Medical

Follow-up Agency at the NRC).

In 1959, the policy of printing all research reports
in a bilingual format was established; 440 such
Technical Reports had appeared or were in press by
the end of 1974, Many publications based upon
these Technical Reports have appeared in the
technical scientific literature in both countries.

As the years have passed, data have continued to
emerge from the studies. The first findings were
related to radiation leukemogenesis, effects on the
fetus, and ophthalmologic abnormalities. No signifi-
cant genetic effects were found in children of the
survivors. More recently, evidence of radiation
induction of solid tumors has been found, and the
entire picture of the latency periods that mark
cancer induction by radiation is still being revealed.
Within the last 10 years the persistence of radiation-
induced complex chromosomal abnormalities has
been demonstrated, and as a result of the more
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recently introduced chromosome banding techniques
we expect further insights.

1.3 Recent History. When the ABCC was organiz-
ed in 1947, the two cities, and in fact all of Japan,
lay prostrate. The studies were started under almost
exclusively U.S. scientific and administrative control
and funding. As Japan has been rebuilt and has
prospered, Japanese science, including medical
science, has advanced to first-rate quality, and the
position of ABCC, as a largely American institution
in Japan pursuing research on Japanese citizens, has
grown increasingly anomalous. The institution has
become a ready target for political attack; it has had
difficulty in attracting able young Japanese
scientists; it has not established many collaborative
relationships with Japanese universities and other
centers of science. At the same time, prodded by
the declining dollar-yen exchange rate and a con-
sequent extremely rapid increase in dollar costs, the
Atomic Energy Commission has increasingly realized
the importance of restructuring ABCC as a truly
binational institution, in all respects, including
funding. In 1972 and 1973, only large contract
support from the National Cancer Institute averted
the necessity for a massive layoff of staff, an action
so contrary to Japanese employment practices that
it would very likely have resulted in the demise
of ABCC.

Negotiations between the two governments led,
finally, in November 1974 to the formal decision
that ABCC should be discontinued on 31 March
1975, and be replaced on 1 April by a Radiation
Effects Research Foundation. The Foundation will
be a private, nonprofit institution organized under
Japanese law and financed equally by the two
governments. It will succeed to the programs,
personnel, and employment conditions of ABCC.
The principal agencies responsible for the Founda-
tion will be the Japanese Ministry of Health and
Welfare and the U.S. Energy Research and Develop-
ment Administration.

1.4 The Radiation Effects Research Foundation.
The Foundation will be managed by a ten-member
Board of Directors: four permanent officers, and
six Visiting Directors. The two kinds of directors
will each include equal numbers of U.S. and
Japanese citizens. The Board of Directors will
receive program and other scientific advice from a
Scientific Council, to consist of five members from
each country.

Although arranging the details of the transition
from ABCC to the new Foundation is a difficult
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administrative problem, we believe that the transi-
tion will be salutary for the scientific program. The
institution is badly in need of an infusion of
additional capable scientific leadership, especially
from Japanese scientists, to bring fresh vision,
new ideas, and new hypotheses to stimulate the
program.

CURRENT PROGRAMS OF THE ABCC/RERF

In this section, we shall describe briefly each of the
major elements of the ABCC research program,
evaluate strengths and weaknesses, and make re-
commendations regarding the continuation, modifi-
cation, or discontinuation of each element.

2.1 Life Span Study. The Life Span Study (LSS)
has traced mortality in a cohort of nearly 109,000
persons from 1950 to date in an efficient and
economical way by utilizing existing Japanese record
systems, especially the Family Registration system
and the network of local Health Centers at which
transcripts of death certificates are kept for seyeral
years after death. Family registers are checked
periodically, so data are nearly current at all times.
Individual estimates of dose, specific as to kerma
from gamma and neutron irradiation, are available
for 97% of the survivors.

A series of reports from the LSS have demonstrated
the carcinogenicity of radiation, documented the
differences in radiation effects between the two
cities (explained, at least in part, by the differences
in radiation quality), provided information on the
distribution of time intervals between irradiation
and death from induced malignancy, and shown
that, apart from cancer induction, over a period of
30 years the radiation received from the A-bombs
has had no measurable late effects on mortality.

Although the incidence of radiation-induced
leukemia has declined since reaching a peak in the
1950’s, deaths from solid tumors began to show
evidence of an increase in relation to radiation dose
only from 1960 forward and have shown no
tendency to decline. Children who were irradiated
before the age of 10 and who are now still below
age 40 have had especially high relative risks of
cancer death. The LSS has produced much impor-
tant information at relatively low cost. We consider
it essential that this population continue to be
followed for at least two more decades to obtain a
fuller accounting of the total carcinogenic effects of
the radiation received in 1945. Because many
environmental factors in addition to radiation are
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involved in cancer induction, it is important that
the Foundation study the role of such factors.

The LSS relying as it does on causes of death as
shown on death certificates, is necessarily imprecise,
not only as to the cell type of induced cancers, but
also as to primary site. Although cancer, as a
generic entity, is usually well diagnosed on death
certificates, comparisons with autopsy diagnoses
have shown that for many sites specific assignment
is so unreliable as to preclude detailed analysis. It is
essential that other sources of information about
tumors be integrated with the information provided
by death certificates to enhance specificity. Such
information could come from autopsy series and
the tumor and tissue registries in both cities.

We recommend that the Life Span Study be
maintained and strengthened by improving the ties
to other epidemiologic studies and to other sources
of information.

2.2 Adult Health Study. The Adult Health Study
(AHS), now in operation for nearly 17 years, has
been successful in some respects, but in others has
fallen short of optimistic early hopes. This examina-
tion program includes 20,000 persons from the LSS
cohort. Half were within 2000 m from the
hypocenter; the other half were outside this range
or not in the cities at the time of the bombs and
were matched by age and sex with those in the
heavily exposed group. Individual estimates of
radiation dose have now been calculated, and 44%
of the sample had doses of 10 rad or more. The
members chosen for the AHS sample are solicited,
vigorously, to come to the clinics for examination at
2-year intervals. Persons included in the sample
evidently have welcomed the program, as demonstra-
ted by the high participation rates achieved (80%-
85% of living persons still resident in the cities and
immediate environs). To the atomic bomb survivors,
the program has been by far the most visible
activity of ABCC. The examinations have provided
reassurance to those who were well, have assisted in
the early detection of disease, and have otherwise
contributed to the medical well-being of the sample
members. The induction of thyroid and breast
cancer by radiation exposure was first identified by
the AHS, and the study has demonstrated that skin
cancer was not significantly increased. The flow of
patients through the clinic has made possible the
very successful cytogenetics study and has enabled
special intermittent investigations, such as ophthal-
mology studies, and studies of screening methods
for stomach cancer. The AHS also made possible
the comparison of cardiovascular disease in Japan,
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Hawaii, and California, supported in part by the
National Heart and Lung Institute.

Nevertheless, the scientific productivity of the
program has not been commensurate with its cost,
which has been informally estimated to require
50%-70% of the total ABCC resources. As a
method for documenting morbidity in the sample,
the program has not been successful. The 2-year
intervals between examinations are so long that even
major diseases have been missed. For this reason
and because so many physicians have performed the
examinations, the morbidity detection program has
not had the consistency, specificity, and reliability
required for a good scientific study. Moreover,
routine physical examinations on a predominantly
well population have a low intrinsic probability of
detecting findings of significance to the program,
and this low yield leads in turn to diminishing
interest by the physicians and a high error rate.

The Committee seriously considered recommending
that the AHS be transferred to local university
hospitals, but decided that this would be unrealistic
now. It remains as a possibility, but for the présent
we recommend that the AHS program be maintained
with greater emphasis on objective laboratory
determinations and measurements, with standardized
histories with automated recording and processing,
and with less emphasis on physical examination by
the physician. Consideration might also be given to
restricting the vigorous contacting effort to sample
members whose participation is most important to
the scientific needs and relying on voluntary
participation by others.

We believe that this will increase public acceptance,
result in better use of personnel, and eliminate some
of the more costly and inefficient parts of the
examination. We suggest that consideration be
given to the use of mobile units staffed by physicians
to collect blood, urine, and other laboratory
specimens in advance of the visit of the study
members to the clinic. The physician would then
have the results of the laboratory tests at the time
of his interview with a study member and could
discuss the health meaning of each laboratory
result. The procedure would be much more useful
and reassuring to the study member than the
current procedures. We hope for a decrease in
emphasis on physical examinations with release of
physician’s time for other activities.

There should be consideration of freezing and
storing blood and other tissues from persons
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included in the longitudinal studies. This not only
would enable analyses to be made simultaneously in
tissues from different ages and times, with increased
accuracy and efficiency, but would also enable the
future testing of hypotheses that had not been
thought of earlier using techniques that did not
exist earlier.

With the increasing strengith of the local medical
schools and their attached hospitals and other
health care facilities in the cities, strong efforts
should be made to collate medical information
about the sample members through improved record
linking systems. Possible data resources are records
or reports of hospitalization, employment records
(including absence because of sickness), and the
tumor and tissue registries. The tissue registries
themselves, representing central repositories for
tissue specimens contributed cooperatively by
several different pathology departments, may be
considered models for the kinds of arrangements
that should be sought.

2.3 Pathology/Autopsy Program. The present
autopsy program, the principal activity of the
Department of Pathology, was initiated in 1960 at a
time when other pathology services in Hiroshima
and Nagasaki had not reached their present strength.
The objective was to obtain autopsies for deaths
that occurred in the two cities among members of
the entire LSS cohort. The method was to
establish a system to learn rapidly about all deaths
that occur, to determine whether each death was or
was not that of a member of the cohort, and, if so,
to dispatch “autopsy contactors” to visit the
attending physician and the family of the deceased
to solicit permission for autopsy. Autopsies per-
formed on cohort members in hospitals in the two
cities are also included in the series by obtaining
tissue blocks. Initially, nearly 50% of all deaths
that occurred in the two cities among members of
the LSS population were autopsied. A series of
reports from this program evaluated the accuracy of
cause-of-death reporting on death certificates, helped
elucidate the patterns of cardiovascular disease
mortality in Japan as related to stroke and ischemic
heart disease, and described radiation effects with
respect to various causes of death, particularly those
resulting from neoplasms of specific sites.

In the last 15 years, several developments have
called into question the continuing effectiveness of
the program. Under the stringent limitations of
time imposed by Japanese funerary practice, the
ability of the research organization to obtain the
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necessary permission for autopsy and to arrange for
necropsy has decreased to only 21% in 1974. Only
two-thirds of these were performed at ABCC.
Concomitantly, other pathology services in the two
cities have become much stronger. Tissue registries
in both cities, established under the sponsorship of
the National Cancer Institute, show promise of
yielding information on specific tumors and cell
types that is both more timely and more extensive
than that which can be obtained from the autopsy
service. It would be very difficult, if not impossible,
to raise the autopsy rate to its earlier value, and we
cannot propose any workable procedure for
doing so.

The Committee recommends that the Foundation
discontinue the solicitation of autopsies. The need
for autopsy data to provide information on the
accuracy of death certificate diagnoses remains, but
this can be met in other ways. Autopsies may, of
course, continue to be done when requested. More-
over, we expect that autopsy pathology services will
continue to increase at the other pathology depart-
ments now active in both cities. The principal tasks
of pathologists should be to analyze the massive
amount of tissue materials already accumulated and
to become available for study through the recently
established tissue registries, and to serve as members

of interdisciplinary study teams investigating.

specific diseases. Some services that are essential in
support of other Foundation activities, such as
exfoliative cytology, could be provided by contract
with local pathology departments.

2.4 Cytogenetics. Chromosomal abnormalities in
cultured white blood cells are being studied in two
groups of persons: in survivors, to learn the
relationship between radiation dose and chromoso-
mal aberrations detectable more than 20 years after
exposure; and in children of survivors conceived
after the bombs (so-called F;) to detect possible
cytogenetic effects. The sample of survivors is
drawn from among members of the AHS sample at
the time of their clinic visit (see Section 2.2), and
blood from the F{ generation is obtained through
special contacting and solicitation among members
of the cohort included in the F; Mortality Study
(see Section 2.6). For the studies of survivors, 100
cells in metaphase are examined per patient; for the
F{ samples, 10 cells in metaphase are examined and
two cells are analyzed karyotypically. More than
1,000 cultures from survivors and nearly 3,000
from the Fl have already been examined in this
continuing program.
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Study of the survivors themselves has revealed a
dose-dependent increase in the frequency of
interchange aberrations and clones of cells contain-
ing identical aberrations in single individuals. More-
over, the yield of aberrations for a given dose is
higher in Hiroshima than in Nagasaki; this difference
is consistent with the greater contribution of
neutrons in Hiroshima and with the high relative
biologic effectiveness (RBE) of neutrons for
induction of chromosome abnormalities.

The frequency of cells containing abnormal numbers
of sex chromosomes and structural chromosome
abnormalities has likewise been observed to be
higher in progeny of irradiated parents than in the
offspring of unirradiated parents, although the
difference is not statistically significant.

We consider the observation of persisting chromo-
some injury in irradiated survivors, especially the
occurrence of clones of cytogenetically altered
cells, to be of great interest. The potential patholo-
gic significance is not known, but deserves extended
study. Furthermore, such cells may serve as
indicators of absorbed dose and have a possible role
as biologic dosimeters. Similarly, the suggestion
that the frequency of chromosomal abnormalities
may be increased in the offspring of irradiated
parents warrants further vigorous investigation.
There is an opportunity for the application of new
techniques of staining and chromosome banding,
which have been found to reveal abnormalities that
would otherwise go undetected.

It would be especially valuable to study persons
whose cytogenetic findings are grossly discrepant
with regard to estimated dose. On the one hand,
such a study may lead to improved dosimetry; on
the other, it might reveal possible human pheno-
types with extreme radiation resistance or suscepti-
bility. Much concern has been expressed for persons
who may be especially susceptible to chemicals;
this might well be a concern also with radiation.

We note that this program has become one of the
most active in the ABCC and that it is entirely
under Japanese leadership. As the ABCC is replaced
by the new Foundation, this is a model for future
Japanese leadership in the joint venture. We
recommend that the highly successful cytogenetics
study by continued, with increased scientific
personnel as needed.

2.5 Cancer Studies. The ABCC studies on cancer
have been especially productive. The early research
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on leukemia has attracted wide attention and has
served as the major basis for setting radiation
protection standards for somatic effects. The peak
incidence of leukemia has passed — a fact that
raises the possibility that the carcinogenic effect of
radiation is now diminishing. The following find-
dings from the last 5 years indicate that the risk
continues and emphasize the necessity for continu-
ing intensive investigations:

Persons exposed before the age of ten experienc-
ed an excess incidence of cancer at the age of
15-32.

The excessive occurrence of leukemia has
continued, albeit at a diminished rate, and the
relation of histologic type to age and sex has
been clarified — observations that contribute to
the understanding of leukemogenesis in general.

Lung and breast cancer, previously suspected of
being radiation-related, have now joined leukemia
and thyroid cancer as neoplasms convincingly
shown to be radiation-induced.

Stomach cancer, not previously shown to be
radiogenic, is now suspect on the basis of
recent analysis.

Special attention has been given recently to the
role of risk factors other than radiation, such as
cigarette-smoking with respect to lung cancer.
Important information about host and environ-
mental factors in carcinogenesis can come from
studying adult types of cancers that occur early in
life. A preliminary study has been made of these
tumors in the Hiroshima Tissue Registry as of
mid-1974. Review of the tabulations for the first
2 months of the Nagasaki Tissue Registry revealed
cancers in some rare sites that may, by retrospective
study, identify previously unrecognized carcinogenic
occupational exposures,

In addition to the above studies, which continue, it
is desirable to initiate cancer screening procedures.
Early detection could lead to prompt and effective
treatment of early malignancies found. There are
several possible potentially useful screening proce-
dures. For example, the recent preliminary indica-
tion of an excess of gastric cancer in the more
heavily irradiated population should be systematical-
ly pursued. Although death certificates and autopsy
data will no doubt contribute to this objective,
early case detection in the AHS population would
be particularly important for the survivors them-
selves. In the context of the Committee’s
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recommendations regarding the use of mobile units
to collect blood and other specimens for laboratory
analysis, one effective approach to identifying the
highest yield group might be the routine screening
of serum pepsinogen levels. If abnormal levels were
found, a urinary dye excretion test for the detection
of achlorhydria could be done at a subsequent visit
to the Foundation. If this test were also positive,
radiographic and fluoroscopic examination of the
stomach could be done.

Cancers of other primary sites in the gastrointestinal
tract — such as the colon, rectum, and pancreas —
may also prove to be radiation related. Case
detection for these sites, and perhaps also for cancer
of the breast, might be approached by primary
screening for carcinoembryonic antigens (CEA),
followed by appropriate radiographic examinations
for persons with two or more serial positive tests.
Because breast cancer occurs much less commonly
in Japan than in western populations, there should
be careful examination of the risk-benefit equation
for the use of mammography as a screening pro-
cedure. However, if preliminary studies reveal that
radiation exposures can be brought down to ac-
ceptable levels, consideration should be given to
the use of this procedure among older women.
Recent preliminary observations of the selective
uptake in small breast cancers of short-half-life
radioisotopes, such as 67Ga citrate or 99MTc
diphosphonate or polyphosphonate offer the pos-
sibility that these procedures may also become
available for breast cancer detection.

On the basis of the considerations given above, we
recommend that:

1. Present cancer programs be continued.

2. The Foundation support actively the Tissue
Registries in Hiroshima and Nagasaki and co-
operate in evaluating the data,

3. The Foundation consider initiating cancer
screening programs.

2.6 Genetics. Genetics has been at the heart of
the ABCC studies since their inception. The
Pregnancy Termination Study by Neel and Schull,
published in 1956, analyzed around 65,000 births;
yet there were no significant effects of radiation on
still-births, infant mortality, birth weight, congenital
abnormality, childhood mortality, leukemia, or sex
ratio. At that time, there were fears that human
genes might be much more mutable than those of
experimental organisms, especially mice. These
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studies were of the greatest importance in setting
upper limits to radiation-induced genetic damage in
the Fl population and in allaying fears among the
survivors and their offspring.

In 1960, the children identified in the Pregnancy
Termination Study were augmented with additional
children of survivors and controls to create a cohort
consisting of three groups of children, each number-
ing about 18,000: one group in which neither
parent was in Hiroshima or Nagasaki at the time of
the bombs; a second in which at least one parent
was present in one of the cities, but more than
2500 m from the hypocenter; and a third in which
at least one parent was within 2000 m from the
hypocenter.  All births occurred in the period
1946-58, and the groups are matched as to year of
birth. The resulting cohort, called the F; Mortality
Sample, is being traced for survival, using methods
identical with those already described for the LSS
(see Section 2.1).

The most recent analysis of data from the Fy
Mortality Study, which included deaths that oocfir-
red through 1969, failed to show a clearly significant
effect of parental exposure upon mortality of the
children, either from all causes, from leukemia, or
from other malignant neoplasms.

Although the F; Mortality Study has not revealed
any increase in death rate, it is too early to consider
the question as settled. Moreover, the cost of the
study is small. Therefore, we recommend that the
F; Mortality Study be continued.

We have considered a new proposal to study more
than 25 biochemical markers in approximately
10,000 offspring of irradiated parents and in the
same number of controls. All would be chosen so
that both parents were available for study. If a
person were discovered to have a rare variant
allele — one whose frequency in the population is
less than .005 — the parents would be examined.
If the allele were not found in either parent, it
would tentatively be scored as a mutant. Such
exceptions could also arise through incorrect identi-
fication of parentage; but, if the study is confined
to rare variants and all available gene loci and
cytological markers are used for additional informa-
tion on parentage, the number of cases erroneously
classified as mutant can be kept to a calculable
minimum.

The population available for study is unique in
comprising a large group of persons whose parents
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were exposed to a known amount of radiation and a
matched control group. On the basis of information
derived from genetic studies in mice and estimated
human spontaneous mutation rates, the Committee
expects that a study of the magnitude proposed
will not show a significant difference between the
control and irradiated groups. However, current
information on radiation-induced mutation rates in
man is essentially nil, and it is desirable to obtain
quantitative data from this unique population. If
there is no significant difference between the two
groups, this will provide further assurance that the
mutational damage to the offspring generation is
small. Furthermore, the statistical analysis wiil
permit the setting of an upper limit on the
radiation-induced mutation rate.

In addition to providing evidence on the radiation-
induced mutation rate, the study will provide data
on the spontaneous mutation rate and on the
frequency of genetic polymorphisms in a well-
characterized human population. Preliminary
studies have shown that the study is technically
feasible. The project is expensive, but the collection
of blood could be made more efficient and less
costly by the use of mobile units (discussed else-
where in this report).

Several geneticists whose independent opinions
were sought expressed doubt that statistically
significant differences would be found. The
Committee has similar reservations about the high
expense and low probable yield of the study, but
finds the uniqueness of the opportunity persuasive.
The study will be costly, but will provide useful
basic information about human genetics of a kind
that cannot readily be obtained elsewhere. Imple-
mentation of the study would strengthen the
scientific program of the Foundation and further-
more would serve as a starting point in monitoring
for human mutagenesis. For these reasons, we urge
the Foundation to give serious consideration to the
early implementation of the proposed program in
biochemical genetics.

Because such a study is almost certain to turn up
interesting new genetic traits, it is advisable to have
a geneticist available either as a staff member or as
a consultant.

2.7 In Utero Radiation Studies. Children in utero
at the time of the bombs are of special interest,
because of the possibility that the fetus might be
particularly sensitive to radiation damage. A group
of about 1,100 of these children were studied in
the early years of the program by annual physical
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examination in the clinics. About 2,800 are
included in a continuing study of mortality,
conducted by the same methodology as the LSS
(see Section 2.1).

The examination program revealed that children
whose mothers received large radiation doses during
the first trimester of pregnancy showed an increased
frequency of impaired growth, significantly dimini-
shed head size, and mental retardation. Recent
data from the larger mortality program showed an
increase in neonatal mortality among fetuses heavily
exposed during the third trimester, but no other
observable excess mortality effects of radiation
during the first 24 years of life. The observed
neonatal excess may have resulied from induction
of premature births or other indirect effects.

The in utero group remains of special interest
because it can clarify for man the sensitivity of
fetal tissues to radiation. The mortality-tracing
study is inexpensive, and the results are of great
interest, whether positive or negative. We also
believe that more detailed workups should be
occasionally performed on the smaller clinical
sample. The latter group might be studied for
special changes (e.g., endocrinologic effects) that
might be suspected to result from fetal irradiation.
Therefore, we recommend that this group should be
followed through the use of medical examinations
and studies of mortality.

2.8 Aging Studies. For many years data have
been systematically collected at ABCC on a diverse
spectrum of physiologic, neuromuscular, biochemi-
cal, metabolic, and morphologic parameters known
or alleged to be correlates of the aging process in
man. With few exceptions — notably excess deaths
due to malignant neoplasms — these indexes have
failed to support the hypothesis that radiation
accelerates the aging process and thus decreases
longevity. Nevertheless, we believe that the possible
acceleration of aging processes by radiation remains
an important, although admittedly difficult, subject
for continued investigation. However, it seems
desirable now to adopt an approach focused more
specifically on critical tests of some of the major
current theories of aging. For example, if it were
possible to obtain skin punch biopsies at widely
spaced times on a small subpopulation of the AHS
group, human fibroblast cultures from persons of
different ages and from the same persons during the
course of aging could be established, and the total
reproductive potential of these cells in vitro could
be determined quantitatively as a test of the
Hayflick and other hypotheses of cellular aging.
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Such skin punch biopsy cultures have the additional
merit of permitting a comparison of cytogenetic
abnormalities detected in fibroblast cultures with
those previously detectable only in cultured lym-
phocytes. An additional example of hypothesis
testing would be an evaluation of the somatic
mutation hypothesis through testing for mosaicism
in the hemoglobin chains in red blood cells. There
are undoubtedly several other hypotheses for which
methods of testing could be implemented. Perhaps
the next generation of aging studies could best be
planned by the Foundation on the basis of detailed
recommendations stemming from a small workshop
attended by a carefully selected roster of Japanese,
American, and other leaders in this field.

2.9 Dosimetry. Radiation doses received by the
survivors have been estimated with methodology
developed by the Oak Ridge National Laboratory,
which includes air-dose curves that were confirmed
experimentally by collaborators at the National
Institute of Radiological Sciences at Chiba. Each
estimated dose is based on a detailed shielding
study done by ABCC field workers to obtain the
required data on exact location at the time of the
bomb, kind of shielding structure, and position
within the structure. The formula involves measure-
ment of nine characteristics of the shielding situa-
tion and produces estimates of dose as tissue kerma
in air that are believed to be accurate to within a
standard error of £30 %.

This information is essential to all studies of dose-
response relationships. More recently, efforts have
been made to provide methods for estimating tissue
dose to organs of particular interest. We believe
that the productive collaborative efforts with the
Oak Ridge National Laboratory and with the
National Institute of Radiological Sciences at Chiba
concerning dosimetry should be continued.

Similarly, the studies on the dosimetry of medical
radiation exposures have provided useful informa-
tion on the radiation doses accumulated from such
procedures. In many cases, the dose equals or
exceeds that received from the bombs, particularly
in the lightly exposed group, who were far from the
epicenter. In a few cases, the dose from therapeutic
radiation exposures greatly exceeds that from the
bombs. These data are needed to avoid wrongly
ascribing possible radiation effects solely to bomb
radiation. We believe that the studies on the
dosimetry of medical radiation exposures should
be continued.
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EVALUATION OF AND RECOMMENDATIONS
ON GENERAL ASPECTS OF THE PROGRAM

In Section 2, we reviewed the specific research
components of the ABCC program and made
recommendations for the realization of what we
believe to be a wise course for their evolution in the
new Foundation. A number of more general
attributes of the program also warrant comment.

3.1 Scientific Staff. During its 30-year history,
the ABCC has served as a base of operations for
many competent and highly productive investigators.
However, the research staff has for the most part
been small, isolated from day-to-day contacts with
colleagues in the scientific community, and distract-
ed by the discontinuity of leadership resulting from
rotation of grougeleaders from the United States on
seriatim short-term appointments. The program has
limitations inherent in its geographic isolation from
its scientific roots and sponsorship. The present
professional staff and supporting resources, although
adequate for the continued routine medical follow-
up of the survivor populations and for some of the
other research programs, do not have the critical
mass of imaginative and energetic research talent
needed to sustain an intellectually stimulating
environment. Hence, the program cannot now be
expected to attract gifted and creative scientists;
without them, however, it cannot fully exploit the
research opportunities provided by these unique
populations. The size of the supporting staff is
sufficient to sustain a larger group of research
scientists.

To enhance the scientific productivity of the
program, steps must be taken to expand the research
staff, to enlist the participation of imaginative
senior investigators from the scientific community,
and to maintain a steady flow of younger scientists
through the program. In this effort, emphasis
should be placed in developing Japanese scientists
and recruiting them to the research programs of the
Foundation.

We therefore recommend that:

1. The number of professional scientists on
the staff be increased soon to reflect more
realistically the scope, importance, and complex-
ity of the program.

Z Closer ties be fostered with the interested
and productive research groups that have emerged
in the Universities of Hiroshima and Nagasaki,
as well as other groups in Japan, as sources of
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scientific expertise and of creative collaborating
investigators. Such ties might be fostered by
placing the physical facilities of the Foundation
close to these university groups. Other mecha-
nisms might be developed to bring promising
young scientists into the program for short
periods. For example, the National Cancer
Institute established in 1972 a program under
which young Japanese medical faculty members
spend 2 months in the United States in formal
studies of the epidemiology of cancer and the
balance of a year in research under the direction
of the staff at ABCC. They then return to their
universities, where they are expected to continue
their interest and research in cancer and other
chronic diseases. There have been eight Visiting
Scientists in the 3 years the program has been in
effect. We urge the Foundation to continue the
Visiting Scientist program and to develop others
of similar promise.

3.2 Scientific Ambience. Science thrives in some
climates, withers in others. The creation of an
environment charged with intellectual vigor and
excitement is a major part of the task facing the
Foundation. We have several suggestions that may
aid in accomplishing this.

The Foundation should begin to sponsor regular
small, binational and multinational conferences and
workshops in subjects that are closely related to its
mission and that are especially likely to illuminate
problems confronting its staff. Such conferences
and workshops would be valuable on a number of
counts. They would increase the visibility of the
program and call attention to both its potential and
its problems. They could generate innovative ideas
and new approaches to difficult problems. Thus,
they could be of benefit to the atomic bomb
survivors in particular and to medical knowledge in
general. These conferences and workshops would
be occasions for bringing scientists of wide repute
to the Foundation from various parts of Japan and
from abroad and thus would provide additional
stimulation to the scientific staff of the Foundation.

Among the many possible topics for this series of
conferences and workshops, the following are
examples that might be considered:

The potential utility of newly developed pro-
cedures in cell biology to test prevailing theories
of aging.

The potential of modern immunologic methods
to clarify the effects of radiation on lymphocytes
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or to explain the very low incidence of chronic
lymphocytic leukemia in Japanese populations.

The promise of new statistical techniques and
methods to facilitate analysis and evaluation of
the masses of data collected on multiple
variables in longitudinal studies of long duration.

The possibility of expanding the number of
genetic loci that could be monitored for an
increased mutation rate with maximal precision
and minimal cost. This would be especially
useful if the program in biochemical genetics
were started.

Another suggestion has to do with relationships
with local and national organizations. For three
decades, ABCC has been isolated, physically and to
some extent intellectually, from the mainstream of
Japanese professional scientific life. In the early
years, this phenomenon was understandable, inas-
much as Japan was attempting to rebuild its
shattered national life and ABCC had its own
mission.  Furthermore, ABCC, although staffed
largely by Japanese, was an American organizatien.
The new Foundation, to which the Japanese have
made a strong intellectual and monetary commit
ment, will be in a position to undertake initiatives
not previously possible. Ties must be created to the
local and national academic communities, especially
to schools of medicine and to the cognate graduate
departments in the universities. Likewise, linkages
should be established with research institutions and
learned societies that share problems and interests
with the Foundation. Also important are connec-
tions with the health care delivery systems of
hospitals, census and other vital records systems,
and tumor registries.

To some extent, the physical isolation of the
Hiroshima ABCC atop Hijivama has contributed to
its intellectual isolation. As the new Foundation
develops closer ties to the biomedical academic
community and to the health care delivery system
in Hiroshima, serious consideration should be given
to the proposal that the Foundation be relocated to
be closer to the local institutions and population of
the city. Such a move would have an additional
important impact. There is a broadly based and
strong sentiment in the city that historic Hijivama
Park should be restored to its original use. Reloca-
tion of the Foundation would not only facilitate
closer ties with professional organizations and
institutions, but also improve relations with the
populace of Hiroshima.
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3.3 The Role of Nagasaki. The basic design of the
study of radiation effects on the survivors of the
atomic bombs of 6 and 9 August 1945, proposes
one large sample carefully stratified by a number of
properties — including location at the time of the
bomb — the data from which would be standardized
and capable of being pooled. Therefore, a single
study design was proposed and adopted. Although
the wisdom of this decision becomes increasingly
apparent, it has had one somewhat unfortunate
consequence: overall direction of the study could
not be equally shared in cities as widely separated as
Hiroshima and Nagasaki. Hiroshima, for a number
of reasons, emerged as the headquarters of the
overall project, the site of central planning and
analysis of the core program, and the site from
which direction for coordinating core studies
emanates. This modus operandi makes for and is an
inevitable attribute of a strong program, but it tends
to increase the difficulty of maintaining a high
morale and esprit de corps among the staff at
Nagasaki. There can be no question about the
importance of the population in both cities. It is
therefore incumbent on the new Foundation to
initiate and continue strenuous efforts to maintain
the vitality and morale of the Nagasaki staff. The
Nagasaki laboratory has the advantage of a central
location and close ties with the medical school.

Independent studies outside the core programs
should be encouraged in Nagasaki. We believe that
the Foundation should seek a scientific leader for its
staff in Nagasaki. The person should be one with
whom the medical.schools and other health agencies
would gladly cooperate. Special, short-term studies
should be undertaken in parallel with those develop-
ed in Hiroshima. Other projects could be unique to
Nagasaki or could originate there and have counter-
parts in Hiroshima. The projects might well involve
visiting scientists. Research in Nagasaki should be
initiated into circumstances that distinguish it from
Hiroshima, such as unusual characteristics of the
people or their environment or the different
character of the radiation (the fallout study of the
population of Nishiyama is an example of such a
study already completed). The Foundation should
take advantage of the special competences of the
medical scientists in Nagasaki, who should be
encouraged to initiate projects in line with their
expertise and interest. Scientific sessions should be
held there periodically with the participation of the
Hiroshima staff. The Hiroshima staff should go to
Nagasaki for some of the regularly scheduled
" monthly staff meetings, now convened solely in
Hiroshima. Nagasaki could also be the site for some
of the symposia and workshops.
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3.4 Grants and Contracts, There are many
subjects related to the mission of the Foundation in
which knowledge is badly needed, but that are
impractical for the Foundation to explore directly.
We believe that advancement of knowledge demands
4 close interaction between epidemiologic studies
on man, as performed at the Foundation, and
laboratory oriented research, for which other insti-
tutions are better suited. To encourage such
interactions, we recommend that a program of
grants and contracts be developed whereby research
can be done in universities or other research
laboratories. These would presumably be mainly in
Japan, but might possibly be in other countries.

Some examples of research that could best be done
by such a mechanism are:

Animal studies on the relation of chromosome
abnormalities to dose, to RBE, to fractionation,
and to the body part exposed.

Development of analytic methods appropriate to
data from longitudinal studies.

A search for new genetic markers and. for
efficient ways of screening for mutations.

Identification of chromosomal changes associated
with specific diseases.

Research in problems in molecular radiobiology.

3.5 Management. The Committee did not review
the management of the ABCC systematically and
is therefore not in a position to evaluate this aspect
of the operation or to make specific recommenda-
tions to the new Foundation. However, in the
evaluation of the scientific program, it would have
been helpful to have reasonably accurate data on
the comparative costs of the many projects under
way. We are fully aware of the difficulties of
allocating costs to specific projects in an integrated
complex, such as ABCC. Yet, if projects are to be
assigned even a rough priority, some estimate of
their cost must be considered, implicitly or ex-
plicitly, in establishing a rank order of importance
or in recommending a revised scale of operation.
The cost considerations that are implicit in the
recommendations of this report were based on the
crudest approximations. We recommend that the
Foundation institute budgeting and accounting
systems that will accurately reflect the costs of the
various specific projects. Procedures are needed for
developing a budget for each research program and
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for allocating costs to programs for shared services,
personnel, and facility maintenance.

3.6 Computer Facilities. The computer used by
ABCC for data management and analytic purposes
is more than 10 years old and does not efficiently
perform the complex multivariate analyses that
modern statistical methodology demands. We have
recommended elsewhere in this report that the
AHS be modified in ways that demand increased
automation. This will require a modern computer,
capable of serving terminals in both cities while
simultaneously performing analytic tasks. We
believe that the Foundation should replace the
present computer soon with one capable of the work
needed.

In procuring a replacement for the present equip-
ment, careful consideration should be given, not
only to the functional capability of the new
machine, but also to the question of compatibility
with the computer now in use so as to minimize
reprograming difficulties.

SUMMARY AND MAJOR RECOMMENDATIONS

The ABCC program has been of great value both
scientifically and humanistically, and it has been
all the more impressive in the light of the difficult
conditions under which it has had to operate. The
new binational leadership should maintain and
strengthen the program. Massive data meticulously
collected for nearly two decades have demonstrated
heretofore unknown relationships between radiation
dose and later adverse human effects. Further
studies should continue to yield important informa-
tion, especially on the incidence of specific types of
cancer, on the kinetics of radiation induced neo-
plasia, and on mutagenesis. This unique population
should continue to be investigated for at least two
more decades, by which time persons exposed
during embryonic development or childhood will
have passed middle age.

The wisdom and foresight of the Francis Committee
are borne out by the obvious competence of the
epidemiologic studies. By clearly defining the
various samples, by carefully matching groups with
different exposures, and by observing them longitu-
dinally in a systematic manner, the ABCC studies
have set a high standard of epidemiologic rigor.

The early demonstration of a large increase in the
relative risk of leukemia in the exposed group and
the association of the risk with the dose have been
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of great value, not only in increasing understanding
of the disease, but in the setting of national and
international radiation standards. Although the
incidence of leukemia is subsiding, the incidence of
other forms of malignancy is increasing; it is of the
greatest importance that these studies continue, so
that malignancies with very long latent periods may
be identified.

The early genetic studies on the children of exposed
parents showed that the genetic risk is not as large
as some had feared;in fact, no significant differences
in the children of irradiated and control populations
were discovered, These observations emphasize
another aspect of the program: a great many
studies have failed to demonstrate a significant
difference between irradiated and control popula-
tions. Many of these involved large numbers of
people who were heavily irradiated, and they
therefore have a high statistical precision. It is
important to emphasize that negative results are as
important as positive ones, especially in a context
where an a priori basis for fear existed. Statements
of nonsignificant differences accompanied by
statements of the precision of the measurements
enable one to put upper limits on radiation damage.
Such conclusions are among the most important
results of the study.

On the basis of these conclusions, the Committee’s
first strong and overriding recommendation is that
the basic elements of the ABCC program continue
under the Foundation. We further recommend that:

The Life Span and F; Mortality Studies be
maintained and strengthened by improving the
ties to other sources of information through
record linkages (2.1, 2.6).

The Adult Health Study be modified by a greater
emphasis on laboratory and other objective
measurements and on standardized, automated
histories, with less emphasis on physical examina-
tion (2.2).

The Foundation no longer actively solicit
autopsies and the principal missions of the
pathologists be the analysis of tissues and par-
ticipation in study teams investigating specific
diseases (2.3).

The Foundation give serious consideration to
the early implementation of the program in
biochemical genetics (2.6).
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The highly successful cytogenetics program be
continued, with an increase in scientific personnel
as needed (2.4).

The group who were irradiated in utero continue
to be followed, not only from death records, but
through periodic examination (2.7).

The Foundation institute budgeting and account-
ing systems that will accurately reflect the costs
of the various specific projects (3.5).

The Foundation complement its studies on
humans by grants and contracts to universities
and other institutions for laboratory and animal
research (3.4); provide programs of fellowships
for young scientists to receive further training,
both in Japan and abroad (3.1); and institute a
program of conferences and workshops to
consider new and promising research subjects
and techniques (3.2).
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