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INTRODUCTION
TANE

The Atomic Bomb Casualty Commission
(ABCC) is a medical research institute in
Hiroshima and Nagasaki devoted to long term
s tudy of the late effects of nuclear
The work draws its
great interest from the paucity of existing
information on the effect of radiation on

radiation upon man.

man; from the unique radiation experience
of the atomie bomb survivors; from the
increasing utilization of nuclear energy
in modern technology; and from humanitarian
concern for the survivors of the bombs.
The ABCC program provides the statistician
with an important opportunity to apply the
tools and concepts of statisties, for
the inferences to be drawn are largely
statistical inferences growing out of the
comparison of samples defined as to
radiation exposure. The work is of
international as well as statistical
interest by virtue of its subject matter
and as a meeting-ground for statistiecians
trained in different countries.

The ABCC is a joint undertaking of the
United States National Academy of Sciences
and the National Institute of Health (NIH)
of the Japanese Ministry of Health and
Welfare. The Academy holds a broad
commission from the President of the United
States to investigate the delayed effects
of radiation in the iInterests of scilence
and humanity. The personnel of the NIH
branch laboratories in Hiroshima and
Nagasakl are Integrated into the activity
at all levels, the two branch chiefs
serving as associate directors of ABCC.
The Director of ABCC is appointed by the
National Academy of Sciences. Funds are
provided through a contract between the
Academy and the United States Atomiec
Energy Commission and by the NIH directly.
The Director has an Advisory Council
consisting of twelve representatives of
leading scientific and administrative

agencies in Japan. Three of the seven
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major departments of ABCC are closely
affiliated with scientific groups in
the United States: Pathology with the
Department of Pathology, University of
California at Los Angeles; Medicine with
the Department of Medicine, Yale University
at New Haven, Connectiecut; and Statisties
with the Division of Medical Sciences,
National Research Council. A fourth
department, Epidemiology, is headed by
a prominent Japanese epidemiologist.
Research assoclates are also appointed from
among leading Japanese medical scientists
with interests in particular aspects of
the ABCC program. Many universities in
Japan lend medical personnel to the
activity for tours of one or two years, and
the United States Public Health Service
assigns interested medical officers for
periods of two years, In Japan the
Statistics Bureau, Office of the Prime
Minister, and the Ministry of Education are
currently lending trained statisticians
for perlods of two years. In addition,
many scientists are permanently associa ted
with the effort. The total staff is 996,
of whom B6 have professional status.

Research is conducted in both Hiroshima
and Nagasaki. The organization is largely
duplicated in the two cities, unity being
achieved through a single director and a
single head of each department. In
addition to the four departments already
mentioned, the organization includes
departments of Medical Sociology, Clinical
Laboratories, and Radiology. Department of
Statistics consists of the Planning and
Analysis Group, an Administrative Section,
and the Statistical Lahoratory. In the
Planning and Analysis Group at present are
five analytic statisticians, a health
physicist from the (Oak Ridge National
Laboratory (ORNL) in Tennessee, and a
procedures analyst. Three are from Japan,
three from the United States, and one from
Australia. The Laboratory has two branches
one for data collection, the other for
data processing. Data are collected by
field operations to determine eligibility
for various samples, to obtain information
on terrain and structures that may have
shielded individuals from some of the
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radiation from the bomb, and to determine
Data processing consists

tabulation,

survival status.

of coding, and computing

as well as records maintenance. The
Laboratory is headed by a former official
of the Statisties Bureau in Tokyo; the

staff of about 235 is entirely Japanese.

FACTORS INFLUENCING THE PROGRAM AND ITS
CONDUCT

Factors governing the program are of
several kinds: (1)
(2) the possible nature of radiation
effects on man; and (3) certain special
features of the general environment of ABCC

the initial insult:

in Japan.

The radiation whose effects are sought
emana ted from an act of war that produced
destruction on a catastrophiec scale.
Reconstruction of the situation for
sampling purposes is difficult and therne
is room for doubt as to the inherent
comparability of individuals who received
different amounts of radiation. A mass
exodus occurred in each city after the
bombing. Many failed to return. Injuries
were caused by blast, fire, collapse of
buildings, and by thermal as well as
ionizing radiation. Homes were destroyed,
means of livelihood lost, and families
broken. The psychie trauma was beyond
ascertainment. It is out of this disaster
that scientists now must try to unravel
the late effects of the ionizing radiation.
Scientists must try because no other sample
in the world is at once so large, generally
representative of the population, and
offering possibility for reasonable estima-
tion of single,
many
lethal to zero.

instantaneous doses to

individuals. These doses range from

The potential value of medical studies on
the A-bomb survivors depends directly upon
the adequacy of information as to the
amount of radiation actually received. In
their efforts to classify individuals as to
relative amounts of radiation received ABCC
investigators were until recently limited
to the use of distance from hypocenter,
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type of shielding, and acute symptoms.
Through the efforts of the Health Physics

Division of ORNLl an experimental basis
now has been established for c¢rude but
guantitative individual dose estimates
for the initial nuclear radiation of
the bomb. The large errors of present
determinations may be reduced as work
Estimation of dose depends
upon several factors: (1) empirically
estimated air dose curves for neutrons
and gamma rays as a function of distance
from hypocenter (or ground zero); (2) exact
distance of the subject from hypocenter;
(3) precise shielding situation of the
subject; and (4) experimentally derived
attenuation (or penetration) factors for
shielding materials and situations.

progresses.

It is worthy of emphasis that two
different weapons were exploded in widely
separated, large cities a few days apart.
Presently estimated air dose curves
for gamma rays are very similar for the
two cities, but not so for the neutr.on
curves, In view of the many uncontrolled
and the fact that
location influenced dose, the conduct of
studies in both eities according to the

same general plan has seemed to offer a

variables present,

measure of protection against erroneous
inference.

The second set of factors governing the
program derives from ignorance of the
specific nature of the effects of radiation
upon man and from their possible range.
Often in applied research statisticians
know what they are looking for, and indeed
often test various means of attaining a
specific goal. Here, the situation is
reversed: research workers literally do not
know what they are looking for. True
enough there are some leads and their
number grows continually, but the basiec
outlook is uncertain and, therefore, a
premium is placed upon thoroughness in the
search, What 1s more, effects may occur as
increased probabilities of familiar
pathological entities. Hence, efforts
cannot be confined to the search for new
biological responses on the part of the

exposed but must study the actual incidence
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of many familiar diseases in relation to
radiation dose.

Intoward effects have already been shown,
most clearly, perhaps in the radiation
cataracts,” leukemia,” and the fate of the
directly exposed fetus. 9 oOthers may bhe
expected, but when they will appear and for
how long they will be observable cannot be
fore told:

uncertainty seems to be to keep looking.

the only solution for this

The magnitude of the effects is similarly
unknown, and it is not possible to specify
a general magnitude of effect below which
interest wonld be negligihle, for the
interest depends on the nature of the
effect as well as on its size. To limit
this uncertainty, sample sizes must be as
large, and observations as numerous and
accurate as possible. Moreover, whenever
the findings are negative, comparisons
should be powerful enough to permit ade-

quately strong negative statements. .-

The few important effects noted thus far
have all clearly been increasing functions
of dose at the higher doses. However,
speculations extend to effects that are
independent of size of dose, and tfhere is
also an important controversy in the
]iteratureG concerning the existence of
threshold doses for specific effects.
These considerations affect the strueture
of the samples that are to be compared in
the search for effects.

The third class of influences is more
he terogeneous and subtle, and it affects
chiefly the adequacy with which research
may be prosecuted, not its design. 1In
particular it affects the attltudes of the
survivors and others, including Japanese
scientists, with respect to participation
in ABCC research activities. The program
s tems from an act of war, and the research
institution has alien roots established
when Japan was under military occupation.
Although ABCC was never an organ of the
military, to some it still stands as a
reminder of the war and the occupation.
In the interim since 1945 the United States
has further developed nuclear weapons, &
nuclear armament race has disquieted
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everyone, fallout from weapons tests has

been a major worry in Japan and as a
visible activity of the United States the
ABCC has been erroneously associated in
the minds of some with weapons development,
military
At the risk of belaboring
the issue the following specific facts are
interpola ted:

preparations for another war,

secrets, ete.

1. The interest behind ABCC research is
purely medical.

2. Only seientific considerations govern
release of information.

3. Data are not secreted, suppressed,
or furtively dispatched to the United
States, but are prepared for open

publication in both Japanese and

English.

In this connection following is an
exerpt from the ABCC internal manual, en
publication:

"Any publication policy must recognize
the primary responsibility of ABCC in
evolving a truthful scientific appraisal of
the effects of the atom bombings on the
The
to know these

people of Hiroshima and Nagasaki.
scientific world needs
findings, but the Japanese people of
these cities have a more direct need
for an objective appraisal of the late
effects of the bombings. It is ABCC's
responsibility that these people, through
proper scientific publications, be informed
of significant data, whether of positive
They should not be
alarmed by data prematurely or inadequately
nor lulled by data withheld or
overly digested."

or negative nature.

presented,

The awful character of the atomic weapons
exploded in Hiroshima and Nagasaki has
given fresh impetus to the determination
and hope for peace in the world. Anxiety
about long-term radiation effects has been
accentuated by the leukemia and other
findings in Hiroshima and Nagasaki,

by the massive fallout potential of the

and

much larger nuclear weapons developed since

6
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1945. To drive home the moral lesson a
frightening picture is painted of the
immediate holoecaust and the lingering
effects of radiation. The Hiroshima and
Nagasaki survivors must be peculiarly
sensitive to these assertions, knowing
that many of their number died of acute
radiation symptoms, aware that leukemia
has claimed a small but significant number
of their fellow-survivors, and haunted by
the prospect of future genetic and somatic
These fears must be accentuated
by the newspaper publiecity given to deaths
among the survivors, especially when
each death is labeled an "A-bomb death"
regardless of cause. 1In brief, the greater
the effort to frighten the world with the
potential hazards of radiation the greater

changes.

the anxiety among the present survivors.
There is a conflict of interest here: Must
the survivors continue to pay,
anxiety, the price of the educational
effort in behalf of world peace? The
unwary may not hesitate to draw conclusions
about the late effects of the bombs on the
basis of l1ittle evidence; the cautious
scientist who fails to find a particular

through

piece of evidence convinecing is readily
not of objectivity, but of bias.
When the comparisons do not meet his levels

accused,

of statistical signifiecance, or the sampling
situation seems biased, the statistician is
hard to convince. OFf course, he knows
that his approach to inductive inference
As Fisher

the null hypothesis is never

provides no absolute answers.
puts it,
proved but only possibly disproved.
Whether a test hypothesis be accepted or
rejected, the statistiecian faces the risk
of error either way, but is armed with
a measure of that risk calculated from
mathematical models hased on random
At ABCC the statistiecian
must be particularly aware of his respon-

variables.

sibilities in reaching negative conclusions
ahout late radiation effects. The apparent
consequences of Type I and Type II errors,
in the Neyman-Pearson sense, are perhaps
worth elucidation here. If one commits a
Type I error and asserts a radiation effect
where none exists, one adds unnecessarily
to the disquiet of the A-bomb survivors and

perhaps influences those concerned with
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radiation protection in eivilian technology
ete., in a more conservative direetion. If
one commits a Type II error, and fails to
find an effect where one actually exists,
one provides unrealistic reassurance to the
A-bomb survivors but those conecerned with
if influenced by the

may be less cautious than they

radiation protection,
findings,

should be.
compared, by way of illustration,

In Table 1 these errors are
with
those that would arise in comparable
situations involving tests on the toxie
effects of an agricultural spray on the
possible therapeutic effect of a proposed
new remedy. Although errors of both types
are to be minimized insofar as possible,
it is plain that the statistieilan working
on radiation effects must be especially
Omitted

from the table is any consideration of the

cautious about Type II errors.

scientific effects of these errors, in
terms of false leads provided to other
investigators and failure to determine
relationships which, if pursued further,
might add to fundamental knowledge on ‘the
effects of radiation on man.

TABLE 1
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In United States, where the population
is more mobile, long term medical follow-up
studies usually present special diffi-
culties if only because patients are so
often lost to observation. In Japan these
particular difficulties are less apparent,
and specific aids exist in the family
registration system and in the reguirement
that all residents register at the city
hall. On the other hand,
of Hiroshima and Nagasaki come not as
patients but as volunteer subjects for
examination and diagnostic study, and
for the most part are not in need of

the people

treatment. Nevertheless, as problems
requiring medical care do come to light
in the e¢linic ABCC physicians provide
treatment where they can appropriately and
refer others to physicians, elinics, and
hospitals in the community (there are but
thirteen beds at ABCC in Hiroshima; none in

Nagasakl). About 85 to 90 per cent of

those reguested to participate actually do_

attend the clinies. Participation by the
citizens of the two cities is remarkably
high, and this is true of both those
exposed to radiation from the bombs and
also those not so exposed.

BROAD STRATEGY OF THE PROGRAM

The problem under study is much too
general to be approached via an experi-
mental design in the technieal sense and
for some years the program was pursued
somewhat opportunistically and without a
clearly defined, overall strategy. However
in 1955 this defect was remedied by an
epidemiologist and two statisticians,
Francis, Moore, and Jablon,7 who crystal-
lized, from past activities at ABCC and
from a priori considerations, what they
called a UNIFIED STUDY PROGRAM as a
The strategic
problem has been to create an adeguate

permanent program guide.

observational system, a scanning mechanism,
that will coperate continually and in the
directions thought most useful for probing,
and at the same time to preserve a balance
between the routine observations and such
specific, hypothesis-oriented research as
the staff may have the imagination and
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compe tence to pursue, The individual
investigator often has little use for the
routine search, espeecially in a setting of
so-called "ecooperative research" where he
may have difficulty in finding some part of
it to call his own, and yet it is the only
course which offers the chance to observe
anything less than large, dramatic effects.
The scanning mechanism visualized by

Franecis et al. consists of a core of

specifically designed, long term studies.
was not limited but the main
ones originally defined are, with but one

operation.

Their number
exeception, today in These
studies proceed on the basis of fixed
samples of both exposed and nonexposed, to
be unchanging in time and interrelated as
the part and the whole.
technigues are complementary and comprise
death certificate analysis, clinical and
laboratory examination and history-taking,
household interview,
study. .

The scanning

and post mortem
The resulting observations ‘are
mutually reinforeing, especially insofar as
they involve the same set of cases. For
the most part a scanning technigque is
visualized as standard and unchanging.
However, standard examinations are from
time to time supplemented by deeper
explorations of particular organ systems
and diseases of interest to the individual
This device not only
increases the average depth of the search

over the years but also heightens the

investigator.

Interest of the individual investigator.

the observations
and suggestions picked up during

From experimental work,
of others,
the routine scanning, ideas should emerge
for more specific studies.

leukemia,

Examples are
pregnancy termination,8 and
each of whieh has
been made the subject of guite specific

investigation at ABCC.

accelerated aging,

epidemiological

SPECIFIC ELEMENTS OF SCANNING PROCESS

First in its breadth and generality,
but not in depth, is a statistical study
of mortality among 100,000 individuals in
both cities known to have been alive in
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1950. This is a joint NIH-ABCC study
resting on firm scientific and administ-
rative agreements.g Aspects of design that
may interest statisticians are:

1. A stratified sampling plan specifying
the following components:

a. Less than 2000 meters of ground zero
at the burst (ATB).

From 2000 to 2499 meters of ground
zero ATB.

From 2500 to 9999 meters ATB equal in
number to those less than 2000 meters
and randomly chosen.

10,000 meters or beyond ATB, equal in
number to those less than 2000 meters
and randomly chosen.

2, Eligibility confined to Japanese
citizens with place of permanent family
registration (honseki) in or near the eity
of study and resident in the eity of study
at the time of the 1950 National Census.

3.
to component a.

Components ¢ and d age- and sex-matched

4. Radiation effects to be sought not
merely through comparisons of the four
components but more especially by dose-
specific comparisons of mortality.

5.
all causes and of individual causes,

Mortality to be studied at the level of
with
the coding of cause of death coordinated
with that of the Health and Welfare
Ministry of Japan.

Two major defects of the study limit its
ul timate contribution to knowledge on the
radiation effects of the bomb and should
be remedied by supplementary studies in
the future: (1) the period 1945-1950 is
excluded entirely; and (2) survivors who
had left the bombed cities and not returned
prior to 1950, about one-third of the
estimated survivors in 1950,
excluded.

are also
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The great strength of the mortality study
lies not so much in its statistical design
as in its provision for the collection of
By tying the
study to the family registration system,
the honseki, ABCC is confident of being
able to learn about most deaths through
routine searches in the city offices
{koseki-ka) of custody. Whether this
approach will yield 90 or 95 per cent of
the deaths, remains
to be ascertained, but the evidence is that
the yield will be very high.

information on mortality.

or possibly even more,

A second major element of the Unified
Study Program is a continuing program of
periodic clinical examinations of survivors
in both cities, utilizing a standard
approach to the history, physical,
laboratory examination, but supplemented

by occasional deeper studies on particular

and

systems and diseases. The sample consists
of 20,000 individuals chosen from the large
mortality sample as follows:

-

1. Those less than 2000 meters from the
hypocenter ATB who experienced acute
radiation symptoms (epilation, bleeding, or
oropharyngeal lesions).

2. Those less than 2000 meters from the
hypocenter ATB without such symptoms,
in number to group 1.

equal

3. Those who were from 3000 to 3999 meters
from the hypocenter ATB, equal in number to
group 1.

4. Those who were 10,000 or more meters
from the hypocenter ATB,
group 1.

equal in number to

Groups 2, 3,

matched to group 1 and random selection was

and 4 are age- and sex-

employed whenever the number eligible
exceeded the sampling requirement. A first
cycle of examinatlions is presently under
way and expected to be completed in
Hiroshima in 1960 and in Nagasaki in 1961;
a two-year examination eycle is the present
objective. Examples of the periodie
emphasis upon particular systems and
diseases at the present time are special
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studies of stomach cancer,
aging,

thyroid disease,
hyper tension, the eye, and anemia.

A third element 1s a continuing clinical
program of periodie examinations of
individuals who were exposed in utero,
This is a small but distinctive study
entirely parallel to the larger one just
described. Currently a substudy is under
way with the collaboration of scientists
of Kyoto University to determine whether
those exposed in utero pass through
adolescence 1n normal fashion.

A fourth element, still in the planning
s tage but expected to be activated within
the year, is a field approach to detect
morbidity on the part of those who will
not participate in the cliniec examination
program and to improve the quality of the
history during the two-year interval
This program will
utilize the same samples and will proceed

be tween examinations.

on the basis of household interviews and”

review of records created in the course of
medical care in the community.

A fifth element is the participation by
ABCC in the Hiroshima and Nagasaki tumor
registries established by the local medical
associations, an activity described more
specifically in TR 03-60.

A sixth major element of the Unified
S tudy Program is the effort to detect
abnormalities among the exposed through
both routine and special pathological
studies.
is a major medical resource in both
communities. An extensive consulting
service is conducted for its
value in the diagnosis and treatment of
disease in the community and in the
accumulation of more precise information
on individuals falling within the defined
samples of primary research interest at
ABCC. Thousands of surgical specimens
are examined yearly at the request of
interested practitioners and hospitals,
and hundreds of autopsies performed. The
results of the pathological examinations
provide much of the basis for the tumor
registries in the two cities.

inherent

The ABCC Department of Pathology
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SAMPLING PROBLEMS

Many of the most interesting and diffi-
cult problems from the statistical point of
view lie in the general area of sampling.
Some of these are matters of definition,
but others concern the possibility of
enumeration and thus the practicability of
sampling, the effort to obtain information
needed to establish eligibility under a
and the choice of
the comparison groups for the exposed.

specified sampling plan,
In
addition there are some obvious pitfalls in
the sampling area.

For the most part exposure to the
radiation effects of the bombs arbitrarily
is 1imited to presence in the area at
All
Iindications are that the amount of radia-
tion from the bombs fell below the normal
background level within 6000 meters from
the hypocenter, Consequently individuals
who were at or beyond 10,000 meters are
Each city
focal area of

the actual time of the explosion,

included among the nonexposed.
had a relatively small,
fallout. In addition, rescue workers
entering the cities immediately after the
blast may have received significant amounts
of neutron-induced radiation in the early
hours after the blast if they remained in
the immediate vieinity of the hypocenter.
However, the difficulties associated with
the estimation of the amount of radiation
received indirectly, and the comparatively
small numbers of such individuals, have
precluded a workable definition of exposure
that included them. In the major ABCC
studies such exposure constitutes a
variable error in the estimated dose that
can he assigned on the basis of the direct
radiation. Radiation from indirect sources
can, of course, be approached qualitatively
by comparing samples of individuals with
particular varieties of experience, but
thus far no satisfactory study of this
nature has been undertaken at ABCC.

No complete enumeration of exposed was
ever made in either city until 1950,
ABCC requested that a supplementary inquiry
be conduected throughout Japan at the time
283,000 alleged

when

of the national census;
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survivors were enumerated. However,
the survey was not conducted under the
Statistics Law specifying penalties for
failure to cooperate, and 1ts accuracy
cannot be entirely specified. Subseguent
field investigation has established that
about 6 per cent of those who in the
October 1950 supplementary schedules are
listed as exposed seem not to have been
directly exposed, and that a much smaller
number not listed in the supplementary
The

1950 material is a poor source for those

schedules apparently were exposed.
exposed in utero; such individuals must be
sought either through
birth certificates. An entirely different
sampling procedure was followed by Neel and
Schull, in their remarkable study8 of
pregnancy termination in both ecitiles
in the period 1948-1954. They relied
upon the registration of mothers for

their parents or

supplementary food allowances, and upon

midwives and physicians. It is believed

that their sample was more than 93 per cent”

complete for pregnant women in the two
cities during this period.

The information needed for determination
of eligibility for inclusion in various

samples at ABCC has been the most difficult

to obtain.
the strata as
to be defined,
detailed
approximately 195,000 exposed persons
resident in the two cities in 1950 plus
nearly 100,000 nonexposed.
with the persons themselves, or with
acceptably gualified informants, have

Since the sampling plan for

to distance had first
and this in turn required
investigation of each of the

Interviews

been necessary to establish precise
location ATB,
of
Questionnaires have been extensively used
and have been particularly helpful in
eliminating those who would be ineligible

residential history, acute

symptoms radiation, and honseki.

under one eriterion or another.

In an ex post facto survey situation one
cannot hope to have a true control of the

say,
but it is believed that comparison

type insisted upon,
trial,
groups must be defined and worked with for

in a therapeutiec
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whatever however
doub tful The nonexposed
residents of the bombed cities are chiefly
those who migrated there after the war,

aid they may give,
the prospect.

and
inelude many with long periods of residence
Their medical histories are at
least superficially different and the
possible correlation between migration and
health gives one pause.

overseas.

At present,
therefore, although the nonexposed are
included in the major ABCC samples, it is
only in addition to the so-called distal
exposed, namely those present in either
city ATB but 2500 meters or farther from

the hypocenter.

A somewhat analogous problem also inheres
in the use of the distal exposed and, in
fact, in any use of the dose or distance
gradients.
position in

Since dose was determined by
the ecity there is some risk
that those exposed at different places, and
therefore at different distances, are not
otherwise comparable. TInsofar as may be
judged from marital status and occupation,
however, distance does not seem to be
correlated with socioeconomic factors
Another potential
source of error in the area of sampling
is related to the amount of radiation
received from soureces other than the
A-bombs, especially medical x-ray. It
has been suggested that resort to diag-
the

part of the heavily exposed may have

to a disturbing extent.

nostie and therapeutic x-ray on

been so extensive as to have affected
the validity of the comparisons one makes.
This question is under examination at
the present time.

Although major emphasis is placed upon
fixed samples for which inecidence or
prevalence is sought in relation to
radiation exposure, for certain important
parts of the program this approach is
inapplicable or at least of limited value.
For both the tumor registry and the
leukemia analyses it has been necessary to
utilize the entire city populations with
their migratory currents that interfere
with accurate estimation of the required
denominators for the various ratios of
interest.

Current census information
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specifying the exposure status of the
population is guite 1imited.

Finally, there is the faect that the
investigative field work to determine
eligibility for the mortality sample, which
serves as the Master Sample for most other
studies, has been conducted in the period
1953-1959 on a necessarily retrospective
basis. Although the original lists from
which the work stems were developed in
1950, some opportunity is given to events
subsequent to 1950 to influence eligibility
for sampling. The chief protection against
error from this source has been the effort
to track down every last person on the
basiec lists, an impossible ideal and yet
one that continues to direct the efforts.
At this writing investigation of the
exposed is 99.5 per cent complete.

ESTIMATION OF RADIATION RECEIVED

As indicated, the quantitative estimation
of radiation for the individual is confined
to that received directly and immediately
at the time of the explosion. In the past
a history of acute radiation symptoms also
has bheen used as evidence of radiation
exposure, but the present preference is
to depend upon entirely physical evidence
since it is a correlation between the
physical and the biological that is being
sought. The Hiroshima and Nagasaki weapons
have not been refired, so far as is known,
but on the basis of other weapons data and
experimental evidencel
made of the relation
and distance,

estimates have been

between alir dose
separately for gamma and
neutron radiation. The errors of estimate
associated with these curves are rather
high and yet one can hardly ask for
additional nuclear explosions to enable
these errors to be reduced. In addition,
of structures
representative of Japanese dwellings
have been tested for their attenuation
characteristices with respect to both gamma
and neutron radiation.

structures and groups

The practicability of the ORNL-ABCC
dosimetry program hinges also on precise
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knowledge of the individual's location and
shielding situation at exposure. One who
has not observed a shielding interview
ordinarily doubts that such
can be obtained fifteen years later.
Through the use of pre-homb aerial photo-
graphs and maps, and considerably
aided by the standard architectural form
with each room
known as to size through
trained field investigators can
if

information

however,

of the Japanese house,
its number of
ma ts,
even now accumulate this information
competent witnesses still survive.

STATISTICAL ANALYSIS

To
have at least some semblance of inerease
in the effect with increasing dose or
but one should
also he willing to place in the category
of possible effects worthy of further
investigation otherwise

infer radiation effects one should

decreasing distance,

unexplained
differences between the eXposed'Qnd
nonexposed groups, especially if they are
observable in both cities.

A variety of statistiecal analyses
As part of a
concerted attack on aging a member of the
staff is evaluating individual tests as
aging indices and preparing to construct a

are presently under way.

suitable aging score on the basis of a
battery of preferred tests. A preliminary
review has just begun of the first 5000
examinations under the large medical
examination program instituted in 1958 as
the second main component of the Unified
Also
analysis of the mortality experience of the
entire sample of 20,000 individuals
included in that program, the period of
observation being 1950 to 1 July 1958.
A large study
electrocardiographie findings,

Study Program. under way is an

is also being made of
many
different readings being combined in a
multivariate synthesis to investigate
aging. Hypertension and heart disease are
also the subjeect of an analysis recently
begun;
the EKG study Japanese norms are heing
developed for heart size in relation to

in connection with this interest and
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age, sex, and body build. Other analyses

are in a preparatory stage.

Leukemia is a rare disease, normally
occurring at about 30 per million persons
but its incidence in
survivors of the A-bomb has apparently
variable with
distance and time sinee exposure, up to 50
An effect of this magni tude
has been readily apparent without elaborate
statistical preparation. The sensitivity
of the present statistical approach
remains to be demonstrated;

per year in Japan,3
increased by a factor,

times normal.

fortunately
s0
that an effect not clearly seen at first
may later become plain,

much of the evidence must be cumulative,

CONCLUSION

It is pertinent to summarize findings the
program has produced thus far, whether
positive or negative,
-leukemia which was first reported from
ABCC. 10 Radiation cataracts, of course,
have been seen in a small number of
individuals exposed to the bombs2 as well
as among physicists working with the
cyclotron.ll In addition, asymptomatic
lenticular opacities have been reported12
among the most heavily exposed individuals,
but these tiny lens changes have as yet
Mental
retardation and microcephaly have been
reported for a small number of individuals
heavily exposed in the early months of
gesta.tion.4

no known functional significance.

The most impressive study,
from the statistieal standpoint, is that of
Neel and Schull.® Their sample of more
than 70,000 pregnancies failed to show any
significant relationship between radiation
and stillbirth, birth weight, major
malformation, and viability up to six days
after birth. On a subsample of 20,000
re-examined nine months after birth
information was also obtained on survival
for this period, on malformations not seen
at the examination at birth,

anthropometric measurements,

and on certain

but again no
with radiation
emerged. A suggestive difference in sex
ratio at birth was,

clearcut association

however, noted and has

in addition to
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been the subject of further study by Schull
and Neel.l With a recent report by
Ishida and his collaborators in the
Hiroshima Tumor Registry14 interest has
inereased in malignancies other than
for the initial evidenece from
the Registry seems to confirm earlier and
independent reports by 0h015’16 to the
effect that malignancies have increased

leukemia,

among the survivors, and that the increase
is a function of distance from ground zero.
An excellent summary of ABCC findings has

recently been made by Hollingsworth.lT

The aim is to make ABCC a strong center
for applied statistics with
emphasis upon collaborative patterns
of activity between the statistician
and other scientists on the staff, and
individuals trained in Japan
and those trained in the United States.
The role of the statistiecian at ABCC
is a large one (Appendix I) econseguent

in Japan,

between

upon the central problems associated with
sampling and the determination of possible
effects of radiation.
the organizational,

By no means all of
staffing, and related
problems have been solved, but sufficient
progress has been made in these respects
and in broad program planning to free the
statistician to make his contribution to an
effort that merits one's dedication.
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The Role of the Statistician at ABCC
ABCCizh it 2MEtHEPIREDIEE

Published in Kosei no Shihyo, 6:3-7 (December) 1953 (in Japanese)

B4 OIREIR 34

In recent years statistics has penetrated
deeply into the methodology of scientific
investigation in the medical sciences,
especially in England and the United
States. 1In Japanese medicine,
statistics has been extensively used only
in the field of epidemiology, but the
clinical literature begins
statistical contributions to the method-
ology of investigation and from experience

apparently

elsewhere one must expect this movement to
In Japan the ABCC represents
a general medical research institute
staffed by specialists in radiology,
internal medicine, pathology, epidemiology,
and the basie sciences, in
which statistics plays a vital role
according to a pattern common in the U.S.
but evidently infrequent here. The purpose
of this article is to discuss the role of
statisties at ABCC for 1ts general interest
and possible relevance to the future
development of medical statisties in Japan.

accelerate.

-sociology,

Originating from an act of war and its
early years coinciding with the difficult
period of the military occupation*, the
ABCC had an uncertain and difficult
existence for some years as it encountered

to reflect

12 H

gl E .

UG e AR Fuﬂmh$ﬁ%ﬁtﬁwf
FEFHEMIC 51T 2 F MR o125 < i35

ifué.ﬂ$wﬁicﬁw(@,mk#6§
FHMMTHRHEHEIELFHEATV AL TS
24, BKMEOLE Iz W T §RIZHERED
HICHEFOFSGFRABDHTHY, ZoBhmid
HEIZBY AREBRSLRTET S0 T
W<EDEFEZLNS. ARIIEVT, BEGE
HWEELERS (ABCC) ihhgtimsy, NiE,
Mg, RE, M‘.f}f’?"f 5 U‘": E‘x.‘-ﬁ%a"-?}’-‘rlﬁﬁl*'l b
HHEMEIR # BT M GES S 2268 B o0 R 22AY
tém?%af,::ﬂﬁﬁiﬁiﬁ xR

~

/rL.JvJ

LTwsd., ChiZRETLEIIRSN2Z2LThH
324, BRETEELEBS LWI LETHBIH. B

TIRABCClzas I 3#AIFZD&H & £ O—#HY

i, PLUHALIHETIL5%DEREHITORE
CHHEZRE O EE DN SHEIZD W TR THzL

ABCCiHERfTHOKE L LTI EN, %
DEIEE S EEE L EREN SESET LTV
heZahs, BMEELZRHZ 2012, £ E

*The exact status of ABCC is often misunderstood.

It is a purely scientific activity of the

U.S5. National Academy of Sciences - National Research Council and the Japanese National Institute

of Health,
the direction of occupation authorities.

Although it made its appearance during the military occupation it was never under
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problems in professional staffing and even
in the scientific design of its research
it is a tribute to the
scientifiec understanding of leaders in
medicine both in Japan and the U. 8.,

and to the tolerance and humanitarianism

programs. However,

of the Japanese people of Hiroshima and
that the ABCC has survived
these early years to become an outstanding
institute of radiation medicine with

Nagasaki,

important contributions to its credit and
In recent
years ABCC has been reorganized and greatly
s trengthened as to program,

an increasingly bright future.

personnel,

and ties with Japanese scientists. New
long term research programs have been
designed along systematic lines to enhance
the probability of discovering important
sequelae of a single, whole-body radiation
dose in the range received by the A-
That the Institution

is becoming a joint Japanese-Amerdican

bomb survivors.

enterprise is readily seen in 1ts profes-
sional staffing and in a wide vardiety
of collaborative links with Japanese
research institutions. Scientific control
of program now rests in Japan, where
scientists of both countries learn from
one another and participate jointly
in the design and execution of research
The research focus of ABCC

i1s the life experience of a generation

programs.

or,
to be shown,
Attainment of its objeetives will require
that ABCC continue active at least for
the major part of the lifetime of the
Ul timately, of
and much sooner than a university
it must
pass from the scientifiec scene in Japan,
The future
reflecting upon its existence

if significant genetie changes were
of more than one generation.

exposed generation.
course,

or a government research institute,

its mission accomplished.
historian,
in Japan, may be as much impressed by
its value as a meeting place for U.S. and
Japanese scientists as by its contributions

to radiation medicine.

ABCC RESEARCH PROGRAM. The effects of
radiation upon man being so incompletely
revealed, and conceivably so manifold,
there is a breadth to the ABCC program that

is seldom seen outside university research
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cirecles. Until more information will
permit greater selectivity, virtually
every human organ and system must be
visualized as a possible target for
ionizing radiation in sublethal doses. 1In
this situation an entirely atomistic
approach, unless guided by specific
hypotheses based on physical principles or
animal research, is almost certain to be
self-defeating. A holistic approach is,
readily at hand in the shape of
mortality and general health surveys, and
following the recommendations of an ad hoc
Committee* the ABCC has established a
Unified Study Program as the backbone of
its effort. Chief components of that
program are: (1) a longevity study, led
by the Japanese National Institute of

of course,

Health, on 100,000 exposed and nonexposed
defined on the basis of the supplementary
schedule to the 1950 Census; (2) a clinical
screening program offering thorough
physical and laboratory examinations at

periodic intervals to about 20,000 in the

longevity sample; and (3) a morbidity
detection program collecting evidence of
illness and hospitalizatlon among all those
in the clinical screening program and
among certain industrial samples. Within
the scope of the Unified Study Program lie
many special projeects with foei upon
particular organs, body systems, diseases
and syndromes, and the like, or upon even
broader complexes like growth or aging.
In addition, there are at any one time
many individual projects, often in the
laboratory, pursued by members of the
staff in accordance with their more
special interests. These may or may not
apply directly to radiation medicine.
Technical and supporting programs of a
wide variety provide the raw material
for the specifically research endeavors:
large outpatient elinies; a small inpatient
service for diagnostic referral cases:
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*Chairman T. J. Francis, M.D.,

Professor of Epidemiology, University of Michigan;
then statistician, National Heart Institute, U.5. Public Health Service;
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statistician, Follow-up Agency, Division of Medical Sciences, National Academy of Sciences-

National Research Council,
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c¢liniecal and x-ray laboratories; pathologi-
cal referral service for surgical and

autopsy cases; field interviewing for

details of exposure and shielding; conduct
of sample surveys and censuses; etc.
ORGANIZATION OF STATISTICAL EFFORT. In the

period 1957-1959 a Statistical Consul tant®*
to the director played a vital role in the
planning and institution of the new
programs, and in addition there are two
statistically trained epidemiologists®* in
the Department of Epidemiology recently
organized and headed by Dr. Keizo Nobechi
of Nippon University. Except for these
individuals statistical activities are
centralized 1n a major Department of
Statisties with a rotating head provided by
the National Academy of Sciences-National
Research Council in Washington, D. C. The
technical, and clerical
personnel of the department are in two
locations, Hiroshima and Nagasaki. The
Department of Statisties has two chief
components; (1) the statistical 1ab0ra€bry
directed by Mr. Hisashi Hayashi, formerly
of the Statistiecs Bureau in Tokyo; and
(2) a planning and analysis group consist-
ing largely of analytic statisticians.=**
Organization within the laboratory is along
functional lines and reflects the vital
role of the department in the collection

professional,

and processing of data.

STATISTICAL FUNCTIONS. The statistician
plays an important role in program planning
at ABCC. This is readily seen in the
character of the major program changes of
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the past several years,
part reflect an application of statistical
In
its broad strategy the ABCC program may be
thought of as epidemiological,
large part of its specific methodology

whiech in large

concepts of representative sampling.
with a

statistical in nature.
and programs at ABCC are
identifiable they are specifically planned,
and because his training and attention are
of
induetive inference the statistieian has

Insofar as projects
separately

primarily directed at the process

a wide range of usefulness in such plan-
ning.
collaborator,
to research protocols governing new

He serves variously as consultant,
and eritiec in relation
proposals. He may urge pilot work for the
clarification of methodology and costs, or
specific changes in sampling plan looking
to greater effieciency or avoidance of bias.
The consultant statistician grows weary of
the opening gambit
you think I need
actually his is a
the logiec and the
investigation. At
has an established
sions:

of "How many cases do
for this? ete.”
general concern with

for

cost of the proposed
ABCC the statistician
place in such discus-
his opinion is asked, and his
organizational role as a partner in the
entire enterprise automatically confers

a responsibility to review new proposals.

The massive, longitudinal nature of
the ABCC program necessitates a large
records program under statistical control.
Departmental functions include the col-
lection of data, e.g.,
and also thelr arrangement and
storage for later processing or retrieval,
Much of the data collection may be thought
of as actual sampling, i.e., the physical

putting together of a sample according

on exposure and
residence,

to various predetermined criteria, as
distinguished from the development of a
Plainly these are
and the
statistician cannot afford to he too far

removed from them.

plan for sampling.
statistical operations of a sort,

Specifically medical observations
are the responsibility of the clinieal
while the
collection of medical information from

departments and epidemiology,
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existing medieal records is a responsibil-
ity of these same departments acting
jointly with the statisties department. A
new Department of Medical Sociology engages
in social surveys concerned with health
attitudes toward medieal care,
levels of mediecal information, attitudes
toward ABCC, Otherwise the collection

of sociological and other non-medical

practices,
ete.

information is generally a responsibility
of the statistics department. In the area

of mortality, for example, where program
field
of

the statistics department to determine

guidance is shared with epidemiology,
investigation is done by personnel
eligibility for inelusion in the sample
studied. Periodie honseki checks are made
at the koseki-ka to determine the fact
Further field
investigations are made in connection with

of survival or death.

tracing individuals not readily followed
through the honseki system. Information on
cause of death is provided by NIH personnel
working under established procedures with

the health centers. Fras

Most observations at ABCC, of course, are
developed by the departments of Medicine,
Radiology, Clinical Laboratories, Epidemi-
ology, and Pathology, and the Department of
Statistics undertakes to receive, arrange,
and store these data as a prelude to their
statistical processing. Running a record
not seem to be an essentially
statistical funetion, and it is not when
the functions of arrangement and retrieval
are merely self-limited, as in a hospital.
But when the record forms are designed
and the chief
user of the records is the coding eclerk,

room may

for research purposes,

statistical maintenance of the record room
has advantages. For research purposes, a
unit record system is desirable, one in
which all new information on a given
individual goes to his folder regardless of
its departmental origin. Statistical
supervision of the record system confers
advantages with respect to review for
completeness and uniformity and easy access
Finally,

when all major files are under the control

for coding or other processing.

of a single department it is easier to
avoid duplication and to maintain an
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integrated system of files and indexes,
both manual and mechanical, best calculated

to serve the needs of analysis and further
data collection.

Data processing is a more usual statisti-
cal function, serving as the bridge between
the collected material and the ultimate
inferences based upon {t.
closely it can be integrated with the data
colleetion, on the one hand, and the
analytic process, on the other, the better
the bridge and the sounder the final
conclusions to which it leads. At ABCC
the operations of coding, tabulating, and
computing all lie within the Department
of Statisties. Building codes that
will endure into the future presents
a real challenge. Tabulation is chiefly
mechanical at ABCC, both Hiroshima and
Nagasaki having IBM installations.*
Computing is an extension of statistical
analysis and in both Nagasaki and Hiroshima

The more

comes under the direect supervision of pro-~

fessionally trained junior statisticians.

Statistical analysis and interpretation
are essential statistical activities for
which ABGC remains under-staffed. Data
already collected are only incompletely
analysed and provision for the analysis of
current data is also inadequate. Strenuous
efforts are being made both in Japan
and in U.8. to recruit talented analytic
statisticians to strengthen this portion
of the ABCC statistical program, The small
group of analytic statisticians have no
routine operating responsibilities, but
serve as consultants, planners, and
statistical analysts. These men work in
collaboration with medical scientists
in other departments, and among their
duties is the preparation of reports for
publication in medical journals in Japan
and elsewhere. Qualified individuals
also have time for independent research on
problems in statistical theory raised by
ABCC data.
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SPECIAL PROBLEMS AND OPPORTUNITIES CON-
FRONTING THE STATISTICIAN AT ABCC. The
operation must be conducted in tweo cities
simul taneously. Some individuals must move
back and forth between the cities in the
interests of comparability and uniformity
of data. The two cities are essential in
the larger design of the ABCC program,
providing a kind of replication that

constitutes a major asset to the analyst.

Ianguage and cultural differences create
barriers to communication and understanding
and only those few who are genuinely
bilingual are entirely free from these
difficul ties.

In the past there has been more emphasis
upon collection of data than upon analysis,
50 that today the department faces a
monumental task in reduecing a veritable

mountain of data at the very moment when it

is accelerating the pace of its collection
pProcess. In part this resulted from-an
earlier view that information could be
stored for future use, like money in the
. bank, and then withdrawn at a later, more
appropriate time. Such notions are, of
course, generally mistaken. One needs a
current analysis to monitor the very
process of observation and to insure the

adequacy of concept and execution.

Past staffing patterns have failed to
provide adequately for continuity of
program. Al though occasional individuals,
including Dr. Lowell A. Woodbury, who
served as head of the Department of
Statistics in the period 1952-1958, have
provided outstanding exceptions, until
recently the usual pattern has heen a
continuous, two-year rotation of senior
and intermediate professional personnel
with no ties of institutlional affiliation
or of common program linking one man with
Although this problem is
not yet entirely solved,
moves have been made:

his successor.
three far-reaching

(1) permanent
appointment of Japanese scientists at
senior and intermediate levels, (2) asso-
ciation with the Japanese NIH in the joint
conduct of the longevity study, initiative
residing with the NIH and (3) acceptance
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of continuing institutional responsibility
for individual ABCC departments by strong
university or other departments in the T.S.
The latter ties at the present time are
with the Department of Medicine at Yale,
the Department of Pathology at UCLA, and
the Follow-up Agency, National Academy of
Sciences-National Research Council. These
changes, and others in prospect, are
expected to give ABCC a stability and
continuity commensurate with its future
plans.

For the statistieian genuinely interested
in applied work the ABCC program offers
opportunities that are unusual in Japan.
The work brings one into direct contact
with the young and rapidly growing field
of radioblology, and yet allows one to
range widely over the fields of clinical
medicine and epidemiology. Major fields of
e.g., cancer, aging,
and cardiovascular disease, are high on the-
list of interests at ABCC. Although the
primary interest of ABCC lies in radiation
medicine,

medical research,

the methodology involves a
longitudinal study of a large, relatively
representative sample of the Japanese
people, probably the most ambitious
intensive medical study of a population
group thus far launched in Japan. It may
be regarded as the forerunner of a large
set of such studies in the future, in other
settings and with other objectives, to be
sure, but necessarily somewhat parallel
The ABCC experience
should have great relevance for this

in methodology.
work as it develops in Japan. Moreover,
the collection of systematie morbidity
and mortality information on a nearly
probability sample of Japanese people
creates an opportunity, unprecedented in
Japan, for the study of natural history of
disease generally.

But the chief opportunity at ABCC is the
collaborative one, working with a variety
of medical scientists with diverse training
and points of view, and some cultural
diversity as well, on problems that merit

one's dedicated effort.
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