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26 August 1996

RESPONSES TO RECOMMENDATIONS OF THE BLUE RIBBON PANEL
DRAFT FOR COMMENTS AND DISCUSSION ONLY

Introduction:

At the urging of the Science Council of the Radiation Effects Research
Foundation (RERF) and with the concurrence and financial support of the
governments of Japan and the United States, an international Blue Ribbon Panel
was established in the autumn of 1995 to review the content and quality of the
current research program at the Foundation, to evaluate the importance and
merit of this research, and to suggest future studies that should be
conducted. In addition, this Panel was requested to assess the scientific
peer review process in use at the Foundation and to identify areas of research
that could be conducted together with other institutions both in Japan and
worldwide. The Panel, which was under the chairmanship of Professor Roger H.
Clarke, Director of the United Kingdom's National Radiological Protection
Board, met on two occasions once in Japan at the Foundation’s two laboratories
and once at the National Radiological Protection Board in Great Britain. On
July 2, 1996, the Panel presented its final report to the two governments and
to the management and staff of the Radiation Effects Research Foundation.
Their report details some 21 recommendations. The Foundation has moved as
expeditiously as practical in the drafting of its responses to these since the
recommendations and our proposed actions impinge on the planning of future
research activities and the funds needed to support them. The wvarious
recommendations are set forth in the paragraphs to follow along with the steps
to be taken by the Foundation to implement the Panel’'s advice. These steps
are the outgrowth of extensive discussions within the Foundation involving all
of the professional staff and the resident Directors.

Before we turn to the individual recommendations and our responses, we
would like to express our sincere appreciation to the Panel for its timely and
cogent recommendations, and the thoroughness and objectivity with which it
approached its charges. We are confident that with the continued financial
support of the two governments, and the endorsement of the steps we propose
by the survivors and their children as well as the scientific community at
large, the Foundation will emerge from this review stronger and more dedicated
in its efforts to understand the health effects of exposure to ionizing

radiation and thereby to serve the survivors and their children better.

The recommendations and the Foundation's responses:



Recommendation 1.

We recommend that the Departments of Epidemiology should continue to
collect data on mortality and cancer incidence, and that they be strengthened.
The management of RERF should give these studies the highest priority in view
of the size and scope of the data. In addition, research should be carried
out by collaborating with epidemiologists from other institutions both in
Japan and elsewhere, so that the full range of potentially valuable

information already collected can be analysed.

Response:

The Foundation welcomes this affirmation of the importance of its
Departments of Epidemiology and the need to continue the collection of
mortality and cancer incidence data. These data are central to the mission
of the Foundation and deserving of the highest research priority. But we
note too that research on radiation-related non-cancer mortality is
potentially one of the most significant issues in the years ahead for the
Foundation. In addition, we recognize that the wealth of information
collected over the years is potentially valuable to studies of lifestyle and
other non-radiation risk factors. We will place more emphasis on analysis of
such information which will provide better understanding of how radiation
exposures are involved in the pathogenesis of disease in the presence of other
factors. Such an approach will be particularly useful for studying the nature
of radiation-related non-cancer risks, but should be equally relevant for
cancer studies. This is an area in which collaboration with outside
institutions may be particularly fruitful.

As the Blue Ribbon Panel aptly recognized, the Departments of
Epidemiology are woefully understaffed. Attempts to rectify this situation
have thus far met with limited success. Renewed, creative efforts are being
undertaken to deal with this serious problem. While the Foundation should be
able to solve our immediate needs, it is not feasible to deal with these
staffing problems on an individual replacement basis, and a program of
continuing recruitment activities must be put in place. In view of the
problems in the recruiting of qualified epidemiologists and their central role
in all RERF research, it is essential to have the ability to hire qualified
epidemiologists when they are identified. 1In order to facilitate recruitment
and to strengthen collaborative work, the Foundation hopes to develop formal
ties to strong US epidemiology programs along the lines of the planned RERF-
University of Southern California-NAS collaboration that was abandoned as a
result of uncertainties about the Academy’'s role in the management of the
Foundation.

It is vital to the future of the Foundation that it take advantage of

the Academy'’s role in recruitment of non-Japanese staff. This is one of the
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most consequential activities that the Academy performs, and it is important
that adequate funding and personnel resources are available to support this
effort. 1In the past, contracts were awarded to groups to assist the Academy
in promoting interest in employment opportunities at the Foundation. There
is potentially great return on such investment in terms of attracting
qualified personnel and the progress in research that results. The Foundation
also intends to work closely with the Academy in areas other than recruiting
to take advantage of the Academy’'s broad contacts throughout the scientific
community to increase awareness of the Foundation’s research and to identify
new investigative initiatives. As a first step we are particularly interested
in working with the Academy on a proposal to organize a workshop on radiation
and non-cancer mortality that would bring together a broad spectrum of
scientists who would be presented with a detailed summary of the emerging
evidence for an association between radiation and non-cancer endpoints
(including mortality and clinical findings). We believe that such a workshop
could directly benefit our program by helping us to develop ideas for future
work on non-cancer effects and serve to stimulate outside groups to undertake
studies that might suggest possible mechanisms for such late effects.

In addition to the recruitment of experienced epidemiologists we propose
the establishment of a number of two year Foundation-supported post-doctoral
positions. Such a program can help us deal with immediate personnel needs,
serve as a source for recruitment of permanent staff, strengthen ties to other
institutions, and increase awareness of the research opportunities at the
Foundation. This approach will be especially useful in the recruitment and
training of Japanese epidemiologists for work at RERF.

It would also be of benefit to Epidemiology and all other departments
to encourage a more effective use of the established program of sabbaticals
at RERF to enable long-term staff to obtain additional training and experience
related to the Foundation’s needs. As with the post-doctoral program, better
use of the sabbatical system would directly benefit the Foundation through the

acquisition of new skills and strengthen ties with university groups.

Recommendation 2.

We recommend that the Department of Statistics should continue to
produce analyses of the risks of radiation exposure in collaboration with the
Epidemiology Departments and that the high quality of the research in the

Statistics Department be maintained.

Response:
The Foundation recognizes the need to maintain a staff in the Department
of Statistics of the highest achievable caliber and to encourage that staff

to continue 1its research 1in collaboration with the Departments of
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Epidemiology. The statistical staff has a well-deserved worldwide reputation
which, since their activities impinge on every department at the Foundation,
needs careful, continued nurturing. To this end, a vigorous effort will be
made to increase the staff of this department. As with the Departments of
Epidemioclogy, we have begun to recruit statisticians through advertisements
in suitable professional journals and direct contacts with statistical groups
in the United States. In order to deal with immediate needs regarding
analyses of longitudinal clinical data, arrangements are being made by the
Foundation for an experienced statistician familiar with these data to work
with the staff on a part-time contract basis. However, in view of the short-
term status of much of the staff and the difficulties in hiring experienced
statisticians, an on-going recruitment effort must be maintained. The
Department of Statistics will also seek to recruit Foundation-funded post-
doctoral fellows to work on specific projects such as the mechanistic modeling
of radiation-induced cancer or pattern recognition problems involved in the

search for evidence of mutation in the F,.

Recommendation 3.

We recommend that the Department of Statistics should continue to make
available basic data sets on mortality and cancer incidence for analysis by
other groups. This should now be extended to making available those data sets

relating to mental retardation, IQ, and related outcomes of exposure in utero.

Response:

The Foundation welcomes the Blue Ribbon Panel’s endorsement of its past
practices and will continue to strive to make its data as widely and easily
accessible to others as is consistent with established practices regarding
privacy and confidentiality of the information. While RERF plans to continue
to distribute data on floppy disks, the Information Technology Department is
currently developing an online data access facility that will allow people
outside the Foundation to obtain publicly available data files using the
Internet.

Since the establishment of the fixed surveillance samples in 1958-1959,
the Foundation and its predecessor, the Atomic Bomb Casualty Commission
(ABCC), has followed a policy of sharing its information with other
investigators as widely as circumstances permitted. During the period 1960-85
extensive appendix tabulations were provided with the primary reports on
mortality, which came as close as was then technically feasible to presenting
the data in the form from which the calculations in these reports were made
(see, e.g., Beebe, Land and Kato, ABCC TR 1-77). As statistical methods were
developed in the 1980's which used the data in more detail, a decision was

made to provide on electronic media the far more detailed cross-tabulations
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upon which the calculations were based. This is exceptional among medical
research institutions and the response has been extremely gratifying for RERF
investigators due to the importance and richness of the data, and possible
controversies regarding thelir interpretation.

Where some significant data are yet to be made available, this is
primarily due to the difficulties in organizing the data, much of which was
gathered many yvears ago and used infrequently in recent years. For example,
it has required a major effort over the past two years to organize the data
in a unified way regarding cancer mortality among those exposed in utero.
Similar efforts need to be made for other data, such as those on mental
testing done on the in utero cohort, but as has been noted the staffing in
Epidemiology and Statistics is not at ideal levels, and there are priorities
for the work to be done. Despite difficulties we believe it will be possible
to make progress in these areas. It should be noted that there are
significant difficulties as well due to the dynamic nature of the data sets,
involving corrections and updates. Attention will be given to a more
elaborate version control system to deal with this difficulty than presently

exists.

Recommendation 4.

We recommend that strong support continue to be given to the Department
of Information Technology because it is essential that the large body of data
collected over many decades is properly stored, documented and accessible to

researchers at RERF.

Response:

Management of RERF recognizes that data sets as large and complex as
those at the Foundation can only be properly managed, stored and documented
if the computing technology to support management of the data and their
analysis is adequate to the task. An effort to improve computing capabilities
began several years ago with the shift from a mainframe to a work station
oriented network. This has already had enormous impact on the computing
environment at the Foundation. It has made analyses of the data more
convenient, has stimulated the development of new software, and has created
the basis for easier communication among staff within the Foundation as well
as outside of it. Yet much remains to be done both in the area of database
design, development and maintenance to facilitate use of the data for
research. Much more data must still be organized and loaded into the
database. Staff turnover and the freeze on recruitment during the past two
years has adversely affected the rate of progress being made. With the new
policy for selective recruitment now in effect, we will recruit sufficient

staff with appropriate levels of expertise to fill the gap. Recruitment



efforts are already underway to replace the loss of systems administrators,
who maintain and support the overall computing system infrastructure upon
which data management activities are carried out. Qualified system
specialists are most likely to be found in the United States, and this will
require a coordinated and continuing recruitment effort in association with
the National Academy of Sciences. But there is also an urgent, pressing need
to recruit staff for the Department who can help manage the continued
development of the RERF research database since without further development
research will be slowed and possibly compromised to some degree through the
inability to utilize fully the richness of the data available at the
Foundation.

Approaches are being made to a number of computer sciences departments
at universities in Japan to seek their help in recruitment. The goal is to
establish relationships that will provide a source of staff in the future, and
dissertation opportunities for advanced students in the computer sciences who
may find their experiences at RERF so rewarding that they elect to remain at
the Foundation or if they go elsewhere, would be aware of the Foundation's
needs and might encourage their own students and colleagues to participate in
the Foundation’s activities.

There is a need too to continually upgrade the computing hardware.
Although the initial investment may be large in some instances and require
additional funds, this continued upgrading is cost-effective in the long run.
However such changes are contingent upon the availability of staff members who
are conversant with advances in hardware and database management tools. To
maintain this technological expertise management will encourage wider use of

the program of sabbatical leaves that currently exists at the Foundation.

Recommendation 5.

We recommend that while many of the Clinical Studies projects under way
should be extended, the programme should be critically reviewed so that those
which are not promising are discontinued. The continuing surveillance of the
cohort who were children in 1945 and are now adults is likely to be revealing,

since radiation sensitivity may be highest in the young.

Response:

Elsewhere (Recommendation 17) the Blue Ribbon Panel has urged the
Foundation to institute a program of quingquennial peer reviews of each of the
six major departments. The reviewers are to be multinational in origin, and
the review committee chaired by a different member of the Science Council.
Management proposes to begin this transition to the new method of peer review
of departmental research activities with an in-depth review of the Department

of Clinical Studies. This review will be held at the earliest moment
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feasible, once suitable reviewers have been identified. The aims of the
review will be to strengthen those projects which appear most fruitful, and
to identify and discontinue those that seem scientifically unpromising and do
not contribute directly to the well-being of the survivors. 1In addition, this
review will explore ways in which the biennial examinations can best serve the
health needs of the survivors, and the provisions of the Atomic Bomb Survivors
Relief Law. However, if this review is to be held expeditiously, as we sense
the Panel would encourage, the chairman may have to be drawn from outside the
Science Council if the proposed restructuring of the Council itself is
delayed. Once this review is underway, plans will be formulated for the next
review, probably of the Department of Radiobiology since some reorientation

of its activities is contemplated.

Recommendation 6.

We recognise that the AHS is vital to the wellbeing of the survivors and
we recommend that this important service continue, since we believe it has led
to their high level of cooperation with RERF. As the population ages and
health problems become more complex, consideration needs to be given to

ensuring that the voluntary participation remains high.

Response:

We acknowledge that maintaining a high participation rate is essential
if the findings stemming from the biennial physical examinations of the
survivors are to be representative of the cohort under surveillance. To
maintain this high level of participation two steps need to be continued and
possibly expanded. First, we must continue to provide expenses for
transporting the survivors to the Foundation’'s clinical facilities. Second,
as the cohorts age, many more of the survivors are bed-ridden, hospitalized
or institutionalized. It becomes increasingly important, therefore, to
maintain and strengthen our program of home visits by Foundation physicians,
and in the instance of Hiroshima to extend these visits, as has been done in
Nagasaki, to include the local hospitals and institutions that care for the
chronically ill. The health surveillance system introduced in 1995, using
periodic mailed questionnaires followed by telephone contact, will also be
continued and strengthened in order to minimize the loss of information due
to non-participation at the biennial examination. These are all essential
activities since it is anticipated that participation in the biennial
examinations will drop significantly due to the aging nature of the AHS
population in the near future. No less important than the steps identified
in maintaining a high level of cooperation, is the need to continue to inform
the survivors of our findings on them promptly, thoroughly, and in

comprehensible language.



Recommendation 7.

We recommend that the studies on the health of the offspring (F,
generation) of the survivors continue, since they may elucidate data on
multifactorial disease while also providing direct benefit to the survivors

and their offspring.

Response:

As the Panel’s report notes, there has been no systematic study of the
health status of the offspring of the survivors since the termination of the
early clinical genetics program conducted in the late 1940's through the early
1950's. Those examinations that have been conducted since have been largely
voluntary, stimulated by the concerns of individuals who participated in the
cytogenetic and biochemical studies conducted in the mid-70's to the mid-80's
under the aegis of the Department of Genetics. These examinations although
undoubtedly informative for the individuals concerned provide a weak basis for
the estimation of the health effects on the children of the survivors. We
will return to this recommendation and the steps proposed to address it when

Recommendation 13 is considered.

Recommendation 8.

We recommend the preservation of biological samples for FISH analysis
and for ESR, together with the documentation that will be needed to compare
dose estimates based on biological samples with those from physics

assessments.

Response:

Plans are being developed to examine samples from the two cities
simultaneously in Hiroshima to eliminate any inter-laboratory biases and to
establish whether or not a city difference actually obtains. Without the
simultaneous scrutiny of samples from Hiroshima and Nagasaki we will not be
able to rule out inter-laboratory biases. These plans include not only
comparison of FISH analysis but ESR results where possible. Collaborative
work will be sought regarding ESR and chromosome studies for Nagasaki
survivors where we can assist the investigators at Nagasaki University by
providing chromosome data on the tooth donors. However, if these comparisons
of biologically and physics based dose estimates are to be rigorous we must
be confident of the physics assessments, and here some uncertainties remain.
Resolution of these uncertainties hinge heavily on guidance from the Dosimetry

Committee.

Recommendation 9.
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we recommend the continuation of the storage of biological materials and

associated documentation for future molecular genetic studies.

Response:

The Foundation recognizes that its collection of biological materials
is virtually unique, and intends to continue to support the personnel and the
facilities needed to maintain the present cell-lines and other stored
material. Proper storage and documentation of these materials are essential
if they are to serve the needs of the Foundation’'s investigators, and to be
useful to research workers elsewhere. Adequate safeguards must also be
established and maintained to ensure that this material is not inadvertently
lost through accidents, such as power failures, or cataclysmic natural events,
viz., typhoons, or human errors. While some safeguards are in place, they
warrant periodic review as techniques for storage change, the size of the
collection grows, and new sorts of specimens are added which may require
different storage methods. The Foundation has established a Committee on
Biological Samples which will be encouraged to take an active, leadership role
in ensuring that the requisite safeguards are in place and periodically
reviewed.

Continued collection and management of tissue samples will be essential
for the conduct of molecular epidemiological research. It should be
recognized that the majority of tissue samples must be obtained from outside
sources and that such tissues are being sought both by the Foundation and
outside investigators. For more than two decades, RERF has collaborated with
the local medical associations in the maintenance of the Hiroshima and
Nagasaki tissue registries, which register histologically-diagnosed tumor
cases together with tissues. The Foundation will provide the leadership,
working with the local medical and research community, to establish a "tissue
bank” for sharing tumor tissues to be used for molecular biological research
both outside and at RERF. Using the tissue registries as the basis, a
database management system will be developed to catalogue useful tissues in
the community, and their 1location and condition. An appropriate review
process will be established for research uses of these tissues. It is
expected that the establishment and maintenance of such a program will require

a considerable amount of manpower that RERF will have to provide.

Recommendation 10.
We recommend that the most advanced methods and expertise 1in

cytogenetics continue to be available at RERF.

Response:

The Foundation recognizes the importance of a strong program in
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cytogenetics both for its application to unresolved issues relating to
dosimetry, and its value as a direct marker of radiation damage. It is
management's intent to see that the cytogenetics section in the Department of
Genetics continues to be adequately staffed and equipped to meet the
challenges ahead.

Current cytogenetic projects include techniques using conventional G-
banding and FISH (fluorescence in situ hybridization), all of which have
served to establish calibration curves for biodosimetric uses in support of
ESR measurements on tooth enamel from A-bomb survivors, and have obvious
advantages in the identification of bias in the physical dose estimates.
These projects are also in line with the detection of clonal expansion of stem
cells with certain types of chromosomal aberrations in the lymphoid and other
somatic tissues of the survivors, and provide the basis for collaboration with
the Department of Radiobiology. Such clonal expansion of cells may be an
indicator of a predisposition to cancer. Finally, it warrants noting that
these techniques in conjunction with genetic linkage studies can be helpful
in the physical localization of specific mutant genes within the human genome

that may be seen among the children of the survivors.

Recommendation 11.

We recommend that the Department of Radiobiology should focus on
molecular epidemiology and immunology and that strong links should be forged
between RERF and the relevant groups around the world involved in modelling

the carcinogenic process.

Response:

As the Blue Ribbon Panel has recognized, the somatic mutation studies,
which have represented a major investment on the part of the Department of
Radiobiology and have been fruitful in the past, seem to have reached a
logical end. Many of the assays which have been developed and used are
valuable as dosimeters only if exposure to ionizing radiation has been recent,
a situation which does not obtain with regard to the survivors. The
department itself has recognized the limitations of these assays and, in
recent years, has initiated various new studies that address the issue of
radiation carcinogenesis from an immunological and molecular biological
standpoint. It is important, we believe, to examine the role of immune
function in the etiology of disease, especially cancer. The Department has
professionals trained in immunclogy as well as the molecular biology of cancer
who are interested in such studies. Management of the Foundation intends to
begin immediately to reorient the department’'s activities by stressing greater
investment into these projects as recommended by the Panel.

Very little is known about the clonal expansions that originate from
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individual normal and mutant stem cells and recent progress in hematology and
immunology make it possible to directly analyze and detect alterations in
specific gene markers of stem cells. However, since many scientists elsewhere
still reguest RERF to measure mutation frequencies in exposed people,
maintenance of the mutation assays, albeit at a much reduced level, is
necessary for the furtherance of international collaborations and these assays
remain useful in the assessment of some aspects of aging and cancer risk.
Initial efforts to further the development of a program in molecular
epidemiology at the Foundation will involve the identification of a few
specific areas of research which can be uniquely undertaken at the Foundation
and to explore aspects of research that can be effectively pursued with
outside groups. An active but focussed research program in molecular biology
at the Foundation is essential if others are to be aware of the RERF resources
and to ensure that we are viewed as an attractive partner for collaboration.
Legal and other issues related to the use of tissue and other biological
samples also need to be resolved. A workshop will be held involving
international and local investigators to discuss these 1issues since
uncontrolled use of tissues and other biological materials without a central

research agenda could lead to a wasteful depletion of valuable material.

Recommendation 12.

We recommend that the LSS research programme should continue until the
survivor cohort has died, so as to provide an authentic and complete
assessment of the neoplastic and non-neoplastic effects of radiation. We also
recognise that there are both medical and social aspects of the AHS that are
of direct benefit to the promotion of the health of the A-bomb survivors and

thelr offspring.

Response:

As the Panel has stated, the follow-up of the atomic bomb survivors is
the largest and longest study of individuals exposed to acute doses of
ionizing radiation extant. As a consequence it is recognized as the most
important single source of information for the establishment of risks
worldwide, but these risks will be incomplete until such time as the full life
experience of these individuals is available. Therefore, we welcome the
Panel's recommendations that the studies continue until such time as the last
of the cohort members is dead, but this ideal may be impractical and some
limit may have to be set to the duration of follow-up based on the potential
biological importance of the data that might still be obtained. Nonetheless
it is important to note that most of those survivors exposed as children are
still alive and that important information on them will not come until late

in their lives. Similarly, as the cohort diminishes in size the accumulated

1



data grow correspondingly, and the late part of the study will be especially
important in these respects.

We recognize too that the Adult Health Study represents one of the few
programs at the Foundation that has immediate and direct medical and social
benefits to the survivors. All possible effort will be made to provide
information to the AHS cohort members for health promotion as well as to
ensure primary and secondary prevention of diseases which are known to be
radiation-related and are common among aged populations. Moreover, as
indicated in the response to recommendation 9, one of the important activities
of the AHS examination is to obtain, with appropriate consent, biological

samples from individual survivors for future projects.

Recommendation 13.

We recommend consideration be given to further investigation into the
health of the offspring (F, cohort) since it may well yield valuable
information on genetic effects, especially when conducted together with

research using the new molecular genetics techniques.

Response:

The Foundation has begun plans to support this recommendation. We are
currently exploring the design of a preliminary study which should provide the
information needed to assess the feasibility of a larger effort and to design
a meaningful study, if one proves possible (see Annex A). This design must,
of course, not only offer clinical examinations but incorporate the newer
molecular technologies that have developed so rapidly over the past decade.
This will necessarily entail the collection of further specimens and decisions
regarding the most appropriate molecular technigques for use in the immediate
future. The Department of Genetics has been a significant player in the
development of rapid and inexpensive means to assess mutational damage, and
some of these developments, such as 2-dimensional electrophoresis of DNA are
sufficiently far advanced as to be applicable soon to widespread use. The
advantages of this approach, as opposed to the sequencing of the entire human
genome, are many. The methods are inexpensive, they can be applied to large
numbers of samples, and they focus on DNA fragments generally associated with
genes known to be functional and thus avoid much, if not all of the problem
posed by the redundancy in the human genome. It warrants noting that in
addition to the information such a study would provide on radiation-related
mutational damage, it would yield an enormous amount of basic data on DNA
diversity among human beings since at least 15% of the genes recognized by 2-
dimensional electrophoresis are known to be variable. However, image analysis
is an essential part of any 2-dimensional electrophoretic study of DNA

fragments, and this will require support of the Information Technology
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Department in the rewriting of the 2-DE software that was developed at the
University of Michigan and is currently in use in the Department of Genetics.
This software was developed for older computers and cannot be readily used
with the up-grades that have occurred and are contemplated in the computer
system at RERF. There is also a need for increased support for statistical
analysis and management of the large amount of data generated by these

studies.

Recommendation 14.
We recommend that the recently initiated work on the molecular
mechanisms of carcinogenesis should be focussed to elicit the shape of the

dose-response curve at low doses of radiation.

Response:

Molecular epidemiological studies will be one of the research areas of
highest priority in relation to the elucidation of radiation-induced
carcinogenesis. Here the tissue banks referred to in our response to
Recommendation 9 will play an important role. Most of the advances in DNA
technology are available in the Department of Radiobiology to meet this
recommendation. But management and staff at the Foundation appreciate the
need to maintain well equipped and staffed facilities in this area. Without
such, efforts to determine the shape of the dose-response curve for health
effects at low doses of radiation will be seriously compromised. Progress in
this sphere is apt to be heavily dependent upon the development of automated
methods of analyses since the sample sizes required at the lower doses to

demonstrate significant health effects will be large.

Recommendation 15.

RERF has a valuable source of surgical and autopsy specimens and of
serum, plasma and lymphocyte samples and we recommend that an explicit policy
be developed over the management and ethics of the provision of biological

samples for use in research, especially outside RERF.

Response:

The Foundation was arguably the first research institution in Japan to
organize an institutional review board (IRB) charged with the development of
policies governing access to its information and specimens, and assurance of
the privacy of the individual and confidentiality of the data. When it was
established in 1976 the Human Investigation Committee, the Foundation’s IRB,
was modeled on the guidelines set forth in the Declaration of Helsinki (1964)
and revisions (1973) and by the National Institutes of Health of the United

States in several issues of the Federal Register, the most recent being the
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US Federal Register, Volume 56, Number 117, June 18, 1991, pp. 28002-28032.
These policies have been reviewed on several occasions in the past, the most
recent one in 1995. However, these guidelines were established primarily with
a view toward studies occurring at the Foundation and may not adequately
account for the work of investigators elsewhere. These policies will be
reviewed anew by the Human Investigation Committee to ensure that they do so.
If they do not, there are numerous paradigms that could be used at the
international level such as the policies established by the Human Genome
Project or the Human Genome Diversity Project both of which are international
in scope. However, it is important to note in the context of this
recommendation that since the establishment of the Human Investigation
Committee all of the samples obtained from participants in the Adult Health
Study as well as the other cohorts under surveillance by the Foundation have
been collected only after oral or written informed consent was secured. Since
1994 either a written consent form has been inserted into the medical record,
or if consent was only verbal, the fact that the subject had been informed and
agreement obtained has been noted in the medical or study record. One change
that seems likely in this process is explicitly informing the subject that any
specimen he or she may contribute for storage at the Foundation might be
analyzed elsewhere, since most of the subjects undoubtedly tacitly assume that
specimen analysis will occur at the Foundation and that the findings of such
analyses will be used to evaluate their health status and to support RERF
studies. Indeed, this was explicitly stated to those trios (father-mother-
child) participating in the Department of Genetics efforts to establish cell-
lines for future genetic analyses. We do not, therefore, propose to request
additional blood samples from the survivors and their children to provide to
investigators elsewhere since such requests are apt to have an inhibiting
effect upon participation rates. However, we do propose to share with them
our Epstein-Barr virus transformed cell lines.

To obtain access to these materials the investigator will be expected
to submit a research protocol for review by the Foundation‘s Research Protocol
Committee and its Human Investigation Committee. This protocol should
identify the nature of the project, the rationale for the use of the

Foundation’s material, and document the collaborative aspects of the proposal.

Recommendation 16.

In the context of the current organisational structure, we recommend
that successive five-year Strategic Plans, with annual updates, be developed
and offered through the Executive Committee for approval by the Board of

Directors.

Response:
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The management of RERF will begin to implement this recommendation
immediately. Although five year plans have been developed in the past, they
have not been systematically updated nor have they been used as effectively
as would be desired. To begin this task all of the departments at RERF will
be asked to submit their personnel and financial needs and plans for the five
vears immediately ahead, including the priority they would assign to
individual research activities they propose and the time line for completion
of specific activities. These will then be collated and coordinated by the
Foundation's Research Committee and brought before the Executive and Operating
Committees for approval and implementation after concurrence has been obtained
from the Science Council and the Board of Directors. This process will be

repeated annually.

Recommendation 17.
We also recommend a new peer review process be established with
multinational teams reviewing each Department every five years, each team

being chaired, for example, by a different member of the Science Council.

Response:

Management of the Foundation acknowledges that it has not used the peer
review process as effectively as it might, and heartily endorses this
recommendation for a change. We have long had a roster of consultants, expert
advisers, and visiting research scientists whose skills have not been used to
maximum advantage. Most of these individuals reside in Japan. There would
seem value to expanding this roster to include international representatives
from a wider array of disciplines so that the roster could serve as a pool
from whence to draw reviewers in the recommended periodic evaluations of the
activities of the major research departments at the Foundation.

This new peer review process 1is seen as replacing the reviews that have
been conducted by the Science Council in the past; however, it is assumed the
Science Council will take cognizance of these reviews in its evaluation of the
overall scientific program of the Foundation. This change should permit the
Council to focus more attention on issues of scientific policy and the

development of new directions of research.

Recommendation 18.

We recommend that the Science Council takes a more active role with a
closer involvement in the assessment and guidance of RERF. Its membership
should reflect all of the major disciplines involved in the work of RERF. We
further recommend that appolintment to the Council be for 5 year terms, with
no more than a single reappointment, and that two of the members retire each

year.
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Response:

While the Foundation 1is sympathetic to this recommendation, 1its
implementation will require a change in the Act of Endowment where Article 31
states that appointments of Scientific Councilors will be for four years and
sets no limits on the number of terms they may serve although only two are
recommended. Changes in the Act of Endowment require an affirmative vote of
not less than three-fourths (3/4) of the Board Members at the meeting of the
Board of Directors and approval by the competent Minister(s) but do not become
effective retroactively. The Executive Committee appreciates the intent of
this recommendation and will urge that at the next meeting of the Board of
Directors, or a mail ballot if such is approved, changes be made in the Act
of Endowment to accord with this recommendation (see Annex B). If the Board
approves, the current councilors will be requested to resign and we will
develop a plan for staggered times of appointment so that it will be possible
to replace two councilors each year. Simultaneously we will reexamine the
distribution of disciplines represented by the Councilors to ensure that all

of the major ones of importance to the Foundation'’'s research are represented.

Recommendation 19.

We recommend that consideration be given to formal links being
established, or strengthened, to universities or other research institutions
in Japan and especially to the universities in Hiroshima and Nagasaki, with
RERF Department Chiefs having visiting or part-time Professorships and
undertaking teaching commitments together with Ph.D. students being involved

on projects at RERF.

Response:

This is a suggestion that the Foundation welcomes, and will do what it
can to implement. While informal links have existed in the past and continue
to do so in the present, formal links which might résult in part-time teaching
responsibilities for the Foundation staff will undoubtedly require the
administrative approval of the Ministries of Health and Welfare and Education.
These approvals would have to be negotiated by others, but the Panel’s
suggestion may provide the needed impetus to effect such relationships.
Parenthetically it should be noted that many of RERF's staff are already
serving as part-time lecturers at various universities including those in
Hiroshima and Nagasaki. To further the intent of this recommendation,
affiliations with regional universities similar in kind to those associated
with some of the national laboratories in the United States, such as Argonne
or Oak Ridge, could be developed. Clearly there would be much merit to a more
intimate involvement of the Foundation’'s professional staff in educational

enterprises. An immediate step that could be taken in conjunction with
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Geniken (Research Institute of Radiation Biology and Medicine, Hiroshima
University), Genken (Atomic Disease Institute, Nagasaki University) and Hoiken
(the National Institute of Radiological Sciences at Chiba} would be the
development of a short, intensive course in radiation biology. Such a course
could relieve the aforementioned institutions of some of the burden of short-
term trainees if a time for the course was specified sufficiently far in

advance to permit potential participants to plan their visits to Japan.

Recommendation 20.

In addition to the bilateral arrangements between Japan and the US, we
recommend that consideration be given to RERF entering into formal programmes
of exchange of research fellows with other countries, and with regional or

international bodies.

Response:

Two avenues to the implementation of this recommendation will be
immediately explored. First, management will enter into negotiations with the
European Union to explore the feasibility of the Union establishing a series
of research fellowships with work to be pursued in Japan at the Foundation.
Second, the US Department of Energy seeks to create one or more centers of
excellence for the training of research workers in radiation biology. These
centers are to be affiliated with universities in the United States.
Applications for such centers are currently under review, and once decisions
have been made with regard to their location(s), the Foundation will enter
into negotiations with the designated universities to establish an exchange
of research fellows and trainees. It is assumed, of course that the
Foundation will play a role in the selection of fellows for training at its
facilities in all instances. It is further assumed that the fellows will
carry their own stipend from either the European Union or the as yet unnamed
centers of excellence in the United States, and a modest ancillary budget that
will cover the costs to the Foundation of supporting the fellow’s research.
Management of this program of training will be distinct from the internally

developed program of post-doctoral fellows referred to previously.

Recommendation 21.
We recommend that, in view of the accumulated knowledge at RERF, it be
developed as an Information Centre to promote informed public understanding

of the risks of radiation.

Response:
Several steps have been taken to enhance the Foundation's role as an

information center. First, as one of the activities to promote public
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understanding of RERF's achievements, the Foundations' statement on the
Worldwide Web has been considerably expanded to detail the history of the
Foundation, its research program and the findings, address commonly asked
questions by the survivors as well as other individuals exposed to ionizing
radiation, indicate how the Foundation can be contacted, provide a simple
explanation of ionizing radiation, and a glossary of terms commonly
encountered in radiation biology. It is management's aim to continue to
expand this material and to see that it 1is updated as frequently as
circumstances warrant. Other forms of public relations activities include
publication of news letters, RERF Update and Japanese news letters,
contribution of articles to local medical journals, and the continuation of
annual open houses that began in 1995. But it is clear that a more consistent
effort to inform the public of the risks associated with exposure to ionizing
radiation is needed than has occurred in the past.

A broader role for the Foundation as an information center must take
cognizance of the aspirations of the citizens of Hiroshima and Nagasaki and
the Ministry of Health and Welfare to establish an archival and information
center in each of these two cities as a continuing memorial to the A-bomb
deceased. The Foundation's scientific expertise has been sought in the
furtherance of this objective, and we continue to be supportive of these

aspirations.
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ANNEX A

ASCERTAINMENT OF DISEASE AND DISABILITY AMONG F, ADULTS

A Feasibility Study

Since the inception of the genetic studies of the survivors of the
atomic bombing of Hiroshima and Nagasaki and their children in 1947, a variety
of different strategies have been used to estimate the extent of the
mutational damage arising from parental exposure to atomic radiation. These
strategies have included the physical examination of some 77,000 infants born
in these cities in the years 1947-1953, a continuing mortality surveillance
of a cohort of 75,581 F, individuals of whom 71,077 are still alive but we
intend to extend this cohort to include the 11,670 individuals known through
the Biochemical Genetics Study who are not presently in the mortality
surveillance, cytogenetic studies, as well as biochemical studies involving
some 30 odd genetic loci at which the occurrence of structural and "null" or
deficiency mutations was assessed by gel electrophoresis (structural) or an
analysis of enzyme kinetics (null). Although as yet there has been no
discernible increase in genetic damage among the children, the issue of
whether a significant increase does or does not obtain remains a pressing one
and there is considerable apprehension among the F, themselves. None of the
strategies to assess mutation risk used thus far has addressed the full gamut
of possible genetic damage. For example, the program of clinical examinations
of the newborn was designed to identify congenital abnormalities demonstrable
soon after birth but could not identify those abnormalities that are not
readily detectable until later in 1life, nor those simply or complexly
inherited disabilities that do not manifest themselves until adolescence or
later. The latter represent by far the largest proportion of all inherited
handicaps, and there has been no systematic program of health examinations of
the F, after the first year of life which might detect an increase in these

diseases and disorders.

The Blue Ribbon Panel convened to assess the research program of the
Radiation Effects Research Foundation and to recommend future directions of
research has urged that consideration be given to the feasibility of studying
diseases and disabilities of late onset among the F,. This proposal is an

effort to respond to this recommendation.

Aims:

The aims of this preliminary study are several-fold, but the principal
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one 1is to establish the feasibility of a comprehensive study of the occurrence
among the children of the survivors of diseases of late onset with a major
genetic contribution with a view toward estimating the radiation-related risk
of such diseases. The immediate objectives are to (1) identify a surveillance
cohort of F, individuals that can be followed for some as yet uncertain period
of time, (2) determine the stability of the F, population, that is, determine
the proportion that may be lost to follow-up as a consequence of migration
outside the Foundation's conventional contact areas, (3) estimate the probable
participation rate in a more comprehensive study, if the latter seems
feasible, and (4) determine the logistical or design problems that might arise

in a full scale study.

Study design: While a variety of study designs can be envisaged for
ascertaining the frequency of disease and disability among the F,, the only
one which seems likely to meet the health concerns of these individuals and
be scientifically rigorous is a program of physical examinations conducted by
the Foundation staff in a manner analogous to the examinations associated with
the Adult Health Study. A program of routine clinical examinations of a
cohort of F, individuals managed by the Foundation has many advantages. It
would enable us to capture subclinical precursor changes for some diseases,
such as hyperlipidemia or subclinical diabetes, and to characterize disease

more precisely. It would also ensure uniformity in the examination process,

and better quality control of the information. Moreover, it would make easily

possible the collection of sample specimens for molecular genetic analysis.
This approach would be costly, and might require a study population much
larger than that of the Adult Health Study when both the children and their
parents (or other siblings) are taken into account. But even a single
examination of a fraction of the F, could provide useful information on multi-
factorial disease prevalence and serve as a source of biological specimens
that might be used in future studies even if an ongoing clinical follow-up was
deemed impractical. Moreover, there is much to be gained from the conduct of
a mail survey through which data could be obtained on current health status
and concomitants of disease (occupation, smoking and drinking habits) that
will be useful in the continuing mortality surveillance of the F, as well as

for possible clinical studies.

Some general problems: A number of potential problems can be identified a
priori that must be suitably addressed if a full scale study is to be
undertaken and prove successful. As previously stated, among the aims of the
feasibility study would be to determine the kind and magnitude of these
problems, and to devise ways that their effects could be mitigated or

eliminated. Among these problems are the following:
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1) Name changes: It can be assumed that most, if not all of the female
children identified in earlier studies from which presumably a study cohort
would be drawn, will have married, and thus the last name known to the
Foundation is unlikely to be the current one. Current name could, however,
be obtained through a search of the koseki in which the child was originally
enrolled and the joseki-bo, the “struck off the record” book, which contains
changes in a given koseki, and current address can be found in the koseki
fuhyou. To do this would require approval of the Ministry of Justice obtained
through the koseki-ka in various cities. Since the Foundation presently uses
the good offices of the Ministry in the Life Span Study, presumably this

approval would be granted and the koseki checked on a fee-for-service basis.

2) Migration: Japan’s population in the postwar era has been
substantially more mobile than it previously was. This increased mobility is
generally age and gender dependent, younger individuals being much more likely
to have migrated from their family homes to other areas of Japan than was true
of their parents and males more likely to migrate than females. The only
systematic attempt to determine migration and possible refusal rates among the
F, occurred in the course of the biochemical genetics study. The target
population in this instance was some 41,587 members of the F, Mortality
Surveillance Study. Through 1981, this study revealed that 27% had migrated
out of either Hiroshima or Nagasaki. Migration rates were higher among the
children of non-exposed parents than exposed parents (29 vs 24%) but there was
little difference between cities in the migration rates for children of
exposed parents. However, refusal to participate among individuals within

contactable areas was different between cities with cooperation being poorer

in Hiroshima than Nagasaki {24 vs 16%). An additional 4-7% of individuals
ostensibly residing in the contactable areas were “"unavailable," and
presumably these individuals are covert refusals. Clearly a major effort

would have to be made to encourage a higher participation rate.

3) Establishment of newly arisen mutations as distinct from transmitted
ones previously existing in the family of the subject: Estimation of
mutational damage requires distinguishing between newly arisen mutations and
those that have arisen in the past and were transmitted to the individual.
Customarily this is done by examining the parents of the individual in
question. Thus information on more than one individual is needed. For the
older members of the F, cohort, this information may be difficult to obtain
since their parents may be dead and their siblings, if any., dispersed.
However, it should be noted that some information on health status would be
available on those parents who are enrolled in the Adult Health Study and the

Life Span Study, and this would embrace most, if not all of the parents who
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received significant doses. Moreover, for those parents who are or, if dead,
were in the Adult Health Study biological specimens for molecular genetic

studies may already be available.

4) Identification of study endpoints: Any study of disease and
disability among the adult F, will require defining the endpoints to be
identified. Several alternatives exist. Ascertainment could focus on the
occurrence of all common diseases or defects of probable multifactorial

origin, or on some subset of the latter.

For many of these common chronic conditions, such as diabetes,
hypertension, and hypercholesterolemia, "candidate" genes are known, that is,
genes which are thought to be functionally involved in the processes that give
rise to these conditions. Many of these genes have been sequenced and the
common allele as well as less common ones, including newly arisen mutants, can
be characterized with the appropriate molecular techniques. Moreover, for
some, estimates already exist of their importance as reflected in the
proportion of inter-individual variability ascribable to allelic variation at
particular loci. Although this area of research is still in its infancy,
developments are moving rapidly and the number of potentially informative

genes will surely increase.

Sample size requirements: Obviously the sample size(s) needed will depend upon
the design and the objectives of the study. At the feasibility level, where
presumably the intent is to identify and estimate the magnitude of problems
that might arise in a full scale study, the requisite sample size will be
determined more by the precision sought in identifying and estimating the
magnitude of these problems than by the magnitude of the health effect one
seeks to detect. But, sooner or later, the issue will arise as to the sample
requirements for a full scale study, and information obtained in the
feasibility study would be crucial to assessing these requirements. The
average age of the F, individuals known to the Foundation is about 38 years
which is relatively young when diseases such as atherosclerosis, diabetes, and
even cancer are considered. However, early onset of these diseases often
connotes a higher likelihood of a major genetic contribution. Thus, for
example, the occurrence of early myocardial infarction, before the age of 50,
aggregates more strongly in families than infarctions at a later age in life.
Similarly individuals with the Brcl and Brc2 genes associated with breast
cancer usually exhibit their cancer earlier than occurs among women without
these genes. Finally, studies of precocious onset of hypertension in
conjunction with abnormalities in electrolyte handling have revealed at least

four rare mendelian syndromes, namely, glucocorticoid-remediable aldosteronism



169
170
171
172
173
174
175
176
177
178
179
180
181
182
Q3
184
185
186
187
188
189
190
191
192
193
194
195
196
197
_ /8
199
200
201
202
203
204
205
206
207
208
209
210

(GRA), Liddle syndrome (or pseudoaldosteronism), pseudoaldosteronism type II
(Gordon syndrome) and the syndrome of apparent mineralocorticosteroid excess
(AME) . Given the prevalence of hypertensive disorders in Japan, these
syndromes and the renin-angiotensin system itself, which plays a vital role
in kidney function and renal homeostasis and hence in blood pressure
regulation, would seem worthy objects of study. Again, in the case of the
rennin-angiotensin system, four candidate loci are known, specifically, REN
(rennin), ACE (angiotensin converting enzyme), AGT (which encodes rennin
substrate angiotensinogen), and AT1l, and others suspected. Appendix Table 1
lists some of the candidate genes for hypertension and non-insulin dependent
diabetes mellitus that might be considered. Still another possible candidate
disease is hereditary nonpolyposis colorectal cancer. The frequency of
colorectal cancer has been increasing in Japan and mismatch repair genes
(hMLH1, hMSH2, hPMS1, and hPMS2) are known to be related to this malignancy.

Abnormality in these genes can be detected by examining microsatellites.

Unfortunately, the data from which to estimate the prevalence or
incidence of common chronic diseases in the absence of exposure to ionizing
radiation in Japan are limited. Two sources of information are available, but
neither are faultless. At the time of the last national census information
was obtained on the prevalence of a number of chronic disease; these data are
based on self reports and almost cértainly underestimate the true prevalence.
The prevalences per 1000 individuals of hypertension, coronary heart disease
and diabetes among males ages 35-44, and 45-54 were 16.4 and 57 for
hypertension, 2.4, and 8.5 for coronary heart disease, and 6.2 and 20 for
diabetes, respectively. The corresponding figures for females in the same age
categories were 14.4 and 65.4 for hypertension, 1.3 and 5.6 for coronary heart
disease, and 3.7 and 11.7 for diabetes. More useful numbers come from the
Adult Health Study itself, and in particular the findings on survivors 0-19
vears of age at the time of the bombing in the tenth examination cycle (when
these individuals would have been 34-53 years old, approximating the age
distribution in the F, now). At that time the prevalence per 1000 individuals
of hypertensive heart disease (specifically, essential hypertension and
hypertensive heart and renal disease) was 27 (sexes combined), of
arteriosclerotic and degenerative heart disease (acute myocardial infarction,
other acute and subacute forms of ischaemic heart disease, old myocardial
infarction, angina pectoris, and other forms of chronic ischaemic heart
disease) was 8, and for diabetes mellitus the prevalence was 44. Note that
if other forms of hypertensive heart disease (specifically, hypertensive heart
disease, hypertensive renal disease, and secondary hypertension) are included
in the rubric hypertensive heart disease alluded to above, the overall

prevalence is 45 (sexes combined). Clearly, these diseases are not yet common
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among individuals in the F, age range. Collectively, one would expect about
1 in 10 individuals to exhibit one or more of these three diseases. This
number would be larger if behavioral and psychiatric disorders were also

included.

To the extent that data from other countries are a reasonable surrogate,
these data suggest that approximately 65% of the population will develop one
or more of these diseases in the course of a lifetime, but given the age
distribution of the F, and a single clinical examination perhaps no more than
10% of the F, population would exhibit a chronic disease of possible
multifactorial origin. Information on the magnitude of the radiation-related
increase in the genetic component of these diseases 1is even more limited.
What little information is available has been derived largely from models
whose applicability is open to question and involve assumptions regarding
parameter values that may not be realistic; however, these models suggest that
at 1 Sv the increased risk may be in the range of 1-2%, and since the mean
conjoint parental dose in the F, is estimated to be about 0.40 Sv, this

implies a change of about 0.5% to 1%.

Locale for feasibility study: A feasibility study might be conducted only in
Hiroshima, only in Nagasaki, or in both cities simultaneously. Again, each
of these choices has advantages and disadvantages. For example, at the time
of the cytogenetic and biochemical studies mentioned earlier, the
participation rate among the F, in Nagasaki was significantly higher than that
in Hiroshima and the strong relationship that exists between the Foundation
and the University Medical School and Hospital could make access to relevant
health findings easier. But the limited size of the staff of the Foundation
in Nagasaki would pose a problem, and the probable higher participation rate
could be misleading in assessing the overall feasibility of a full scale study
since the number of exposed survivors is much larger in Hiroshima although the
number of F, children is about the same because of the larger mean family size

in Nagasaki.

Feasibility study sample: The easiest starting point for identifying a
feasibility study sample would be the current sample of F, individuals in the
mortality surveillance which numbers about 75,000 individuals, as previously
indicated, but could be easily and inexpensively extended to include those
individuals known through the Biochemical Genetics Study. This sample
includes births in the two cities after May 1946 through December 1985 when
it was presumed that most of the survivors, irrespective of their age at
exposure, would have completed their reproductive careers. A fuller

description of this sample will be found in the section on Alternative
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sampling strategies to follow. The only limitations on enrollment in the
sample were the infant had to be liveborn and a singleton (multiple births
were deliberately excluded because their survival experience is much different
from that of single births and their number too small to provide reasonably
precise estimates of survival). Since this sample 1s under continuing
surveillance, addresses of its members should be reasonably current, and for

those females who are now married, their married name should be known.

The initial step would involve mailing a questionnaire to all of those
individuals found to be alive at the last cycle of mortality surveillance
seeking their current address (if different from the last one known to the
Foundation), what health care program is available to them (National Health
Insurance, Company program, and the like), their impression of the current
state of their health (this would include a listing of common diseases and
disorders which they might circle if pertinent), information on occupation,
smoking, alcohol consumption, and reproductive history, and an expression of
their willingness to participate in a study of their health status which might
entail a physical examination at the clinical facilities of the Foundation.
This questionnaire would preéumably provide information on the proportion of
individuals residing within the wusual contact areas employed by the
Foundation, a crude estimate of the prevalence of chronic disease among the
F,, and an expression of the probable participation rate in a full scale
study. It should be noted that the questionnaire findings would also have
important relevance to the continuing mortality surveillance of the F, through
providing information on health problems and concomitants of disease before

death.

The next step would be the selection of a stratified subsample of 400-
500 individuals chosen approximately equally from Hiroshima and Nagasaki and
from those individuals reporting chronic illness and those not doing so to be
invited to the Foundation for clinical examinations and specimen collection.
The physical examination envisaged would be the same as that currently used
in the Adult Health Study. This subsample would provide information on the
occurrence of disease, and a better indication of the participation to be
expected if the full scale study should emphasize clinical examinations under

the Foundation’'s aegis.

Collectively, these steps should provide the bases for assessing the
feasibility of a full scale study, and designing a study that will be
responsive to the concerns of the F, and provide information of scientific

value.
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Finally, the specimens obtained could be used to supplement the current
study of the two dimensional electrophoretic methods for analyzing DNA that
have been developed by the Department of Genetics. This system relies on the
use of the Notl cutter and two enzymes and can detect about 1500 DNA fragments
with the aid of a computer. Of these 1500, about 700 are usable in the sense
that they can be studied both qualitatively and guantitatively. Since three
separate enzyme systems are now available, this implies somewhat more than
2000 fragments can be studied. Here the principal purposes of the feasibility
study would be the development of better estimates of the cost of analysis per
specimen or per locus studied and the identification of technical problems

that might arise in a full scale study.

It is our intention to present the results of the feasibility study to
a panel of epidemiologists, geneticists and statisticians to solicit their
recommendations for the full scale study if such seems warranted and

practical.

Alternative sampling strategies: An alternative sampling strategy would be
to focus on the 800 families where permanent lymphocytic cell lines have been
established. Altogether these 800 families represent about 2,700 individuals.
At the time blood was collected on these individuals complete hematologic and
clinical biochemical studies occurred, and this information is machine
retrievable. However physical examinations were not done although at least
one parent is generally a member of the Adult Health Study and health status
should be available on these individuals. This then would represent a
potential sampling frame of about 800 unexamined parents and 1120 children.
Not all, of course, need to be examined in the feasibility phase. The
advantage of this strategy is that permanent lymphocytic cell lines are
already available for molecular genetic studies on the children and the
parents. The disadvantage is that these families will be, on the average,
younger than the overall F, cohort and the prevalence of chronic disease

correspondingly smaller.

Still another alternative would be to focus on or add to the F,
Mortality Sample the so-called BGS Extension Sample-1 (5,491) that includes
children born between May 1946 and December 1958 who were not included in the
original Mortality Sample, and BGS Extension Sample-2 (6,120) children born
after 1959. Among these two extension samples, 3467 children were examined
in the Biochemical Genetics Study at the protein level. Since these children
have cooperated in the past, it can be assumed that a high participation rate

would occur in any new health study.
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Estimated time required to conduct a feasibility study:

Approximately two years would be required to complete the survey,
4-500 examinations envisaged, given that these must be superimposed on
program of biennial examinations of the Adult Health Study sample, and

genotyping.

Tentative budget estimate:

{a) Design and distribution of the questionnaire to all of

surviving F, currently being followed by the Foundation:

Approximately 300 yen per person (82,000 persons) 24,600,000

(b) Cost of clinical examination, including contacting,

laboratory studies, and administrative costs

Estimated cost 16,360 yen per person (500 persons) 8,180,000
(c) Cost of laboratory procedures:

Estimated cost for genotyping 50 persons 1,100,000
TOTAL COST: 33,880,000
COST PER ANNUM: 16,940,000
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Table 1. Some candidate genes for hypertension and non-insulin-dependent
diabetes mellitus under the column headed association or linkage
a (O implies a positive study and an X a negative one

Hypertension
Gene Association or linkage

Glycogen synthase O
Endothelin-1 O
Endothelin (A) receptor® X

X
Natriuretic peptide O
Glycophorin A (MN blood type) O
HLA class II (DRB, DPB1) X
Endothelial cell nitric oxide synthase X
Angiotensinogen” XX XOXXO

00O

OO X
SA gene Ox
o-2 Adrenergic receptor OX
Prorenin X
Angiotensin II type 1 receptor® OO

X X
Haptoglobin OO
Angiotensin I converting enzyme (ACE) XXXXXOXXO
Insulin receptor (INSR)” X X X

OO X

O
Low-density-lipoprotein receptor (LDLR) X
Apolipoprotein CIII¥ O

X
Renal kallikrein (KLK 1) X

¥ Two different types of markers on each gene were examined.
® Three different types of markers on each gene were examined.



Non-Insulin-Dependent Diabetes Mellitus (NI DDM)

Gene

Association or

Gene

Association or

linkage linkage

Apolipoprotein E OO0 X Interferon-gamma (IFN-Y) X
Ras associated with diabetes X N-acethyltransferase (NAT) X
(RAD1)
Angiotensin [ converting enzyme | X X X X(OO | Cholesteryl ester transfer protein O
(ACE) (CETP)
Glycogen synthase OOXXQO |Glucagon-like peptide-1 (GLP-1) X
Plasminogen activator inhibitor-1 | OO X Liver/pancreatic B cell type glucose | OX X X
(PAI-1) transporter (GLUT?2)
Insulin receptor substrate-1 X XXX Apolipoprotein A-IV OX
B-3 adrenergic receptor O Insulin® X

X
Muscle glycogen synthase O Adenosine deaminase (ADA) XXX
Aldose reductase O Islet-1 X
Glucagon receptor O Apolipoprotein CIII
Glucokinase™ Q00O Insulin-responsive glucose X X

XOX X XO) transporter (GLUT4)
Ox X

Low density lipoprotein receptor | X Fatty acid-binding protein 2 (FABP)
Hexokinase I XX X Glucagon-like peptide-1 receptor X
Insulin-stimulating protein kinase | X Apolipoprotein B
(0, B, 7)
Protein phosphatase 1 (o, B, ) X Insulin receptor® X

X
Apolipoprotein D O Hep G2/erythrocyto glucose X

transporter (GLUT1)

» Two different types of markers on each gene were examined.
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ANNEX B
MEMORANDUM
TO: Members of the Radiation Effects Research Foundation Board of Directors
FPROM: Itsuzo Shigematsu, MD, Chairman
SUBJECT: Restructuring the Foundation’s Science Council

DATE:

As you are undoubtedly aware, the Blue Ribbon Panel charged with assessing
the Foundation’s research program and making recommendations for the future has
recommended a change in the structure of the Science Council and the terms of
appointment of the Councillors. Specifically, they have recommended

Recommendation 18.

We recommend that the Science Council takes a more active role with a
closer involvement in the assessment and guidance of RERF. Its membership should
reflect all of the major disciplines involved in the work of RERF. We further
recommend that appointment to the Council be for 5 year terms, with no more than
a single reappointment, and that two of the members retire each year.

The Foundation’s Executive Committee strongly endorses this recommendation and
proposes to effect the changes indicated as expeditiously as possible. However,
to achieve this end a revision of the Act of Endowment will be needed. At the
present time, insofar as the Science Council is concerned, the Act states

Article 30 - This juristic person (meaning the Foundation) shall have not
more than ten (10) Scientific Councillors

2. The Scientific Councillors shall be selected and appointed by the Board
of Directors, from among those who are possessed of expert knowledge and
experience useful for carrying out the activities of the juristic person. The
Scientific Councillors to be appointed shall consist of the same numbers of
citizens of Japan and the United States of America respectively.

3. The Scientific Councillors shall constitute the Scientific Council
which reviews the scientific research programs of the juristic person, and makes
recommendations to the Board of Directors with respect to the adoption of a new
research program, and/or continuation or alteration of programs under progress.

Article 31 - The term of office of the Scientific Councillors shall be four
(4) years.

2. The Scientific Councillors may be re-appointed to their posts.

3. The provisions of paragraphs 5 and 6 of Article 16 shall apply to the
Scientific Councillors. [Paragraph 5 states that "“in the event an officer’s post
becomes vacant, his successor shall be promptly elected to serve for the
remainder of the term of office of his predecessor” and Paragraph 6 reads “The
officers shall continue to perform their duties after the expiration of their
terms of office or their resignation, until the time of their successor’s
assumption of office.”]

It is important to note that to effect a change in the Act of Endowment,
there must be an affirmative vote of three-fourths or more of the members of the
Board of Directors. Changes are not retroactive, and take place at the beginning
of the next fiscal year, that is on April 1, in the year following their
adoption.

The Executive Committee recommends no change in Article 30 but does



recommend the following changes in Article 31.

The term of office of the Scientific Councillors shall be five (5) years.

2. The Scientific Councillors may be re-appointed but shall not serve for
more than two terms.

3. Appointment terms will be on a staggered basis so that two Councillors,
one Japanese and one American, retire each year subject to the reappointment
provision indicated in 2 above.

Since the next Board of Directors meeting 1is not to occur until June 1997
and since action at that time would defer implementation of these changes until
April 1, 1998, the Executive Committee seeks a mail ballot on this issue so that
if approval is forthcoming, the changes can be effected April 1, 1997.

wis:s
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FOREWORD

The Foundation recognizes that it functions in a climate of limited resources, and if these
resources are to be used cost-effectively and if the Foundation is to fulfill its mission efficiently,
there is a need for continued program planning and management. To conduct all of the research
that is deemed important within the current funding level and probable future ones, priorities
must be established, some research activities will need to be redirected or terminated, and
recruitment of additional scientific personnel may be necessary. The intent of this document is
to provide a framework for the establishment of research priorities to guide the allocation of
resources and the recruitment of personnel.

Organization of this Strategic Research Plan and Program Management Document

This Strategic Research Plan and Program Management document will give an overview
of the origin of the Foundation, its management structure, its mission, its research programs, and
its resources. This will be followed by a listing of program objectives, current major research
activities and those projected in the next five years, and the related resource requirements for
each of the major research departments. This section will be followed by an enumeration of
resource and personnel requirements as they relate to the administrative, computer-related,
publication and documentation, and radioisotopic services necessary to support the research
program. Finally, there will be a summary and set of conclusions which will also act as the
executive summary of this document. Annexes will provide ancillary information too detailed
for enclosure in the body of the report.

There are many reasons why a strategic research plan and program management
document is both timely and necessary. However, the salient ones are the following:

. The members of RERF's survivor cohorts are aging, and the number of cohort
members who remain alive will decrease markedly over the next few years. The
research program and data collection procedures must reflect these changes.
(See Annex A for the current size of the cohort and projections to the year 2020).

. The revolution in biomedical research in the last two decades has opened
avenues of research of potentially great relevance to RERF and the understanding
of the biological bases of radiation-related damage.

. The last few years and the next several have seen or will see a significant loss in
personnel, largely through retirement. This situation requires renewed emphasis
on optimizing the proportions of manpower devoted to research and support
functions, and the development of innovative ways of achieving the Foundation’s
aims without increasing the general staff while maintaining a sound level of
scientific personnel, for example, through the judicious use of personal services
contracts.

. A series of workshops recommended by the Foundation’s Scientific Council were
carried out between 1988 and 1993 (see Annex B). The recommendations from
these workshops have affected RERF's current research and are influencing plans
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for future research initiatives.
Assumptions used in developing this planning document

In this assessment of the Foundation’s needs to support its scientific program, the
Executive Committee felt it necessary to adopt certain self-imposed restrictions:

. It was assumed that budgetary limitations will prevent a significant expansion of
the Foundation as a whole, i.e., the level of support provided by its two funding
agencies for research will remain more or less constant (with inflationary
increases only).

’ It was further assumed that it was critically important to maintain the appropriate
array of professional, technical, and clerical skills needed to implement the
research.

Within these limitations, the Committee believes that its research activities can still
expand through increasing efficiency, through savings created by retirements, and, where
possible, through transfer of general personnel positions to research-oriented ones.

The Executive Committee has carefully considered which of all potentially desirable
research activities could only be carried out by the Foundation, which could best be carried out
by the Foundation, and which could be carried out elsewhere, possibly on a collaborative basis.
Prioritization along these lines will avoid the inclusion of research that is not specific to the
Foundation's needs and potential, and will therefore reduce needed resources to only those that
are most appropriate to RERF.
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THE FOUNDATION

In the summer of 1945, the residents of Hiroshima and Nagasaki were in all probability,
representative of a typical, heterogeneous wartime population of individuals in Japan. In August
of that year, atomic bombs were detonated over these two cities. Soon thereafter a group of
Japanese and American scientists, known as the Joint Commisston for the Investigation of the
Effects of the Atomic Bomb, began the task of assessing the physical damage wrought by the
bombings and of identifying the early health effects of exposure to atomic radiation. This
Commission, in its final report, strongly recommended the establishment, under civilian
auspices, of a program of research to evaluate the long-term health consequences of exposure
to ionizing radiation. In November 1946, President Truman approved a directive to the U.S.
National Academy of Sciences-National Research Council (NAS-NRC) to initiate the long-term
investigation recommended by the Joint Commission. With funding provided by the Atomic
Energy Commission (AEC), now the Department of Energy (DOE), the NAS-NRC established
the Atomic Bomb Casualty Commission (ABCC) in March 1947, and research began shortly
thereafter. The Government of Japan, through the Japanese National Institute of Health, became
a partner in this endeavor.

In 1975, the Radiation Effects Research Foundation (RERF) was established and
assumed the responsibilities of the ABCC. This private, nonprofit Foundation, a zaidan héjin,
is incorporated under Japanese law and its research is equally funded by the Governments of
Japan and the United States, through the Ministry of Health and Welfare (MHW) and through
the Department of Energy and the National Academy of Sciences, respectively.
Administratively, the Foundation is governed by a Board of Directors consisting of 12
individuals, six of whom are Japanese citizens and six of whom are United States citizens. The
day-to-day operations are managed by an Executive Committee consisting of four permanent
members of the Board of Directors, two from Japan and two from the U.S., each of whom
resides in Japan. The Permanent Directors consist of a Chairman, a Vice Chairman, a Chief of
Research, and one other Director, who functions as the head of the Foundation’s Nagasaki
laboratory. The responsibilities of these individuals, their terms of office, and the like are
specified in the Foundation’s charter, known as the Act of Endowment.

Functionally, the Foundation consists of five major research departments, namely, the
Departments of Clinical Studies, Epidemiology, Genetics, Radiobiology, and Statistics,
supported by the Information Technology Department (ITD), the Publication and Documentation
Center (PDC), a Radioisotope Facility, and a Secretariat. The ITD is responsible for the
maintenance of the computational capabilities of the Foundation; whereas the Publication and
Documentation Center and Secretariat are responsible for the publications (print and online)
emanating from the Foundation and the administrative details relating to budgeting, personnel,
purchasing, and public affairs, respectively. The Radioisotope Facility serves as a resource for
those departments, such as Genetics and Radiobiology, requiring the use of radioisotopic
materials.

The clinical, epidemiological, statistical, and other investigations are conducted in two
laboratories, one in Hiroshima and the other in Nagasaki. The management of both laboratories
ts the responsibility of the Executive Committee, and the research activities conducted in the two
laboratories are coordinated by the Chief of Research. To help conduct RERF’s research
activities properly there is a series of standing committees such as the Research Protocol and

3
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Human Investigation committees. Review of the research program and recommendations on the
relevance and scientific quality of ongoing investigations, as well as future research directions,
are provided to the Board of Directors on an annual basis by a Scientific Council. This Council
is composed of ten experts in areas of research relevant to RERF, five of whom are from Japan
and five of whom are from the United States. As in the instance of the Board of Directors, the
responsibilities of these individuals, their terms of office, and the like are specified in the Act
of Endowment. In addition, over the last eight years, the Council has been instrumental in the
organization of a series of workshops in specific areas of research to provide guidance on
promising approaches for possible implementation in the research programs and many of their
recommendations have been implemented. (See Annex B for a listing of the recent workshops.)

As of 1 April 1996, the Foundation had 335 employees, 258 in Hiroshima and 77 in
Nagasaki. Of these 47 represented the professional research staff, 43 in Hiroshima and 4 in
Nagasaki.

The Foundation is housed in Hiroshima in a complex of nine interconnected two-story
structures with a gross area of 9,681 square meters (about 105,400 square feet); whereas in
Nagasaki, the Foundation occupies a four story building with a gross area of 2,643 square meters
(28,780 square feet). The facility in Nagasaki is relatively new, but the bulk of the one in
Hiroshima was built in 1950 and is now barely adequate for the Foundation’s research needs.

To conduct a broadly based research program involving the collection, processing, and
analysis of extensive data on mortality and morbidity in a population as large as that of the
survivors and their children, RERF has developed an organization plan (see Figure 1) for the
coordination of epidemiological, clinical, and laboratory research conducted in two widely
separated laboratories. This plan is periodically reviewed by the Board of Directors and revised
as circumstances warrant.

It is important to note that the investigations conducted by the Foundation are the only
opportunity in existence for determining the late biological effects resulting from exposure of
a large number of human beings to single doses of ionizing radiation ranging from very low to
high doses. The results obtained in these investigations provide information that will lead to
improved health care for the survivors as well as individuals who may be exposed to ionizing
radiation elsewhere. Furthermore, the results of these investigations are of fundamental
importance to an understanding of the effects of ionizing radiation on human beings and are,
therefore, essential for estimating radiation risk and setting safe standards for occupational,
medical, and general population exposures. Indeed, the data accumulated by the Foundation is
the major source of information on which the standards established by national and international
radiation protection bodies rest.

RESEARCH GOALS AND OBJECTIVES

The unique nature and long-term follow-up of this exposed population have provided
invaluable information on the early and late health effects of radiation exposure. (See Annex
C for some recent summaries of the findings to date.) To ensure that these investigations
continue in a productive manner and are focused on radiobiological and health-related issues of
importance to the scientific and medical community and the concerned public, it is essential that
a careful, continuing evaluation of the research program be made, future directions determined

4
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or revised as need arises, and research priorities established. This strategic research plan has
been developed to achieve these ends.

To carry out its responsibilities in an orderly and scientifically sound manner and to be
responsive to its charter, the broad goals of the Foundation are:

. To determine the late health effects, both somatic and genetic, produced in
human beings from exposure to ionizing radiation.

. To obtain information on the temporal pattern of cancer expression and other
radiation-related effects and on the role of biological and environmental factors
which may modify the effects resulting from exposure to ionizing radiation.

The strategy for addressing these goals is implicit in the following general research
objectives:

. To conduct long-term epidemiological studies of a fixed sample of exposed and
unexposed individuals to determine the frequency-dose relationships of morbidity
and mortality resulting from radiation exposure and to obtain information on the
differential sensitivity of various tissues.

. To conduct case-control and other special investigations on cancer induced in
specific tissues or organs to determine the cell types affected and the effects of
modifying factors.

. To conduct research in molecular and cellular biology to detect somatic mutation,
cell transformation, changes in immunological competence and other biological
events for use in understanding and estimating radiation risk.

. To utilize all available sensitive and cost-effective approaches for measuring
heritable mutation in the children of exposed and unexposed individuals, and for
assessing the public health impact of these mutations.

All research at the Foundation aimed at these goals takes place under published research
protocols that must obtain the approval of the Chief of Research, the Research Protocol
Committee, the Human Investigation Committee, and the Chairman of the Foundation before
they are activated. These protocols are of two kinds, the so-called platform protocols that guide
the major or core research activities of the Foundation, and special research protocols. The core
activities commonly involve more than one department and are collaborative; whereas the
specific research activities may or may not be collaborative. A listing of the currently active
protocols will be found in Annex I. Of primary importance to the Foundation are, of course, the
core activities since ultimately they are the raison d’etre of the institution.

RESEARCH PROGRAM STRATEGY

To conduct a successful long-term epidemiological investigation which addresses the
goals of RERF, data must be collected on a continuing, prospective basis using specified samples
of exposed individuals and a matched group of unexposed individuals when a need for a

5
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comparison with the latter arises. These data must be collected in a systematic and
epidemiologically acceptable manner to reduce the chance of bias or ambiguity affecting
interpretation of the results observed.

The first major program to be initiated by ABCC was the Genetics Program, which
included observations on the occurrence of major congenital abnormalities, sex, birth weight,
viability at birth, and survival during the neonatal period of all newborn infants in Hiroshima and
Nagasaki. The study, which began in 1947 and continued until 1954, encompassed some 76,626
infants, with reexamination of a subsample of approximately 20,000 of these infants at age 8-10
months. Although this major clinical program was terminated in 1954, the cohort thus
established, with subsequent additions, has been followed for survival since that time, as the F,
Mortality Study.

Most of the early studies on the survivors themselves were essentially ad hoc, each
investigator usually establishing his own study population. In 1955 the Francis Committee
reviewed the research on exposed (and unexposed) persons at ABCC and urged the adoption of
a Unified Study Program as a permanent research guide. The committee's recommendations
were approved and have since provided the basis for much of the current epidemiological and
clinical follow-up of the survivors in Hiroshima and Nagasaki. In 1975, prior to the
establishment of RERF, a second committee, known as the Crow Committee, reviewed the
program and recommended continued investigation of this unique population.

Implementation of the Francis Committee recommendations resulted in the establishment
of four major fixed cohorts:

. the Life Span Study (LSS) cohort of survivors and an unexposed comparison
group who were alive at the time of the bombings;

. the Adult Health Study (AHS) cohort (a subset of the LSS cohort), whose
members are encouraged to participate in a program of standardized biennial
clinical examinations carried out at RERF;

. the in-utero (IU) cohort of individuals who were exposed in-utero and matched
controls; and

. the F, cohort of children born between June 1946 and December 1984 to exposed
or unexposed parents.

Follow-up of these cohorts is central to the work of the Foundation. The primary follow-
up programs are:

. mortality ascertainment for most members of all of the cohorts through the
Japanese family registration (koseki) system;

. ascertainment of cancer morbidity through linkage of the cohorts with the
Hiroshima and Nagasaki tumor and tissue registries, which are managed by
RERF;
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. a special registry (the Leukemia Registry) of cases of leukemia and malignant
diseases of the hematopoietic system;

. the offering of standardized biennial clinical examinations for members of the
AHS cohort and a (fixed) subset of the IU cohort;

. a mail- and telephone-based morbidity surveillance system for AHS cohort
members;

. occasional mail surveys carried out within the LSS cohort; and

. an autopsy program (active from about 1960 through the early 1980's but

currently inactive).

Analyses of data from the RERF cohorts make use of individual dose estimates. The
basic methods used to compute these estimates were originally developed by researchers at Oak
Ridge and other national laboratories. The current dosimetry system, DS86, was the result of
a binational effort to reassess the physical data and refine the theoretical models that formed the
basis for the dosimetry system (T65D) that had been in use at ABCC and REREF since the late
1960's. Japanese and US scientists are currently working to deal with discrepancies between
DS86 Hiroshima neutron dose estimates and neutron doses inferred from physical measurements
and some biases suggested by RERF biodosimetric data. It is likely that this effort will lead to
revised dosimetry within the next five years. As in the past, RERF researchers will be
responsible for adapting and applying the new dosimetry for use with the survivors.

CURRENT STATUS OF THE RERF COHORTS

In this section we present some information on each of the major cohorts at this time.
This discussion provides a limited amount of historical information about the creation of the
cohorts since the primary focus concerns the nature of these cohorts today.

The Life Span Study cohort:

The LSS cohort was constructed from a Master Sample of about 284,000 Japanese
atomic bomb survivors (159,000 in Hiroshima and 125,000 in Nagasaki) developed from a
special nationwide enumeration of A-bomb survivors carried out as a part of the 1950 National
Census. As initially defined, the LSS included all survivors in the Master Sample who were
within 2000 m of the hypocenter at the time of the bombings (ATB) who were alive and residing
in Hiroshima or Nagasaki on 1 October 1950 and who met certain other criteria necessary to
ensure complete mortality follow-up. There were originally two age and sex matched
comparison groups who met the residency and other criteria deemed necessary for adequate
follow-up. One of these groups was composed of individuals who were exposed in the cities at
distances of 2,500 to 10,000 m from the hypocenter ATB and the other group consisted of
individuals who were not in the cities at the time of the bombing. With the introduction of
individual dose estimates, the cohort was extended to include all persons in the Master Sample
who were within 2,500 m of the hypocenter ATB. Finally, in the early 1980's all remaining
distal survivors in Nagasaki (2,500 - 10,000 m from the hypocenter) were added to the LSS to
increase the size of the relatively small Nagasaki internal comparison group. With these

7



315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
"31
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
48
349
350
351
352
353
354
355
356
357
358
359
360
361
362

additions, there are now 120,321 individuals in the LSS cohort, including 93,473 who were in
the city at the time of the bombing.

As of the fall of 1996, the mortality follow-up records indicate that 49% of the cohort
members have died and less than 200 individuals have been lost to follow-up (primarily due to
emigration out of Japan). The average age of the surviving members of the cohort is 65.4 years.
When broken down by age at exposure, it is seen that lifetime follow-up is essentially complete
for cohort members who were at least 50 years old at the time of exposure, while more than 90%
of those who were under the age of 20 ATB are still alive. (See Annex A.)

The Adult Health Study (AHS) cohort:

The AHS cohort is a subset of the LSS cohort. This subset was so defined as to include
all members (4,990 individuals) in the original LSS cohort who were within 2000 m of the
hypocenter and who reported one or more of the cardinal symptoms associated with acute
radiation sickness, that is, epilation, oropharyngeal lesions, and purpura. Three age and sex
matched control groups were chosen from among (1) the survivors within 2,000 meters who
reported no acute radiation symptoms, (2) survivors who were at distances of 2,500 to 10,000
m from the hypocenter ATB, and (3) unexposed LSS cohort members. With the introduction
of individual dose estimates the AHS cohort was supplemented with all remaining members
(2,436 persons) of the LSS whose T65D shielded kerma dose estimate was greater than 1 Gy.
The examination schedule was set so that in any one month a more or less representative cross
section of the entire population would visit the clinic. These examinations are now in the 19th
cycle; however, over time, attrition has reduced the population to about 50% of the original
sample.

As of the fall of 1996 more than 9,200 of the 17,397 exposed members of the AHS are
still alive and about 8,000 of these individuals are living in the clinical contacting catchment
area. Among this later group almost 80% participated in the most recent cycle of AHS
examinations.

In Utero Sample

The in-utero cohort was assembled from a roster of more than 10,000 individuals whose
date of birth was between the date of the bombings and May 1946. This roster was developed
from Hiroshima and Nagasaki birth records, records of early ABCC studies, and data from a
special survey conducted in conjunction with the 1960 Japanese national census. As currently
defined, the cohort includes data from two overlapping samples: a clinical sample defined in the
late 1950's and a mortality cohort defined in the early 1960's. As with the other cohorts these
two groups were defined in terms of a core set of individuals whose mothers were close (within
1,500 m for the clinical and 2,000 m for the mortality samples) together with age and sex
matched groups of more distal or unexposed people. The cohort includes 3,654 individuals of
whom 1,192 were exposed at distances of less than 2,000 m of the hypocenter while 1,356 were
exposed at distances of 2,000 to 10,000 m. Complete mortality follow-up is available for all
members of the [U cohort other than the 59 individuals who were lost to follow-up due to
emigration from Japan or a failure to locate the koseki records. There are 755 in-utero survivors
who have been included in analyses of IQ and school performance but are not in the main [U
cohort. Consideration is being given to initiating routine mortality follow-up for these people.

8
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A total of 1,021 members of the IU cohort are invited to participate in the AHS examinations.
(This group overlaps but is not the same as the [U clinical cohort whose members were asked
to come to ABCC for annual examinations during their late childhood and adolescence.)

Because of the age of members of this cohort (51 or 52 years in the fall of 1996), there
have been few deaths (434) at this time. More than one-third of these occurred during the first
few months of life. ‘

The F, cohort:

The original F, cohort included 53,518 children born to survivors between 1 June 1946
and 31 December 1958 selected from among the 76,626 children identified in the course of the
Genetics Program that ran from 1947 through 1953 or from other sources, generally the birth
records. The F, cohort was subsequently extended to include the children of virtually all
proximally exposed members of the Life Span Study cohort and the children of some distally
exposed members of this cohort. At this time the cohort includes 88,484 persons. However,
mortality follow-up is not being carried out for 11,760 cohort members who were selected for
some special clinical studies. Follow-up of these individuals should begin within the next year.
As of the fall of 1996, 5,316 members of the F, cohort are known to have died and 1,434 cohort
members have been lost to follow-up. Most of the deaths were infant deaths. The average age
of the surviving cohort members is currently about 38 years. As is discussed below, a mail
survey of the full F, cohort and a small study of the feasibility of an i clinical examination
program are being planned.

THE STRUCTURE OF RESEARCH AT THE FOUNDATION

Research at the Foundation can be seen as a matrix with one dimension, the spectrum of
health effects resulting from exposure to ionizing radiation, and the other, the disciplinary skills,
represented by the research departments, needed to identify and understand the biological events
that subtend these effects. This duality of aims is implicit in the Unified Program of research
recommended by the Francis Committee and the need to focus most, if not all of the research
effort on the fixed samples described above. This focus implies in turn that much of the research
is integrative and necessarily collaborative. Indeed, no one of the major research departments
at the Foundation stands fully alone; each requires the help of the others either in data collection
and management, their analysis, or their biological interpretation. The collaboration can, of
course, vary in form. It is instructive, therefore, in describing the Foundation's program of
research to view it from both the programmatic perspective and the individual departmental
contributions since one illustrates the inherently collaborative nature and broad sweep of much
of the research and the other illuminates the individual departmental contributions.

Cancer Studies
Cancer is the best established, and most important late effect of exposure to tonizing
radiation among the atomic bomb survivors and other exposed populations. There are, however,

several important issues remaining unclear regarding the nature of cancer risk.

Major LSS reports
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The series of general reports on cancer mortality and the recent collection of reports on
cancer incidence in the atomic bomb survivors in the LSS are the most visible and influential
products of the Foundation’s research efforts. As previously stated, lifetime follow-up is
essentially complete for cohort members who were 50 years of age or older at the time of the
bombings, but for those survivors who were less than 20 years of age then 90% are still alive and
are now at, or on the verge of, ages of rapid increases in spontaneous cancer rates. While the
total number of cancer cases among those exposed as children is not yet large, the data indicate
that, despite a possible decrease in the excess relative risks, excess cancer rates associated with
the radiation exposure are continuing to increase. The number of cancer cases in the youngest
members of the LSS can be expected to double every S to 10 years until well into the next
century. Thus, additional follow-up and analyses of these data are central to the development
of a comprehensive assessment of the long term impact of radiation exposure on cancer risks in
the survivors.

During the next five years we will produce a new comprehensive cancer mortality report
(LSS Report 13) covering the period from 1950 through 1995 as well as an updated report on
solid cancer incidence covering the period from 1987 through at least the end of 1992. While
there will undoubtedly continue to be a need for both mortality- and incidence-based risk
assessments, efforts will be made to present a more integrated, comprehensive picture of the
incidence and mortality data. As these analyses are completed we will continue to make the
detailed datasets available to other researchers.

Site-specific incidence studies

The general LSS Reports provide useful summaries of cancer risks in the LSS. However,
they cannot provide an in-depth look at the nature of cancer risks for specific tumor types or
subtypes. To address this problem, RERF researchers in collaboration with the local medical
community and some support from the US National Cancer Institute (NCI) have carried out a
number of studies of cancer incidence at specific sites. These studies involve the identification
of potential LSS cases from a variety of sources (including tumor and tissue registry records,
death certificates, and autopsy reports) using broadly defined selection criteria. The medical
records and, where possible, pathologic material for candidate cases are screened by a panel of
pathologists in order to arrive at a consensus diagnosis. Cases identified in this way are then
analyzed to assess cancer risks.

The results of site-specific studies on cancers of the breast and salivary glands have been
published. Reports on skin, CNS tumors, and liver cancer will be completed soon. Over the
next several years studies of thyroid cancer, lung cancer, lymphoid malignancies, and an update
of the breast cancer series will be completed.

In contrast to the general LSS Reports, which appear in radiation-related journals, we are
seeking to publish the results of the site-specific incidence studies in the more general medical
literature to increase awareness of the RERF findings in the broader scientific community.

Patterns of excess cancer incidence among those exposed in childhood

As noted above, the excess relative risks associated with radiation exposure among the
youngest survivors are higher than those for other age groups and the data suggest that these
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relative risks may be decreasing with time. These findings have led to a widely held view that
people exposed as children are particularly sensitive to radiation effects. However, for most
solid cancers excess absolute rates, at a given attained age, appear to be quite similar to those
exposed as adults. This may not be the case for some tumors, notably breast and other endocrine
tumors. As those exposed as children reach ages at which rates of cancer increase dramatically
it is becoming possible to carry out more detailed analyses of the nature of solid cancer risks
among these survivors. Thus, as in earlier RERF reports on the shape of the dose response and
on temporal patterns in the excess solid cancer risk, we will produce a short report focused on
solid cancer incidence following childhood exposures. This project is being undertaken in
collaboration with NCI.

Issues in modeling excess cancer risks in the LSS

The analysis of the LSS cancer mortality data continues to raise a variety of interesting
and challenging statistical problems. A number of innovative methods have been developed to
analyze the LSS data. These include extensions of classical regression models for survival
analysis to allow for efficient estimation in large cohorts using general relative and absolute risk
models, procedures to adjust for biases resulting from random errors in individual dose estimates
and to allow for the impact of migration in the analysis of the tumor registry data, and methods
for the joint analysis of data on multiple causes.

There is an increasing interest in the application of biologically-motivated models to the
data on radiation and cancer risks. Over the next year or so we expect to complete work on a
generalization of the Armitage-Doll multistage model that provides some useful insights into the
age and time patterns of the excess risk seen in exposed survivors. We are working on the
application of the Moolgavkar-Venzon-Knudson two-stage model to the LSS cancer data.

Because of the strong interest in the nature of the dose response at low doses, there is a
need to consider more flexible alternatives to linearity than the simple quadratic and threshold
models generally used. This will involve the development of regression-adjusted nonparametric
smoothers.

Over the next two years studies of inter-site variability in radiation-associated excess
cancer incidence and of the comparison of relative risk and absolute rate models in the
description of excess cancer risks will be completed.

Effect modification by nonradiation factors

Use of data from the mail surveys conducted by ABCC-RERF over the past 30 years has
largely been limited to assessments of smoking and lung cancer risks. However, these surveys
also include information on alcohol consumption, nutrition, reproductive history, and
socioeconomic factors. Additional cross-sectional and longitudinal data on non-radiation factors
has been obtained directly from participants in the AHS examinations. The serum samples from
AHS participants that have been collected and stored are also a valuable resource for the study
of nonradiation risk factors and for molecular epidemiological studies.

Use of these mail survey and clinical data has been limited in part by the problems in
collating data from the various sources. This problem is being addressed as a part of efforts

I
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(discussed further below) to modernize the RERF research database. Thus over the next few
years we plan to undertake a number of projects that will make more extensive use of the mail
survey data. These studies include updated analyses of smoking and the incidence of lung or
other cancers in the LSS, new analyses of alcohol consumption and liver cancer incidence, and
analyses of the impact of socioeconomic factors on comparisons of the exposed and unexposed
(not-in-city) groups.

Over the next five years we will conduct a series of case control studies nested in the
AHS to investigate the impact of nonradiation factors on some common but generally nonfatal
cancers (breast, thyroid, and skin). The mail survey and clinical data will be useful either
directly (as a source of data on risk factors) or indirectly (by providing information enabling
more efficient matching of cases and controls) in the design and analysis of such nested case-
control studies.

Radiation and benign tumor incidence

Recent AHS data have suggested that there may be radiation-related increases in the risk
of various benign tumors including myoma uteri and parathyroid adenoma among AHS
participants. A study of the prevalence of uterine myoma based on ultrasonographic
examination will be published within a year and reports on the prevalence of several other
benign tumors (liver hemangioma, and ovarian tumor) observed using ultrasound will be
completed within the next two to three years. Consideration is also being given to the conduct
of a study of benign thyroid tumors and other thyroid disorders among Hiroshima AHS
participants. If it is deemed feasible, this study would serve to complement the Nagasaki thyroid
study, which indicated radiation-related increases in risks for these conditions. Within the next
year a 10-year incidence study on hyperparathyroidism among AHS participants will be
completed. It is hoped that this study will provide some hints as to the reason for the elevated
serum calcium and parathyroid hormone levels in heavily exposed survivors.

Cancer incidence and mortality in the in-utero and F, cohorts

A major comprehensive report on cancer mortality in the in-utero cohort for the period
from 1950 through 1992 is now in press. This report will be supplemented within the next year
by reports on cancer incidence and general mortality patterns in this cohort. In view of the age
of the in-utero population, the number of cancer cases can be expected to increase dramatically
with five additional years of follow-up. Thus it would be appropriate to produce an updated
report on cancer mortality and incidence in the cohort in about five years.

Mortality follow-up for the F, cohort will be extended to include all people who have
been selected for the BGS study. Once this is done a new comprehensive report on cancer
incidence and mortality in the cohort will be prepared. This report should be completed within
about three years.

Pooling of RERF data with data from other cohorts

While the atomic bomb studies are a major source of information on risk assessment,
they cannot address all of the important issues on radiation risks. Comparison of the data on the
A-bomb survivors with that from other exposed populations enables us to examine some of these

12
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issues, such as dose rate effects and risk transfer. Under the terms of a contract with the NCI,
RERF is working with Russian and US scientists on documenting, updating, and improving the
data on cohorts of Russian nuclear workers and the general population exposed to large radiation
doses as a result of low-dose rate chronic exposures resulting from the operation of the Mayak
plutonium production plant located in the Southern Urals. An important part of this work will
be the preparation of initial reports on cancer risk estimates for these cohorts together with some
(limited) comparison of these estimates with those seen in the LSS. The initial contract will
continue until September of 1998. This contract may be extended for several more years
depending upon the results of current work and the availability of funds.

Work being carried out at RERF on a multi-population comparison of breast cancer risks
following radiation exposure in six cohorts, including the LSS, should be completed within the
next year.

Trends in Hiroshima and Nagasaki cancer incidence

As noted earlier, RERF operates tumor registries in cooperation with the medical
associations in Hiroshima city and Nagasaki city and prefecture. The linkage between these
general population registries, which are generally regarded as among the best in Japan, and the
LSS, in-utero, and F, cohort data is important to the conduct of RERF research. The registries
also provide useful information on cancer risks in the Hiroshima and Nagasaki populations.
While the Hiroshima and Nagasaki registry data are routinely published in IARC’s Cancer
Incidence in Five Continents volumes, the effort devoted to analysis and publication of these
data has been limited (especially in Hiroshima). Over the next five years we will produce a
series of short bilingual reports on trends in cancer incidence in these cities and develop
procedures for the routine production of summary reports on the status of the registries and the
nature of the accumulating data.

Noncancer Studies
Noncancer mortality dose response

The evidence for a significant association between radiation and noncancer mortality is
becoming stronger as the follow-up of the LSS cohort continues. Excess risks are seen not only
for cardiovascular disease mortality but also for other broad categories of noncancer disease
mortality. LSS Report 12 Part 2, which will be completed within the next year, will describe
the basic nature of this effect while addressing the uncertainties and limitations of the mortality
data. Over the next five years it will be important to extend the mortality follow-up through at
least 1995 and to carry out further investigations aimed at clarifying, to the extent possible,
issues related to the shape of the dose response and patterns of the excess risk with regard to sex,
age and time. Additional follow-up may also help to determine if there are cause-specific
differences in risk. Because of the lack of known biological mechanisms for a radiation effect
on noncancer disease we must continue to look for factors that might lead to a spurious
association between radiation exposure and noncancer disease mortality in the LSS.

There is a highly significant excess risk for noncancer diseases of the blood, with the
excess relative risk per Sv being larger than for any of the solid tumors. A review of these cases
is being undertaken in collaboration with the hematologists associated with the Leukemia
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Registry. Results of this review should be available in one to two years.
Cardiovascular disease

The AHS data enable us to assess the incidence and prevalence of specific cardiovascular
diseases and to undertake analyses of conventional risk factors, and thus are essential for the
development of a better understanding of radiation effects on cardiovascular disease (and other
noncancer diseases). Studies of AHS data on the incidence of cardiovascular disease and stroke
will continue beyond the next five years. Analysis of data on various CVD risk factors and
related-endpoints obtained from shorter term studies such as the prevalence of aortic and
abdominal arch calcification, isolated systolic hypertension, retinal arteriosclerosis, and
coagulation rates have all provided evidence of radiation effects. A major objective for the next
few years is to publish initial reports on the first 30 years of follow-up and other findings.

These studies are currently being supplemented with studies of the rate of sudden death,
the prevalence of peripheral vascular disease (as determined by pulse wave velocity and ankle-
arm blood pressure ratio), plasma fibrinogen levels, and new analyses of conventional risk
factors, including blood pressure and cholesterol. Research is being planned on several
additional risk factors, including case-control studies of H. influenzae and homocysteine and the
prevalence of latent atherosclerosis (as determined by ultrasonographic examination of the
thickness of the carotid artery).

RERF has had a productive, long-term involvement in the Ni-Hon-San study of
cardiovascular disease among Japanese in Japan and the US. This collaboration with the
Honolulu Heart Program will continue through the next five years and should lead to several
publications on general cardiovascular disease epidemiology.

Noncancer effects hypothesis generation

Because of the lack of a known biological basis for a radiation effect on noncancer
morbidity, there is a need to develop ideas and, if possible, testable hypotheses regarding this
issue. A workshop, such as that proposed by NAS, that would bring together RERF researchers
and scientists from a broad range of disciplines to learn about RERF’s findings and to discuss
and develop ideas for future research in this area should take place in the near future. This will
permit us to develop contacts for future collaboration and may inspire others to undertake
research in this area. In addition to such a workshop, we need to establish a continuing dialog
involving RERF staff and other scientists (particularly those at Geniken in Hiroshima and
Nagasaki University) in order to focus more attention on this issue.

Liver disease
These studies will provide important data relevant to the interpretation of the finding of
a radiation-related increased incidence of liver cancer and other liver diseases in the LSS and

AHS. The serum assay-based study of the relationship between hepatitis-B and hepatitis-C virus
infection and radiation dose, initiated in 1993, will be completed within the next two years.

We plan to investigate the feasibility and power of a nested case-control study using
stored sera to compare HCV infection rates and subtypes prior to the diagnosis of liver cancer
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or cirrhosis and to look for interactions between radiation dose and HCV infection. Of particular
interest is the recent report that HCV infection can mask the concurrent presence of HBV
infection, leading to an underestimation of the prevalence of the latter infection. Similar studies
on HBV infection have been reported, but in the light of the finding just cited may have to be
redone.

Longitudinal analysis of clinical and laboratory measurement data

The recent report of an association between radiation and age-related changes in
cholesterol levels illustrates the usefulness of modern analytical methods in the study of
longitudinal clinical data. These methods will be developed further and applied to other blood
chemistry and hematology data as well as to blood pressure and other clinical measurements.
We will also consider how these methods might be applied in analyses of longitudinal data from
electrocardiograms.

Menopause

Analyses of the Nagasaki menopause incidence study indicate that a decrease in age at
menopause is associated with increased radiation dose. A report on these results will be
completed in the coming year. The Nagasaki findings have led to the initiation of a longitudinal
study of FSH and estradiol levels in peri-menopausal women to better characterize the
relationship between self-reported menopause and underlying hormonal changes. Data
collection for this study will continue through 1997 with analyses to be conducted in the
following two or three years. In Nagasaki, longitudinal observations on peri-menopausal
changes in relationship to serum cholesterol and estradiol will continue for the next five years.

Aging

A study of the relationship between age-related changes in cognitive function and
radiation dose has been underway since 1992. This study also includes comparison of data on
AHS participants with that for Japanese-Americans in Honolulu and Seattle (NI-HON-SEA
study). Data collection will continue for about one more year with analyses taking place over
the subsequent three years.

Osteoporosis is a common age-related disorder influenced by menopause and parathyroid
hormone levels which have been shown to be associated with radiation exposure in the AHS.
Dual photon absorptiometric measurements of spinal bone density of AHS participants, made
since 1989, suggest that bone density increases as radiation dose increases. In order to provide
a more definitive result, measurements of spine and hip bone mineral density using dual X-ray
absorptiometry supplemented with data on total body composition are being obtained for
selected AHS participants. An analysis of the baseline data is being carried out at this time. As
data on these subjects are obtained in future AHS examinations longitudinal analyses of age-
related changes in bone mineral density will be made. Data from this study will also be used in
the NI-HON-SAN collaboration.

Estimates of physiological age were computed for AHS participants on the basis of grip
strength, skin elasticity and other factors measured in the 1970-72 AHS exam cycle. These

estimates are being used as covariates in an analysis of rates of mortality and morbidity during
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the following 20 year period. This analysis should be completed within a year. A new
assessment of physiologic age based on a broader battery of measurements is being planned.

Molecular epidemiology

With some effort RERF can play a unique and important role in the search for evidence
of so-called finger prints associated with radiation-induced cancers. Work has begun on PCR
analyses of the ras and p53 genes using preserved and fresh skin, thyroid, and liver cancer
tissues. In the light of recent advances and the relatively large radiation effects for breast and
thyroid cancer, studies of tissues from breast and thyroid cancer cases among the high dose
survivors have the potential to yield important results. It may also be useful to supplement the
search for characteristic gene alterations in cancer cells with a search for evidence of specific
mutations associated with cancer development in the blood of cancer-free survivors.

The success of such studies depends heavily on our ability to obtain appropriate samples
for LSS cohort members who are diagnosed with cancer. It is possible to obtain archival
material through the tissue registries in Hiroshima and Nagasaki; however, better methods are
needed to ensure the availability of the necessary materials from newly diagnosed cases. To
facilitate RERF is seeking support from the local medical community for the establishment of
a community-wide tissue/DNA bank in Hiroshima. This bank would maintain tissue specimens
or preserved DNA that could serve as a resource for all groups in Hiroshima engaged in studies
of the molecular mechanisms of carcinogenesis.

It is important to keep abreast of the rapid progress in knowledge of the molecular basis
of cancer. The pace at which this field is developing suggests that future studies may be more
important than anything that can be done today. This suggests in turn that it would be
worthwhile for RERF scientists to work, possibly in collaboration with other groups, on the
development of methods to maintain a broad spectrum of DNA in a form that could be used in
future studies. Such samples would be particularly useful when it becomes possible to scan the
entire genome for evidence of possible changes.

In view of RERF’s limited resources it is important for us to develop a general research
plan that defines specific projects that can be done at RERF and projects on which collaboration
is important and establishes mechanisms for seeking this collaboration and, where necessary,
support.

Immunology

We plan to continue our studies of the features and mechanisms of radiation-induced

disorders in the hematolymphoid system at the cellular and molecular levels. These studies

include radiation effects on the distribution of T-cell subsets in the survivors and of radiation
effects on endocrine and hematopoietic growth factor levels.

Heritable Mutations
Permanent Iymphocyte cell line cultures
The 1984 Genetic Study Conference endorsed an RERF plan to establish immortalized
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B-lymphocyte cell lines from 1000 families (500 with at least one parent exposed with 2,000 m).
A sampling plan was drafted based on the T65D dosimetry. At this time the Biochemical
Genetics Laboratory has established cell lines for 800 families (1600 parents and 1200 children)
based on this plan. With the introduction of DS86 doses it was discovered that dose estimates
were unavailable for one or more of the parents in the remaining families. Over the next two
years 200 additional Hiroshima and Nagasaki families for whom the parental doses are known
will be identified and efforts commenced to establish cell lines for these families in order to
achieve the goal of 1000 families. This is the largest cohort-based sample for the detection of
radiation effects on the human germline anywhere in the world.

Pilot studies of methods for the detection of deletion—insertion—rearrangement (D/I/R)

Methods for genome-level (DNA) analyses are developing rapidly. It is likely that the
next five years will see the development of new markers and increasingly powerful methods that
can be used in the search for evidence of mutation in the children of the survivors. At this time,
we are examining several promising approaches. In each approach, mutations are detected by
comparison of a child’s gel with that of his or her parents. Indications of a mutation include the
absence or dislocation of bands or spots as well as changes in intensity. As we learn of (or
develop) additional methods it may be necessary to initiate additional pilot studies, in
conjunction with researchers outside of RERF when necessary.

Mutations at minisatellite loci

An initial study of 100 families will be extended by the addition of 100 families in order
to provide information for enhanced comparisons of the RERF data with the results of a Belarus-
UK comparison (Dubrova et al 1996, Satoh et al 1996) that has been interpreted as providing
evidence of an excess of such mutations among Chernobyl victims.

hemiluminescent bands on Southern filt

Employing a quantitative analysis of chemiluminescent bands on Southern filters,
material from the 200 families used in the minisatellite pilot studies will also be screened for
evidence of mutation using DNA probes that correspond to the human counterparts of the seven
mouse-specific loci and other loci including genes that are suspected to be related to several
common chronic diseases, such as hypertension, diabetes mellitus, and hereditary nonpolyposis
colorectal cancer.

Two-dimensional el horesis (2-D

The Biochemical Genetics Laboratory has developed a 2-DE technique based on **P-
labeled DNA digests created with three sets of restriction enzymes. This method produces three
gels per individual having a total number of roughly 2000 spots (fragments) that are suitable for
D/I/R mutation detection. A study using DNA samples from 200 BALB/c mice derived from
irradiated spermatogonia, conducted primarily to prove that the 2-DE technique is capable of
detecting mutations, will be completed within a year. This study will be followed by an
investigation of DNA from the 200 pilot study families. It is expected that this pilot study will
take at least five years to complete. If the spontaneous mutation rate is 1x10”/ fragment /
generation, we would expect to detect five mutations in the 120 children of the 100 control
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