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July 22, 1950

Mr. Douglas Costie
Administraior

Environmental Protection Agency
401 M Street. S W

Washington, D.C. 20460

Dear Mr. Costle

I am pleased 1o transmit the repor:

The Effects on Populations of

Exposure to Low Levels of Ionizing Radiation prepared under contract

65-01-4301 witk "PA's Gffice of Radiation Programs

The report. familiarly known as BEIR I1 iafter its authoring
Commirtee on the Biological Effects of lonizing Radiations
troubled history. In May 1979, a version of the report was publich
released. But when it was learned tha: a significant number of
committee members believed that the somatic effects section of the
report did not adequately reflect the full range of committee opinion
generated by the admirtedly incomplete data base. further distribution
was discontinued

It is not unusual for scientists to disagree on the interpretation of
dara. Generally. the sparser and less reliable the data base. the more
opportunity for dizagreement. In this case. there are sufficient data
concerni ;g the effects of exposure to high doses of ionizing radiation

but litrle reliable information concerning the

to lower doses, especially those low aoses to which @ human population
might be exposed. Unon the issue of how one may extrapolatc from the

high doses

how one may validly extrapolate from the measured effects of high

the low, scientific argument turned on the guestion of

doses to the most probable effects of low doses
The BEIR l1I report exhibits the range of opinion concerning how

this extrapolation may be performed. Many committee members believe

that the data best support a linear quadratic model for estimating risk
others. hovever, beiieve that the linear or pure quadratic models
provided better estimates. The report presents all of these views. in
balanced fashion. The commuittee as a whole, despite individual
preference:, has agreed that the report treats ecch of the possible

interpretations in @ fair manner. Two members have no: found it

possible to endorse the report. The dissenting statement by

Dr. Radford espouses the linear model: that by Dr. Rossi favors the pure

L
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quu.."u.'. model. Both models are included The ,"u"u’h". of these twe
views best dlustrates the ..'c,_'ct to which scientist: x/.f\u'p’c‘t on this
subject in absence of sufficient evidence to compel conclusion

We believe that the repori wiii be h:"["h" to the EPA and other
agencies as they reassess radiation protection standards. It provides the
scientific bases upon which standards may be decided after
nonscientific social values have been iaken into account. lf social value
dictate a conservative approach. the report’s linear model risk estimates
may serve as a guide. If one wishes to accept icientists best
fudgment while recognizing that the data simply will not permit
definitive conclusions. one may select risk estimares using the linear
quadratic model as a guide. Other considerations may lead to use of

the pure quadratic risk estimares

We regret that the transminial of this report has been delaved so

long. The Acadeny believes that the delay was necessary to permit time
&

for restating the report so as to display all of the valid opinions rather

than distribute a report that ".t*"!.‘ create the false impression of a

clear consensus where nq exists

Sincerely yours

Prirtip HANDLER
President. Nationa
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Statement Concerning the Crrent Version of
Cancer Risk Assessment in the Report of the
Advisory Committee on the Biological Effects of
lonizing Radiations (BEIR 111 Committee)

EOWARD P. RADFORD, M.D
Professor of Environmenta! Eprdemiology
Graduate School of Public Health, Univeruity of Pittsburgh

Chairman, seIr 111 Committee an
Chairman, Subcommittee on Somatic Effects

The present version of the report of the Advisory Committee on the
Biological Effects of lonizing Radiations (the sk m Report) is a
modification of the draft report approved by the Academy in April 1979
and released at a press conference at the Academy on May 2, 1979. Subse
quent modifications of this approved draft have been prepared by a group
¢ »pointed by Dr. Philip Handler, President of the Academy. consisting of
six members of the somatic effects subcommittee and one member of the
genetic effects subcommittee. The modifications involve principally the
section of the report summarizing cancer risk estina‘es (the third and
final section of Chapter V) and some of the conclusions that flow fiom this
section. Cancer is a somatic effect of radiation, that is an effect on the
body cells of individuals exposed, as distinct from effects on the germ cells
or genetic effects. Thus, the sections at issue have been the responsibility of
the subcommittee on somatic effects of the full seir 111 Committee. This
subcommittee originally consisted of seventeen members whose names are
given in the front of the report. This ~umber has been reduced to fiftee
by the deaths of Dr. Benjamin Trimble in November 1977 and Dr. Cyril
Comar in June 1979

Dissenting statements prepared by indiv' Jual members ot a National Research Council con
mi ‘ee are not subject to the normal review processes of the National Academy of Sciences
nor are they subject 1 ymmittee or staff editing or review They appear exactly as the
dissenting commitiee members prepare them. The Nas-Nrc neither endorses nor takes

responsibility for the content of the statements

&L/
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THE EFFECTS OF IONIZING RADIATION

The material prepared by the subcommittee on somatic effects was writ
ten largely during 1977-1978, with occasional one or two-day meetings of
the subcommittee to review draft material as it was prepared. It is impor

tant to note that the I:st meeting of the full subcommittee was held on
December 15, 1978, a one-day meeting. The new material incorporated in
the report since May 1979 has, therefore, not been approved by the sub
committee as a whole except by the process of asking for comments by
mail. Perhaps because completion of the BEiR 111 report has been delayed
for such a long time, few members of the subcommittee have responded
Nevertheless, the present version of the report includes very major change
from the earli=r draft and from the BEIR 1 report of 1972, That is the deci
sion to adopt the so-called linear-quadratic model (excess cancer risk
aD + bD- where a and b are constants and D is radiation dose) as the
basis for calculating risk at low doses of low LET radiation for all cancers
and not just leukemia as in the previous draft. In addition, risk estimates
calculated from a model in which the excess cancer was assumed to be
proportional to the dose squared (the so-called pure quadratic model, ex
cess risk = bD?) were als» included. The effect of adopting the linear
quadratic model is to reduce the risk estimates at low doses somewhat
The pure quadratic model implies a very low risk at low doses

The decision to use the linear (straight line) no-threshold modei (excess
cancer risk = aD), which implies = risk direct!y proportional to dose at ali
levels, for all radiation types and for all cancers except leukemia was the
result of a vote taken in a meeting of the subcommittee in October 1977
This vote has never been rescinded by action of the whole subcommittee
and thus as chairman of the subcommittee, I cannot consider that the
present version 1s in accord with the perceptions of at least several of its
members

The most serious consequence of this alteration in the conclusions of the
earlier draft, however, is that all of the discussions and evaluations of the
data on cancer risks that took place among subcommittee members as the
draft material for the report accumulated during 1978, did so on the basis
that the linear model would be applied. In this regard the subcommittee
was adhering to a pr nciple adopted by the seir 1 Comn.ittee. and as an
expedient measure, in v ew of the limited amount of tin.c available, ! had
felt that we would not spend our time reviewing in detail the scientific
basis for those conclusions which agreed with the BEIR 1 report. In short
the requirement to complete the report in 1978 imposed by the Academy
staff meant that the extent of discussions of fundamental issues had to be
limited, particularly for matters that had been thoroughly presented in
BEIR 1. Thus, a detailed and critica! discussion by the subcommittee of the
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g whether one or another dose-response model

scrent

was apphicable to cancer risks was not undertaken

)

One exception to the above statement was the d

ata from the Japanese
A-bomb survivors. The results of the follow-up of cancer ex; :rience
through 1974 in this important study population had been made available
to subcommittee members in page proof by Dr. Gilbert Beebe in 1977, but
n this form it was used primarily to provide an important source of data
for the iwndividual cancer nsk sections being prepared by several members
of the subcommiitee and now found in Appendix A of Chapter V. Bound
copies of this veport (Life Span Study Report 8, Technical Report RERF TR
1-77) were distributed by the Academy staff in mid-1978. The significance
f this distribution was that for the first tune all the members of the sub
committee had, in an easily readable form, the latest information concern

cer risk in this population. At about the same tirr > we obtained

the Oak Ridge calculations of factors by which kerma doses could be con
verted to specific tissue doses for both gamma ray and neutron exposures
n the two cities. Subsequently. a large amount of time during the remair

ng few meett

gs of the subcommittee was spent in discassion of cancer
lata from this regort in terms of the tissue dose-response relationships
that could be inferred from the data as presented. Since such a process

amounts at best to fitting theoretical

lines to data points, in these discus
sions the subcommitt ¢ did not address the fundamental scientific basis of
any of the models proposed to fit the Japanese data

In my view, new data, obtained since the BEIR | report in 1972, strongly
supported the decision of the BeirR 1 committee to adopt the linea: no
threshold model for cancer induction by radiation. 1) New human studies
were available giving stronger evidence of effects in the 10 to 50 rad range
and these studies generally gave about the same risk of excess cancer per

unit dese as the higher dose data had. 2) The range of exposure patterns

to low LET radiation included more studies of multiple small doses whict
could be compared to effects of .. zle dosus. 3) Studies of individuals
tspecially susceptible to cancer induction by radiation and other car

¢ nogens were being expanded (e.g.. see Chapter 1], the section entitled
Cell Mutation or Transformation™), and there was a possibility that
these susceptible populations might be fairly large and not identifiable in
advance. This possibility suggested at least that cancer risk estimates a
w doses for this population subset could be somewhai higher “har would
be inl:rred from studies of u- .clecte”! populations. 4) Studies of on
cogenic transformations of human and animal cells in culiure had been
oreatly expanded, with startling new results that challenged many of the

udiobiologi~ concepts thai had formed a scientific basis for

traditiona
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THE EFFECTS OF JONIZING RADIATION

f effects of higher doses of low LET radiation into the low

hese results suggested, for example, that bna repair did not

imply that low doses of low LET radiation would be less car

cinogenic per unit dose than hieh doses. S) Finaily, new evidence of
cytogenetic changes observed in populations living in areas of high

background radiation exposure had been obtained. At my suggestion this
last evidence was not considered extensively by *he subcommitiee
primarily for the same ~*2son th=y were not by the seir * Committee that
1s, the significance of these changes observed ir circulating lvmphocytes in

terms of human disease had not vet been defined. Bu: these obse rvations

indicated that effects of radiation exposure at doses and dose rates moder
ately above background could be detected

All of the above considerations indicated not onlyv that the

decisior
the present subcommittee to reaffirm the 2pphica®ility of the linear no

threshold dose response relationship was the correct one. but also that
such a decision was not so conservative as had beer thought at the time of

the BEIR 1 report. That is, the cancer risk estimates for ¢ xposure to low

doses based on the straight line extrapolatior

could be somewhat lower

than might be found eventually t« apply. especially to susceptible subset

of the population. Such 2n underestimation of risk. the subcommit
4

dKYLr L

linear extrapolation greatly ovirestimated the risk of low LET radiation a

would be unhlikzly for low LeT radiation., but the view that th

OWw doses appeared to me to be equally unwarranted. For high LET radia

tion, such as alpha radiation, the straight line extrapolation could

underestimate the “isk at low doses, but the evidence was not strong tha!

such underestimation was very significant except in 1nts theoretical ir

ferences

I now proceed to consider in some detail the scientific evidence pert
estimates of cancer risk in human populations from low doses of
diation. Of specia importance are two questions that have divided the
First, what 1» the experimental evidence 1t support
dose-response relat) nship of wcer induction

’
| \d A\

ent are the data from the Japanese A-bomb survivors ce
cordant th all other human studies. and also consistent with linear or

other dose-response mode A problem relate th ast question 1s the

degree of concordance of results from the t Hiroshima and

Nagasaki, and from comparison beiween the tw ties the appropriate ir

ferences to draw aboui the r..ative fectiveness of the neutron ¢ ymponent
of exposure in Firoshima. (The type of bomb exploded in the two citie
differed: both resulted in exposure to gamma radiation. but the
Hiroshima borab had a sigaificant fraction of the r

neutrons

adiation exposure fron
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Some general comments are in order at this point. First, there was no
fisagreement among the members of the somatic effects suvcommittee 10
accept the linear no thresnolé dese-response relationship to define genetic
effects of radiation at low doses, a position firmiy taken by the BEIR 111
n genetic effects (Chapter IV)in agreement with the BEIR |

on the mouse swudies of William L. Russell '3

subcommittee «

report Based ('\;W‘\!.ﬂ';
a member of the subcommittee on genetic effects for both BEIR 1 and BEIR
11. the subcommittee did recommend that for low LET radiation exposure
at low dose rates, the mutational risk per unit dose for radiation of the
male testis is probably less by a factor of three at low dose rates than for

equivalent doses given at a higher rate
In the present version of the report there is an inconsistency between

the conciusions of the two subcommittees with regard to the appropriate

dose-response relationship to be applied for genetic and carcinogenic ef

fects of radiation. Consistency in evaluating these tw effects of radiatien

is reasonable because there is now wide agreement among the scientific
community study'ng cancer (for a summary of the evidence see Origins of
Human Cancer’) that a necessary condition for induction of cancer is pro
duction of one or more mutations in the DNA of one or more cells 'n a tissue
Th.s mutational ~hange n somatic cells as a condition for carcinogenesis
is the foundation of the use of short-term testing of mutations produced by
environmental agents as a screcning test for carcinogenic potency

, he entire process of carcinogenesis IS a complex one, however and an

initiating event, such as a somatc cell mutation, is not the only co yditior

required for cancer to anse whereas a mutation in a germ cell that retains
its viability is the sole condition of . transnm itted hereditary defect. For
this reason one might anticipate that ihe dose-response relationsh's for

carcer induction could differ in certain ways from that of genetic muta

tion. But it is importaat to note that the differences in the two processes
arise because of host factors or other biological factors in cancer expres
sion that are essentially indepe ndent of the iminiating eveni or evenis thus

not necessarily related either in space or ime the dose of radiation. If

the above-menuioned differ>nce that the dose
. f

therefore. one argues from

response curve for cancer induction should differ from that for genetic

fects. such argument cannot be based on biophysical principles that relate
to the initiating mutational event Indeed. because we susp.ct that man)
unrelated biological factors influence the probabihity of subsequent

jevelopment of human cancer after exposure to racation (see { hapter 11

‘
Jost Factors in Radiation Carcinogenesis ), 1115 far

he secticn entitled
from obvious in which way one would pe stulate that the dose-response
ofi

rve should be modified at low doses If evidence existed that a sigr

sroup were especially susceptible because of differences 11
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THE EFFECTS OF 10NIZING RADIATION

some of the host factors related to carcinogenesis. we would expect tha
4Ny cancer initiator such as radiation couid be more effective Per unit dose

at low doses than at high doses, where all or most of the susceptible group

could alrezdy have cancer induced

The fact (hat we do not yet understand all the factors governing cancer
development in man was an important reason why the sul Ommittee
unanimousls agreed to depend primarily on studies of human populations
to define cancer risk from radiation exposure. The number of studies
available is iz ipressive, about 50 Investigating cancer at various sites frosr
irradiation for various reasons. In a fe's instances the results are negative
as one might expect on statistical grounds, or becaute epidemiologi
Criteria such as a su'table control population were difficu’t to meet Yet
the remarkable fact is that the cancer risk est mates deri-ed from a ma
jority of the studies nvolving widely diffi rent ethni groups irradiated in
different wavs for different reasons show a considerable agreement (see
Chapter Appendix A), at least in the higher range of radiation doses
where it has been possible to detect clear effects Fhe cancer mortaliny
data from the Nagasaki A-bomb survivors are perceived by some members
of the subcommittee as 4n exception. and this point will be discussed in
detail below

F.\NRI\H\J«\I BASIS FOR
DOSE-RESPON E MODELS

The present version of the report has departed to some extent from the
subcommittee decision to depend primarily on hun an studies for cancer
risk estimates. in that adoption of the linear quadratic dose-rs Sponse
model as the p-imary model to use for extrapolation of low dose effects of
low LET radiation has been strongly influenced by data obtained or
laboratory animals which usually show cancer dose-respunse relation
ships curvilinear upward within say, 200 rad. This influence is under
standable if one considers that the human evidence of cancer risk is sparse
for low radiation doses but there are many reaso=s wh! animal studies are
of limited value, and indeed may be misleading. with regard to dose
response information for human cancers

These reasons include: 1) Animal cancers at particular sites may differ
morphologically and in growth characteristics from human tumors at the
same site. and for this reason 'nitiating and promoting processes could pe
quantitatively different. 2) The strains of experimental animals used for
nearly all research are highly inbred, and for each strain susceptibility te

cancer induction is likely t. be more hom 'Renecus than in man Human
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p pulations have variable genetic makeup and it is known that genetic
factors influence cancer susceptibility.® This variability would have the
effect of making ihe response at low Zoses greater per unit dose than at
higher doses where the proportion of cancer-sensitive groups affected
would be less. 3) The life span of most species such as rodents widely used

for experimental studies of cancer is short, generally two to three years,

and the latent period between exposure to radiation and onset of increased
cancer incidence is proportionately a larger fraction of the life span in
these species than in man. 4) Because animals used for lifetime studies of
cancer development are ke:' in artificial surrour:dings. on a fixec nutri
tional regimen, and protected from intercurrent infections such as from
viruses, exposure to a wide range of cancer-promotin2 or other factors
which could modify cancer expression is thereby kept to a minimum. Such
exposure is considered to be the aimost daily lot of human existence and
may be an importan* contributor to the very marked influence of age »n
incidence of most cancers in man.® One consequence of this artificial
environment of experimental animals is that for any single chemical or
physical agent under study to lead to frank cancer. both initiating and
promoting factors must be provided by the carcinogen: in the parlance of
cancer research, the agent tested must be a complete curcinogen. There
are two important -onsequences ¢¢ this condition: firs, the latent period
may be inversely related to dose 7 and second, one would expect that the
cancer rate would more likely be proportional to the square of the dose,
rather than to the first power of dose anticipated if only random initiating
events were required for cancers to appear. Both these reasons, as well as
the longer latent period in proportion to the short life span of these
animals, lead to thc dose-response curve at any time after the onset of ex
cess cancer being likely to be strongly curvilinear upward. That i1s. low
doses will appear to be less effective per unit dose than higher doses, even
if the probability of cancer initiation were random and followed a linear
no-threshold relationskip. It is significant that in human studies of
radiogenic cancer where an effect of dose on latent period was looked for
Appendix A). the inverse dependence of latent period on radiation dose
appears to be slight at most. consistent with the idea that the promoting
step of radiation car’ ‘nogenesis in man is ind~pendent of the initiating
event

For the above reasons, therefore 1 believe it is unwise to rely on dose
-esponse data for cancer inducticn in experimental animals to support use
of any particular dose-response model for human risk cstimates from
radiation exposure at low doses

In the abeve discussion it is evident that the step of cancer initiation by
radiation is an important element in quartitative understanding of risks
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of radiation exposure. Because this process is believed to be a cellular
phenomenon, albeit influenced *  tissne and host factors, quantitative
assessment of dose-response relatic nships for the process of oncogenic
transformation of cells has been ac:ively pursued both in theoretical terms
and experimentally, especiallv since the BEIR 1 report. One of the most
widely discussed theoretical concepts Iin recent years has been the
Kellerer-Rossi theory of dual ratiation ac tion.® The essence of this theory
1s found in Chapter Il in the section entitled “Physical Aspects of the
Biologic Effects of lonizing Radiat.on

It is important to note at the outset the fundamental assumption
underlying the theory. which is that pairs of sublesions, produced by
radiation in critical sites in the cell combin to form lesions which are
eventually expressed as a permanent change in the cell, such as a muta
tion or oncogenic transfo mation. This assumption is an extension of the
theory of Lea,® developed to account for effects of gamma and neutron
radiation in producing gross chromosomal aberrations. In th particula:
case the assumption that two breaks (or sublesions) are required iv pro
duce the effect is very plausible. For chromosomal aberrations in human
lymphocytes a dose-squared dependence of etfects has been observed for
low LET radiation,'®' consistent with Lea's theor To ex*end the
assumption of two sublesions being required for other effects of rudiatior
than gross chromosomal aberrations requires that experimental evidence
of an effect proportional to the dose squared be observed for such effects
This experimental evidence. as referenced, is derived from siudies cf
chromatid aberrations in Tradescantia. the spiderwort plant,'? effects
on bacterial spores, ' and radiation induced life shortening in animals. '
(This last effect of radiation would be expected to invoive non-stochastic
processes, in sharp contrast to cancer induction: moreover the subcom
mittee has concluded on the basis of available human data, that no non
specific life-shortening effect of radiation has been observed in man.) This

array of evidence is far froo convincing justification of the assumption

that two sublesions are required to produce lesions in the pNa of man
mahan cells that may lead, for example, to oncogenic transformatior
unless such transformation is consiste 'y associated with gross chromo
somal aberrations

If we follow the Kellerer-Rossi formalis:r nevertheless, on the further
assumption that the subles,ons interact to produce a lesicn ove: a range of
about | mu in the cell. then the freqrency of effects. | KD + DY)
where K is an arbitrary constant and zeta 1s & venablc dependent on the
frequency distributicn of specific energies produced by single events. The
Kellerer-Rossi theory, therefors, ieads to a linear-quadratic dependence

of effect ou dose, a conclusion that is obvious from the fundamenta
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assumption that pairs of sublesions are a necessary condition of ultimate
effects. The theory has been applied to the problem of the relative biolog-
ical effectiveness of different tvpes of radiation at low doses, in which case
both K and [are variables which are used to fit the experimental data Ex
seriments of Cox et al.,'* in which mutation of HF19 human fibroblasts
and V79 Chinese hamster cells by various radiations encompassing a wide
range of LET was examined, were analyzed by Goodhead in terms of the
Kellerer-Rossi theory.'® Goodhead showed that the r8E values predicted
on the Kellerer-Rossi theory were at considerable variance from those
observed, and it was apparent that nc cor sistent set of values for K and {
in relation to LET could be derived from the data, nor were the derived
“constants” consistent for similar effects in the two species. Goodhead
also pointed out that {, which is equivaient to the cioss at which the linear
and quadratic terms are equal and which thus defines the dose range over
which a simple linear fit to data is generally adequate, .s very markedly af-
fected oy the diaineter of the “‘interaction site,” the locus within which the
pairs of sublesions are presumed to produce the lesion For an interaction
diameter of 1 mu, Goodhead's calculations indicate a value of { of about
30 rad for Co-60 gamma rays. and about 100 rad for 250 kVp x-ray-. For a
more likely interaction diameter of 0.4 my for cell transformation effects
the corresponding values are about 400 rad for both types of radiation
These latter values are so high tnat one would conclude that over the rangc
of doses vp to 200 rad, the Kellerer-Rossi theory actually supports ap
plication of the linear no-threshold dose-response relationship for on
cogenic transformation
But even more significant than these theoretical considerations are the
results of recent studies of oncogenic transformation in man malian cells
by low do.es of x-rays. Borek and Hall first showed " in hamster em
bryo cells that split doses of 210 kVp x-rays were more effective in produc
ing transformations, and this result has been ¢ nfirmed for coses bel
100 rad in mouss 10T cells' and in A31-11 mouse BALB 313
fibroblasts.'® Little and his colleagues® have pointed out the com
plexity of the roie of DNA repair in these results and have concluded from
studies in which a phorbol promoter or a protease inhibitor has alsc been
added to mouse 10T"2 fibroblast cultures that the DNA lesions and repair
process associated with cell killing and cell transformation are different
This observation is especially important because the Kellerer-Rossi theory
has been mainly applied to studies of cell killing. Littie?! also has
postulated that rapid DNA repair mechanisms are error-prone and result
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in transformations. A slower. at least partially err -correcting repair pro
cess is also present, but if the cell undergoes DNA replication before this
latter repair can occur, then the DNA alteration becomes ‘fixed” or
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'stabilized” in a heritable form after one cell division. This change
becomes expressed as a transformation after & number of subsequent cell
divisions. the number influznced by whether the cells are expose 3 to other
non-transforming chemicals or agents during this aage These results em
phasize the importance of exposure to other agents affecting cell prolifera
tion in fixation and expression of rransformational damage, a concept in
accord with much evidence concerning non-specific factors in promotion
of huinan can-er

Work on this aspect of oncogenic transfor mation of cells is progressing
rapidly 2nd can be expected to yield important new insights intu the rela
tionship ~ =*+=en transformations produced by low doses of all tvpes of
radiatior . u the process of carcinogenesis in animals and man But the
important point here is that the data in hand show <l arly that biological
factors such as DNA ‘epair mechanisms and exposure to other non
transforming agents markedly modify the probability of an oncogeni
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