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Errata

Pierce DA, Vaeth M, Preston DL: Variations with time and age of the excess
cancer risk among A-bomb survivors. RERF TR 21-89

Please note corrections, which are set in boldface type.

Page 13, lines 2-3 of the note for Table 2:
“ .. and that in the second row is for model (4). . ..

»

Page 16, lines 2-3 of the note for Table 4:
“ . .absolute excess risks based on model (3). ...”

Page 20, second and third column headings for the displayed table:
“Model (4)”
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Summary

This report has two aims: 1) to describe and analyze the age/time patterns of
excess cancer Tisk in the atomic bomb survivor cohort followed up by RERF, and
92) to describe statistical methods which are used in RERI's analyses of data on
mortality and morbidity in the cohort. In contrast to previous analyses of the
cohort cancer mortality data, substantial use is made of Japanese national cancer
rates for the purpose of investigation of the age/time variations in excess risk.
This analysis considers mortality from all cancers except leukemia as a group.
Primary attention is given to description in terms of the age-specific excess
relative risk, but the importance of appropriate descriptions of the absolute
excess risk is also emphasized. When models for the excess risk allow variation
with age and time, both constant relative and absolute excess risk models provide
very similar fits to the data. Previous reports have indicated that for a given age-
at-exposure and sex, the excess age-specific relative risk is remarkably constant
throughout the current follow-up period. Statistical analysis here indicates that
for those less than about 35 years of age at exposure there is no departure
from this pattern, beyond ordinary sampling variation. For those aver about
35 years of age at exposure, there is modest evidence of an increasing trend in
the excess relative risk, which could be plausibly attributed to effects related to
minimal latent period. Some brief consideration is given to modeling the absolute
excess risk as the product of an age-at-exposure and time-since-exposure effect.
Interpretation of these results, particularly in regard to projections beyond the
current follow-up, is discussed.

Introduction

Perhaps the most important finding in the follow-up of the A-bomb survivors
by RERF is that, aside from leukemia, the excess cancer rates have generally
continued to increase until the present time. Temporal patterns of excess risk are

§Full Japanese text will be available separately.
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discussed, to some extent, in recent Life Span Study (LSS) periodic reports,!™ but
it is useful to have more specialized reports focusing on these issues. In recent
years, substantial progress has been made at RERF and elsewhere in the
statistical methods appropriate for these data. This report includes discussion
and documentation of these methods.

This analysis considers mortality in the RERF LSS due to all cancers except
leukemia, as a group. Mortality data are used in order to avoid dealing with
problems related to incomplete follow-up of the cohort in the tumor registry
incidence data. Analyzing total mortality for all cancers except leukemia is an
approach with both strengths and limitations. It appears that variations in excess
risk with age and time are broadly similar for many solid tumors. It will be seen
that the strength of the data for estimating these patterns in detail is not great,
even for this broad amalgamation and of course much less so for specific sites.
Thus, it may be best to learn as much as possible about patterns general to
solid tumors, and to use this information as a basis for further investigations
of distinctions between cancer types. Variations of leukemia excess risks with
time and age are different than for solid cancers.! Land* and Tokunaga et al®
have discussed temporal patterns of breast cancer incidence; it is likely that
hormonally related cancers do have somewhat different age patterns.

The increases in excess rates with time and attained age are remarkably
similar to increases with age in the background rates in an unexposed population.
This leads to useful description in terms of age-specific excess relative risks, which
has been the focus of the last two periodic reports of the LSS.!*? Many who follow
the progress of this investigation are more accustomed to earlier descriptions
in terms of excess cancer deaths per person-year-gray over the entire follow-
up. Although description in terms of absolute as well as relative excess risks is
important, average excess risks over the current follow-up are not an adequate
summary for most purposes when the excess risks are changing with time. A
primary goal of this report is to aid in the transition to recently developed and
more appropriate methods for describing the excess risks.

More specifically, the primary focus in this report involves relative risk models
because: 1) simple models for this fit the nonleukemia data very well, 2) such
descriptions are receiving increasing emphasis both in RERF reports and more
generally, and 3) projections beyond the current follow-up using relative risk
models (including models with time-dependent relative risks) are the basis for
many current risk estimates.®7 It is emphasized, however, that the intention is
not to argue in favor of “relative risk models” or “multiplicative models” as these
terms are often used in the radiation effects literature. Excess relative risks are
undoubtedly useful in describing these data, but critical points that should be
kept clearly in mind include:

1) The fact that relative risks vary with sex and age-at-exposure, and that the
relative risk is reasonably constant only in time-since-exposure (or age-at-risk)
when these other factors are held fixed.
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2) The need for a distinction between the use of constant relative risk models
for describing the LSS data and their use in the projection of risk estimates
beyond the current follow-up, or their direct application to other populations
in which the background rates may be quite different from those in this cohort.

3) The importance of describing absolute excess risks in a way which explicitly
accounts for changes in the excess cancer rates with time-since-exposure or
attained age. When this is done, there is essentially no distinction between the
“validity” of absolute or relative risk models since these are merely alternative
ways of describing the data.

To clarify these points, some secondary attention will be given to the use of
explicit models for absolute excess risk, The results indicate that useful and
reasonably simple excess risk models can be developed for these data. However,
further analyses of these types are needed.

In addition to the usual approach of analysis entirely within the cohort
(internal comparisons), external comparisons to Japanese national cancer rates
were used for the first time to investigate temporal patterns in the excess risks.
National rates were used in a limited manner to provide information on the
variation of background cancer rates with age and time. This is done by adjusting
the national rates by city and sex to correspond closely to the cohort background
levels.

Incorporating national rates had important advantages, including: 1) allowing
more reliable inferences about detailed patterns of variation in relative risks for
specific cancers where the number of cases is too small to allow reliable estimates
of age-specific background rates, despite the relatively large size of this cohort; 2)
providing for data analyses more in line with conventional statistical methods for
cohort follow-up data lacking a large internal comparison group; and 3) making
available simpler ways of describing and analyzing these data. External rates
are especially useful when fitting models for absolute excess risks.

Materials and Methods

The first two subsections below describe the data set and its organization for
these analyses. The last two subsections contain a general description of the
statistical models and methods used in the analyses.

Data used

The present analyses are based on mortality from all cancers except leukemia,
henceforth referred to as “nonleukemia,” in the LSS between 1950 and 1985. The
cohort was limited to those survivors who were in the city at the time of the
bombing and for whom DS86 dose estimates® were available at the time these
analyses were done. This population, which includes 75,991 survivors, is identical
to that used in recent reports by Preston and Pierce® and Shimizu et al.! Further
details are given in those reports. In the computation of person-years for the
analyses here, cohort experience beyond age 90 has been ignored.
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The estimated dose to the large intestine, henceforth called organ dose, is
used as the representative for the dose to organs with substantial shielding by
the body. With standard methods it is not possible to use organ-specific doses in
analyses of a class of cancer since doses for those without cancer are essential
but for these people there is no designated organ.

Even though, under the DS86 dosimetry, the neutron component in both cities
is small, making it impractical to estimate an RBE directly from the cancer
mortality data, it seems best to use some kind of low-LET dose equivalent. This
is done by assigning a constant RBE of 10 for neutrons relative to v rays. There
is much uncertainty regarding this issue, particularly with respect to variation
in the RBE with dose. However, this particular choice is unlikely to have a great
effect on inferences of interest here, and seems better than using an implicit RBE
of 1.0,

Further, in considering simple models for the excess relative risk, it is
important to allow some time period for relative risk to approach a possibly
stable value. In these analyses, a 10-year minimal latent period is assumed,
during which cancer deaths are not attributed to radiation exposure.

These choices of organ dose, RBE, and latent period have been used in the
most recent LSS report.! Two additional modifications are made, having little
effect on inferences about temporal patterns of risk, but making the actual levels
of excess risk estimates given here more generally useful. The first of these is that
survivors with organ dose estimates greater than 3.25 Sv, corresponding roughly
to 4 Gy kerma, have been omitted for most of the analysis. This is because there
is a plateau in the dose response above this level,!? which may be inconsistent
with the use of linear models for dose response. The second modification is
that adjustments have been made to reduce the bias in risk estimates due to
the imprecision of individual exposure estimates.''? The methods for this are
described by Pierce et al,'® while the specific adjustment used here is suggested
at the conclusion of that paper. Further details are given in an appendix to that
paper. The magnitude of the effects of these modifications are indicated in the
Methods section.

Data reduction

The data are used in the form of a cross-classification of numbers of cancer
deaths and person-years at risk, similar to but more detailed than that ordinarily
used for RERF analyses. The factors defining the cross-classification used for
this paper are: city (¢); sex (s); 12 dose categories (d); and 5-year intervals of
the three variables: age-at-exposure (e), time-since-exposure (¢), and attained
age (a). In addition to the number of cancer deaths and person-years at risk,
other covariables are recorded for each cell of the table; namely, the cell means
of organ dose equivalent, kerma, age-at-exposure, attained age, and the Japan
national cancer rate corresponding to the values of (s, a, ) for the cells. The dose
categories used are in terms of organ dose equivalent; the cut points in sievert
are 0.005, 0.10, 0.25, 0.75, 1.25, 2.25, 3.25, 4.25.
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The first four factors listed cross-classify the survivors, whereas the final two
involve further cross-classification of the cohort experience over time and age. It
is not possible to estimate fully the joint effects of the three age/time variables,
since @ = e + ¢, but it is useful in modeling to make explicit use of all three,
e.g.,a and ¢ for the background rates, e and ¢ for the excess rates. In the cross-
tabulation, using 5-year intervals for any two of these would specify the third
only to within 10-year intervals, and thus it is helpful to use a tabulation with
5-year intervals for each. Since cancer rates vary more rapidly with attained age
than any other factor, it is important to include this as a factor, with reasonably
narrow intervals.

The general aim should be to use the most detailed cross-tabulation which
is consistent with computing resources and other practical considerations. After
elimination of cells with no time at risk, arising largely because of the restriction
a = e + t, the resulting table for these analyses has 7,980 cells. For reasons
discussed below, the experience of individuals with doses in excess of 3.25 Sv
was excluded from many of the analyses in this report.

That the person-year values associated with individual cells in this table
are small is not a drawback, since the crude rates for individual cells will be
“smoothed” in fitting models of interest. Estimates of parameters in dose-response
models are not rendered imprecise by a detailed tabulation; indeed as the detail
increases, the estimation of these parameters approaches that of analysis with
ungrouped data. This is an ideal for which the statistical methodology is in
principle well defined, but is impractical for analysis of large cohorts.

Construction of the summary tabulation involving cross-classification of cohort
experience over time and age involves sophisticated calculations. It is useful to
think of the experience of each survivor as tracing out a line (determined by age-
at-exposure) in an “age-vs-time” diagram, passing through successive rectangular
age/time cells. The time spent in each of these cells, the occurrence of cancer
deaths, and the mean values of other covariables are accumulated over survivors,
for each sex, city, and age-at-exposure group, to make the final tabulation. A
flexible computer program for such purposes, called PYTAB,'* has been developed
at RERF and plays an essential role in analyses of the type used here. PYTAB
uses data on individuals to construct a cross-classification of cancer deaths, time-
at-risk, and other covariables. The table is defined by commands which describe
the cross-classification and summary variables to be computed for each cell.

Statistical models

Analysis of such a cross-tabulation begins with consideration of a true cancer
rate p(c,s,d,e,t,a) corresponding to each cell. In the following discussions the true
cancer rate among the unexposed population (the background rate) will be written
as plc,s,d = 0,t,a), where the dependence on age-at-exposure is omitted since it is
not relevant for the background rates. The dependence of the background rates
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on ¢ allows for variations in age-specific cancer rates with calendar time. Crude
estimates of these rates are given by the ratios

r(e,s,d,et,a) = Clc,s,d,et,a)R(c,s.d,et,a),

where C(e,s,d,e,t,a) is the number of cancer deaths and R(c,s,d,e,f,a) is the person-
years at risk. These crude rates are too variable to be of direct interest, since
the person-years for the cells are very small, and the essence of the analysis is
to “smooth” these crude rates based on a mathematical model for the true cancer
rates, p(c,s,d,¢e,t,a), involving parameters to be estimated. Methods for this are
discussed in the following subsection.

In recent RERF analyses and in many other cohort studies, modeling of p often
begins with consideration of the relative risks p(c,s,d,e,t,a)/p(c,s,d = 0,t,a). For the
LSS cancer mortality data, with the omission of those survivors at doses greater
than about 3.25 Sv, a remarkably good fit is obtained by taking this relative risk
to be linear in dose (d), with a slope depending (possibly) on certain other of the
factors {c,s,e,t,a}. Thus, a model setting the stage for further development is
taken as

ple,s,d.et,a)ple,s,d =0,4a) =1 + Begerad (1)

where fegeta denotes a set of slopes which may depend jointly on the subscripts.
For the purposes of this report, the set of slopes in (1) provides a virtually
complete desecription of the excess risks., Aside from the grouping of the data, the
only “modeling” involves the linearity in dose. Expression in terms of relative risk
involves no restriction, since the slopes for the absclute excess risk are simply
the products of ple,s,d = 0,t,a) and Bcseta.

Although linear dose-response models are used, it is not intended to imply
that linear extrapolation to estimate risks at low doses is necessarily appropriate.
Linear models, over the dose range used here, fit the data very well. However,
models with a certain degree of nonlinearity also fit well, since the low-dose risks
are not well estimated (in regard to relative error). When studying variations in
time and age, some simplification of the dose response must be made, and using
linear risk coefficients seems quite adequate. When final values of these are
used for other purposes, more attention should be paid to possible nonlinearities
in dose, e.g., by applying a low-dose correction factor. These issues are discussed
further in Pierce and Vaeth.!?

As indicated by Preston and Pierce,” the slopes fcseta in (1) depend signif-
icantly on sex and age-at-exposure, but they do not depend to a statistically
significant extent on city. An important question, which is a major point of
this paper, is the extent to which they depend on time or age-at-risk. The
investigation of this issue begins with a search for temporal trends within each of
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a few intervals of age-at-exposure. If these analyses indicate trends in the same
direction, then it is important to strengthen the inference by considering a trend
common to these groups. Since @ = e + ¢, then, when e is fixed, ¢ and a are
equivalent, and it is sufficient to consider the dependence of excess risk on either
of these. In the models and tables here, the risks are arbitrarily expressed in
terms of £. When e is fixed only within an interval, there is a slight distinction
between a and ¢t which is ignored here. Throughout this paper, relative risks
will be referred to as “age-specific” rather than “time-specific,” where “age” refers
to attained age and not age-at-exposure.

For the reasons noted above, the analyses in this report consider a simplified
form of (1) in which the slopes depend only on {s,e,t}. In addition, since there is
no evidence against the simplifying assumption that the ratio of slopes for males
and females is the same for each {e,t}, the primary model used herein can be
written

ple,s,d,et,a) = ple,s,d = 0,L,a)ll + asfBepd] . (2)

A primary concern is the dependence of Bet on ¢, with particular interest in
the simpler model in which this dependence is omitted. To obtain an informative
summary corresponding to model (2), the parameters fe will not be taken to
vary with 5-year intervals, but rather with a 3 x 3 cross-classification provided
by three intervals of each of e and ¢. Subject to this grouping, the parameters
Bet, along with ag, provide a quite complete description of the patterns of risk
in age and time, without imposition of strong modeling assumptions. The
parameter estimates represent excess relative risk per unit dose, but the choice of
relative rather than absolute excess risks for a model of this generality remains
largely just a matter of representation rather than a modeling assumption. The
primary modeling involved in (2) is to omit from the relative risk city effects
and interactions of sex with age/time effects (on a multiplicative scale), and to
describe risks linearly in dose.

Some secondary attention will be given to models involving explicit repre-
sentation of the absolute excess risk, of the form

p(c:s:d:e:f:a) = P(C,S;d = Ost)a) * l‘-"tlsﬂ:?e,l-d . (3)

This model, like (2), is quite general because it allows for dependence of the excess
risk on t. However, whereas in (2) there is substantial interest in models without
this dependence, model (3) does not fit the data without allowing the excess risk
to increase with . There are some possible simplifications of (3) which are of
interest; one that is explored here is to simplify 8., to be the product of a function
of e and a function of £. It should be emphasized that, because § may vary with
time, model (3) is more general than the “absolute risk models” described in much
of the radiation effects literature where it is assumed that the absolute excess risk
is constant in time. When allowing for temporal variation in the excess risk there
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are no substantial differences between models of the forms (2) and (3). Rather,
the distinctions involve issues such as parsimony and biological interpretation.

Statistical methods

The procedures involved in fitting models such as (2) or (3) can be thought
of most simply in terms of standard least-squares procedures applied to smooth
the crude cancer rates r(c,s,d,e,t,a) defined above. The parameter estimates are
chosen to minimize the sum, over the cells of the cross-tabulation, of the squared
deviations (r — p)?, weighted by the reciprocal of the sampling variation p/R.
Iterative calculations are required, since the weights depend on the parameters.

This iterative weighted-least-squares procedure is equivalent to fitting the
data by maximum likelihood, under a model in which the number of cancer deaths
in each cell is taken as a Poisson random variable, with expected values given by
the product of the person-years at risk and the cancer rate p specified by the model
to be fitted. This is a standard approach, referred to as Poisson regression. The
maximum likelihood interpretation provides a stronger basis for the method than
does the weighted least squares. In particular for a detailed cross-tabulation, the
numbers representing cancer deaths in each cell will be small numbers, often
zero, and no special allowance for this is required. Discussion of these methods
is given in many places: e.g., Holford,'® Breslow,!® and Breslow and Day.!” The
recent review by Clayton'® is particularly relevant. These methods correspond
to maximum likelihood estimation under a survival data model, in which the
rates are taken to be piecewise constant in age/time within the cells of the cross-
tabulation.

In the modeling carried out for this paper, the background rate parameters
ple,s,d = 0,t,a) are treated in two different ways, corresponding to the internal
and external comparisons. For analyses making comparisons only internal to
the cohort, the values of p(c,s,d = 0,t,a) are taken as free “stratum parameters,”
estimated from the cohort data. All RERF reports since that of the 1950-74
follow-up have relied entirely on internal analyses. For analyses using (external)
Japanese national cancer rates, the values of ple,s,d = 0,t,a) are taken as the
national rates, adjusted by city and sex to conform to that part of the cohort
exposed to an organ dose less than 0.10 Sv. Some earlier RERF/ABCC reports!®
use external rates without this adjustment. Unlike the earlier analyses, the
intention here was to use only the patterns of variation of national rates with
age and time, explicitly adjusting for sex-specific regional variations in the
background rates.

More precisely, the adjustments are computed by fitting a model of the form

P(C:S:d = O,t,a) = "{L‘,Bpﬂ{s,r,a)
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to the subcohort with doses less than 0.10 Sv. In this mode! the final term
represents the national cancer rates (taken from publications of the Ministry
of Health and Welfare?>?2) by sex, calendar year, and five-year age intervals
for each calendar year in the follow-up period. This provides four parameters,
ves, Which are taken as fixed at these values for adjusting the national rates
in the analysis of the entire cohort data. The v., parameters can be viewed
as city- and sex-specific standardized mortality ratios. An alternative approach
to this analysis is to substitute the expression for p into a model such as (2),
and to estimate all of the parameters jointly using data from the entire cohort.
While joint estimation has the advantage of allowing for imprecision in the
estimation of 4.5, the unexposed portion of the LSS cohort is large enough that
this has virtually no effect on estimates or standard errors of the dose-response
parameters of interest. One drawback to joint estimation is the dependence of
the adjustments on the form of the dose-response model, particularly linearity in
dose. This dependence precludes some simplifications in analysis which result
from treating the adjustments as fixed.

As noted above, national rates have been used to strengthen inferences about
detailed age/time patterns in excess relative and absolute risk. It is known that
for more general inferences, such as those arising in model (2), if fe. is not
taken to depend on £, the use of adjusted national rates will have little effect.
Discussion of this is given by Breslow.!® It is clear, however, that there is some
level of inferential detail, depending largely on the size of the unexposed group,
at which the use of external rates becomes important. One aim of this work has
been to explore this issue through the use of highly parallel analyses based upon
internal and external comparisons.

AMFIT, an interactive computer program developed for RERF,*® was used in
fitting models to these data as summarized in the cross-tabulations described
above. The program allows for a general class of models for either the relative or
absolute excess risk, providing for convenient specification of forms such as (2)
and (3) or the variations on them described below. Model specification and com-
putations are organized so that for internal analyses the use of several hundred
stratum parameters p(c,s,d = 0,t,a) presents no difficulty. A simple change in
the model specification replaces these parameters by external background rates,
providing for a unified approach to comparing the two methods of analysis. The
interactive nature of this program together with the simple means of specifying
models in a general class is important in explorations of suitable models for these
data. For example, a simple change in specification allows the term £, in (2) to
be replaced by one not depending on ¢; or by one which is linear or log-linear in
¢ or some transformation of ¢ .

Finally, some comments are offered about statistical methods for comparison
of the adequacy of models and about assessments of the precision of parameter
estimates. A primary need is exemplified by the comparison of model (2) and a
simplification of it in which J. . does not depend on ¢. The most useful method for
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comparisons of this type, where one model is a direct simplification of the other,
is the likelihood ratio test; see, for example, Breslow and Day.?* In order to make
this comparison, both models are fitted and a chi-squared likelihood ratio statistic
is computed to measure the difference in goodness-of-fit. This statistic is such
that if the simpler model were true, it would have a chi-squared distribution with
degrees-of-freedom (df) given by the difference in the numbers of parameters in
the two models. Although this is a primary statistical tool in considerations of
suitable models for these data, it does not extend to comparisons where one model
is not a direct simplification of the other. This arises, for example, in comparing
adequacy of models in terms of relative and absolute excess risks.

Although comparison of parameter estimates is often not the best way to draw
inferences about suitable models, it is important to have some kind of routine
assessment of the precision of parameter estimates. Many of the parameters
are inherently non-negative and have standard errors which are a substantial
fraction of the value of the estimate. In such cases, it is usually better to consider
estimates and standard errors on a log scale, and then reinterpret these on the
original scale. That is, writing SE for standard error on the log scale and GSE
for the antilog of this statistic, it will often be the case that the intervals based
upon log(estimate) + SE provide useful descriptions of the uncertainty which
transforms back to an interval of the form: (estimaie/GSE, estimate x GSE).
Because of its relationship to the geometric mean, the factor GSE will be referred
to as the “geometric standard error.” Note that a 95% confidence interval of
the form loglestimate) +£1.96 SE transforms in this way to: (estimate/GSE' ,
estimate x GSE'-%),

Results

Table 1 presents the observed numbers of nonleukemia deaths together with
estimates of the excess numbers due to radiation exposure based upon internal
and external comparisons. These are given for cohort members in three dose
categories and age-at-exposure groups, and for four intervals of the follow-up
period. Since the age categories in this table are quite wide, and the data are
not stratified by sex, these results should not be used to compute risk estimates
or to carry out detailed analysis of age/time patterns in the excess risk. Rather
the numbers presented in Table 1 are intended to provide some perspective on
the strength of the data and to contrast results obtained with and without use
of external rates. This table also provides some indication of information lost
by restricting subsequent analysis to those cohort members with organ dose
estimates under 3.25 Sv.

The estimated number of excess deaths is computed as the difference between
the number of deaths observed and an estimate of the number expected in the
absence of exposure to radiation. For the estimates from the internal analysis,
model (2) of the previous section was fitted to the entire cohort data. The resultin g
background stratum parameter estimates p(c,s,d = 0,a,f) were multiplied by the
person-years at risk for each cell of the cross-tabulation to provide an estimate
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Table 1. Observed numbers of cancer deaths and estimated excess numbers
computed by two methods

Age-at- Organ

exposure  dose (Sv) 1950-55 1956-65 1866-75 1976-85

0-19 <01 2 18 86 237

-2 -10 0 15

-1 -3 -2 -3

0.1-1.25 0 4 27 65

-1 -2 7 15

-1 ~1 7 11

1.25-3.25 1 3 9 16

1 2 7 10

1 3 7 g

>3.25 0 o] 3 0

0 0 3 —1

0 0 3 -1

2034 <01 29 98 197 385

4 -8 -25 —18

0 4 -21 0

0.1-1.25 3 24 72 118

-3 -1 19 23

-4 =1 21 29

1.25-3.25 1 8 6 17

0 6 1 8

1 5] 1 8

>3.25 0 0 1 6

0 0 0 5

0 4] 0 5

=235 <01 377 967 1042 867

—42 8 39 39

-12 8 29 28

0.1-1.25 109 254 281 248

7 1 23 30

13 5 23 30

1.25-3.25 8 20 27 25

1 11 9 12

1 11 10 12

>3.25 2 3 6 7

1 0 3 5

1 0 3 5

Note; For each age-at-exposure, dose, and time period, the top number is the
observed number of deaths, and the two underneath are estimates of the
excess number, obtained by using external rates and by not using external
rates, respectively.

of the background number within each cell. These expected values were then
summed over the appropriate cells to obtain the entries in Table 1. For the
external analysis, the values of p(c,s,d = 0,a,t) were taken as the corresponding
sex-, age-, and calendar time-specific national rates adjusted by sex and city to
the cohort levels as described above. This adjustment, which is used for all the
analyses of the paper, consists of multiplying the national rates by the factors:
Nagasaki, females 1.099, males 0.971; Hiroshima, females 1.060, males 1.152.
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There is remarkably good agreement between the expected numbers com-
puted using internal and external comparisons. In the few cells where there
are substantial differences, it may be that the numbers based on external rates
are more reliable. There should be some concern about use of only the cohort to
estimate background rates at this level of detail. Additional analyses not reported
here have shown that there are no apparent systematic differences in the age/time
patterns of risk, after adjustment by city and sex, between the unexposed part of
the cohort and the national rates.

Perhaps the most important perspective to be gained from Table 1 is that
there are not, for the purposes here, a large number of excess cancer deaths.
Although there are enough to show a clearly significant dose response, and that
the absolute excess risk is generally increasing with time, the numbers are not
large enough for precise estimation of variations in the excess risk with time and
age.

The primary quantitative results of this paper are summarized in Table 2,
which presents, for each age-at-exposure group, estimates from both the internal
and external analyses of the coefficients in model (2), given again here:

P(C;S,d:est:a) = p(c,s,d = O;t,a)[l + asﬁg_td_] . (2)

The values in the table are estimates of the excess relative risks per unit dose,
Be ., for each of three age-at-exposure groups and for three 10-year periods from
1955-85. Also given are the parameter estimates for model (4), similar to (2) but
where 7 is not allowed to vary with time (¢):

plesdeta) = ple,s,d = 0,t,a)[1 + ag Bed] . (4)

The estimates are arbitrarily expressed in terms of excess relative risks for
males; the estimated multiplicative factor used to compute the female risks
is also given. Geometric standard errors are given in parentheses. These
indicate substantial sampling error in risk estimates at this level of detail. For
example, for the 1966-75 time period, the 95% confidence interval for the excess
relative risk among male survivors who were under 20 at the time of exposure
is (0.26,3.27) where the lower bound is computed as 0.93/(1.6)'°¢ and the upper
bound is 0.93 x (1.6)'%. Note that although this inference is for the male rate,
it is based on the data for both sexes through the modeling assumption.

The estimates for model (2) provide a fairly complete summary of the patterns
of risk in age and time. The primary modeling assumptions involve the constant
sex ratio in the excess relative risk and linearity in dose. Different intervals could
of course be used for age-at-exposure and time; however, standard errors are large
even for this grouping, so parameter estimates for a finer grouping would be of
little, if any, use. Description without such grouping involves different modeling
assumptions, e.g., linear or log-linear variations in time or age-at-exposure.
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Table 2. Excess relative risks per sievert by categories of age-at-exposure
and follow-up time

a) Internal analysis

Age-at- 2
fposine 1956-65 1966-75  1976-85 " P-value
0-19 0.94 (2.4) 093 (1.6) 068 (1.5) 0.46 0.79
0.74 (1.4)
20-34 0.64(1.8) 0.44(1.7) 0.52(1.5) 0.12 0.94
0.49 (1.4)
>35 0.14 (20) 0,22 (1.6) 0.38 (1.5) 2.88 0.24
0.23 (1.4)
Sex effect:  unconstrained model 1.77 (1.4)
constant RR model 1.90 (1.4)
a) External analysis
Age-at 4955 85  1966-75  1976-85 X2 P-value
expcsure
0-19 0.51 (2.7) 094 (15) 0.77(1.4) 0.57 0.75
0.77 (1.3)
20-34 0.50 (1.8) 0.35(1.7) 041(1.5) 0.28 087
0.40 (1.4)
>35 0.15(1.8) 022 (15) 037 (1.4) 3.09 0.21
0.24 (1.3)
Sex effect:  unconstrained model 1.84 (1.3)
constant RR model 1.89 (1.3)

Note: For each age-al-exposure, the entries in the first row are the excess relative
risks for the unconstrained model (2}, and that in the second row is for model
(3} where the relative risk is taken as constant in time. These are given as
risks for males, with a factor to be applied to these to obtain risks for females.
Geometric standard errors are given in parentheses. The chi-squared statistics
and associated P-values pertain to the statistical significance of varations in
excess relalive risk with tme.

Expression in terms of relative risks is mainly a choice of representation. A
similar summary in terms of time-dependent absolute excess risks is given below.

Likelihood ratio chi-squared goodness-of-fit statistics comparing models (4)
and (2) are given on the righthand side of Table 2. These statistics, which are two
degree-of-freedom (df) tests for the equality of the parameters for the three time
intervals against the general alternative of unequal risks, were computed within
each age-at-exposure group since the interest is less on general trends than on
those specific to these groups. In testing for systematic trends it is also useful,
as discussed later, to formulate models with a single parameter representing
the trend, providing for more sensitive single df tests. Alternative analyses are
described in the Discussion section. None of the tests in Table 2 indicates a
statistically significant lack of fit; on the contrary, what is remarkable is that, at
least for the two younger age-at-exposure groups, they indicate such extremely
good fits to the model (4).
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Trends in the excess relative risk for the 0-19 age-at-exposure group are
extremely important since this group has been followed up for a relatively small
part of their lifetime and projections of their future risk are particularly critical.
The estimates in Table 2 suggest that the excess relative risk for this group may
be decreasing with time. This possibility has been discussed by Shimizu et al.!
Indeed, because a small number of early cancer deaths among exposed survivors
would result in large risks relative to the extremely small background cancer
rates in young people, the hypothesis of decreases in the relative risk with time
seems quite plausible for the youngest survivors. In spite of the plausibility of
this effect and changes in the point estimates, the likelihood ratio test reveals
that there is simply no statistical evidence in support of a trend. In the external
analysis for this age group, the P-value for the two df chi-squared statistic is 0.75.
This means that there would be a 756% chance of observing as much variation
among the time-period-specific estimates as is seen here even if the true relative
risks were identical over the three periods. The results for the internal analysis
provide even less evidence in support of variation of the risks with time.

For the 20-34 age-at-exposure group, neither the point estimates nor the trend
tests (P > 0.5) suggest any systematic change in the excess relative risk over the
current. follow-up.

For the >35 age-at-exposure group, there is a suggestion that the excess
relative risks may be increasing with time. As indicated below, this trend becomes
marginally significant when the highest dose groups are included. Interpretation
of this result is complicated by an important aspect of relative risk modeling,
of concern primarily for those who were older at exposure. Even under an
assumption that the excess relative risk is quite stable in age or time-since-
exposure, it must be zero during a minimal latent period and then increase
smoothly over some period of time before reaching its eventual constant value.
For the >85 group, the background cancer rate was substantial in the early part
of the follow-up, and thus this consideration is important. The use of a 10-year
latent period was intended to alleviate this difficulty, but this is quite arbitrary
and the relative risk may still be reduced in the early time periods due to latency
effects. Whether this should be done depends, to some extent, on the purposes
for which the resulting estimate will be used. For younger groups, inadequate
modeling of relative risks early in the follow-up is much less critical, since the
product of the background rate and the relative risk is very small,

The next issue concerns the strength of evidence that the relative risk does
indeed depend upon age-at-exposure. For this purpose, model (4) is compared to
the model

ples,deta) = ple,s,d = 0,t,a)[ 1 + asfd] (5)

in which the excess relative risk per unit dose is allowed to depend only upon
sex. With either the internal or external analysis the P-value is less than 0.005
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for the likelihood ratio chi-squared tests comparing models (4) and (5); the chi-
squared likelihood ratio statistics with 2 df are 11.63 and 13.35, respectively.
Care should be taken, however, not to over-interpret this result, since primary
interest in considering age-constant relative risk models is usually in the later
part of life, when the background risks are substantial. Even though there is no
significant decreasing trend with time for the youngest group, their large relative
risk during a period of very small background rates contributes substantially to
the significance tests for an age-at-exposure effect. Further discussion of this, and
also of the fact that parameter estimates for model (5) can be quite misleading,
is given in the following section.

The estimates in Table 2 have been computed by omitting part of the cohort
with very high exposures, and making adjustments to reduce biases due to
random errors in exposure estimates. Only the restriction of the dose range has
an appreciable effect on inferences about the temporal patterns of risk. For the
external analysis, the three likelihood ratio chi-squared values given at the right
side of Table 2 become 1.79, 0.75, and 5.05, respectively, when the entire dose
range is used (truncating exposures at 6 Gy kerma as usual). As in the restricted
analysis, there is no suggestion of significant time trends for the youngest age
groups. The P-value for the oldest age group is 0.08 with the parameter estimates
suggesting an increase in the relative risk with time. The changes in the
chi-squared statistics for the internal analysis are similar. Although results
based upon the unrestricted analysis may be more indicative of the evidence
for variation in relative risk than the restricted analyses summarized in Table
2, it was felt that, in view of the plateau in the dose response, the linear risk
estimates from the restricted model provide a better deseription of risk.

Table 3 presents parameter estimates in the constant relative risk model (4)
with arid without each of these modifications. These are given only for the
internal analysis, since the primary point of using external rates is for risk
estimation in more detail. The estimates in the first column are those given in
Table 2. Both the restriction of the dose range and the adjustment of doses result
in some increase of relative risk estimates, as should be expected. It is noteworthy
that the adjustment for bias due to random errors in exposure estimates is not
great, even though the statistical model used allows for errors that are quite
substantial,

Finally, a brief description will be given from a similar viewpoint in terms of
absolute excess risks. Table 4 gives estimates of absolute excess risk per sievert
for the six categories of age-at-exposure and follow-up time; more precisely these
are the slope estimates 3., in the model (3) introduced earlier,

ples,deta) = ple,s,d = 0,t,a) + asfend . (3)

Only the external analysis has been used for this model. The ease with which
one can fit models for absolute excess risks is one of the major features of the use
of external rates. For the internal analysis, with the large number of background
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stratum parameters used here for the relative risk analysis, it is not feasible to
fit. models of the form (3).

Table 3. Effects on risk estimates of cohort restriction and adjustment
of doses; age-constant relative risk model

Age-at- 0-3.25Sv 0-3.25S8Sv 0-6 Gy kerma 0-6 Gy kerma

exposure  adjusted unadjusted adjusted unadjusted
0-19 0.74 0.67 0.58 0.49
20-34 0.49 0.43 0.42 0.35
=35 0.22 0.21 0.21 0.18
Sex 1.90 1.96 2.15 2.29

Note: For each cohort restriction are shown the excess relative risks for the three age-
at-exposure groups based on an internal analysis of the age-constant relative risk
model (3). “Adjusted” and “unadjusted" refer to whether the doses were adjusted
using the methods of Pierce et al'® to correct for dosimetry errors. The risks
are given as risk for males, with a factor to be applied to these to obtain the
corresponding risks for females.

Table 4. Absolute excess risk per 10° person-year-sievert by
categories of age-at-exposure and follow-up time.

Age-al- 4956 65 1966-75 1976-85
exposure

0-19  0.83(24) 31(16) 7.3(1.5)
0-34 49 (1.8) 7.9(1.7) 16 (1.6)
>35 35 (29) 14 (1.7) 35 (15)

Sex effect: 1.56 (1.4)

Note: For each age-at-exposure and time period are given
the estimated absolute excess risks based on model
(5). These are given as risks for males, with a lactor
to be applied lo these to obtain the corresponding risks
for females. Geometric standard errors are given in
parentheses.

It is emphasized that whether model (2) or (3) is “correct” is not a primary
issue. Although the two models differ somewhat in fine detail, neither imposes
much structure on the data, and it is best to think of them largely as just
two different representations of the patterns of excess risk with age and time.
There is some difference in the quality of fit for the specific intervals of e and
¢ used in Tables 2 and 4, with model (2) fitting better than model (3). However,
with narrower time intervals and some smoothing of the parameter estimates by
representing them as functions of time, there are models similar to (2) and (3)
which fit the data equally well.

Both absolute and relative risk summaries are useful, each having its

particular strengths. A primary advantage of the representation in terms of
relative risks is that the simpler constant relative risk model (4) fits the data
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essentially as well as model (2), providing important simplicity in summarization.
If simplifications of model (3) are to be sought, then one must look in a different
direction. An interesting possibility is to consider representation in terms of
multiplicative “main effects” of time and age-at-exposure, i.e., a model of form

plesdiet.a) = ple,s,d = 0,t,a) + agfeyid . (6)

There is no statistically significant evidence against model (6) in favor of the
more general model (3). The chi-squared likelihood ratio statistie for comparison
of these two models is 1.5 on 3 df. The parameter estimates for model (6) are:

v 071 1.94 4.38
B 161 431 17.79
a;: 1.00 1.48

The +, parameters indicate, more clearly than the risk estimates in Table 4, how
the absolute excess risk increases with time-since-exposure. Analyses such as
this are essential in descriptions of the absolute excess risk. Further discussion
of the interpretation of this model is given below.

Discussion

The methods described above for fitting relative risk models using internal
analysis are those used by RERF for recent reports on the LSS. The primary
modification for the present work is the use of a more detailed cross-tabulation
of cases and person-years. In most LSS reports, constant relative risk models
of form (4) are used extensively. It is important for those with serious interest
in the details of the LSS data to understand these methods. They are based on
substantial recent developments in the analysis of epidemiological cohort data
(see, e.g., Breslow,'® Breslow and Day!”) and are improvements on those used
in earlier LSS reports!? and the BEIR III report.?® These methods provide not
only for the most appropriate fitting of the relatively simple constant relative risk
models, but also for systematic investigation of trends in the excess relative risk
and for fitting of explicit models for the excess absolute risk.

The specific approach to analysis here involves a rather arbitrary choice of
three age-at-exposure groups and three intervals of follow-up, but this was felt
to provide a useful view of the variations in excess risk with age and time.
Extension of the same approach to finer groupings is unlikely to be productive
without additional modeling, since excess cancer rates in this 3 x 3 table are
estimated with large uncertainty. The introduction of continuous functions of
age-at-exposure and time allows for analysis without such grouping.

Although modeling in terms of continuous functions is helpful for some
purposes, and can easily be carried out within the same statistical approach,
it would be unlikely to affect substantially the conclusions drawn here. The
authors have, e.g., carried out analyses using 5-year time intervals and replacing
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the parameters fes in model (2) by various smooth functions of ¢, keeping the
same e-groupings. The chi-squared likelihood ratio statistics given at the right
side of Table 2 do not change substantially, although the relevant degrees-of-
freedom can be reduced from 2 to 1. While these results may strengthen the
case for an increasing trend in the excess relative risk for the >35 group, they do
not otherwise modify the conclusions drawn from the earlier analyses. Although
smoother modeling might appear to be quite advantageous, there is also some
risk that routine fitting of somewhat arbitrary mathematical forms of dependence
on e and ¢ will lead to misleading results, especially when these are used for
projections in time.

In considering results from more detailed modeling, including finer grouping
of age-at-exposure, it should be kept in mind that the chi-squared approximation
for the likelihood ratio statistic can be misleading if the value of the statistic
depends heavily on subsets of the data in which there are one or more cancer
deaths but very small («1) expected numbers. For example, this could be a
difficulty in the finding of a significantly decreasing trend in the relative risk
for those exposed before 10 years of age reported in Table 6 of Shimizu et al.!
Generally, it is important to understand that the strength of evidence in these
data regarding detailed patterns of excess risk is limited and that care must be
taken to avoid over-interpretation.

The analysis pertinent to Table 2 indicates that for the two youngest age-
at-exposure groups departures from the age-constant (or time-constant) relative
risk model (4) are within the range of expected sampling variation. The only
evidence of departure from this model pertains to a possible increasing trend
with time for the oldest age-at-exposure group. This is not statistically significant
in the analysis given in Table 2, but the significance increases when the higher
dose range is included, and the trend would be formally significant in various
models which represent it with a single parameter, rather than the two additional
parameters used in model (2). Discussion of the plausibility of this trend was
given earlier, and even though the evidence is weak this possibility should be
taken seriously. In a related vein, but for quite different reasons discussed earlier,
a decreasing trend in the relative risk for the youngest group is also plausible.
Thus, while it appears that the data thus far are too limited to provide any
support for this hypothesis, the possibility should nevertheless be taken seriously.

Economy of description in terms of excess relative risks is important. Care
should be taken, however, not to overemphasize the importance of constant
relative risk models. Such summaries should be thought of as average relative
risks over the follow-up, and any stronger conclusion that constant relative risk
models are literally “true” should be approached with substantial skepticism.
The decrease of these average excess relative risks with age-at-exposure is an
important part of the summary, but the interpretation of this is not very clear.
The large excess relative risk for those exposed as children should be interpreted
in view of the fact that it is largely due to a small number of excess deaths in the
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part of lifetime when the background risk is very small. Also, the average relative
risk for those exposed as adults is increased somewhat by allowing for a latent
period in excess of 10 years, which may be required for the relative risk to reach
a reasonably stable level. In view of these two issues, it is worthwhile to note
that the data are likely to be consistent with models for which the excess relative
risk for attained ages between 5075 years depends much less on age-at-exposure
than the averages in Table 2.

In this connection it is noted that models such as (5) that contain no
parameters for age-at-exposure effects can be misleading if the aim is to estimate
the excess relative risk averaged over age-at-exposure. If, as is generally the case
in this cohort, the distribution of person-years across dose categories is the same
for the different age-at-exposure categories, then the estimate produced in such
a model can be viewed as a weighted average with weights proportional to the
expected number of cancer deaths in the age-at-exposure groups. Because there
are far more cancer deaths among those who are older at exposure the implicit
weighting places much more emphasis on these groups. Combining estimators
with weights proportional to their precision is an important statistical tool, but
primarily only when the estimators are estimating the same quantity. In the
context of this problem, it is more appropriate to compute age-at-exposure-specific
estimates, and then, if an average is desired, to weight these explicitly in accord
with the intended use of the average.

Summaries of the data in terms of absolute excess risks are also important.
These are inherently more complex than those in terms of relative risks, since
describing increases with time (or age) is an essential aspect. Because of the
small numbers of excess deaths in age/time categories, details regarding this
increase cannot be reliably estimated and great care must be taken if this is to
be represented by some simple mathematical formula, e.g., one in which the
logarithm of the excess risk increases linearly with time. This is not really
a limitation of descriptions in terms of absolute excess risks; trends in excess
relative risk are not estimated any better.

Although more extensive analyses would be useful, the results of Table 4 and
the further results given for model (6) warrant discussion. An interpretation of
the parameter estimates for model (6) is that, over the follow-up so far, absolute
excess risks within each age-at-exposure group have increased with time at the
same rate, increasing by a factor of about 2.5 each 10 years (the mean, or
geometric mean, of the two ratios 1.94/0.71 and 4.838/1.94). A similar factor is
given by using more time intervals and by modeling the log excess risk as linear
in time. Those exposed at older ages exhibit a greater excess risk at a given
time since exposure than those exposed as children. However, if the current time
trends continued, those exposed as children would, in 20 years, say, have excess
rates greater than those in the other groups had at the same age. This model
provides a rather crude but transparent description of the absolute excess risk.
Although detailed consideration of absolute risk models is beyond the scope of
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this paper, it is noted that there are a surprising variety of models which fit the
data as well as the constant relative risk model. Such models can be obtained by
allowing the logarithm of the absolute excess risk to vary linearly in subsets of
the variables time (or log time), age (or log age), and age-at-exposure.

It is interesting to consider briefly comparisons of projected excess lifetime
risks under extrapolation from the absolute excess risk model (6) and the age-
constant relative risk model (4). Life table calculations have been made using the
1984 Japanese male national rates for cancer and for mortality to all causes. The
results represent rather formal calculations, ignoring several important issues
in estimation of lifetime risks, and are intended only to give some insight into
the comparison of modeling approaches. In particular, calculations were made
for a dose of 0.01 Sv assuming a linear dose response, without regard to issues
involved in extrapolation to low doses. A dose of 1 Sv was not used for these
calculations since lifetime risks, being bounded above by one, are not linear in
the risk coefficients or dose. Vaeth and Pierce?® present a detailed discussion of
issues involved in the computations of lifetime risks.

For the constant relative risk model (4) the absolute excess risks for the
life table calculation are taken as the products of the estimated excess relative
risks and the age-specific national cancer rates, after a 10-year latent period of
no excess risk. Three selected ages at exposure were used, and the corresponding
parameter estimates from Table 2, using both the internal and external estimates.
For the absolute excess risk model (6), the excess risks for the life table calculation
were taken as zero for the first 10 years, constant within each of the next three 10-
year periods at the parameter estimates given for model (6). In each subsequent
5-year interval, the excess was computed as the square root of 2.5 times the
excess rate in the previous interval. This factor was based upon the factor of 2.5
estimated above for 10-year intervals. The results, in units of excess deaths per
10000 males per 0.01 Sv, are:

Age-at-exposure  Model (3), Model (3), Model (6),

in years internal external external
10 14.4 15.0 14.4
25 9.5 7.8 10.0
45 43 4.4 3.3

It is important to consider effects of departures from these models. This is
most easily done in terms of model (4). Suppose that for those of age 25 at the time
of exposure the excess relative risk was equal to the internally estimated value
0.49/Sv from age 35 to 65, the end of the current follow-up, and then declined
linearly, reaching one-half of that value by age 85. Life table calculations for this
model show that the excess number of deaths, 9.5 above, would be reduced to 7.4.
For a sharper linear decrease after age 65, reaching zero excess risk by age 85,
the resulting number of excess deaths would be 5.3.
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Projections using models (4) and (8) are similar. In many publications such as
BEIR III?® and the recent UNSCEAR' reports, projections based on the relative
risk and absolute risk models differ by much more, but in these the absolute risk
model is taken to mean that the absolute excess risk is constant in time. In some
recent reports, e.g., BEIR V,® time-dependent excess risk models similar to (6)
have been used for lifetime risk projections. Although the form of model (6) used
here is generally too crude for serious use, the model has virtues of transparency.
This is important since models which are mathematically complicated are less
useful as descriptions of the data, and are more likely to lead to unreliable results
when used for extrapolation beyond the range of the data. However, the results
here do illustrate that relative and excess risk models lead to similar projections
provided the models are reasonably formulated and fit the data.

As noted above, most absolute risk projections are based upon models in which
the excess risk is assumed to be constant in time-since-exposure after a suitable
latent period. Those presenting these results understand that such models do not
fit the LSS data. Continued use of such projections seems largely to be an attempt
to provide a rough lower bound on lifetime risks, needed because of uncertainties
in constant relative risk projections. This is not a very good way to evaluate
these uncertainties. A better way might be, as indicated above, projections based
on models in which the relative risk is allowed to decrease in various reasonable
ways from the end of the current follow up. Another approach is to make use
of uncertainties in parameter estimates pertaining to temporal patterns in the
risk. Supplementing the use of constant relative risk models with consideration
of absolute risk models, such as (6), does not, in itself, provide an assessment
of uncertainties in projections; it would be necessary to consider at least the
precision with which the parameters are estimated.

The uncertainties in the use of such models as (4) and (6) for computing
lifetime risks should be described within age-at-exposure groups. Those who were
older than about 25-30 years of age at exposure have now been followed for a very
large part of their lives, and there is little projection involved in estimating their
lifetime risks. For those exposed as children, on the other hand, very little direct
information is available for projections into the stage of life when background
rates are substantial. Projections for this group may involve considerations of
prudence as much as of scientific inference.

The use of Japanese national cancer rates, after adjustment to cohort levels
by sex and city, did not have a great effect on the inferences about detailed
patterns of excess risk. That this is so is not particularly surprising in view of
the size of this cohort and the results of Breslow et al.2’” Nevertheless, continued
consideration of this type of analysis seems important. In the first place, in spite
of the similarity of the two analyses (including standard errors and significance
tests), the authors feel much more secure in the conclusions drawn than had they
been based purely on internal analyses. Although the unexposed (and low-dose)
comparison group in the cohort is large, it seems likely that analysis at the level
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of detail here may be pressing the limits of information available from this group.
Use of external rates may be particularly helpful in analysis of the much more
limited data on specific cancer sites.

In many situations, simpler methods of data description and analysis emerge
when one can take the background rates as essentially known, in the detail of
5-year intervals of age and time. For example, there is not a simple and reliable
method for fitting the absolute excess risk model of Table 4 without using external
rates. Previous analyses fitting detailed models for absolute excess risks for
the LSS have involved using models for the background rates with only a few
parameters to represent variations with age and time, e.g., see Muirhead and
Darby.2® Further, studies of the joint effects of y radiation and neutrons are
more feasible when using external rates. For an adequate analysis of the joint
effects, it is necessary to cross-classify individuals by both types of dose, which
adds another dimension to the cross-classification used here. This can lead to
a prohibitively large number of cells. However, for age/time constant relative
risk models, it is possible to use a reduced table formed by collapsing the full
tabulation over age-at-risk and time-since-exposure and summing the observed
and expected cancer deaths.

The simplifications due to use of external rates will be capitalized upon by
providing in the Appendix a cross-tabulation of observed and expected deaths,
along with person-years at risk and mean doses. This table is intended primarily
for use in examinations of temporal patterns and for evaluations of the shape
of the dose response; thus very few dose categories are presented. With this
summary, it will be possible for others to fit models, explicitly in terms of either
excess relative risks or excess absolute risks.

Appendix

The table in this appendix provides a detailed cross-tabulation of the LSS
nonleukemia cancer mortality data for the period from 1 October 1950 to 31
December 1985. The table has been obtained by regrouping the very detailed
cross-classification used for the analyses in this paper. The following factors are
used:

Age-at-exposure. Five age intervals were used: 0-9 years, 10-19 years, 20-29
years, 30-39 years and > 40 years.

Sex.

Organ dose. Six intervals of dose to the large intestine with an RBE of 10. The
truncation points in sievert are: 0.005, 0.25, 1.25, 2,25, and 3.25.

Time since exposure. Seven 5-year periods; the first period is slightly longer,
being from 1 October 1950 to 31 December 1955,

22



RERF TR 21-89

Each cell of the table contains the observed number of nonleukemia-cancer
deaths, the expected number of nonleukemia-cancer deaths and the person-years
at risk (in units of 1000 years). The expected number of deaths is derived as
the product of the adjusted national cancer rate for Japan and the corresponding
person-years at risk in the LSS cohort. The adjustment consists of multiplying
the national rates by the factors:

Hiroshima: males 1.152
females 1.060

Nagasaki: males 0.971
females 1.099

The rightmost column gives additional dose information. The top number is
the unadjusted organ dose. This dose is a weighted average of the mean doses for
each of the seven follow-up periods, the weight being proportional to the person-
years at risk. The middle number is the analogous average of the adjusted dose
estimates and the bottom number gives the weighted average of the (unadjusted)
shielded kerma (RBE = 1). Adjusted dose estimates are computed by caleulating
a reduction factor given by the following formula and by applying this factor to
the organ dose estimates. As noted in the text, these adjustments were made to
reduce biases due to random dose-estimation errors. The reduction factors are
computed in terms of shielded kerma:

Hiroshima: 0.04732 + 0.07623 x + 0.01336 x* and
Nagasaki:  0.01900 + 0.06545 x + 0.01374 x*

where x is the natural logarithm of shielded kerma in gray. Shielded kerma
estimates greater than 6 Gy kerma have been reduced to 6 Gy before making
this calculation of the reduction factor. No reduction has been made for exposures
under 0.5 Gy kerma.
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Age-at-Exposure 0-9

Calendar Period

Mean
Dose —_—

50-55 5660 61-65 66—70 71-75 7680 B81-85

Males
0.000-0.004 0.000 0.000 0.000 2.000 3.000 3.000 13.000 0.001
0.367 0.669 1.257 2.160 3.616 6.363 11.278 0.001
18.643 18,578 18.424 18290 18.151 18.021 17.827 0.001
0.005-0.2498 0.000 0.000 0.000 1.000 2.000 2.000 4000 0.059
0.290 0.528 0.988 1,692 2.820 4951 8718 0.059
15822 14975 14892 14818 14715 14614 14452 0.074
0.250-1.249 0.000 0.000 0.000 1.000 1.000 1.000 3000 0.530
0.084 0.117 0.218 0.375 0.626 1.084 1.929 0.522
3.456 3.257 3.217 3.189 3.176 3.143 3109 0.631
1.250-2.249 0.000 0.000 2.000 0.000 0.000 0.000 0.000 1.593
0.008 0.015 0.028 0.047 0.079 0.139 0.246 1.450
0.461 0.434 0.418 0.415 0.410 0.410 0406 1871
2.250-3.249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.589
0.004 0.006 0.011 0.019 0,032 0.055 0096 2.249
0.189 0177 0.170 0.168 0.165 0.164 0.160 2.966
> 3250 0.000 0.000 0.000 1.000 0.000 0.000 0.000 4.702
0.001 0.002 0.005 0.008 0.013 0.023 0.041 3.784
0.076 0.065 0.065 0.064 0.060 0.060 0.060 5.415
Females

0.000-0.004 0.000 1.000 0.000 4.000 4.000 5.000 9.000 0.001
0.319 0584 1.273 2.558 4,623 7.205 10715 0.001
19.937 18924 18.843 18.747 18.651 18.583 18.482 0.001
0.005-0.249 0.000 0.000 0.000 0.000 3.000 15.000 9.000 0.057
0.261 0.470 1.017 2.053 3.743 5853 8.706 0.057
16.887 16,005 15961 15922 15852 15762 15845 0.072
0.250-1.249 0.000 0.000 0,000 1.000 2.000 3.000 4.000 0516
0.059 0.108 0.234 0.471 0.853 1.329 1.968 0.509
3.712 3.527 3511 3.497 3.483 3,465 3432 0618
1.250-2.249 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.609
0.007 0.014 0.030 0.061 0.108 0.163 0.236 1.463
0.450 0.425 0.425 0.425 0.418 0.407 0.395 1.869
2.250-3.249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.5%0
0.002 0.004 0.009 0,018 0.034 0.053 0.077 2.255
0.151 0.140 0.140 0.140 0.140 0.140 0.137 28186
> 3.250 0.000 0.000 0.000 0.000 0.000 0.000 0000 4458
0.002 0.004 0.008 0.017 0.030 0.047 0088 3.607
0.131 0.120 0.120 0.120 0.120 0.120 0.118 5.087
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Age-at-Exposure 10-19

Calendar Period
Mean

50-55 56-60 61-65 66-70 71-75 76-80 8ia5 DO%@

Dose

Males

0.000-0.004 0.000 1.000 2.000 5000 11.000 23.000 40.000 0.000
0.831 1.673 3.462 6.438 11520 21.008 37428 0.000
18938 17.633 16400 17187 16.895 16523 16.007 0.000

0.005-0.249 1.000 1.000 1.000 6.000 9.000 23.000. 32000 0.062
0.496 1.013 2.0% 3.870 6.896 12.550 22357 0.062
10971  10.288 10.154 9.987 9.775 8.532 9.251 0.083

0.250-1.249 0.000 0.000 0.000 1.000 3.000 5000 13.000 0.553
0.157 0.321 0.658 1.214 2.176 3.965 7.040 0.540
3277 3.052 2.897 2.946 2.902 2.844 2772 0725

1.250-2.249 0.000 0.000 0.000 0.000 3.000 2.000 3.000 1.668
0.034 0.071 0.145 0268 0477 0.843 1.491  1.492
0.649 0.612 0.600 0594 0584 0.554 0.540 2.157

2.250-3.249 0.000 0.000 0.000 0.000 1.000 0.000 0.000 2658
0.009 0.01¢9 0.040 0.073 0.132 0.240 0.405 2.253
0.187 0.172 0.170 0.167 0.165 0.159 0.151 3418

>13.250 0.000 0.000 0.000 0.000 1.000 0.000 0.000 4.000
0.009 0.020 0.042 0.078 0.135 0.236 0.401 3.201
0.200 0.180 0.180 0.150 0.179 0.165 0.155 5.440

Females

0.000-0.004 1.000 5.000 4000 10.000 15000 1B.000 30.000 0.000
1.295 3.144 6.266 10.212 15411 21.692 29910 0.000
22,380 21.050 20.855 20711 20522 20.320 20.027 0.001

0.005-0.249 0.000 2.000 1.000 11.000 10.000 11.000 20000 0.060
0.863 2.008 4.181 6.796 10.250 14.355 19747 0.060
14810 13980 13.847 13731 13589 13410 13.206 0.081

0.250-1.249 0,000 1.000 3.000 2.000 6.000 7.000 9.000 0.529
0.286 0.699 1.384 2.235 3.369 4.716 6.485 0.519
4.961 4.680 4.605 4.543 4.491 4.426 4352 0.704

1.260-2.249 1.000  0.000 0.000 2.000 1.000 3.000 2.000 1.680
0.037 0.090 0.184 0.302 0.456 0.631 0.856 1.499
0.694 0.649 0.645 0.644 0631 0.616 0.597 2235

2.250-3.249 0.000 0.000 1.000 1.000 0.000 2.000 2.000 2655
0.010 0.026 0.055 0.089 0.138 0.186 0.255 2235
0.221 0.210 0.209 0.203 0.200 0.192 0.186 3.408

23250 0.000 0.000 0.000 1.000 0.000 0.000 0.000 4.152
0.007 0.017 0.033 0.053 0.075 0.103 0.136 3.334
0.105 0.100 0.100 0.098 0.090 0.088 0.085 5.359
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Age-at-Exposure 20-29

Calendar Period

Mean
Dose Dissé

50-55 5660 61-65 66-70 71-75 76-80 B81-85

Males
0.000-0.004 1.000 1.000 5.000 7.000 13.000 18.000 31.000 0.000
1.112 2.2186 4177 7.246 11.870 18.624 27197 0.000
5.437 5.027 4.908 4.772 4.586 4.344 4.017 0.000
0.005-0.249 2.000 0.000 4.000 4,000 4.000 12000 19.000 0.080
0.756 1.501 2.821 4838 7893 12572 18,565 0.060
3818 3.514 3.419 3.280 3.150 3.004 2.784 0.081
0.250-1.249 0.000 0.000 3.000 3.000 3.000 9.000 11.000 0.585
0.236 0.464 0.864 1.492 2.446 3.770 5361 0.548
1.147 1.053 1.018 0.989 0.954 0.885 0.791 0.765
1.250-2.249 0.000 0.000 0.000 0.000 1.000 1.000 0.000 1.585
0.037 0.075 0.145 0.251 0.412 0612 0883 1433
0.184 0.175 0175 0171 0.167 0.150 0.134 2.089
2.250-3.249 0.000 0.000 1.000 0.000 0.000 0.000 0.000 2.389
0.005 0.011 0.019 0.032 0.049 0.082 0132 2.057
0.033 0.030 0.026 0.025 0.020 0.020 0.020 3.260
> 3.250 0.000 0.000 0.000 0.000 0.000 1.000 0000 4.407
0.012 0.025 0.048 0.085 0.129 0.187 0.251 3.471
0.058 0.055 0.055 0.055 0.050 0.041 0.033 5.666
Females

0.000-0.004 5.000 6.000 11.000 15000 25000 41.000 39.000 0.000
5.370 9.607 14.786 21.211 28632 37322 48587 0.000
19.330 18125 17869 17.626 17.319 16.910 16.419 0.001
0.005-0.249 4.000 4.000 13.000 17.000 32000 31.000 34000 0.059
4.394 7835 12,035 17.218 23.146 30.176 239248 0.059
15.371 14483 14.292 14.091 13827 13513 13.106 0.081
0.250-1.249 1.000 2.000 7.000 6.000 15,000 12000 18.000 0.533
1.282 2.282 3.506 5012 6.731 8663 11.209 0.520
4,629 4.352 4.268 4.192 4.100 3.958 3826 0.722
1.250-2.249 1.000 0.000 1.000 2.000 1.000 3.000 4.000 1.688
0.169 0.304 0.471 0.657 0.870 1.119 1.417 1.503
0.625 0.583 0.578 0.558 0.536 0.512 0480 2252
2.250-3.249 0.000 1.000 1.000 0.000 0.000 0.000 1.000 2591
0.044 0.079 0.120 0.171 0.237 0.318 0.423 2.200
0.175 0.160 0.154 0.150 0.150 0.150 0.148 3.403
>3.250 0.000 0.000 0.000 0.000 0.000 2.000 1.000 4.087
0.028 0.052 0.083 0.118 0.162 0.206 0.245 3.253
0.116 0.110 0.110 0.107 0.105 0.098 0.087 5.327
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Age-at-Exposure 30-39

Calendar Period M
Dose ean

50-55 56-60 61-65 66-70 71-75 76-80 8i-85 0%

Males

0.000-0.004 3.000 4,000 12000 42000 43.000 59.000 70.000 0.000
7.133 12857 21921 33525 45982 59.080 71.153 0.000
9.069 8.370 8.085 7.609 6.898 6.088 5164 0.000

0.005-0.249 4.000 7000 17000 15000 30.000 35.000 43000 0.064
4.689 8.522 14240 21,816 30.255 39.453 47104 0.060
5.088 5.521 5.281 4.963 4.561 4.083 3442 0.088

0.250-1.249 2.000 0.000 5.000 6.000 13.000 15.000 20.000 0,540
1.601 2.897 4.858 7461 10023 12779 15.364 0.524
1.878 1.819 1.750 1.656 1.480 1.282 1,087 0.730

1.250-2.249 0.000 2.000 0.000 1.000 0.000 0.000 2000 1.589
0.156 0.257 0.424 0.585 0.821 1.126 1.438 1.429
0.193 0.168 0.159 0.138 0.126 0.115 0103 2.104

2.250-3.249 0.000 0.000 0.000 0.000 2.000 0.000 1000 2.556
0.073 0.117 0.190 0.310 0.409 0.441 0453 2.168
0.090 0.076 0.070 0.070 0.063 0.048 0035 3.282

> 3.250 0.000 0.000 0.000 1.000 1.000 1.000 2000 4.383
0.062 0.100 0.171 0.228 0.280 0.267 0271 3.473
0.074 0.062 0.080 0.051 0.041 0.029 0.022 5636

Females

0.000-0.004 18.000 32.000 33.000 37.000 45000 55.000 88.000 0.001
18.147 24.628 32952 42481 53.135 66.447 79974 0.001
17.754 16527 16.088 15574 14980 14215 12923 0.001

0.005-0.249 18.000 23.000 45.000 35000 42000 56.000 70000 0.062
16.341 22276 29818 38448 48.028 59804 72548 0.062
16.202 15.111 148687 14202 13.645 12854 11798 0.085

0.250-1.249 3.000 3.000 7.000 16.000 14000 14.000 22000 0.506
4.258 5.767 7.757 10.032 12.358 15320 18.232 0.495
4,103 3.827 3.748 3.643 3.464 3.262 2938 0.688

1.250-2.249 1.000 0.000 1.000 1.000 1.000 7.000 5.000 1.576
0.543 0.734 0.287 1.270 1.564 1.850 2152  1.409
0.541 0.500 0.488 0.471 0.446 0.402 0352 2.131

2.250-3.249 0.000 3.000 0.000 1.000 0.000 0.000 2.000 2635
0.120 0.160 0.210 0.260 0.291 0.341 0338 2223
0.126 0.113 0.105 0.097 0.084 0.075 0.057 3.472

> 3.250 0.000 0.000 0.000 1.000 0.000 0.000 2.000 3.952
0.080 0.103 0.137 0.181 0.219 0.252 0.263 3.201
0.074 0.067 0.065 0.065 0.060 0.051 0.041 5224
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Age-at-Exposure =40

Calendar Period

Mean
Dose Dose

50-55 56-60 61-65 66-70 71-75 76-80 81-85

Males
0.000-0.004 123.000 150.000 160.000 151.000 141.000 118,000 81.000 0.000
133,050 147930 154610 151.200 133.960 105.490 75.022 0.000
27.030 21.404 17.179 13.152 9.471 6.181 3.610 0.000
0.005-0.249 94000 104.000 122.000 108.000 91.000 74.000 56.000 0.086
g5.065 106.280 110630 108.280 98.868 81.692 55.691 0.066
18.995 15.129 12.146 9.319 6.924 4732 2654 0.091
0.250-1.249 34.000 21.000 38.000 39.000 34 000 37.000 21.000 0557
27.541 32.395 35.116 34.145 30.264 23.665 16639 0540
5.764 4.710 3.883 2.945 2127 1.373 0.792 0.758
1.250-2.249 1.000 6.000 12.000 5.000 4.000 2.000 1.000 1.839
3.283 3826 4111 3.666 3.074 2.136 1.345 1.454
0.709 0.578 0.451 0.319 0.220 0.128 0066 2187
2.250-3.249 1.000 2.000 0.000 1.000 0.000 2.000 0,000 2.885
0.859 0.836 0,786 0.752 0.805 0.502 0.251 2.253
0.174 0.126 0.094 0.071 0.058 0.030 0012 3.687
> 13.250 1.000 1.000 1.000 0.000 1.000 1.000 0.000 4.220
0.756 0.804 0.959 0.887 0812 0.628 0645 3.354
0.182 0.145 0.114 0.083 0061 0.038 0032 5566
Females

0.000-0.004 86.000 120000 108.000 126000 135000 114000 76.000 0.000
115.360 1208650 125.440 126.450 116,970 101.190 81.630 0.000
34.317 28.809 24.867 20.893 16.517 12.154 8.264 0.001
0.005-0.249 83.000 97.000 118.000 115.000 115.000 93.000 72.000 0.063
82.878 97.458 100.880 100.030 93.331 80.886 63552 0.063
27.941 23.504 20.189 16.690 13.277 8.767 6.477 0.087
0.250-1.249 36.000 31.000 29.000 29.000 26.000 30.000 24,000 0511
23.198 24.903 26.227 26.499 25.004 22.365 17.868 0499
7.330 6.258 5.424 4.533 3.608 2.716 1828 (0.695
1.250-2.249 4.000 4.000 2.000 6.000 5.000 4.000 4.000 1618
2.246 2.531 2.790 2.772 2.431 2.132 1.629 1.442
0.769 0.671 0.597 0.485 0.359 0.283 0.169 2.154
2.250-3.249 1.000 1.000 0.000 1.000 1.000 1.000 2,000 2638
0.394 0.353 0.391 0.484 0.515 0.463 0.461 2.221
0.137 0.105 0.091 0.087 0.075 0.055 0.046 3.385
= 3.250 1.000 0.000 1.000 1.000 2.000 1.000 2000 4068
0.402 0.420 0.408 0.398 0.424 0.365 0199 3.228
0.137 0.114 0.091 0.072 0.063 0.048 0.021 5.582
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&1, BEINIEOIMARIE T & BRI X 2 @F RO RIMBHES L oA
Higlic S CHEEZ, =2 ORREIXSY, =2 OWMREFEREE, 72 S NizPu-> OB B2
DR OWTRLAEbDTH 5. ZOROFWHMXAZEOHTLIHIzhIc->TED, F—%
BBt S h TR VwD T, ) R Z7HEEMEFR U b @R = 2 OFln-EE s —
SHFHICRTT 2t I S O RE TR E TRV, BLITR LAEER, -4
DISECET 2R A SO OREASX, FAMETREMH LSS EEH LT VWES
EONAEREEMET A EEHME LTV R, ZORIG & 72, DItk 4 B Rkl
B2 3.25 Sv ROMEHICEE Lizcdickbhi G FoHRERLT NS,

HEE MBI HU, B N U CE & ORI i L7 - s B I lifF S M A HEESE
TCHOEL LTHE L. ATl onHEEIT W T, B0 €7 (2) 2%
2RO T -7 B TIED. RERFROBENMOVT, BFOERBONI v 275
v KRERE RS A — S HEEW ples,d=0ta) ICHEAFEEZRLT, S ADNNy 27
Z 9y FRCHOHEERERD 2. RIS T 2 2 VIBRHEZRIRIT LT, &1 OEZE /.
AT TIL, ple,s,d = 0,t,a) Dffild, LD T EL COEFAD LAV IzHbE 5 bt
B & CHERHRNICHILE L7: £ T, ST 24, Finb X CBENO2EETRE LTH .
FROTRTOMFTITAO S ZOFHIE &I, £EFRTRIC, KOLH:1.099, HH:0.971,
LBOYE1.080, Bt 1.152%2FF 2 D TH 5.

W 5 & AT 2 O TR R S W BiFEic i, BRI B E—8A oh 5. 1
IR EREDNH ¥ O LT, APHTRICESEOANMEHULR S 20 H L
hiawv, COEMEGEZSERLT Ay 27590 FRCRECOBEFMICHET 22 &I
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#LBEEECHEEIC - 2OAKICI DA LT ERETH

vogiseds AR 4050 55 195665  1966-75  1976-85

(Sv)
0-19 <0.1 2 18 86 237
-2 -10 0 15
-1 -5 -2 -3
0.1-1.25 0 4 27 65
-1 -2 7 15
-1 -1 7 11
1.25-3.25 1 3 2] 16
1 2 7 10
1 3 7 g9
>3.25 0 0 3 0
0 ] 3 -1
0 0 3 =
20-34 <01 29 98 197 385
4 -8 -25 -18
0 4 =21 0
0.1-1.25 3 24 72 118
-3 -1 19 23
i -1 21 29
1.25-3.25 1 8 6 T
0 6 1 8
1 6 1 8
>3.25 0 0 1 6
0 0 0 5
0 0 0 5
235 <0.1 377 967 1042 867
—42 8 39 39
-12 8 29 28
0.1-1.25 109 254 281 248
7 1 23 30
13 5 23 30
1.25-3.25 8 29 27 25
1 1 9 12
1 11 10 12
>3.25 2 3 3] 7
1 0 3 5
1 0 3 5
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AMOTRISERIRERZR2 CEAI Ure. Thid, BEESEREIZ ST, U IcHE
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elesdet,a)= polcs,d=0ta)ll+ asB,,d] (2)
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e
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2. 1=~Ub Y7 h Q@B 27, HERERXS

¥ & B B AR B

a) s R

W E i 195665  1966-75  1976-85 = P {i
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20-34  0.64(1.8) 0.44(1.7) 052(1.5) 0.12 0.94
0.49 (1.4)

>35 0.14 (20) 0.22(1.6) 0.38(1.5) 2.88 0.24
0.23 (1.4)

HRNGE - JERRET N 1.77 (1.4)

Y 27 —EEFI 1.90(1.4)
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HEARREIERS 1056-65  1966-75  1976-85 ¥ P fif
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g o JEsH E L 1.84 (1.3)

M) 2y g7 1.89(1.3)
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0, E2TE OB I Y R 7 2z LT—ETH BT 7L (1) 0@ B
YRITHDH, CNLOYAZRBHOYRATTHY, ZED IR 7E[ LD
SR NS RECERY 5. BB R AP IR L fo. A A IR
R L U;‘gk‘?‘ﬁ'é P il AR Y R 7 OWSH] 4k 5 2B ot if Sk o Bl g
LLOTHS.
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bahid, IERICECFERED NNy 7759 o FEEERITERT Y R 2 3ARKEL L D0T,
FEEH Y 2 2 SRRSOV BL S B & 0 S (REE, BAEEREE VW TR ENTHZ LI
Bbhs. O ERYMELEHTEEOELIZ 220 5 F, REHRER - oMiE%H
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Ho7cdkLThH, CLTRHONZEROHBEXABO ) 27 0B HE T 3R I 75
NTHZZLEHKY D, WIBBITOMERICE O TIEIERTICRES Y 2 2 OB % BT 5 2E
Hix—fE A,

PRI 20— 34 R B T3, AHEEME S MIOIRGE (P > 0.5) 40| 0:EH AR b o
FHEE Y 2 7 ORMMIZET 2 R L TWHAL,

AR AT B 35 W LL LB TIBBAENT ) X 7 QBB S BAYRE I T 3. #icd
NBEEI I, BEMREFEED L ECOMRRDENMCERICNS. COEEOMEIL, B
RIS T & - 7R RHICBIfRD & 2, 136 ) R 2 OEF AL E WS FEELMSEIC L > T
BT > TV S, X Y X 2 VRS E 2 MRS LTS TEELTWS &
WELTH, COUR7EB/NERIIFTER 0TS b, IRic—ERIRIE 72 S i U, ik
MHC B —EMICZ 313 TH 5. 35ELLERTR, Ny 2759 v FEETRIEHALED
NItV THHYARED - DT, LBRONEEBMICANSZ LIFERTH S, 105ED
BRIR 2 5 L2c Dk C ORI BT 52720 THh - 1o, Thidfld TEENL bR
DT, BRI OEEIC X DFIOHEL Y 2 23R E LTNE LT RED S LIS, 104
DOFRMEEFH I NEHLENE, BONAHEMELEOL S HHNICMAT 2 E NS T
CIHIEEELAINS. HEERTIE, Sy 2779 0 FRETR LYY 27 ORHHERD
TPNEWOT, BUNEEOIIZE T 2506 ) 2 7 O EFIALR S T iTbhis Thxid
EFEATIRIL.

ORI, MY R 2 SEEEREERI KT T & VI ERO®S KB LTTH 3.
COMEER T 2O EFN(DEUTOEF VLK 5.

o(csdeta)=plesd=0ta)(l + a Bd] (5)

ZOEFIVTIE, PARERY 2 ) QBB Y 2 7 3 OAKIFT 5. W E o3 A
FroWFhEMWTS, TFIL(4) & (5) BT 5 7-dDERELL A 4 —3FKE D P it 0.005
UTThh, MibT28HE 2004 “RLELHETHIZZENEN11.685XT718.35TH
3. LU, FE—EHE Y R ETFNEBET L @, Ny 7570 v FETENEGV
BHRELNTE LTHLOMRICLZDT, CORBREEAMIRLEWE ST EOTERET
H 5. BAFHETCH LTRSS BETROBERRBE VD, Ny 72759 2 FRETEN
Fed TIMWRFEICHI Y R 2 00K & 0 2 &id, HRIRTEmSROFEMBEICA & LM%
BiEd. COMBBLUETFN(B)D/F 3 —FHEEEPIEF ICBEBEEEPTVEVSH
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CEBREDAEDECTZ2EIMIEERToLBIHRALALDTH 2. BEFIHOHIRD S0
) R 5 QMY — iz 0T ORI S ) ORI T, AT TR, iR
PHA GRETT S & 9 Y —<it% 6 Gy TULBTOMLRES, X2046IIRL
=2 ORE A A ZFfiE, EnEh 1.79, 0.75 B KT 5.06 1270 5. GIKR{T & Ml D5
& LERE, A ERE T AR AR S O, RO P a3 0.08 T,
185 A — 4 HEEM I BRI OE S A% ) R 7 OBIINAREE LTV 5. WEBIRITIC & B 7 23R
et R OZAL GEL LTV A, HIBEA & VBRI HE S CA5RUE, &2 B U7 HIRA
ST L O SUAMEIHX ) X 7 OB OFEHE R H b L 0D, RESISOTHIRES
A5 &, HIRRMAEEFVCHT 2L ) R/ HEEFEOAHBY A7 LD ECHEMILTWS L
Ebhs.

%81k, FROBEAITT-BALTHLEI 27 BED, X ) A7 —EEFT I (4)DF
A — FHEEETR LTS, ABHTREA VSO, iz, X OFEMcY X Z7HEEERIT 2
BTHELDD, /35 A — FHEEMIZAEBRFIcE 2 b00HR Uiz, B 1loHEEMIZ A2
WRLAEBDOLRILTSH 5. HREEHOHIIRE LUBEROFIEICX D, PEEED, XY 2
FHEEMAAET, WML TV A, I LIcHEteF sl h KEHHEEZEZEITALTY
Zizbrbh o7, WRRROMERREC LRI OMER VL TREL LW I LIZHEH
TRETH 3.

BT, #oxhBE Y 2 7 2B U TRk Rih o fiicidlid 5. 413, SRR mRS &
CBHHENEOA2DOXSTo 0T, 1 —~b b4z h O#exhEaE Y 2 7 #EEE%E R L
TWA. b EEMHIZES &, ThORBEBNALLUTIREET2ET(3)DQERM B,
OHEEMTH 5.

ple.s,det.a)=plcs,d=0ta)+ a;B,,d (3)

CDEF IV ARG 2 H O Az, #ocdE) 2 2 e FAEABRIZATIED S Z &0
TE2ZIED, AWMETRAHOELBHO—>TH 5. NIPRITICIE, 3 22 BIFO
P WEBHO Ny 275 v KBRS A —5 208 EF 50T, R(DOFOEF
LEHTHEHDZ I EFEYTRLD,

EFW(2)PBIPNEL WD ES ML, FEEMETRLOL I EE2HEHLTEL. Z2D

EFLRMD>OETET, RE->T0aM, FonFhbF—r7oEcBEbLTha T HEEL
TWEWDT, THEDEFMETELE LTERS OGBS @Y X 70/ 85 — O
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3. EENEETOES L CBBRMLEO U 2 2 {1 ST 58,
FE—EHR U 27 EF L

WARK M 0-325Sv 0-325Sv 0-6Gys—< 0-6CGyH—=

L JHEH ik FEHHIE
0-19 0.74 0.67 0.58 0.49
20-34 0.49 0.43 0.42 0.35
235 0.22 0.21 0.21 0.18
i3 1.90 1.96 215 2.29

AR B Y 22 €TI0 (3) ONARRETIZ IS GBI ) R 2 £ S O HIRIE R
PR ARBHOBBROLEET LR L TH 5. MIE (adjusted) 5 & CEHIE
(unadjusted) & IRABMEREEMIET 4 b izPierces W oL HOTHEREH
ELENESPEERT L. V22 RFABOVAZELTRLTS ), HibT a4k
YAZ7&fblcbitdchen Y A7 @HT S HERERT 5.

FLICPAFEYy =R b Y7 bh o aRmy = 2,
AR R X 4 B & N B A I B

HARHEAE S 195665  1966-75  1976-85

0-19  0.83 (2.4) 3.1 (1.6) 7.3 (1.5)
0-3¢ 49 (1.8) 79(1.7) 16 (1.6)
>35 35 (29) 14 (1.7) 35 (1.5)

HERNEDE © 1.56 (1.4)

T e F @)l R BE Y R 2 R A REISER S
LURERMIcoVWTHRLTWA, choo) 27 1354
DY ZITEY, HbTa&HY A7 5B bIcio A
STl 2 MR 5. MR S RN
=R L.

ME_ODORUEZRBEALEEZ L LORBETHS. R2BIVERATHV e BLT D
REXBlICH T 2EAQOHITETOENSD, EFM(3) LD DETFTN(2)DHNEAEN
L. LA L, BERXSEES L, 2874 — 7 ez R oM E LTHEMEd 2 2 &ick
D, EFM2)BLT(CHULALEFLPEOH, LSV F—2 k@& T 3.

Mty RO B XY 2 2 BT 2B MA & HBTH 2D, BAMBAOEFS
B, Y R TERAUIHBEOERFLE, ) A7—EETNELTRL DML E
FL(HPFEMITEF V() LRI LS F—F @A L, BRHOBOETEL Bfik: b
T lETHS. ETN(I)DOHELEITH LTNIFRELAMICEE LS hIER S
W, Rl X MR REIR O RBEN T EDRITEA LU TOEOEF VEMHT I b
n[HETH 3.
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plc,s,d,eta)=p(cs,d=0¢ta)+ asB,r,d (6)

EFL(B)ED b, £ H—RBRIEETV(HOHPEN TV S &0 D BT IR AL
BEW, Chs2DEFLERKELEEDO A, _ELELIIHBE3TISTSHS. €
FIe)Ttg B/8F 4 — FHEEMIBLUTO LB N TH 5.

7o 0.71 1.94  4.38
B, 161 431 779
a, 1.00 1.48

185 A —H y, 1, HOHER Y R 2 DB ERRERC O E D &S KT Bk, K4
DY RIHEEMED o &id->EHRULTVS, ZOL D EFHTITHNEFE Y 2 7 OFcliic
BAAIRTHE Z. COEFNOBFIZ>VTREICHEIZERT 5.

E B

PSR A O THESE ) R 7 € PV S TR 3 bk ikld, BREMATFaidricBid
ZEEOMEBRICHWEHETH 2. AWK TOEBEIESL, EHS X TFANFOHITHAM
BN FEEFVWTWAI LTHS. FEALOHMRABERERITBOT, HMY X720
—SETH B (A)DOEDEFLEELEHLTH S, HNH#HAT -7 O McEARBELE b
STWBAIREST, ChEOHEERIERT 2 EREETH L. £ DHEREFNEERE
D5 — 2 ORI A X ¢ R L7 2 & () £1F Breslow,'® Breslow % & U Day"’
2B KD bOTH Y, ThETOHFMAABRESY? XU BEIR IEEH® off
HEnicAEARBLAELOTHE S, INOOHEITLD, WERNPMISHEY Y 27 —EE
FLAEHTIHOE T EHTE B2 THL, BRI U 2 7 OBlEORGYIRE B &L CBHE
Host ) 2 7 icwt LTRANBIKOS A N EFLESTROH I & HEHEICE 5.

KDY /T =2 OWIRIERTE B £ U => 018 FHA N OX 4 % 78 D KR
WSER L72AY, Chick b, Esd L ORIz S B Y 2 2 OF B W THIE IR A
HAZbh1ceBAD. ZO3 X 3ROBEEHTEOMEMEIZA S LATHRMEHS DT,
BIUAEA X DO OVKAIZIEH LT, thOEFMALEZZBA LI NIEERE DO LIFED
Z 90w, WHERER S & ORI 2SR OBAIZ LD, TS HEFTEL
BTN G 3 2 LA TREIC L 5.

RBIROE I 7o 7 LI 5 BIREEI TS 0, FRIOBEFLITHEIC & 0 A5 i Jil
TE D%, ARORICAE  EEERET T EREOTHS S, PIAE, BEOHMK A
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bOLUDHE I LEMLTNETH L. I, KL | OF6ITIRE X N BIRHLER
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BFHEA Y R 7 2RO TR 22 LREETHS. L L, WY 2 —FEF
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DOWTHAAEREEIT-> T 5.

X ) 27 —3EETIV(4) ZHO BEE, ERRHEOLHOHHBR Y 2 213, B 2
7 OO 10 F B OB REIR O, BFHEE ) 2 7 HEEMN & EBYISERBET RO &A1
T =0 DBENIARRIFER S & I IEB L CABRITE R O A K205 2795 4 —
FHEEMZE H O o, XhEE ) 2 7 EFN(6) 2BV A4, EGRTEOLHOBEE Y 2
743, BP0 10FFE Lo s L, ROZ-50% 10FERKBNT—EDHEE LTEFI(B) I
HUTRLANRS A - ZHEEMEEA Lz, 20ROESERBI OB Y 2 71, BHiio
XIOBFEFE LRI T 5 2.5 DF LB E LTRAM L. ZOBMIZ 10EKBIco 0T
ETHEE L RB25 B3 bDTHB. H#E10,000 A7 0.01 Sv M7z h oEH
HEBTRUABREIRDOEEDTH S,

e EFN (4) EFN (4) EF I (6)
4 S “o#B 2 i
10 14.4 15.0 14.4
25 9.5 7.8 10.0
45 4.3 4.4 3.3
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% kI 4 i 0— 9%

1 _
0o T

50-55 56-60 6165 66-70 71-75 76-80 81-85

5
0.000-0.004 0.000 0.000 0.000 2.000 3.000 3.000 13.000 0.001
0.367 0.669 1.257 2.160 3.616 6363 11.278 0.001
19643 18578 18.424 18290 1B.151 18021 17827 0.001
0.005-0.249 0.000 0.000 0.000 1.000 2.000 2.000 4.000 0059
0.290 0.528 0.988 1.692 2.820 4.851 8718 0.059
15.822 14975 14892 14818 14.715 14614 14452 0.074
0.250-1.249 0.000 0.000 0.000 1.000 1.000 1.000 3.000 0.530
0.064 0.117 0.218 0.375 0.626 1.094 1929 0.522
3.456 3.257 3.217 3.199 3.176 3.143 3109 0.631
1.250-2.249 0.000 0.000 2.000 0.000 0.000 0.000 0.000 1.593
0.008 0.015 0.028 0.047 0.079 0.139 0.246 1.450
0.461 0.434 0.418 0.415 0.410 0.410 0.406 1.871
2.250-3.249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.589
0.004 0.006 0.011 0.018 0.032 0.055 0.096 2.249
0.189 0.177 0.170 0.168 0.165 0.164 0.160 2.966
23,250 0.000 0.000 0.000 1.000 0.000 0.000 0.000 4.702
0.001 0.002 0.005 0.008 0013 0.023 0.041 3.794
0.076 0.065 0.065 0.064 0.060 0.060 0.060 5415
ot

0.000-0.004 0.000 1.000 0.000 4.000 4.000 5.000 9.000 0.001
0.319 0.584 1.273 2.558 4.623 7.205 10.715 0.001
19.937 18924 18843 18747 18651 18583 18482 0.001
0.005-0.249 0.000 0.000 0.000 0.000 3.000 15.000 9.000 0.057
0.261 0470 1.017 2.053 3.743 5.853 8.706 0.057
16.887 16.005 15961 15922 15852 15762 15645 0.072
0.250-1.249 0.000 0.000 0.000 1.000 2.000 3.000 4.000 0.516
0.058 0.108 0.234 0.471 0.853 1.329 1.968 0.509
3.712 3.527 3.511 3.497 3.483 3.465 3432 0618
1.250-2.249 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.609
0.007 0.014 0.030 0.061 0.108 0.163 0.236 1.463
0.450 0.425 0.425 0.425 0.419 0.407 0395 1.869
2.250-3,249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.590
0.002 0.004 0.009 0.018 0.034 0.053 0077 2.255
0.151 0.140 0.140 0.140 0.140  0.140 0.137 2916
23.250 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.456
0.002 0.004 0.008 0.017 0.030 0.047 0.068 3.607
0.131 0.120 0.120 0.120 0.120 0.120 0.118 5.087
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PR AEES 10— 19 5%

. L =
o h — R
50-55 5660 61-65 66-70 71-75 76-80 B81-85
LA 3

0.000-0.004 0.000 1.000 2.000 5000 11.000 23.000 40000 0.000
0.831 1.673 3.462 6.438 11520 21.008 37428 0.000
18.938 17633 16400 17.187 16.895 16523 16.007 0.000

0.005-0,249 1.000 1.000 1.000 6.000 9.000 23000 32.000 0.062
0.496 1.013 2.081 3.870 6.886 12550 22357 0.062
10971  10.289 10.154 9.887 9.775 9.532 9251 0.083

0.250-1.249 0.000 0.000 0.000 1.000 3.000 5.000 13.000 0553
0.157 0.321 0.658 1.214 2.178 3.965 7.040 0540
3.277 3.052 2.997 2046 2.902 2.844 2772 0725

1.250-2.249 0.000 0.000 0.000 0.000 3.000 2.000 3.000 1.668
0.034 0.071 0.145 0.268 0.477 0.843 1491  1.492
0.649 0.612 0.600 0.554 0.584 0.554 0540 2.157

2.250-3.249 0.000 0.000 0000 0.000 1.000 0.000 0.000 2658
0.009 0.019 0.040 0073 0.132 0.240 0405 2253
0.187  0.172 0.170 0.167  0.185 0.159 0.151 3418

23.250 0.000 0.000 0.000 0.000 1.000 0.000 0.000 4.000
0.009 0.020 0.042 0.078 0.135 0.236 0.401  3.201
0.200 0.180 0.190 0.190 0.179 0.165 0.155 5.440

LA
0.000-0.004 1.000 5.000 4000 10000 15.000 18.000 30.000 0.000
1.295 3.144 6.266 10.212 15411 21692 29910 0.000
22380 21059 20855 20.711 20522 20320 20027 0.001

0.005-0.249 0.000 2.000 1.000 11.000 10.000 11.000 20.000 0.060
0.863 2.098 4,181 6.796 10.250 14.355 19.747 0.060
14810 13960 13847 13.731 13599 13410 13206 0.081

0.250-1.249 0.000 1.000 3.000 2.000 6.000 7.000 9000 0.529
0.286 0.699 1.384 2.235 3.369 4.716 6485 0519
4.961 4.680 4.605 4.543 4.491 4426 4352 0704

1.250-2.249 1.000 0.000 0.000 2.000 1.000 3.000 2.000 1.680
0.037 0.090 0.184 0.302 0456 0.631 0.856 1.499
0.694 0.649 0.645 0.644 0.631 0616 0597 2235

2.250-3.249 0.000 0.000 1.000 1.000 0.000 2.000 2,000 2.855
0.010 0.026 0.055 0.089 0.136 0.186 0255 2235
0.221 0.210 0.209 0.203 0.200 0.182 0186 3.406

23.250 0.000 0.000 0.000 1.000 0.000 0.000 0.000 4.152
0.007 0.017 0.033 0.053 0.075 0.103 0.136 3.334
0.105 0.100 0.100 0.088 0.090 0.088 0.085 5359
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PR M 20—295%

o
F i R i
50-55 5660 61-65 66-70 71-75 76-80 81-85
L
0.000-0.004 1.000 1.000 5.000 7.000 13.000 18.000 31.000 0.000
1.112 2.216 4177 7.246 11.870 18624 27.197 0.000
5437 5.027 4.908 4.772 4 596 4344 4.017 0.000
0.005-0.249 2.000 0.000 4.000 4.000 4.000 12.000 18.000 0.060
0.756 1.501 2.821 4.838 7.893 12572 18.565 0.060
3818 3514 3.419 3.280 3.150 3.004 2.784 0.081
0.250-1.249 0.000 0.000 3.000 3.000 3.000 9000 11.000 0.565
0.236 0.464 0.864 1.492 2.446 3770 5.361 0.548
1.147 1.053 1.018 0.989 0.954 0.885 0.791 0.765
1.250-2.249 0,000 0.000 0.000 0.000 1.000 1.000 0.000 1.585
0.037 0.075 0.145 0.251 0412 0.612 0.883 1.433
0.184 0.175 0.175 0.171 0.167 0.150 0.134 2.069
2.250-3.249 0.000 0.000 1.000 0.000 0.000 0.000 0.000 2.389
0.005 0.011 0.018 0.032 0.049 0.082 0.132 2057
0.033 0.030 0.026 0.025 0.020 0.020 0.020 3.260
>3.250 0.000 0.000 0.000 0.000 0.000 1.000 0.000 4,407
0.012 0.025 0.048 0.085 0.129 0.187 0.251 3471
0.058 0.055 0.055 0.055 0.050 0.041 0.033 5,666
i
0.000-0.004 5.000 6.000 11,000 15.000 25000 41.000 39.000 0.000
5.370 9607 14786 21.211 28.632 37322 48587 0.000
19.330 18.125 17.869 17626 17.319 16.910 16.419 0.001
0.005-0.249 4.000 4.000 13.000 17.000 32.000 31.000 34.000 0.059
4.394 7.835 12.035 17.218 23.146 30.176 39.248 0.059
15.371 14.463 14,292 14.091 13.827 13.513 13.106 0.081
0.250-1.249 1.000 2.000 7.000 6.000 15.000 12.000 18.000 0.533
1.282 2.292 3506 5012 6.731 B.663 11,209 0.520
4.629 4,352 4. 268 4192 4.100 3.858 3.826 0.722
1.250-2.249 1.000 0.000 1.000 2.000 1.000 3.000 4.000 1.688
0.169 0.304 0.471 0.657 0.870 1.118 1.417 1.503
0.625 0.583 0578 0.558 0.636 0.512 0.480 2.252
2.250-3.249 0.000 1.000 1.000 0.000 0.000 0.000 1.000 2.591
0.044 0.079 0.120 0.171 0.237 0.318 0.423 2.200
0.175 0.160 0.154 0.150 0.150 0.150 0.148 3.403
23.250 0.000 0.000 0.000 0.000 0.000 2.000 1.000 4,087
0.028 0.052 0.083 0.118 0.162 0.206 0.245 3.253
0.116 0.110 0.110 0.107 0.105 0.088 0.087 5327
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1B 18k 17 4 5 30— 891

_ 1
W - SRR
50-55 5660 61-65 66-70 71-75 76-80 81-85

%ok
0.000-0.004 3.000 4000 12000 42000 43.000 59.000 70.000 0.000
7133 12957 21921 33525 45.982 59.080 71.153 0.000
9.069 8.370 8.095 7.609 6.898 6.068 5164 0.000

0.005-0.249 4.000 7.000 17000 15000 30.000 35000 43.000 0.064
4.689 8.522 14240 21816 30.255 39.453 47.104 0.060
5.988 5.521 5.281 4.963 4.561 4.083 3.442 0.088

0.250-1,249 2.000 0.000 5.000 6.000 13.000 15.000 20.000 0.540
1.601 2.897 4.858 7.461 10.023 12779 15364 0.524
1978 1.819 1.750 1.656 1.480 1.282 1.087 0.730

1.250-2.249 0.000 2.000 0.000 1.000 0.000 0.000 2000 1.599
0.156 0.257 0.424 0.585 0.821 1.126 1.438 1.429
0.193 0.168 0.159 0.138 0.126 0.115 0.103 2.104

2.250-3.249 0.000 0.000 0.000 0.000 2.000 0.000 1.000 2.556
0.073 0.117 0.180 0.310 0.409 0.441 0453 2.168
0.090 0.076 0.070 0.070 0.063 0.048 0035 3.292

23.250 0.000 0.000 0.000 1.000 1.000 1.000 2000 4363
0.062 0.100 0.171 0.228 0.280 0.267 0271 3473
0.074 0.062 0.060 0.051 0.041 0.029 0022 5636

g
0.000-0.004 18.000 32.000 33000 37000 45000 55000 88.000 0.001
18,147 24628 32952 42481 53135 66447 79974 0.001
17.754 16.527 16.088 15574 14930 14215 12923 0.001

0.005-0.243 19.000 23.000 45000 35000 42000 56.000 70.000 0.062
16.341 22.276 29.818 38448 4B.028 59604 72548 0.062
16,202 15111 14687 14202 13645 12854 11.788 0.085

0.250-1.248 3.000 3.000 7.000 16.000 14.000 14.000 22000 0.506
4.258 5.767 7.757 10.032 12358 15320 18232 0.495
4.103 3.827 3.748 3.643 3.464 3.262 20938 0688

1.250-2.249 1.000  0.000 1.000 1.000 1.000 7.000 5000 1.576
0.543 0.734 0.987 1.270 1.564 1.850 2152 1.409
0.541 0500  0.488 0.471 0.446 0.402 0352 2.131

2.250-3.249 0.000 3.000 0.000 1.000 0.000 0.000 2,000 2635
0.120 0.160 0.210 0.260 0.291 0.341 0338 2223
0.126 0.113 0.105 0.097 0.084 0.075 0.057 3472

23250 0.000 0.000 0.000 1.000 0.000 0.000 2.000 3952
0.080 0.103 0.137 0.181 0.219 0.252 0.263 3.201
0.074 0.067 0.085 0.065 0.060 0.051 0.041 5.224
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AR B 4058 D)
o
5 T
50-55 56-60 61-85 66870 71-75 76-80 81-85

B
0.000-0.004 123.000 150.000 160.000 151.000 141.000 118.000 81.000 0.000
133.050 147.930 154610 151.280 133960 105.480 75.022 0.000
27.030 21.404 17.179 13.152 9.471 6.181 3.610 0000
0.005-0.249 94,000 104.000 122.000 108.000 91,000 74.000 56.000 0.066
95065 106.260 110.630 108.280  98.868 81.692 55.691 0.066
18,995 15.129 12.146 9.319 6.924 4.732 2654 0091
0.250-1.249 34.000 21.000 38.000 39.000 34.000 37.000 21.000 0.557
27.541 32.385 35.116 34.145 30.264 23.665 16.639 0540
5764 4710 3.883 2.945 2127 1.373 0.792 0.753
1.250-2.249 1.000 6.000 12.000 5.000 4.000 2.000 1.000 1639
3.283 3.926 4.111 3.666 3.074 2.136 1.345 1454
0.709 0.576 0.451 0.319 0.220 0.128 0.066 2.197
2.250-3.249 1.000 2.000 0.000 1.000 0.000 2.000 0.000 2.685
0.859 0.836 0.786 0.752 0.805 0.502 0251 2.253
0.174 0.126 0.094 0.071 0.058 0.030 0012 3667
23,250 1.000 1.000 1.000 0.000 1.000 1.000 0.000 4.220
0.756 0.804 0.959 0.897 0.812 0.628 0645 3.354
0.182 0.145 0.114 0.083 0.061 0.038 0.032 5.566

%
0.000-0.004 86.000 120,000 109.000 126.000 135000 114.000 76.000 0.000
115360 120650 125.440 126.450 116.970 101.190 81530 0.000
34317 28.809 24 867 20.893 16.517 12.154 8.264 0.001
0.005-0.249 83.000 97.000 118.000 115000 115.000 93.000 72000 0.063
92.878 97.458 100.880 100.030 93.331 80.886 63552 0.063
27.941 23.504 20.189 16.690 13.277 9.767 6.477 0.087
0.250-1.249 36.000 31.000 29.000 29.000 26.000 30.000 24000 0511
23.198 24.903 26.227 26.499 25.004 22.365 17.8668 0489
7.330 6.258 5.424 4533 3.608 2.716 1.828 0.695
1.250-2.249 4.000 4.000 2.000 6.000 5.000 4.000 4000 1.618
2.246 2.531 2.790 2.772 2.431 2.132 1629 1.442
0.769 0.671 0.597 0.485 0.359 0.263 0.169 2.154
2.250-3.249 1.000 1.000 0.000 1.000 1.000 1.000 2.000 2638
0.394 0.353 0.391 0.484 0515 0.463 0.461 2221
0.137 0.105 0.091 0.087 0.075 0.055 0046 3.395
23.250 1.000 0.000 1.000 1.000 2,000 1.000 2.000 4.068
0.402 0.420 0.408 0.398 0424 0.395 0.199 3.228
0.137 0.114 0.091 0.072 0.063 0.049 0.021 5582
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