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SUMMARY FE 4

Analyses carried out here generalized on earlier
studies of chromosomal aberrations in the
populations of Hiroshima and Nagasaki, by
allowing extra-binomial variation in aberrant
cell counts corresponding to within-subject
correlations in cell aberrations. Strong within-
subject correlations were detected with
corresponding standard errors for the average
number of aberrant cells that were often
substantially larger than was previously assumed.
The extra-binomial variation is accomodated in
the analysis in the present report, as described
in the section on dose-response models, by using
a beta-binomial (B-B) variance structure. It is
emphasized that we have generally satisfactory
agreement between the observed and the B-B
fitted frequencies by city-dose category. The
chromosomal aberration data considered here are
not extensive enough to allow a precise discrimi-
nation between competing dose-response models.
A quadratic gamma ray and linear neutron
model, however, most closely fits the chromo-
some data.

INTRODUCTION

A strong relationship between radiation exposure
and chromosome aberrations has been estab-
lished, based upon in vitro and in vivo studies in
man and other mammalian species.'™ These
studies tend to support dose-response curves
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that are linear in neutron dose and quadratic
in gamma ray or X-ray dose, especially with
regard to readily identifiable dicentrics and rings.
In studies of the Hiroshima and Nagasaki
populations, Awa et al* found a substantially
higher incidence of chromosome aberrations in
Hiroshima than in Nagasaki at a specified total
(estimated) radiation exposure level, suggesting
a particular role for neutrons in inducing
chromosome aberrations. Otake® in 1979
applied several dose-response regression models
to the Hiroshima and Nagasaki chromosome
data: 1) Pj=o;+B, Dy}, +B,Dnyj, 2) Pjj=1—
exp(—cti—-ﬁl[}y:‘j —B,Dny;), and 3)P;=1/[1+
exp(—&'i—ﬂlD‘y}} — B, Dn;;)] where Pj; denotes
the frequency of chromosomally aberrant cells
(yj;) in city or age group (i=1, . ..,c) and dose
group (=1, . ..
nonexposed control groups in the i-th category,
h is the extrapolation number of the gamma ray
dose, Dy;; and Dn;; are the mean gamma dose
and mean neutron dose of the (i,j)th cell, B,
and 8, are constants expressing dose-response
characteristics common to the c categories. In
these analyses it was assumed that the numbers
of chromosomally aberrant cells, y;;, are
mutually independent binomial variates. Based
on these analyses a model was proposed that
depends linearly on (estimated) neutron dose and
cubically on (estimated) gamma dose. An
important refinement of this method would
allow the possibility that cells from an individual
study subject are more alike in their response to
radiation than are cells from distinct subjects
with common exposure estimates and city. Such
a within-subject correlation may arise on the
basis of differences in individual susceptibilities
to chromosome aberrations, from individual
differences in response to a specified radiation
exposure level or from (random) errors in the
dose estimation procedure.

Compound distributions provide a natural means
for accommodating within-subject correlations.
Such distributiens arise from regarding the
response of cells (chromosomally aberrant or
not) in an individual subject to be independent
and allowing the cell aberration rate (probability)
to vary among subjects according a specified
class of distributions. A logarithmic distribution
for the cell aberration rate yields a negative
binomial (N-B) distribution®” for the number of
aberrant cells (in a specified number examined)

, m), «; is the event in the .
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while a beta distribution for the cell aberration
rate yields the B-B distribution.®” In applications
it probably does not matter much which of these
two compound distributions is used. In view of
the central role that the chromosome data play
in human radiation dose-response estimation,
it thus seems important to reanalyze the data
using a more flexible statistical model.

MATERIALS AND METHODS

N-B Distribution. Let A denote the expected
number of aberrations in an individual when N
cells are examined. If the aberration rate is
reasonably small, the number of aberrations, Y,
will adhere closely to a Poisson distribution
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Pr(Y=yl\)=A"e My!, y=0,1,2,...,

assuming that, given A, cells can be regarded as
independent. Instead of assuming A to be
common to all individuals, however, permit
the expected number to vary among individuals
according to the distribution
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where k and P are parameters to be estimated.
It follows easily that under random sampling, the
induced distribution for Y is the N-B distribution
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which has mean kP=u and variance kP(1+P) =
u+p’/k. Consequently, for large samples, the
moment estimates are easily derived by P =
(s2 -y)/y and k = v /(s* —¥), where y and s?
are the sample mean and varianceof y,, , . o
Maximum likelihood (ML) estimates (P, k) can

n
be obtained by maximizing L = Il Pr(Y =y,;P,k)

=1
using, for example, a Newton-Raphson iteration
with starting values (P, k).

B-B Distribution. The number of aberrant cells
Y among N examined cells is assumed to follow
a positive binomial distribution

y+k
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Pr(Y=ylP)= (Y)P¥ (1-P)N ¥

with aberrant cell probability P, while P is allowed
to vary from subject to subject according to the

beta density

1

PrF) = 3G 5)

with parameters a and b, where B(a,b) =

P a-p e

The probability distribution for Y is given by

IZHEI & T B, = LPIENFA—-%adtbirEoT
N— v, T4bH5,

PP~ la-pP)° !, 0<P<i

IZE->THEAPSBAANETEMT L2 EBEETE. 28
L B(a,b)= S: P*~Y(1—P)b" 4P ¢ 5 3.

Y DREE 774 (&

Pr(Y=y;a,b) = f; Pr(Y=y|P)Pr(P)dy

N. B(aty,N—y+b)

=(y)

The mean and variance of Y from this B-B
distribution are Na(a+b)~' and Nab(a+b+N)
(::1+1:a)_2 (a+b+l)_1, respectively. Based on
observations y,, ...,y ,, wecan readily compute
moment estimates of a and b according to

(YN-y* —s?)y
v2+Ns? —yN

=
a:

where y and s® are sample mean and variance of
Yis---,¥, ML estimates (a,b) can be similarly

n
obtained by maximizing L = .I]]l Pr(Y=y;;a,b)
l:

using a Newton-Raphson iteration with initial
values (a,b).

Chromosome Data and the N-B and B-B Distri-
butions. Table 1 shows the frequency distribution
for chromosome aberrations by city and total
estimated dose levels. As is evident from Table
1, the aberration rate is not small, but rather
varies over a comparatively wide range from 0%
to 42% with increase of dose. The N-B distri-
bution is generally applied to a body of data
when the aberration rate is reasonably small, as
it 1s well known as a compound Poisson distri-
bution. However, the number of aberrant cells
is not rare in the Hiroshima and Nagasaki
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TABLE 1 FREQUENCY DISTRIBUTION OF CELLS WITH EXCHANGE CHROMOSOME ABERRATIONS IN 100 CELLS PER SUBJECT BY CITY AND DOSE
£ 1 d®RAE 1 AN 2010048 o #l fa b o) 5 5 BY Gefa (k5% o0 BURE 53 A, 6B v K OV ik Y

Percent Aberrant Cells
Dose
Total

in:rad 0 1 234567 8 91011121314151617 18192021 222324252627 2829 3031 323334353637383940414243...100

Hiroshima
Control 263 139 66 3517
1-99 70 20 23 6 7
100-199 138 23 122023
200299 70 2 2 5 5
300399 43 1 1 1
400499 31 1
500999 25 1 1
1000+ 9 2 2
Total 649 188 10570 5
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Control 154 77 4125 6
1-99 60 29 17 § 3
100-199 65 29 18 6 8
200-299 58 15 1511 4
300399 28 6 2 6 3
400499 21 2 3 1 2
5009999 13 1 2 | 1 2 1 1 1
1000+ 4 2 1 1
Total 403159 9854261611 9 7 2 8 2 2 1 2 1 1 L A 1 1
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Note that T65DR estimates are used here. Exchange aberrations include dicentrics, rings, reciprocal translocations, and pericentric inversions.
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populations. Cultured blood lymphocytes were
examined microscopically for each study subject,
and usually N=100 cells were counted, but with
a small number of subjects (about 4%) as few as
30 cells were counted. Taking these items into
consideration, the B-B distribution is to be
preferred in the analysis of the chromosomal
aberration data for the Hiroshima and Nagasaki
populations.

Suppose, for an individual in this small group of
subjects, that N*<100 cells are counted and
that Y* aberrations occur. Hereafter, we make
a simple approximation by regarding the data as
if 100 cells had been counted and Y=100Y*/ N*
occurred. Matsui'® reported that the number of
aberrant cells Y among N cells examined 1is
assumed to follow a B-B distribution with
random aberrant cell probability, and that there
was a good agreement between the observed and
expected unstable aberrant cells (dicentrics,
rings, acentric fragments, or deletions) in

Hiroshima.

Dose-response Models. Supposed now that
subscript 1 indexes study subject confounding
factors, such as city or age, while subscript )
indexes (estimated) dose level classes. Let Dr;;
and Dn;; denote the average (estimated) gamma
and neutron dose levels for all subjects in category
(i,j). We will assume that the dose classification
is fine enough so that each subject in category
(i,j) can be viewed as having dose levels of
Dy;; and Dn;;. Among subjects in category
(1,j) the number of aberrant cells Y;; (among N
cells examined) will be assumed to have a B-B
distribution with parameters a;; and b;;. Dose-
response models were introduced by allowing
the expectation of Y;; to be of the form, i.e.,

EFARREILE2 2. EARBOEENS ) ¥ /7
ROBRBGEMA T, #MREEIIERE N=100 * &
272, —HONRE (F14%) T1330% #H 2 -1
TEZW. ChoDSz2EELT, BES - BEOD
AEMBREMORCHERE T - 7 DRBIFIZIEX—%
SHEHABERHVADAELNLEE L v,

CHDLHOMBEOMPBYE AN <100, Y o
REHIFEZIBE, T—9%, 5711000z
¥rxHzoh, Y=10Y*/N*¥ Boshrtarn
L TEHMEZEMUZITI. BH 3, REMREND
ILOREMBEY X, EfAREHEE %
LoTAR—F 2HFMIZEY, EBOFALKEREF
difig ( —®E%F, RIKEaEE, REFIHF XEIXRE)D
Bl MFlAI LTI 2RELTA.

RERICERE. ¥ ZHHPLER L L OFREMR
HORXFMEAF & ERL, BF ) 3 (HEE) RRES %
AF. Dy;; RUDny; i2(i,i) RANTOLHRED
T (#E) o~ ECPEFRRTS 5. Bt
Xa@3t+afaftehtsy, (Li)EFnEdR
ENHRME KL Dy, RUDn;; THBEALT &
FTE3ETH. COLNEFTOHNRENS S

BEMBKY,, (REMIEKNO S 5)12/87 X — 5

a;; RUb; 24> TN— 5 2HAMHIRES LK%
¥5. Y, OMIEE

E(Y;j) = a;+B;(Dyj)+B2(Dyi;)° +B3(Dy;j)° + B4 (Dnj;).

Of special interest are the linear-linear (L-L)
model given by ,=[p3=0, the (pure) quadratic-
linear (Q-L) model given by [(,=[(3=0, the
(pure) cubic-linear (C-L) model given by ;=
B,=0, and the linear-quadratic gamma and
linear neutron (L-Q-L) model given by 33=0.

These dose-response models were fitted by
noting that the sample mean y;; in the category
(1,)) bas expectation E(Y;;) as specified above

DEIE L BLEZT, HMRIGEE 2B L 2. $#1
Bk s 388 L8, =6;=012L>TH25N03
BRE—BE (L-L)#&R, B, =8;=012L-T5EZ
bhd (H#) 2 K—H8 (Q-L) #&R, B, =6,=0
LEk-2TEZAoW 3 (HHE)I X—HE(C-L)RA
BUB;=012k2THEIAoW38—-2 KK <8
RUGHG#E F8 (L-Q-L)ERITH 5.

(i,i) EAOBEATHET; 2 B0 MBHE(Y;;)
R‘Ufﬂ'ﬁ Vij=Naij bii (aij+bij+N) (aij+bii)?2



and variance V;; = Naj;b;; (aj; + b;; + N) (a;; + ‘I::ri_i)"2
(aj; + bj; + 1)”"m;y;~! where my; is the number of
subjects in the (i,j) cell. A weighted least squares
procedure, with weights derived by the ML

estimates a;; and b;; in the B-B parameters
A i =1

W.. = V

ij ij
dose-response parameters «;, f;, .
their standard errors.

was then utilized to estimate the
& % B [34 and

RESULTS

Evaluation of Chromosome Aberrations. Re-
cently effects of age at the time of the bomb
(ATB) and examination date on the number of
aberrant cells were assessed as confounding
factors.'! It was determined that evidently
neither age ATB nor examination date is strongly
related to total dose level. Accordingly, no
provision is made for including age ATB or
examination date in subsequent analyses.

Table 2 gives average gamma and neutron dose
estimates by city and total dose group and also
gives the sample mean and sample variance of the
number of exchange aberrant cells. Note that in
each city and total dose group the sample
variance is considerably in excess of the sample
mean, indicating the presence of extra-binomial
variation and the need for a compound distri-
bution such as the B-B distribution. Table 3
gives ML estimates of the B-B parameters, a
and b, for each city and total dose group. Table
4 shows generally satisfactory agreement
between the observed frequencies and the B-B
fitted frequencies.

The results of fitting dose-response models, as
described, are given in Table 5. For each of the
L-L, Q-L, C-L, and L-Q-L parameter estimates,
the corresponding estimated standard error and
f test of fit for the model are given. The most
noteworthy feature of these analyses, compared
to earlier analyses of this data, is that there is
no evidence, based on the present data, against
any of the four models. Specifically, the extra-
binomial variability acknowledged in the B-B
variance structure gives rise to substantially larger
standard error for the average number of
aberrant cells in specified city-dose groups,
compared to the earlier analyses that did not
allow for such variability. These enlarged
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TABLE 2 MEAN AND VARIANCE FOR CELLS WITH EXCHANGE ABERRANT
CELLS BY CITY AND DOSE

#2 RB|VRAFHROFHRUZE, BHRUHRER

Mean dose in rad Exchange aberrant cells

Dose

.y Subjects
Total Gamma Neutron Mean Variance
Hiroshima
Control .0 0 .0 263 82 1.21
1-99 38.0 304 7.6 70 2.07 6.70
100-199 143.9 1125 31.5 138 4.04 13.02
200-299 244 .1 186.4 §T1.7 70 8.29 30.76
300-399 346.9 261.8 85.1 43 10.95 56.57
400499 440.7 332.8 108.0 31 12.39 7391
500-999* 666.6 482.3 184.3 34 14.65 127.14
Total - - - 649 4.39 39.66
Nagasaki
Control 0 .0 .0 154 88 151
1-99 48 5 48.1 4 60 1.25 443
100-199 148.9 147.0 1.9 65 1.25 4.16
200-299 2535 249.1 44 58 2.31 6.67
300-399 347.2 341.9 5.3 28 3.11 6.54
400499 448.2 439.2 9.0 21 6.38 43.15
500-999* 637.8 620.6 17.2 17 11.06 98.93
Total - - - 403 2.07 14.61
T65DR estimates are used. 1965 ¥ ECITHEERM T H v 2.
*Dose estimates of 1000+ rad are combined with the 500-999 rad group.
HeE 51,0004 rad BEI1E500—999rad B2 G /-,
TABLE 3 MAXIMUM LIKELIHOOD ESTIMATES OF THE
PARAMETERS a ANDb BY CITY AND DOSE
#3 N7 XA—%aRkUb ok HEEM,
b A U SE R
Dose Exchange aberrant cells
n rad 2 b Mean Variance
Hiroshima
Control 1.63 198.03 82 1.21
1-99 87 41.07 2.07 6.70
100-199 1.66 39.37 4.04 13.02
200-299 2.61 28.92 8.28 30.71
300-399 2.15 17.48 10.95 56.57
400499 1.98 14.05 12.38 73.87
500-999* 1.43 8.36 14.59 126 .84
Total 47 10.25 4.40 39.65
Nagasaki
Control 1.06 120.14 88 1.57
1-99 47 36.80 1.25 443
100-199 51 40.12 1.25 4.16
200-299 1.15 48.44 2.31 6.67
300-399 2.59 80.77 3.11 6.54
400499 .94 13.86 6.37 43.34
500-999* 1.09 8.83 11.01 98.63
Total 31 14.64 2.07 1461

*See Table 2. # 2 8
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TABLE 4 RELATIONSHIP BETWEEN OBSERVED AND EXPECTED VALUES OF EXCHANGE
ABERRANT CELLS BASED ON A BETA-BINOMIAL DISTRIBUTION, HIROSHIMA & NAGASAKI

##4 N—F2RGHMIIEIIXRBREMBBOBFEME CHFEL OME, KD - ki

Dose 1n rad
Aberrant Control 1-99 rad 100-199 200-299  300-399 400499  500-999*
cells
0 E 0 E O E O E O E O E O E
Hiroshima
0 139 13508 20 2394 23 17.12 2 1.49 1 76 0 52 3 .90
1 66 7423 23 1484 12 2052 2 3.05 1 140 0 9 1 120
2 35 3268 6 987 20 1966 5 429 1 189 1 119 2 1.36
3 17 1314 7 670 23 1723 5 513 1 224 1 140 2 145
4 3 502 3 459 6 1438 3 559 3 246 3 154 2 149
5 2 185 2 315 12 1163 14 572 3 258 4 162 0 150
6 1 99 5 217 12 919 3 561 3 262 1 166 1 149
8 o 0 103 5 547 4 492 3 253 2 163 1 143
g 1 70 2 414 3 445 3 242 1 159 0 1.39
10 0 48 5 311 5 395 3 228 3 153 0 1.34
11 0 33 1 231 2 346 1 213 1 145 1 1.29
12 0 22 0 170 2 299 1 1.97 1 1.37 1 1.23
13 0 A5 0 125 7 255 3 181 2 128 1 117
14 1 33 1 91 3 215 2164 2119 1 112
15 Xri3p=1s21 1 65 1 180 0 148 1 110 0 1.06
16 S 2 47 2 149 0 133 1 102 3 1.00
17 1 12 2 333 2 129 1 93 4 .94
18 0 100 4 106 0 .85 0 .89
19 X'[16]=27.76 0 81 2 93 0 .77 1 .83
20 p<.05 0 .65 1 82 1 56 1 .8
21 x’[8]=1236 1 52 0 72 0 63 1 .73
22 NS 0 .41 1 62 1 56 1 .68
23 duetotwo O 32 0 54 0 S0 1 .63
24 ey 1 .25 0 47 0 45 1 .59
25 combined) 1 85 0 40 1 40 1 .54
26 0 3 0 35 0 .50
27 X*[24]=3396 0 29 0 31 0 .47
28 0<.05 0 .25 1 27 0 .43
29 0 .21 1 24 1 .39
30 0 18 0 21 0 .36
31 x’[12]=1288 0 15 0 .18 0 .33
32 NS 0 .02 0 .16 0 .30
33 duetotwo ©0 10 0 .13 0 .28
34 il 0 09 0 .12 1 25
35 combined) 0 .07 0 .10 0 .23
36 0 06 0 09 0 .21
37 0 .05 1 43 0 .19
38 0 .04 0 .17
39 0 .03 0 .16
40 0 03 x° [36]=22.70 1 .14
NS
41 0 .02 0 .13
42 1 .08 1 .95
43 X’ [41]=32.06 X’ [41]=40.96
44
45 NS NS
46
47

Numbers within [ | inj(1 [ 1 show degrees of freedom. I’[] DN L rNhE2 AT,
*See Table 2. #2284
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TABLE 4 Continued #4#x

Dose 1n rad
Aberrant Control 1-99 rad 100-199 200-299 300-399 400499 500-999*
cells
O E O E 0 E O E O E 0 E O E
Nagasaki
0 17 80.97 29 3247 29 3444 15 16.10 6 353 2 288 1 1.10
1 41 39.25 17 11.13 18 1253 1§ 12351 2 5.08 3 241 2 Tl
2 25 18.37 5 599 6 6.77 11 9.07 6 5.05 1 2.07 0 1.08
3 6 8.46 3 3.6l 8 4.04 4 641 3 4.26 2 1.719 0 1.03
- 4 3.86 3 2.28 2 252 2 446 2 3.26 1 1.56 2 98
S 0 1.74 0 149 1 1.62 2 3407 3 23 2 1.36 3 92
6 0 .78 0 98 0 1.05 3 210 3 1.62 3 1.19 0 .86
7 0 .35 0 .66 0 69 2 142 2z 1.07 3 1.04 0 .81
8 0 & 0 44 0 46 1 96 0 .69 0 .90 1 IS
9 0 .06 3 94 0 .30 3 190 1 1.10 0 .79 1 .70
10 1 .02 0 .20 1 .69 0 .65
11 xi‘. (9] =54 .49 xi [B]=1199 0 13 x1[31=4.33 x2[31=7.51 0 .60 0 .60
2 gm0 @ w0 @ 0o
14 - 1 g | 1 .39 0 .48
15 e ) 0 34 1 .44
16 NS X 113171797 0 29 2 41
17 (combined 5+) 0 .25 1 37
18 NS 0 22 0 .34
19 0 .19 0 .31
20 1 .16 0 .29
21 0 .14 0 .26
22 0 .12 1 24
23 0 .10 1 22
24 0 .09 0 .20
25 0 .07 0 .18
26 1 .40 0 .17
27 0 .15
29 NS 0 .12
30 0 .11
31 0 .10
32 0 .09
33 0 .08
34 0 .07
35 0 .07
36 0 .06
37 1 .43
9 NS
40

10
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TABLE 5 ESTIMATED REGRESSION COEFFICIENTS FOR EXCHANGE CHROMOSOME

ABERRATIONS BY MODEL
#5 RHBIGmEREOREERBFEEE, RER
Estimated regression coefficients
Model a a, B, B, B, Ba X (df)
(Hiroshima) (Nagasaki) (Linear gamma) (Quadratic gamma) (Cubic gamma) (Linear neutron)

Model I: E(Yjj) = & + 31D7;; + BaDnj;
843x 10~! 833x10!  5.00x1073***
(640X 10™2) 944%x1072) (953x 1079

Model I1: E(Yj;) = @; "‘ﬁzD’Yijz + B4Dny;
859x 10! 9.03x107!
(6.61x 10™2) (8.96 X 10™2)

Model III: E(Yj;) = @ "‘»3.=.'.D’}’ij3 + B4 Dnjj
858x 10~ 9.70x 107}
(6.62X 10™%) (8.66 X 102)

Model IV: E(Y;j) = a; + B Dy;j + 132]3""5"ij2 +ﬂ4D“ii
853x10~! 8.61x107!
(663X 1072%) (9.69x 107%) (2.02x1073)

1.56x 10>%**
(2.90% 10~%)

228X 1073NS 941X 10~°NS
(6.16 X 10~

891x% 10~ 2** 10.06 (10) NS
(6.29 X 10™°)

9.25% 102*** 5.07 (10) NS
(593X 1073

3.32% 10~ 8*** 9.68 X 10~ 2*** 5.15 (10) NS
(6.62x 1077) (5.68x 1073)

900X 10~ 2*** 573 (9) NS
(6.32% 10~3)

Estimated standard error of each parameter is given in parentheses.

GV A= FDOHERBALE (VNIZRT.

standard errors give rise to an (appropriate)
reduction in the ability to discriminate between
competing dose-response models. One can note
that, in each of the four models, there is strong
evidence for a role of both gamma rays and
neutrons in inducing chromosomal aberrations
but that the data do not permit one to distinguish
between linear, quadratic, cubic, and linear-
quadratic gamma dose functions. According to
the simple )(2 test of fit criterion, the data agree
most closely with a Q-L model (see Figure 1).
Yet there is little ability to discriminate among
the competing models.

DISCUSSION

The chromosome aberration studies of A-bomb
survivors serve an important function in assessing
radiation effects in humans. Awa et al* indicate
that lymphocytes obtained from A-bomb
survivors more than three decades after radiation
exposure would be anticipated to be a mixture
of newer lymphocytes repopulating the blood
from stem cells and long-lived lymphocytes
(BEIR report’?). The fact that the aberrant cell
rate as a function of total dose level is noticeably
higher in Hiroshima than in Nagasaki has been

11
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GEEEIZ) @b, ZholU-DOBRBIZ N EFNIC
Ay vBREUPEFEROME & L REk
REBRIIME LTI )@hLZE#RIIED S
nNa%, ZOTF—5H»5TREE, 2X, 3IXRRV
MIZ— 2 KDT < GRABZ2HANTHI LHTE
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FIGURE 1 DOSE-RESPONSE RELATIONSHIP AND 95% SIMULTANEOUS CONFIDENCE INTERVALS
FOR MEAN EXCHANGE ABERRANT CELLS IN HIROSHIMA AND NAGASAKI
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T65DR IN RAD

used as an argument for determining large
relative biological effectiveness (RBE) estimates
for neutrons in relation to gamma rays. Recent
analyses of these data® exhibited precisely
determined dose-response curves and large,
precisely determined RBE estimates.

The analyses used here generalized on previous
work by allowing extra-binomial variation in the
aberrant cell counts corresponding to within-
subject correlations in respect to cell aberrations.
Strong within-subject correlations were detected
with corresponding standard errors for the
average number of aberrant cells (in a specified
city and revised T65 dose category) that are
often substantially (2-10 times) larger than was
previously assumed. The implication of this
analysis is that the chromosome aberration data
considered here are not extensive enough to
allow precise discrimination between competing
dose-response models and therefore not extensive
enough to allow precise RBE estimation.
Analyses that utilize gamma and neutron
exposure estimates for individual subjects, rather
than merely dose estimate averages for categories
(by T65DR and city) may be somewhat more

12
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powerful in respect to discriminating between
models.

Perhaps of equal importance, analyses that
formally acknowledge the random errors
associated with the T65DR (or other) dose
estimation procedures would be useful. Table 3
provides motivation for one or both of these
maneuvers since the sample variances indicated
there considerably exceed the corresponding
means in the exposed groups in each city. But
this is not so for the control groups. A larger
number of subjects and careful attention to data
analysis methodology would be expected to
yield analyses with greater powers in model
discrimination and RBE estimation, provided the
estimated exposure levels do not themselves
include substantial systematic bias. The analyses
presented in this report, in spite of appreciable
standard errors, do indicate that an important
role of both gamma and neutron radiations is
the production of chromosomal aberrations.
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HAUNT 2 LTRAEINBEATHSLEELI LN S.

BoKFAIHFICEELSTH A D, 1960FHEXIT
EESR (Zoft) oBRA#EE ICHE L ZEERES
ERICEBODIBHLERTHSH. £IILLARTEE
SEUE, BT OEBERETFICHIET S FOEE
K& E{ LEFhHhH2DT, Zhizky bR HiENH b
—H Xkl E AL 2 WBEFIIoNE. LA
L, ShidxtBPFlc3 Tt EFsLwn. HEHR
KEHFICEEANEZHENBY A Z0ET L8R
BHEzHL, TR AEILBIZEE TSI LI
o7, BEOHMN AL HAMOEDEMDELD
HEHZMA-RBRITZITHIZEPHFEN LS. FH
TR LMK, BT84 E2F ML -
LDOTHEH, H#ryr=RUPHETFREBIFIEEHE
REOBRIEELZGIHZzRATZILEERLTVAS.
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