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ABSTRACT

The present study examined adult leukemia risk as a function of X-ray
exposure in a data set consisting of 1414 Teukemia cases and 1370 controls,
using Mantel-Haenszel odds ratic procedures to calculate relative risk for
30 sex/leukemia type/X-ray exposure type categories and between 1 and 6
dose levels (measured as number of films). Risk of contracting pneumonia
and ‘heart disease for four time periods prior to leukemia diagnosis
is also determined. The main finding is that significant excess risk is
restricted to two sex/leukemia type/X-ray exposure type categories, males
with acute and chronic myeloid Teukemia and more than 40 trunk X-rays.
Several sex/leukemia type/X-ray exposure types with risks significantly
Tess than 1.0 were also observed. Association of pneumonia and heart disease
with leukemia appear to be the result of a reporting bias in that most
significant excess incidence of these diseases in leukemics is within
6 months of leukemia diagnosis. Overall, our results suggest that X-ray
related excess Teukemia risk is small.
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EXECUTIVE SUMMARY

The present study reevaluates the adult portion of the Tri-State
Leukemia Survey study, a retrospective case control study undertaken in
the early 1960's in an attempt to identify environmental factors influencing
Teukemia risk (Graham et al., 1963),

The body of data coilected included 1414 aduit leukemia cases, obtained
from registries in New York State {excluding New York City), Baltimore,
Maryland, and Minneapolis-St. Paul, Minnesota, and a group of 1370 controls
chosen for a similar age and sex distribution. Also collected for each
case and control were a variety of ancillary variables including ethnicity,
occupation, disease history, and radiation exposure history.

Our reanalysis was prompted by three recent papers {Bertell 1977, 1978;
Bross et al., 1979) wnhich suggested that the Tri-State data in fact demonstrate
that diagnostic X-ray exposure significantly increases leukemia risk and by
Eheds$b;e?uent controversy these reports provoked (Ginevan 1980; Boice and

and 1979).

Qur reanalysis of these data focused on calculation of Mantel-Haenszel
(1959) age-stratified relative risks (age strata < 40 years, 41-60 years,
60+ years) for 30 sex/Teukemia/X-ray exposure type categories, and between
1 and 6 X-ray exposure categories defined as number of films. Appropriate
chi-squared statistics and confidence bounds [Gart, 1971) were also calculated.
In addition, the risk of contracting two diseases, pneumonia and heart disease,
in several time intervals prior to leukemia diagnosis was determined for
the 10 basic sex/leukemia type categories. Finally, total X-ray exposure
broken down by time was examined for those males with more than 40 trunk
A-rays, and an inspection of ethnicity, occupation, and disease history
of two high risk groups identified in the first part of the study was made,

Results of these investigations showed that only two groups, males with
acute and chronic myeloid Teukemia, exposed to more than 40 trunk X-rays,
showed significant excess risk. Most of the risks observed were between
0.5 and 2 and appeared symmetric about 1 (several weve significantly less
than 1). A second finding of these analyses was that the 2 lowest X-ray
exposure categories (1-5 and 6-10 fiIms} showed a general deficiency of
leukemia cases. The most probable explanation of this is that leukemics
"~ tend to have better medical records than comparable controls.

Evaluations of heart disease and pneumonia showed most excess incidence
cf both diseases was within 6 months of leukemia diagnosis, This was
attributed to a reporting bias.

Evaluations of timing of ¥-ray exposure in males exposed to more than
40 X-ray films and of disease history, ethnicity, and occupation factors in
the two high risk groups identified above show no patterns of significance.

Overall these results agree well with' previously published studies
{Gibson et al., 1972; Gunz and Atkinson,1964; Stewart et al., 1962). The
pronounced divergence of our work from that of Bertell (1977; 1978} and
Bross et ai, {1979) appears to be'due to faulty analytical procedures and




data selection biases in their studies. Our study, while it does not
entirely rule out excess leukemia risks associated with diagnostic X-ray,
suggests that such risks are relatively small.




INTRODUCTION

The Tri-State Leukemia Survey (Graham et al., 1963), a retrospective
case-control study, was undertaken in the early 1960's in an attempt to
identify environmental factors which might affect one's risk of contracting
the disease.. The body of data collected included 1474 adult leukemia cases,
obtained from registries in New York State {excluding New York City),
~ Baltimore, Maryland, and Minneapolis-St. Paul, Minnesota, and a group of
1370 controls chosen via a stratified randem sampling procedure for a similar
age and sex distribution. Also coilected for each case and confrol was a
variety of ancillary variables including ethnicity, occupation, disease
Eistory, and, most important to the present study, radiation expoesure

istory.

Studies by the original investigators suggested that males showed
an increased risk of both acute and chronic myeloid Teukemia with increasing
X-ray exposure, but that females did not. Other Teukemia types {chronic
and acute lymphatic, other leukemias--type unspecified) showed no excess
risk with increasing X-ray exposure (Gibson et al., 1972).

Subsequent neanalyses of subsets of this data by workers at Roswell
Park Memorial Institute (Bertell, 1977, 1978; Bross et al., 1979) suggested
that diagnostic exposures in fact precipitously increase leukemia risk. The
last of these studies provoked a critique by Boice and Land (1979) while the
first two studies by Bertell received criticism by Ginevan (1980). Both
critiques were wide ranging in that they considered not only the studies in
question, but also the original Tri-State analysis (Gibson et al., 1972)
and two other studies of adult leukemia and diagnostic X-ray (Stewart et al.,
19623 Gunz and Atkinson, 1964). The general conclusion of these authors
(Boice and Land, 1979; Ginevan, 1980} was that the results of the 3 earlier
studies (Gibson et al., 1972; Gunz and Atkinson 1964, Stewart et al., 1962)
were consistent in that they showed Tittle excess risk attributable to
diagnostic X-ray exposure in leukemics. The results of Bross {1579) and
Bertell (1977, 1978) were attributed to faulty analytical procedures and o
selection bias in the choice of data and dose metvic. [Both Bross et al.
(1979) and Bertell (1977, 1978) used arbitrary "rad dose" conversion factors.]

A major finding of our earlier re-evaluation (Ginevan 1980) was that
the original Tri-State study (Gibson et al,, 1972) used a somewhat idiosyncratic
methodology in that overlapping dose categories were employed, A crude
regression-based recalculation of relative risk suggested that excess risk
was mainly attributable to males over 45 years of age who had recieved more
than 40 trunk X-ray films. This was suggested independently by Boice and
Land (1979). Because of this finding and the general controversy which has
developed surrounding the adult portion of the Tri-State data, the present
study was undertaken.




METHODOLOGY

The first step in our analysis was to obtain a compliete breakdown of
X-ray exposure by age, type of exposure, sex, and Teukemia type. The BMDP-79
program package (Dixon and Brown 1979) was used for this purpose. Eignt

age intervals (s 20 years, 21-30 years, 31-40 years, 41-50 years, 51-60 years,
61-70 years, 71-80 years, > B0 years) and.7 dose intervals (0 films, 1-5 films,
6-10 films, 11-15 films, 16-20 films, 20-40 films, and > 40 films) were used.
Breakdowns were conducted (separately for males and females) for controis,
chronic myeloid, acute myeloid, chronic 1ymphatic, acute Tymphatic, and other
{type unspecified) leukemia. Three types of X-ray exposure were considered:
trunk, non trunk {extremities + denta??, and total X-ray exposure in number
of films. 1In all cases, all films taken 6 months or more prior to leukemia
diagnosis were included. No effort was made to infer radiation dose in rad
or rem because of the wide variation among equipment types in dose delivered,
and the broad range of organ doses among specific X-ray procedures (USHEW,
1966; Boice and Land 1979).

Upon inspection of these breakdowns a set of rules was developed for
combining categories, All analyses were performed using three age strata
(< 40 years, 41-60 years, 61+ years). Dose strata were determined by the
following rule: a dose stratum was lumped with the next Jower if it contained
less than 5 individuals, Thus, if the group with 11-15 films contained 3
individuals, 16-20 films contained 4 individuals, 21-40 contained 4 individuais,
and 41+ films contained 2 individuals, these would be Tumped into 2 categories,
11-20 films {7 individuals) and 21+ films (6 individuals).

Once X-ray categories had been combined, summary, age-stratified relative
risks were calculated. Two decisions were involved here, the choice of a
measure of relative risk and the definition of "exposed" versus "unexposed"
categories. . The Mantel-Haenszel statistic {Mantel and Haenszel 1959;

Mantel 1963) together with 95% confidence 1imits and a heterogeneity chi squares,
which reflects the variation in the odds ratio across the 3 age strata, derived
from a procedure suggested by Cornfield {1956) (see alsc Gart (1971)). These
methods were chosen in preference to the Woolf-Haldane 1og-odds ratio methods

{(Woo1f, 1955; Haldane, 1956; Sheehe, 1966) because the Mantel-Haenszel
procedure is less sensitive to sparse data sets (Gart 1962, 1970, 19713 Naylor
1967) and because its small sample properties are better known (Li et al.,
1979). Further, the Cornfield error bound procedure is known to give
conservative results {(Brown 1981). Computational details for the statistics
calculated are shown in Table 1. These statistics provide an estimate of

the relative risk, the magnitude of its deviation from unity in the form of

a chi-squared statistic (x?g p. ), error bounds for the central estimate, and
a second x? statistic that assésses the uniformity of relative risk across
the three age strata (x?ypy). Computation was performed using a set of BASIC
computer programs prepareg by the senior -author.

In defining "exposed" versus "unexposed" categories it was decided to separately
compare each radiation exposure category to the zero expsoure category. This
procedure was adopted because we felt that it provided a clearer view of the
pattern of risk {e.g. does risk increase with increasing dose?) than did the
methods used in the original Tri-State study. This point is illustrated




in Table 2. A second set of analyses was 3150 performed using persons with
0-10 films as the unexposed group, to provide an analysfs directly comparable
to the original Tri-State study (Gibson et al., 1972)

The convention of exc1ud1ng on1y those cases w1th therapeutic ‘X-ray
or ?1ss1ng X-ray exposure data, as in the original Tri-State study,was also
followed

This differs from the excliusion ru]e followed by Bertell (1977 1978)
and Bross et al. (1979) who additionally excluded all those persons with
unverified X-ray exposures (unverified exposures being those reported by the
study subject or, if subject was a Teukemia case who was already dead, a
relative that could not be found in the subject's medical records). The
problem with this a proach is that Tess t an 10% of the exposures reported
{as number of f11ms§ in the Tri-State data set fall into the unverified
category, while exclusion of those with unverified exposure results in
Toss of over 1/3 of the cases. [Bross et al. (1979) included 206 males with
nonlymphatic leukemia; our breakdowns indicate that at Teast 371 cases
were available,if only those with therapeutic exposure are excluded
{e.g. see Tables 7 and 8)]. It would seem that Toss of one-third of the :
available data is a rather high price to pay to deal with a source of potential
bias confined to Tess than 10% of the data; the bias is far from one sided
{e.g. both leukemics and controls had unverified exposure).

In addition to our calculation of Mantel-Haenszel statistics for the
various sex, age, X-ray type, X-ray exposure level, and leukemia type
categories, we also examined temporal patterns in the diagnosis of two
diseases (heart disease, and pneumonia?. The analysis of heart disease
was prompted by a claim that it was associated with radiation-induced
leukemia (Bross et al., 1979). Pneumonia was examined because preleukemics
have been shown to be particularly sensitive to the disease (Kneale, 1971;
Stewart and Kneale, 1969) and because it had been hypothesized that pre-
leukemic pneumonia might, in part, account for the excess X-ray exposure
attributed to leukemics (Ginevan, 19803). In both diseases the proportion
of individuals diagnosed (1) within 6 months of Teukemia dIégnos1s, (2}

7 months-5 years prior to diagnosis, and (3) more than 6 years prior-to
* diagnosis was compared among leukemics and controls using those without
the disease as the “unexposed“ group. Relative risk statistics were
calculated as before us1ng Mantel-Haenszel statistics and the same three
age strata. _

An evaluation was also made of the timing of X-ray exposure. 1In this,
total X-rays were broken down by three periods: (1) 6 months-1 year prior
to diagnosis, (2) 1 year-5 years prior to diagnosis, and (3) greater than
6 years prior to diagnosis. Differences in X-ray exposure pattern between-
controls and the various leukemia types were assessed, Because of the
earlier findings of Gibson et al., 1972, and the results of the present
study, this evaluation was conf1ned to ma?es with more than 40 trunk X-rays.

Finally, a deta119d examination of two possible h1gh risk groups (males
with acute or chronic myeloid Teukemia and more than 40 trunk X-rays)
identified in this study was made to determine possible factors that might
predispose a person to radiation-induced leukemia.




RESULTS

Cross tabulations for all exposure/leukemia types are shown in Tables
4-39. These are provided mainly for the sake of completeness, and to
allow the reader to satisfy himself that our results are not particularly
sensitive to the choice of age or dose strata. During the production of
these mundane breakdowns one of our more interesting discoveries was made,
In our initial cross tabulations we discovered excesses of 1 or 2 cases
in some exposure categories as comparéd to published figures {Gibson et al.,
1972). This was traced to the fact that we had failed to exclude persons
with therapeutic X-ray exposure. We therefore did another analysis
excluding such cases, and discovered that we now had deficiencies of
betwéen 1 and 3 cases in many categories, This paradox was resolved by
an exhaustive case by case examination of the data in question, and
rechecking the Tri-State data set code book (Graham, 1980). We discovered
that many cases with therapeutic exposure had between 1 and 7 treatments,
but the code book indicated therapeutic X-ray was coded as either 0 or 8
{eight or more treatments). Since our data had been checked and rechecked
and all the records had been found to be internally consistent (i.e,,if a
person had therapeutic radiation by one code he had it aiso on all recodes),
it seems probable that in doing the original analysis a programmer decided
to exclude cases if the therapeutic variable was greater than or equal to eight,
Given the set up of the code book it is a logical thing to do, and it was
sheer good luck that we did not repeat the error,

Coding properly for therapeutic X-ray resulted in the loss of about
100 total persons, but had relatively small effects on the subsequent analyses
(spot checks were made). This is reasonable given that there is no particular
reason to feel that therapeutic exposure should be strongly associated with
diagnostic exposure, The breakdown of therapeutic exposure is summarized
briefly in Table 3. It is shown that male leukemics had a relative risk
of 2.01 while females had a relative risk of 1.06. Since the purpose of
the present investigation was the examination of diagnostic radiation effects
these data will not be considered further. However, the reader should
keep in mind that our values for a particular exposure category will be generdliy
less than those published previously (Gibson et al., 1972). Tables 40-49
show the results of our relative risk by X-ray exposure analysis in 10
sex/leuykemia type categories, using those exposed to 10 or Tess X-ray
films as the control group. Of the large number of sex/leukemia type/X-ray
exposure categories considered only 3 show a relative risk in excess of 2.0,
These are males with acute myeloid Teukemia exposed to more than 40 trunk
X-vays (Table 40), mles with chronic myeloid leukemia exposed to more than
40 trunk X-rays (Table 41}, and males with chronic myeloid Teukemia exposed
1o more than 40 total X-rays (Table 41). The Tast two, however, are
hardly independent since the second includes the first, Inspection of
table 41 shows that the relative risk of those in the highest total exposure
category (2.50) is entirely the result of the extremely high risk shown by
those in the highest trunk exposuré category (11,41) being diluted by inclusion
of non-trunk X-ray exposure. _




There are also several categories with relative risks of less than 0.5.
Two are nat-significant owing to small sample size (males with chronic
myeloid leukemia exposed to more than 16 non-trunk X-rays [Table 417];
females with other unspecified leukemia exposed to more than 11 non-trunk
X-rays [Table 49]), but three others deviate from unity as strongly as
do those risks greater than 2. (Males with chronic lymphatic leukemia
exposed to between 11 and 20 trunk X-rays [Table 43]; females with chronic
Tymphatic leukemia exposed to either more than 16 trunk or more than 21
total X-rays {Table 487).

Turning to the same analyses but using zero X-ray films as the control
group (Tables 50-59) we see the same patterns repeated with the additional
observation that leukemics tend to be underrepresented in the two additional
low exposure categories (1-5 and 6-10 films). (That is, these categories
tend to show relative risks of less than unity in most sex/leukemia type
categories.) -

Qur evaluations of heart disease are shown.in Tables 60 and 61. The
major case-control difference noted is a large excess of heart disease
diagnosed within 6 months of leukemia diagnosis. 1In females, there also
seems to be a tendency for leukemics to show an excess of long standing
heart disease. :

Our pneumonia analysis is presented in Tables 62 and 63. Here we see
a strong, consistent excess of risk of pneumonia diagnosis within 6 months
of Teukemia diagnosis, some evidence of excess risk between 7 months and b
years prior to diagnosis,and no excess risk of pneumonia & or more years
prior to leukemia diagnosis. - '

Table 64 presents breakdowns of fotal X-ray exposure over time
{(temporal information for trunk exposure ajone was not available) for all
males with more than 40 trunk X-rays (the category which includes our only
2 "high risk" groups), broken down by leukemia type. The major finding
here is that well over half (58.9-71.3 percent) of diagnostic X-rays were
given within 1 year of leukemia diagnosis. There are no striking differences among
the different Jeukemia types, though acute myeioid leukemia does show a
significantly different distribution of X-ray exposure by time (P < .001),
when compared to either the control or chronic Tymphatic leukemia groups
via a chi-squared test.

The final evaluation carvied out was an inspection of the occupation,
ethnicity, and disease history of the two "high risk" groups--male acute
and chronic myeloid leukemics with more than 40 frunk X-rays. These were
compared to males with more than 40 trunk X-rays from the control and chronic
lymphatic leukemia groups (the origin of the latter is presumably not
radiogenic). The only obvious difference resulting from this comparison
was that the 17 individuals affiicted with myeloid Teukemia had
a history of heart disease which pre-dated their leukemia diagnosis by at
least 4 years, as opposed to none of the mine controls and lymphatic
leukemia cases. The average age of these seven cases was over 65 years.

i3




DISCUSSICN

It is apparent from our extensive consideration of this.data set that
there is 1ittle or nho excess leukemia risk that can be attributed to
diagnostic X-ray exposure. Only 2 groups (males with acute and chronic
myeloid Teukemia exposed to more than 40 trunk X-vays) show significant
excess risk. This finding 1s at variance with those of the original Tri-State
investigators (Gibson et al., 1972), but the differences are readily explicable.
First, as noted earlier, we excluded all therapeutic X-ray exposures, which |
the original analysis inadvertantly failed to do. Second, and more importantly,
we analysed non-overlapping exposure intervals. The impact of this may be
iflustrated by considering that, in the original study (Gibson et al., 1972)
males with acute myeloid leukemia and more than 40 trunk X-rays
showed a highly significant excess of leukemia and a relative risk of 5.06
(P < ,02), In our investigation, the risk dropped to 4.69 (P & 0.05)

(Table 40). This differential is due, in part, to the fact that 2 of the nine
cases originally analysed in this category actually had therapeutic exposure
and were thus excluded from our analysis., More signficantly, however, all
Tower exposure categories show a slight deficiency in X-ray exposure compared
to the control group. This deficiency is even more apparent if those with

0 X-ray exposure are taken as the control group (Table 50}, which makes

it exceedingly difficult to seriously propose that X-rays may cause this
disease.

Similarly, in the case of chronic myeloid leukemia (Table 51) there is
a strong excess risk for males in the 40+ exposure category, but no evidence
of any general increase in lower categories. One might argue that here, at
least, three of the lower categories show risks in excess of unity, but this
ignores the fact that two exposure categories do not (Table 51) and that
the second highest risk is shown by those with only 6-10 exposures.

The disagreement of findings of this analysis with those of Bertell (1977
and 1978) and Bross et al, {1979) is more fundamental. It is our opinion that
both authors produced selective analyses, designed to support a particular
hypothesis, rather than to provide an unbiased evaluation of the data as a
whole. Both authors use methodology which is both non-standard and highly
questionable. Further, with one exception, both authors restrict themselves
to analyses of males with nonlymphatic {chronic myeloid + acute myeloid)
Teukemia. -

The exception itself is worthy of note, Bertell (1978) compares mates
with females in Table 2. In this she uses rads skin dose, which gives greatest
weight to dental X-rays (1 dental X-ray = 6.8 chest exposures or 1.44 abdominal
exposures). This makes no sense, as is illustrated in the same paper (Bertell,
1978) by her Table 23 dealing with estimated marrow doses, because dental X-rays
involve very little dose to the bone marrow (myeloid leukemias are malignancies
of the bone marrow). However, examining the great differences in X-ray exposure:
and leukemia risk between the sexes shown in our Tables 50, 51, and 53, and
Tables 55, 56, and 58, respectively, it is apparent why Bertell's odd scale
is necessary. Moreover, this scale is abandoned when consideration is focused
only on males (Bertell, 1978, Table 8), for a convention that a dental X-ray =
1/4 of a trunk exposure,




X-ray exposure is associated with both heart disease and leukemia. Here,
too, number of films is converted to "rads" exposure in an arbitrary manner,
with the assurance that "The use of other constants would not affect
conclusions concerning the shape of the curve" (dose-response is claimed to
be calculated). Perusal of the analyses presented here suggests that the
choice of exposure types,and constants combining them, would greatly affect -
any "curve" calculated. More importantly, the classification heart disease-- I
no heart disease is adopted without regard to time prior to diagnosis.

In the case of Bross et al. {1979) work, the contention is made that ' L
i
!
|

Consulting Table 61 we see that the really striking elevation in ;
diagnosis of heart disease occurs within 6 months of Teukemia diagnosis. 5
This is almost certainly a reporting bias (e.g. it is more probable that
a sick person who is urdergoing intensive medical examination will be
found to have heart disease than a person selected at vrandom from the
general public). Thus, Bross et al, {1979) inciuded a substantial source
of confounding in their study.

Consideration of the 2 "high risk groups" {males with acute or chronic
myeloid leukemia and more than 40 Trunk X-rays) in our study did show 7
persons with a heart disease history of long standing (more than 5 years
prior to diagnosis) and two others with the disease at least 7 year prior
, to myeloid Teukemia diagnosis {all others were free of the disease). None
f of the nine persons in the two comparison groups (male controls and chronic
j Tymphatic leukemics with more than 40 trunk X-rays) showed any history of
heart disease. These data, however, suggest that heart disease predates
X-ray exposure. Even the two individuals whose heart disease
; was diagnosed hetween one and three years prior to leukemia diagnosis received
? over 20% of their trunk exposure between 6 months and 1 year prior to
jeukemia diagnosis. If one accepts the general dictum that a cause must
precede its effect, it appears unlikely that X-ivradiation causes heart-
disease (though the converse is both admisstble and plausible).

Much better agreement is found between our results and those of two other
studies of adult Teukemia and diagnostic X-ray. The first of these is Stewart
et al. (1962), This study involved 483 cases of nonlymphatic leukemia, as
well as 496 cases of lymphatic Jeukemia, 956 cases of "other cancers," and
956 controls, The study concluded that only nonlymphatic Teukemias showed
an excess risk of diagnostic X-ray exposure. This excess, which was present
to a greater degree in males than in females, was attributable to a very
marked excess (1.8 x controls) of persons who had had 10 or more trunk
X-rays within 5 years prior to diagnhosis of leukemia. The authors originally
calculated that some 8% of nonlymphatic Teukemias were X-ray induced, Other
studies, however, showed that preleukemics have an inordinately high risk
of developing infectious diseases (Stewart and Kneale, 1969; Kneale, 1971),
such as pneumonia, which would result in an increased rate of exposure to
diagnostic X-rays. This finding cast sufficient doubt on the cause-effect
relationship that the senior author subsequently retracted her earlier estimate
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~(Stewart 1973}, A Tater study in New Zealand also considered the possibility
" of a positive relationship between leukemia and diagnostic X-ray procedures
‘(Gunz and Atkinson, 1964), This study, which included 355 cases of acute
Teukemia, 78 cases of chronic granulocytic {myeloid)} leukemia, 157 cases

of chronic Ilymphocytic Teukemia, and 712 controls matched for age and sex,
showed a positive relationship between X-rays and chronic granuiocytic
lTeukemia. However, all of the excess exposure was attributable to a total
R of four individuals who had received mpre than 20 R skin dose during a 10
it year period prior to diagnosis. Because the vast majority of leukemia
cases showed no excess X-ray exposure, the authors conciuded that, at mest,
1% of the Teukemias were induced by exposure to dijagnostic X-ray,

Our findings echo the excess of males over females and the absence of
excess risk for Tymphatic leukemias found by Stewart et al. (1962). They
also parallel the finding that those in the high risk groups have a large
number of X-ray procedures within 5 years of leukemia diagnosis. However,
this finding must be tempered by the fact that a similar pattern was demonstrated
in male controls and male chronic lymphatic leukemics as well (Table 64). As for the
i specuiation that pre~leukemic pneumonia and other infectious diseases may
; ‘ be responsible for the observed excess X-ray exposure in Teukemics {Stewart
’ and Kneale, 1969; Kneale, 1971; Stewart, 1973), there is certainly a large
|
|
|

excess of pneumonia diagnosed within 6 months of leukemia diagnosis and some
indication that there is an excess of pneumonia diagnosed between 7 months
and 5 years of leukemia diagnosis. The problem is that these phenomena

é cut across both ieukemia types which show excess risk and those which do
not. Thus our. investigation does not realiy support the idea that excess
X-ray exposure is caused by pneumonia. However, pneumonia does show

a pattern similar to heart disease, and observed excess of this

disease to may be due in part to reporting bias.

General agreement is also found between our findings and those of Gunz
and Atkinson (1964). It is of particular interest to note that in their
study, as 1n ours, all excess risk was found in a small group of perscns with
nonlymphatic Teukemia. If one accepts the reasonable geheralization that
1 trunk exposure = ,5 rad skin dose (USHEW, 1966) even the dose cutoffs of
their study agree well with ours (20 rads = 40 films).

Another point of interest concerns the observed general deficiency of
leukemia cases in the two Towest exposure categories (1-5 and 6-10 films;
Tables 50-59). It was suggested to us that this may reflect the fact that
X-ray exposure may be underreported for leukemics because in many cases
interviewers obtained X-ray histories from relatives of Teukemics since
the person afflicted had already died. This is true, but it should be
remembered that over 90% of the X-ray exposure was verified from medical
records and that only about 30% of actual X-ray exposure was mentioned in
interviews (Graham et al., 1963). This consideration led Boice and Land .
(1979) to suggest that leukemia cases might have better records and thus a
s1ight excess in exposure would be expected. If this is in fact the case,
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one could explain the observed pattern by the fact that more controls than
leukemics tend to be placed in low exposure categories because less of their
exposure is recorded.

The final and most important point is what this study says about the
adult leukemia risk associated with diagnostic X-ray exposure, It would be
inappropriate to try to estimate a doubling dose or excess risk from the two
"aigh risk" groups. First, any such estimate would be an overestimate
{Land, 1980). Second, there is the disturbing fact that much of the
exposure took place within 5 years of diagnosis which is contrary to the
understandings of leukemia latency gained from the atomic bomb survivors
(Land and Norman, 1978). In that data, latency following exposure was at
least b years and increased with decreasing dose. Finally, one can hardly
focus on the small group with excess risk while ignoring the groups with
?ign1§1cant X-ray deficits., This point is discussed at length by Cohen

1978). . ‘

Consideration of the overall pattern of risk observed (which is our
basic purpose) suggests that risks are symmetrical about 1.0. However, the
results observed are not, on the basis of confidence intervals, incompatable
with some small excess Teukemia attributable to diagnostic X-ray.

The most that can be said about effects, given the results, is that
older males with heart disease (which might in itself cause X-ray exposure)
may be at risk if they are exposed to a very large number of X-vray films
within a short period of time. However, it should be emphasized that the
weight of the evidence examined here suggests that there is 1ittle excess
adult leukemia risk that can be attributed to diagnostic X-ray exposure
in general.
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Table 1. An i1lustration of Mantel-Haenszel methods for calculation of a
pooled relative risk and its associated chi-squared K tables of
the form shown below. Also shown are procedures for calculation
of an upper bound on the estimate and a heterogeneity x% both of
which are developed from a procedure due to Cornfield {1988).

®
@ bt
%] =
[+ ] [=]
[ o
Exposed Xi Mi-xi Mi
Unexposed Nli'xi NZi"Mi+x1 N] +N21 M1
M Ny Npitlpy = Ty
Mantel Haenszel Relative Risk (Rm) |
!
oy ?
Take Gy = X, "-M X+, X, | ( K ) ( Ko )
then Rm = | 3 BT, ) T H,:T,
Ly 2 P R e T |

Chi squared for deviation of Rm from unity (xz)

Al (b (v

For Cornfield upper bound Rc find soiution of
(= x5-{%;1M5 R )+ 1/2 = -Za/2
z/v(ﬁi[mi; Rc)

where (%iIMij Ru) is the solution to a quadratic equation,Za is the normal defvate
associated with a two sided 1-a percent confidence interval, and

v{ % Ry =(( ¢ )1("‘ )T (iR gy ) T

A method for obtaining this solution is given by Gart (39
a heterogeneity chi squared by solving quadratics for (x

; ("1 - %;0my5 Rm))2
i=1 V% Im Ry )

2

{ Y. One can also find.
3

L m) and observing that

is asymptotically distributed as a x“ variate with k-1 degrees of freedom,
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Table 2. Alternative methods of defining "exposed" versus "unexposed®
populations and their effect on patterns of relative risk {R.R.):
an example using hypothetical data.,

Pata Set
Controls Cases
Dose level
0 100 100
1 10 5
2 ‘ 10 5
3 10. 40

Tri-State Survey Method {Gibson et al., 1972)

Dose Tevel 3 versus 0 + 1 + 2

R.R. = {40 x 120) + (10 x 110) = 4,36
‘Dose level 2 + 3 versus 1 + 2 |

R.R. = (45 x 170) + (20 x 106) = 2,36
Dose Tevel 1 + 2 + 3 versus 0

R.R. = (50 x 100) ¢ (30 x 100) = 1.67
Method Adopted
Dose level 3 versus O

R.R. = (40 x 100) + (30 x 100} = 4

Dose Jevel 1 or 2 versus 0

R.R. = (5 x 100} + (10 x 100) = 0.5
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Table 3. A brief analysis of therapeutic X-ray exposure.  Shown are breakdowns
of therapeutic exposure by sex and age in controls versus Teukemics.
Also shown are upper and lower 95% error bounds (U.B.; L.B.) and the
Mantel-Haenszel statistic for relative risk (R.R.}, and chi-squared

statistics for relative risk {x’p p.) and heterogeneity (x*yer).

Males Females
Age < 40 41-60 . 61+ s 40 41-60
Controis
No therapeutic ' 204 - 243 203 191 216
Therapeutic ' 5 6 7 11 16
Leukemics
No therapeutic 99 218 491 Y 138
Therapeutic 8 13 23 3 10
'Mante1—Haensze1 Statistics
Males Females
R.R. 2.01 1.06
L.B. B 1.13 .66
U.B. 3.90 1.72
2
"CR.R. 5.64 0.02
ty2
KTHET 1.67 0.42
* 1 degree of freedom «2 (0,05, 1) = 3.84 2 (0.05, 2) = 5.99

t 2 degrees of freedom x2 (0.01, 1) = 5.02 x2 (0.01, 2) = 9.2}

61+

251
17

318
26




Table 4. Cross Tabulation of Total X-Ray Exposure by Age: Males, Controls. ‘

Number of ' - Age : .
X-rays <21 21-30 31-40 41-50 51-60 61-70 . 71-80 81+ | Total
0 21 46 25 31 48 31 26 5 233
1-5 11 16 12 17 34 28 13 2 133
6-10 | 7 9 5 9 17 18 6 1 72
11-15 4 : 2 10 13 13 9 0 56
16-20 4 8 4 2 I 8 T 1 36
21-40 5 6 3 11 14 13 4 2 58 o
41+ o 1 0 6 12 3 2 0 25
Total 53 91 51 86 . 146 114 61 11 613




Table 5. Cross Tabulation of Total X-Ray Exposure by Age: Males, Acute Lymphatic Leukemia.

Number of Age
X-rays i <21 21_—30 31-40 41-50 51-60 61-70 - 71-80
] 6 0 3 - 5 5 A 6
1-5 5 2 1 0 1 5 0
610 2 0 1 1 0 1 1
s ‘ 2 1 2 1 0 1
16-20 1 0 0 .3 2 0 0
21-40 1 0 1 0 5 : o
Al+ - 0 0 0 0 0 1 0
Total 16 4 7 17 1 5 5




Table 6. Cross Tabulation df Total X-Ray Exhosure by Age: MaTés, Chronic Lymphatic Leukemia.

Number of _ Age
X=Tays . <21 21-30 31-40 47-50 51-60 61-70 71-80 81+ Total
0 0 0 3 8 21 44 42 14 132
1-5 0 0 0 4 8 22 22 6 62
6-10 0 1. 0 2 6 7 8 27
11-15 0 0 1 3 9 3 2 2 20
16-20 0 0 1 1 2 2 6 "0 12
21-40 0 0 0 2 5, 7 4 3 2
a1+ 0 0 0 2 T 4 3 0 10
Total 0 1 5 22 52 89 87 28 784

0¢



Table 7. Cross Tabulation of Total X-Ray Exposure by Age:

Males, Acute Myeloid Leukemia.

Number of ~ Age
X-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+
0 5 6 3 6 1k 17 20 8
1-5 3 0 6 3 6 9 7 ?
6-10 1 2 1 2 4 5 5 0
11-15 0 1 4 4 5 4 1 ]
16-20 0 0 0 1 1 2 0 0
21-40 1 1 2 0 1 3 1
41+ 0 0 0 0 5 5 2 0
Total 10 10 16 16 38 43 38 12




Table 8, Cross Tabulation of Total X-Ray Exposure- by Age: Males, Chronic Myeloid Leukemia.

Number of _ Age
X-rays ) <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 2 3 1 4 9 12 9 2 42
1-5 0 0 4 2 6 4 ] 20
6-10 0 1 1 Z 2 7 3 0 . 16
11-15 0 0 1 1 1 5 5 L2 .15
16-20 0 0 2 1 0 5 1 0 9
21-40 0 g 2 2 1 7 1 1 14 ~
41+ 0 0 0 2 4 0 12
Total 2 7 7 14 17 48 27 _ 6 128




Table 9. Cross Tabulation of Total X-Ray Exposure by Age: Males, Other {Type Uﬁspecified) Leukemia.

“Number of Age

x-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 g1+ Total

o 3 2 2 4 6 9 15 5 46

1-5 0 1 0 2 3 5 5 2 18

6-10 1 0 1 0 3 6 3 7 15
11-15 0 0 1 2 1 1 2 0 7
16-20 0 0 0 0 0 2 2 1 5
21-40 o 0 2 0 3 3 4 3 15
4 0 0 0 2 1 4 1 0 8
Total 3 3 6 10° 17 30 32 12 14

£2




Table 10. Cross -Tabulation of Trunk X—Ray-Exposure by Age: Males, Controls.

Number of
X~Tays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 37 69 31 54 68 39 34 5 337
1-5 12 16 13 16 41 39 10 2 149
6-10 2 3 3 4 16 15 5 2 50
11-15 0 3 1 1 5 6 7 "0 26
16-20 0 0 T 4 6 7 2 1 21
21-40 1 0 2 4 7 7 3 1 25
41+ 1 0 0 0 3 1 0 0 5
Total 53 91 86 146 114 61 11 613

51

[
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Table 11. Cross Tabulation of Trunk X-Ray Exposure by Age: MaTles, Acute Lymphatic Leukemia.

Number of Age o ‘
X-rays _ <21 21-30 31-40 -41-50 51-60 61-70 - 71-80 g1+ Total
0. 13 3 5 5 6 .4 6 ] 43
1-5 2 1 1 P 0 2 1 2 1
6-10 1 0 0 2 1 1 0 1 6
1115 0 0 0 1 2z 0 1 0 4
16-20 0. o 0 '1 0 0 0- 1
- 21-40 0 o 1 0 2 1 0 0 4 3
41+ 0 o 0 0 0 ] 0 o 1
Total 16 4 7 11 11 9 8 4 70




Table 12. Cross Tabulation of Trunk X-Ray Exposure By Age: Males, Chronic Lymphatic Leukemia.

Number of : ' Age : :
x-rays . <21 . 21-30 31-40  41-50 5160 61-70 71-80 81+ Total \
0 0 0 3 13 28 53 46 14 157
1-5 0 I 13 20 26 8 72
6-10 0 10 1 3 6 7 2 20
11-15 0 0 1 0 3 2 1 1 8
16-20 0 0 0 1 1 0 2 o 4
21-40 0 0 0 3 3 6 4 3 19 >
41+ 0 0 0 0 i 2 1 0 %
Total 0 T 5 22 52 89 87 28 284




Table 13, Cross Tabulation of Trunk X-Ray Exposure by Age:

Number of

Males, Acute Myeloid Leukemia.

X-Tays 21 21-30  31-40  41-50 5160  61-70  71-80 &I+ Total
0 6 7 6 11 15 23 22 8 98
1-5 4 2 8 4 9 6 8 43
6-10 0 1 ] 1 4 5 4 1 17,

1-15 0 0 1 0 3 2 1 0 9

16-20 0 0 0 0 1 2 N 0 4

21-40 0 0 0 0 4 0 2 1 7
11+ 0 0 0 0 2 5 0 0 7

Total 10 10 16 16 38 43 38 12 183




Table 14. Cross Tabulation of Trunk X-Ray Exposure by Age: Males, Chronic Myeloid Leukemia.

Number of Age o
x-rays <21 21-30 31-40 - 41-50 51-60 61-70 71-80 - 81+ Total
0 2 5 3 8 10 13 13 2 56
1-5 0 2 2 1 3 7 2 1 18
6-10 0 0 2 2 1 8 6 0 19
11-15 0 0 0 0 0 7 2 2 11
16-20 0 0 0 1 0 3 i s 5
21-40 0 0 0 2 1 4 1 1 9 re
41+ 0 0 0 0 2 6 2 0. 10
Total 2 -7 7 14 17 48 27 6 128




Table 15. Cross Tabulation of Trunk X-Ray Exposure by Age: Males, Other (Type Unspecified) Leukemia.

Number of Age

X-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 4 © 2 3 6 8 14 16 58

1;5 0 1 0 2 3 5

6-10 0 0 3 1 2 2

17-15 0 0 0 0 0 2

’ .1(';;_20 0 0 0 0 2 3

21-40 0 0 0 1 1 3

a1+ 0 0 0 0 1 1

Total 4 3 6 10 17 30




Number of
X-rays

Table 16. Cross Tabulation of Nontrunk X-Ray Exposure by Age: Males, Controls.

Total

] -+ - w
[ ] o o

354
122

43
30
23
29
12

- 613

e



Table 17. Cross Tabulation of Nontrunk X-ray Exposure by Age: Males, Acute Lymphatic Leukemia.
Number of ) . Age
X=1ays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 8 0 4 7 7 7 7 4 44
1-5 4 2 1 1 1 1 1 0 11
6-10 1 1 2 1 2 1 0 0 8
11-15 1 1 0 2 1 0 0 0 ‘ 5
' {6-20 1 0 0 0 0 0 0 0 1
21-40 1 0 0 0 0 0 0 0 1
11+ 0 0 0 0 0 0 0 0 0
Total 16 4 1'1"' T 9 8 4 70

i€




Table 18. Cross Tabulation of Nontrunk X—Ray Exposure by Age: Males, Chronic Lymphati; Leukemia.

Number of Age
Cx-rays. . <2l 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
| - 0 0 1 3 14 32 64 65 23 202
'1-5 0 0 1 1 6 15 15 5 43
6-10 0 0 0 2 '8 3 1 0 14
11-15 0 0 1 3 3 3 2 L0 12
16-20° 0 0 0 0 1 1 3 0 5
I21I-40 0 0 0 1 2 '3 1 0 7
i1+ 0. 0 D 1 0 0 0 0 1
Total 0 1 5 22 52 89 87 28 284

A3




Table 19. Cross Tabulation of Nontrunk X-Ray Exposure by Age: Males, Acute Myeloid Leukemia.

Number of ‘ Age
X-rays . <21 - 21-30 31-40 41-50 51-60 61-70 71-80 81+
0 ' 7‘ 7 8 8 22 30 28 « 1
1-5 1 0 3 3 6 6 5 -1
6-10 1 1 2 2 0 4 2 0
11-15 0 1 1 2 2. 2 0 0
16-20 0 0 0 1 1 0 0 0
21-40 1 1 2 g 6 0 1 0
47+ \ 0 0 0 0 1 1 2 0
Total 10 10 16 16 38 43 38 12




Table 20. Cross Tabulation of Nontrunk X-Ray'Expo'sure by Age: Males, Chronic Myeloid Leikemia.

Number of Age , _

X=rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 2 4 2 9 14 29 16 5 81
1-5 0 3 0 4 1 15 5 1 29

0 0 0 0 2 1 R 0 4
0 0 2 1 0 3 3 0 9
0 0 2 0 - 0 0 0 0 2
0 0 1 0 0 0 1 0 2
0 0 0 0 0 0 1 0 1
2 7 7 14 17 48 27 5 128

ve




Table 21. Cross Tabulation of Nontrunk X-Ray Exposure by Age: Males, Other (Type Unspecified) Leukemia.
Number of Age
X-Tays . <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ . Total
0 3 3 3 6 10 18 26 8 77
1-5 0 0 Q0 0 2 2 z 12
6-10 1 Q 0 1 3 1 1 9
11-15 0 0 2 2 1 0 2 1 8
16-20 0 -0 R 0 1 0 0 0 -2
21-40 0 0 - 0 0 .0 3 1 0 & @
41+ 0 0 0 1 o 1 0 0 2
Total 4 3 6 10 17 30 32 12 114




Tab}e 22. Cross Tabulation of Total X-Ray Exposure by Age: Females, Controls.

Nutber of | , Age
X-Tays <21 21-30 - 31-40 41-50  ° 51-60 61-70 71-80- 81+ Total
0 15 18 23 18 34 49 36 9 202
1-5 14 18 18 33 35 28 18 3 167
6-10 7 19 13 1 10 13 8 1 72
11-15 3 3 3 12 11 11 6 B 50
16-20 3 4 5 6 5 14 0 . 39
21-40 3 8 4 11 12 13 7 1 59
41+ 2 1 2 '8 7 11 5 0 36
Total 47 71 68 89 114 139 80 17 625

9t



Table 23. Cross Tabulation of Total X-Ray Exposure by Age: Females, Acute Lymphatic Leukemia.
Number of _ : Age
X=1ays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 5 2 2 4 0 4 2 1 20
1-5 1 0 2 0 2 2 0 0 7
6-10 0 0 0 1 0 0 2 1 4
- 11-15 -0 1 0 1. 1 1 0 0 4
- 16-20 0 1 0 0 0 O 1 0 2
21-40 0 | 0 | 0 0 0 1 0 0 1
41+ O 0 0 1 0 1 0 2
Total 6 4 4 -6 4 8 6 2 40

LE




~Table 24. 'Cross Tabulation of Total X-Ray Exposure by Age: Femalés, Chronic Lymphatic Leukemia.

Number of Age
X-Tays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 0 1 1 5 11 33 24 8 83
1-5 0 0 2 2 10 11 2 27
6-10 0 0 2 2 4 3 ] 12
11-15 0 0 0 1 1 5 2 2 211
16-20 0 1 0 1 2 2 4 0 10
21-40 0 0 0 2 1 2 5 0 10
o 0 0 0 0 0 0 1 0 1
Total 0 2 T 13 19 56 50 13

154

8¢




Table 25. Cross Tabulation of Total X-Ray Exposure by Age: Females, Acute Myeloid Leukemia.

Number of . Age
X~rays ) <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total

0
1-5

8
4 5

6-10

o a o
[w]
o W
NN 0 0
~
36
™~
¥

11-15

16-20

21-40
41+

TptaT




Table 26. Cross Tabulation of Total X-Ray Exposure by Age: Females, Chrorﬁc Myelotd Leukemia.

Number of Age ’

- X-Tays _ <21 21-30 - 31-40 41-50 51-60 61-70- 71-80 81+ Total
0 1 3 3 8 8 10 6 2 41
1-5. 0 2 3 2 4 3 5 1 20
6-10 0 0 0 2 2 3 2 2 11

11-15 0 2 0 1 0 4 1 =1 9
16-20 0 1 3 1 1 3 1 1 9
21-40 0 0. 1 1 1 2 2 2 9
41+ 0 3 0 1 1 0 2 0 5
Total - 1 9 8 16 17 9 104

25 19

07




Table 27. Cross Tabulation of Total X-Ray Exposure by Age: Females, Other (Type Unépecified) Leukemia.

Number of ' Age
X-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 0 3 4 4 4 6 16 7 44
1-5 1 0 0 1 "3 5 3 2 15
6-10 1 0 0 0 0 2 2 1 6
11-15 0 0 0 1 0 2 2 1 6
16-20 0 0 0 0 1 0 0 0 1
21-40 50 0 0 2 1 1 3 1 8
41+ 0 0 0 2 0 ] 0 0 3
Total 2 3 4 10 9 17 26 12 83

47




Table 28. Cross Tabulation of Trunk X~Rdy Exposure by Age: Féma1es, Controls.

Number of , Age
x-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Tota
0 0 42 42 39 63 73 B DR 341
1-5 8 14 24 17 33 27 27 16 1 159
6-10 1 4 4 5 4 13 8 1 40
11-15 0. 0 2 4 7 7 3 2 25
16-20 1 0 2 5 6 6 2. 2 24
21-40 9 1 1 2 7 10 6 28
41+ 0 0 0 1 0 3 4 0 'é
Total - a7 68 89 114 139 80 17 625

f44




Cross Tabulation of Trunk X-ray Exposure by Age: Females, Acute Lymphatic Leukemia.

Table 29.

Number of Age
X-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 6 3 2 4 2 6 5 2 30
1-5 0 1 2 0 1 1 0 0 5
6-10 0 0 0 2 0 0 0 0 2
11-15 0 0 0 0 1 0 0 0 1
16-20 0 0 0 0 0 0 0 0 0
21-40 0 0 0 0 0 1 0 0 )
41+ 0 0 0 0 0 0 1 0 1
Total 6 4 4 6 4 8 6 2 40

£y




Table 30. Cross Tabulation of Trunk X-Ray Exposure by Age: Females, Chronic Lymphatic Leukemia.

Number of Age

x-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 0 1 1 7 14 37 26 9 95

1-5 0 1 0 3 3 8 11 2 28
6-10 0 0 0 3 1 3 5 1 13
11-15 0 0 0 0 0 5 4 1 10
16-20 0 0 0 0 1 2 1 0 4
21-40 0 0 0 0 0 1 2 0 3
41+ 0 0 0 0 0 0 1 0 ]
Total 0 2 1 13 19 56 50 13 154

14




Table 31. Cross Tabulation of Trunk X-Ray Exposure by Age: Females, Acute Myeloid Leukemia.

Number of Age ‘ ,
xerays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ | Total
0 1 7 6 12 13 1 12 7 |
1-5 0 1 3 6 5 11 5 2 | 3
6-10 0 0 0 0 2 1 0 0 3
11-15 0 0 0 1 0 1 1 1 4
16-20 0 0 1 0 ] 0 1 ) 4
21-40 0 0 0 1 1 0 2 1 5 &
41+ 0 0 0 1 0 ] 1 0 3
Total 4 8 10 2 22 25 22 12 4 1




Table 32. Cross Tabulation of Trunk X-Ray Exposure by Age: Females, Chronic Myeloid Leukemia.

Number of Age
X-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 1 4 4 12 10 14 7 2 54
1-5 0 2 2 3 4 6 6 2 25
6-10 0 0 - 0 1 0 3 1 2 7
11-15 0 2 0 0 0 1 1 0 4
16-20 0 0 1 0 1 0 1 2 5
21-40 0 1 0 1 1 2 1 6
41+ 0o 1 0 0 1 0 1 0 3
Total 1 9 8 16 17 25 - 19 9 o104

9y




" Cross Tabulation of Trunk X-Ray Exposure by Age: Fema]eé, Other (Type Unspecified) Leukemia.

Table 33.

Number of Age
X-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 0 3 4 7 6 10 17 7 54
1-5 1 0 0 0 1 5 4 2 13
6-10 1 0 0 0 1 1 1 1 5
11-15 0 0 0 1 0 0 2 1 g
16-20 0 0 0 0 1 0 0 0 1
21-40 0 0 0 2 0 ! 2 1 6
41+ 0 0 0 0 0 0 0 0 0
2 3 4 107 9 17 26 12 83

Tpta'l

Ly




Number of

X-rays

Table 34.

21-30

Cross Tabulation of Nontrunk X-Ray Exposure by Age: " Females, Controis.

41-50

Total

0
1-5
6-10

11-15 .

16-20
21-40
41+

30

13
13

N N NN W

35
23
&
9
0
10
6

319
142
57
37
17
38
15

Total

71

89

625

gh



Table 35.

Cross Tabulation of Nontrunk X-Ray Exposure by Age: Females, Acute Lymphatic leukemia.

Number of Age
X-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 57
1-5 1
6-10 -~ 0
11-15 0
16;26
- 21-40
4 0
Total 6




Table 36. Cross Tabulation of Nontrunk X-Ray Exposure by Age: Females, Chronic Lymphatic Leukemia.

Number of Age
X-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 81+ Total
0 0 1 1 7 14 49 37 10 119
1-5 0 0 0 2 0 4 6 2 14
. 6-10 0 0 0 1 ] 1 2 1 6
11-15 0 1 0 1 2 1 2 0 7
16-20 0 0 0 1 2 0 1 0 4
21-40 0 0 0 B 0 1 1 0 3
41+ 0 0 0 0 0 0 ] 0 1
0 2 1 13 19 56 50 13 154

- Total

04




Table 37. Cross Tabulation of Nontrunk X-Ray Exposure by Age: Females, Acute Myelodid Leukemia.

14

Number of Age
x-rays <21 21-30 31-40 41-50 51-60 61-70 71-80 g1+ Total
0 4 5 4 12 14 16 15 9 79
1-5 0 0 2 2 vi 3 5 1 15
6-10 0 1 0 6 2 1 1 1 12
11-15 0 1 1 0. 1 2 0 1 6
16}20 0 1 3 0 0 0 0 0 4
21-40 0 0 0 1 3 1 0 0 5
41+ 0 0 0 0 0 2 1 0 3
Total 4 8 10 21 22 25 22. 12 124




Table 38. Cross Tabulation of Nontrunk X-Ray Exposure by Age: Females, Chronic Myeloid Leukenia.

Number of Age
X~rays <21 21-30 31-40 41-50 51-60 61-70 71-80 g1+ Total
0 1 7 7 10 13 16 13 6 73
1-5 0 -1 1 0 1 2 2 2 9
6-10 0 0 0 3 2 1 2 1 9
11-15 0 0 0 1 1 2 0 0 4
16-20 0 1 0 0 0 3 1 0 5
21-40 0 0 0 1 0 1 1 0 3 <
0+ 0 0 0 1 0 0 0 0 1
Total 1 9 8 16 17 25 19 9- 104




Table 39. Cross Tabulation of Nontrunk X-Ray Exposure by Age: Females, Other (Type Unspecified) Leukemia.

Number of o Age
x-rays . <2l 21-30 31-40  41-50  51-60 6170 71-80 gl+ Total
0 2 3 4 7 6 11 21 11 65
15 0 0o 0 1 2. 1 2 1 7
16-10 0 0 0 0 0 3 2 0 5
11-15 0 0 0 0 0 1 0 0 1
16-20 0 0 0 0 1 0 1 0 2
21-40 0 0 0 0 0 0 0 0 0 o
41+ 0 0 0 2 0 1 0o 0 3
Total - . 2 3 4 10 g 17 26 12 83




Table 40. Male relative risks (R.R.} of acute myeloid leukemia by X-ray exposure (number of films) and
. their associated 95% Tower and upper bounds (L.B.; U.B.). Also shown are chi-squared statistics
for the significance of the deviation of the observed relative risks from unity (x? R
and heterogeneity chi-squares (XZHET) reflecting variability of odds ratios among agé S$trata
(s 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.

Trunk Non-Trunk - Total
XZR xz n X 2 R
# X-Ray L.B./ SRR/ L.B./ RELA L.B./ R/
Films R.R. U.B. HET R.R. U.B. XHET R.R. U.B. X“HET
1-5
ke *kk *kk ki *kk hdkd *k¥ ek H*kk
6 - 10
11 - 15 : 0.73 0.37/ 0.54/ 0.87 0.51/  0.21/
0.67 0.31/ 1.01/ 1.53 2.35 1.46 5.23
1.38 0.94 . g
16 - 20
21 - 40 | 0.84- - 0.31/ 0.04/ 1.37 0.70/ 0.68/ ! 0.88 0.45/ 0.08/
. 2.1 2.27 2.70 1.05 1.67 2.85
N -+ 4.69 114/ 484/ | ' [ 1.68 0.73/  1.24/
16.28 1.54 : 3.70 1.19

7§

***part of control group

- x2 (0.05, 1) = 3.84 '  x2 (0.05, 2) = 5.99

x2 {0.01, 1) = 5.02 ¥2 (0.01, 2) = 9.21




Table 41. Male relative risks (R.R.) of chronic myeloid leukemia by X-ray exposure (number of films) and
their associated 95% lower and upper bounds {L.B.; U.B.). Also shown are chi-squared
statistics for the s1gn1f1cance gf the deviation of the observed relative risks from unity (x? R.R. )
and heterogeneity chi-squares (X°y T) reflecting variability of odds ratios among age strata
{s 40, 41-80, 61+ years), Statistics are shown for trunk (chest + abdomen}, non-trunk {dental +
extremities), and total X-ray exposure. ‘Dark bars indicate exposure interval.

Trunk oo Nen-Trunk . Total
.. . 2 2 . ’ 2
E X X X
# X-Ray L.B./ R/ L.B./ SRR/ L.B./ SR
Films R.R. U.B. XTHET " R.R. U.B. - XHET R.R. U.B. XHET
1-5 |
Sk ®hk sy T wwx Kk Hdek *kk whk *okk
6 - 10
on
11 -15 | 1.72 0.72/ 1.21/ | 1.37 0.57/ 0.31/ | 1.25 0.62/ 0.24/
: o 3.81/ 3.17 ; 3.26 2.57 A 2.45 1.40
6 -20 | 1.03 0.32/  0.05/ boo1.47 0.61/  0.51/
_ . 3.07 0.19 : 3.43 0.70
21-40 | 1.66 0.67/ 0.98/ 0.47 0.16/ 2,10/ | 1.25 0.62/ 0.26/
\ 3.99 0.59 1.25 7.24 2.50 0.82
41 - + 11,41 2.68/  16.87/ ' | 2.50 1.08/  4.22/
33.81 2.12 5.41 5,32
***Part of contrel group
x2 (0.05, 1) = 3.84 x2 (0.05, 2) = 5,99 -+

x? (0.01, 1) = 5.02 - x2 (0.01, 2) = 9.21




Table 42. Male relative risks (R.R.} of acute lymphatic leukemia by X-ray exposure (number of films) and
their associated 95% lower and.upper bounds {L.B.; U.B.). Also shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from unity (sz R }
and heterogeneity chi-squares (xgH' ) reflecting variability of odds ratios among age strata 7 7
(< 40, 41-60, 61+ years). Statistics are shown for trunk {chest + abdomen}, non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.

Trunk A Hon-Trunk l ~ Total
2 . 2 ' 2
X X X
# X-Ray L.8./ SRS . L.B./ SR/ L.B./ Y
Films R.R. - UB. XHET R.R. - U.B. XHET R-R. U.B. HET
1-5 .
*kA ke Rk Sekek ek *kk Fdede ok dedede
6 - 10 .
¥ ﬂcJ:
1-1 _ ' , 1 1.31 0.54/ 0.20/
1.03 0.34/ 0.04/ ' 3.08 3.60
2.88 4.29 . ' ‘
16 - 20 ‘ } 1.45 0.53/ 0.32/
: 0.61 0.25/  0.98/ 3.89 9.81
1.46 2.08
21 - 40
1.61 0.52/ 0.42/ 0.69 0.26/ 0.38/
4.62 0.05 1.76 0.23
3 -+

**%part of control group

L]

x2 (0.05, 1) = 3.84 %2 (0.05,_2) = 5.99

x% (0.01, 1) = 5.02 ¥? (0.01, 2)

9.21




Table 43. Male relative risks (R.R.) of chronic lymphatic leukemia by X-ray exposure (number of films) and
their associated 95% Tower and upper bounds (L.B.; 0.B.). Alsc shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from unity (XZR R )
and heterogeneity chi-squares (x%ypr) reflecting variability of odds ratios among age strata
(< 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.

Trunk : Nan-Trunk 7 Total
2 : 2 . 2
N X X X n.
# X-Ray L.B./ SRS L.B./ SRS L.B./ SR
Films R.R. U.B. HET - R.R. U.B. XHET R.R. U.B. X HET
1-5 _
Fokk *dek ke Fk i ek Ak Fodk ke sekd
6 - 10 o
) -~
11 - 15 I 0.93 0.41/  0.01/ |  0.71 0.36/  1.45/
0.44 0.19/ 6.50/ : 2.07 3,94 1.24 13.16
_ 0.82 14.37 -
16 - 20 | 0.72 0.21/ 0.07/ | 0. 80 0.34/ 0.18/
2.44 1.90 1.79 1.33
21 - 40 - | 0.67 0.3/  1.62/
1.26 0.66/ 0.36/ 0.47 0.19/ 2.91/ 1.22 0.83
_ 2.44 0.49 1.10.. 0.38 E
41 - + : l 0.75 0.31/ 0.21/
1.82 0.71

***Part of control group

x2 (0.05, 1)
x? (0.01, 1}

3
il

3,84 , x2 (0.05, 2) = 5.99

5.02 x2 (0.01, 2)

[
i

9.21




Table 44, Male relative risks (R.R.) of other (type unspecified) leukemia by X-ray exposure (number of films) .
and their associated 95% lower and upper bounds (L.B.; U.B.). Also shown are cha squared statistics
for the significance of the dev1at1on of the observed relative risks from unity ( and
heterogeneity chi-squares (x* H } reflecting variabiiity of odds ratios among age s%rgta
(s 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk (dental+
extremities), and total X-ray exposure. Dark bars indicate exposure interval.

Trunk - . Nen-Trunk ' Total
2 ) 2 2 .
X X X
# X-Ray L.B./ R/ L.B./ SRS L.B./ SRS
Films R.R. U.B. XHET R.R. U.B. XHET R.R. U.8. XTHET
1-5
*k¥k Tk dokk dokk dkdk *%kk b+ Fkdk *kk
6 - 10
11 - 15 | 0.79 0.25/ 0.03 | 1.53 0.61/ 0.66/ | 0.63 0.24/ 0.91/
- 2.35 1.32 i 3.87 2.37 1.50 2.24
16-20 |  1.68 0.64/  0.85/ | 0.74 0.24/  0.10/
4.32 0.13 - oz2.20 2.55
21 - 40 0.84 0.35/ 0.05/ i 1.34 0.67/ 0.52/
1.93 0.86/ 2.33/ 1.96 0.58 : 2.66 0.50
4,22 0.57
41 - ' | 1.86 0.69/ 1.22/
4.74 9.62

89

***Payrt of control group

2 (0.05, 1)
x? (0.01, 1)

3.84 x¢ (0.05, 2) = 5.99

1
L]

5,02 x2 (0.01, 2) = 9.21




Table 45. Female relative risks (R.R.) of acute myelogencus leukemia by X-ray exposure (number of films)
and their associated 95% lower and upper bounds (L.B.; U.B.). Also shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from unity (XZR R.)
and heterogeneity chi-squares (XzHET) reflecting variability of odds ratios among age strata = .
(< 40, 41-60, 61+ years}. Statistics are shown for trunk (chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.

Trunk Non-Trunk Total
. 2 2 2
X X X
# X-Ray L.B./ SRS L.B./ ALY L.B./ SR/
Films R.R. U.B. XHeT R.R. U.B. HeT R.R. v.B. X*HET
1-5 ,
seked *xk ek &tk *kk *dek FTkk sk xkx
6~ 10
. on
- . @
1 - 15. . | 0.53 0.19/  1.64/
0.73 0.30/  0.39/ 0.95 0.44/  0.01/ 1.32 0.82
1.66 1.34 2.02 8.75
16 - 20 | | 0.86 0.3/  0.02/
2.10 4.52
21 - 40 1 0.77 0.35/  0.31/
0.94 0.3/  0.01/ 0.73 0.31/  0.36/ 1.64 . 0.63
, - 2.21 0.65 1.68 2.19 ‘
41 - + | 0.92 0.38/  0.01/
, 2.16 1.87

***Part of control group

x2 (0.05, 1) = 3.84 x2 (0.05, 2) = 5.99
%2 {0.01, 1) = 5.02 %2 (0.01, 2) = 9.21




Female relative risks (R.R.) of chronic myeleid leukemia by X-ray exﬁosare {number of films)

Table 46.
and their associated 95% lower and upper bounds {L.B.; U.B.). Also shown are chi-squares
statistics for the significance of the deviation of the observed relative risks from unity (XZR R )
and heterogeneity chi-squares (%2 T) reflecting variability of odds ratios among age strata
(£ 40, 41-60, 61+ years), Statistics are shown for trunk {chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.
Trunk Non-Trunk : ’ Total
2 . 2 2
X X X
# X-Ray L.B./ SR/ L.B./ SR/ L.B./ SRR/
Films R.R. u.B. XTHET R.R. U.B. X"HET R.R. U.8. XHET
1-5
wekek sekek Kk *kk sk Jodkk *dkk *dk *kk
& - 10
11 -15 |  1.03 0.45/ 0.01/
.1.03 6.45/ 0.01/ 2.31 4.84
2.30 11.46 :
16 - 20 | 1.40 0.60/ 0.41/ -
0.71 0.36/ 0.88/ ) 3.18 0.51
1.37 2.91 _
| 0. 89 0.39/ 0.01/
21 - 40 1.97 1.69
1.31 0.56/ 0.25/
3.03 5,76 l 0.77 0.25/ - 0.10/
41 - + 2.13 1.25

*xxpart of control group

5.9%

x2 (0.05, 2)
x2 {0.01, 2)

3.8
5.02

"

‘X2 (0:05: 1)
x2 (0.01, 1)

9.21

!l

09




Table 47. Female relative risks (R.R.) of acute lymphatic leukemia by X-ray exposure (number of films)
and their associated 95% lower and upper bounds (L.B.; U.B.). Also shown are ch1-squargd .
statistics for the significance of the deviation of the observed relative risks from unity (x*p p )
and heterogeneity chi-squares (XZHET) reflecting vaxiability of odds ratios among age strata
(< 40, 41-60, 61+ years). Statisiics are shown for trunk (chest + abdomen), non-trunk {dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.

Trunk Non-~Trunk Total
2 2 . 2
s X : X X
# X-Ray L.B./ i L.B./ A L.B., R/
Films R.R. U.B. LTHET R.R. U.B. X“HET R.R. U.B. X HET
1-5
*k¥ *hk dededke wedkede xRk 333 53 *kk *kk
6 - 10
o
) _t-*
11 - 15
16 - 20 0.53# 0.12/ 0.63/ 0.7 0.24/ 0.22/ 0.72 0.31/ 0.43/ '
1.88 0.38 - _ 1.96 0.52 1.63 0.09
21 - 40
41 - + .

#based on 3 cases
***Part of contrel group

x? (0.05, 1) = 3.84 x? (0.05, 2)

5.99

%% (0.01, 1) = 5.02 xZ (0.01, 2)

9.21




Female relative risks (R.R.) of chronic lymphatic leukemia by X-ray exposure (number of films)

Table 48,
and their associated 95% lower and upper bounds (L.B.; U.B.}. Alsc shown are chi-squared
statistics for the significance of the deviation of the observed relative risks unity (x*p_p.)
and heterogeneity chi-squares (sz T) reflecting variability of odds ratios among age strata
(< 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk (dental +
- extremities), and total X-ray exposure. Dark bars indicate exposure interval.
Trunk Noan-Trunk Total
2 L2 2 .
X X X
# X-Ray L.B./ SR/ L.B./ SR L.B./ SRR/
Films R.R. U.B. X HET R.R. U.B. XTHET R.R. U.B. XHET
1-5
Fhx .. Fokk *kk *kk Ex sekk Fededk *kk
6 -10
11 - 15 1.10 0.46/ 0.01/ I 0.84 0.31/ 0.04/ 0.72 0.33/ 0.51/
2.5% 2.83 2.10 6.14 1.55 0.56
16 - 20 0.94 0.40/ 0.01/
) 2.14 3.86
21 - 40 0.36 0.16/ 5.95/ 0.56 0.23/ 1.68/
0.84 0.18 1.29 1.08 0.38 0.18/ 7.37/
0.78 0.15
4] - +
***Part of control group
x2 (0,05, 1) = 3.8 x2 {0.05, 2) = 5.99
x? {0.01, 1) = 5.02 ¥x2 (0.01, 2} = 9.21
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Table 49. Female relative risks (R.R.) of other (type unspecified) leukemia by X-ray exposure (number of films)
and their associated 95% lower and upper bounds {L.B.; U.B.). Also shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from unity (XZR R )
and heterogeneity chi-squares (x?ppr) reflecting variability of odds ratios among age strata
(s 40, 41-60, 61+ years). Statistics are shown for “trunk (chest + abdomen), non-trunk {dental +
extremities}, and total X-ray exposure. Dark bars indicate exposure interval.
Trunk Non-Trunk Total
2 2 2.
X X X
# X-Ray L.B./ SRR/ L.B./ LN L.B./ SRR/
Films R.R. U.B. XTHET R.R. U.B. X HET R.R. U.B. XTHET
1-5 _
' dodek kX Fekk edked Jekk sekk k¥ sk *dkk
6 - 10
11 - 15 _ .
0.65 g.22/ 0.42/ 0.51 0.20/ 2.05/
1.81 0.60 ’ ‘ : 1.23 0.77
16 - 20 0.42 0.16/ 3.28/
) ) 1.06 1.27
21 -°40
0.91 0.32/ 0.01/ 0.75% 0.35/ 0.43/
i 2.40 1.71 1.56 2.50
- F

x2 (0.95, 1)
x? (0.01, 1)

H

3.84
= 5.02

***Pgrt of control group

%2 (0.05, 2}
x? (0.01, 2)

1

5.99

9.21

€9




Table 50. Male relative risks {R.R.) of acute myeloid leukemia by X-ray exposure {numbers of films) and’
their associated 95% Tower and upper bounds (L.B.; U.B.). Ailso shown are chi-squared

statistics for the significance of the deviation of the observed relative risks from unity (XZR R )
and heterogeneity chi—squares.(szET) reflecting vaciability of odds ratios among age strata
(s 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval,

Trunk . ’ Non-Trunk Total
’ 2 2 2
x . X X
L./ AR/ LB/ R/ LB BB/
R.R. U, B. XTHET R.R. U.B. X HET R.R. U.B. X“HET
I 0.94 0.60/  0.04/ |  0.63 0.38/  3.02/ - | 0.8  -0.49/  0.68/
1.45 10.89 1.06 0.06 1.31 2.83
| 0.90 0.46/  0.04/ | 0.89 0.42/ 0.03/ | 0.80 0.43/ 0.41/
1.73 1.47 1.84 1.99 1.47 1263
0.60 0.26/  1.73/ ' '
1.26 2.21 0.65 0.29/ 1.06/ 0.78 0.44/ 0.67/
: 1.39 1.94 1.36 6.67
0.75 0.27/ 0.20/ | 0.79 0.39/ 0.35/
! 1.93 3.02 - 1.23 0.62/ 0.22/ ‘ 1.55 4.53
| 245 105 1.48 0.62/ 0.53/
| 4.36 1.00/ 3.81/ | i ) )
15.88 0.95 : 3.44 0.69

*%%Part of control group

5.99

1
i}

3.84 ¥2 (0.05, 2)
5.02 x2 (0.07, 2)

x% (0.05, 1)
x? (0.0%, 1)

9.21

¥9




Male relative risks (R.R.) of chronic myeloid.leukemia by X-ray exposure (number of films) and

Table 51.
their associated 95% lower and upper bounds (L.B; U.B.). Also shown are chi-squared
statistics for the significance gf the deviation of the observed relative risks from unity (sz
and heterogeneity chi-squares (x“ppy) reflecting variability of odds ratios among age strata -
(¢ 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk {dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.
Trunk Non-Trunk Total
2 2 2
X - X X
# Y-Ray L.B./ SR ) L.B./ SR/ L.B./ SR
Films R.R. 0B XTHET R.R. U.B. X HET R.R. U.B. X HET
1-5 l 0.63 0.34/ 2.13/ 0.76 0.40/ 0.60/
1.15 1.90 0.91 0.56/ 0.08/ 1.42 0.43
) 1.48 2.69
& -~ 10 | 1.66 0.84/ 1.99/ 1.08 0.53/ 0.01/
3.25 1.32 2.17 0.18
11 - 15 { 1.58 0.64/ 0.72/ . | 1.32 0.54/ 0.22/ 7.14 0.54/ .0.04/
3.68 3.26 3.16 2.99 2.38 1.35
6-20 1 0.5 0.29/  0.03/ 1.38 0.55/  0.28/
2.92 0.23 ) 3.39 0.82
21 - 40 1 1.55 0.81/ 0.62/ 0.44 0.14/ 2.49/ 1.17 0.55/ 0.07/
3.83 0.40 .18 7.35 2.45 1.07
21 -+ 1 10.40 2.42/  14.39/ ' 2.27 0.91/  2.88/
32.01 2.07 5.32 4,95
***part of control group
x2 (0.05, 1) = 3.84 2 (0.05, 2) = 5.99
x2 (0.01, 1) = 5.02 ¥2 {0.01, 2) = 9.2%

59




T

Table 52. Male relative risks (R.R.) of acute lymphatic Teukemia by X-ray expousre {number of films)} and
their associated 95% lower and upper bounds (L.B.; U.B.)}. Also shown are chi-squared
statistics for the significance of the deviation of the abserved relative risks from unity (

and heterogeneity chi-squares (X HET) reflecting variability of odds ratios among age strata

“R.r.)

{¢ 40, 41-50, 61+ years). Statistics are shown for trunk {chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval. :

Trunk . Non-Trunk Total
. 2 ' 2 . 2
’ . X X i Xn.

# X-Ray . ° L.B./ SRS L.B./ SRS L.B./ SRR
Films - R.R. U.B. X HET R.R. U.B. X HET R.R. LB, XTHET
1-5 [ 0.59 0.27/ 1.82/ 0.74 '0.35/ 0.47/ | 0.77 0.3/  0.38/

1.23 0.39 1.55 5.29 1.58 7.06
6 - 10 | 1.53 0.67/  0.61/ | 0.73 0.28/ 0.26/
1.09 0.48/ 0.01/ 3.68 1.88 . 1.84 1.71 o
2.45 3.70
1 - 15 I 1.09 0.43/ 0.01/
2.70 5.67
16 - 20 P 1.3 0.45/  0.09/
1.02 0.36/ 0.04/ 0.61 0.24/ 0.95/ 3.62 5.86
- 2.74 0.58 1.48 3.19 :
21 - 40 0.56 0.20/ 1.14/
1.47 1.37
47 - +

**%Part of control group

2 (0.05, 1) = 3.84 2 (0.05, 2)
%2 (0.01, 1} = 5.02 T %2 (0.01, 2)

5.99

9.21

i




Male relative risks (R.R.) of chronic lymphatic leukemia by X-ray exposure (number of films) and

Table 53.
their associated 95% Tower and upper bounds (L.B.; U.B.). Also shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from unity (sz R }
and heterogeneity chi-squares (x%ypr) reflecting vaxiability of odds ratios among age strata ™™
(< 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars inidcate exposure interval.
Trunk Non~Trunk Total
2 2 2
X X X
# ¥-Ray L.8./ SRS L.B./ SR/ L.B./ SR
Films R.R. U.8. XTHET R.R. U.B. X"HET R.R. U.B. XTHET
1 5 { 0.79 0.53/ 1.24/ I 0.63 0.40/ 3.96/ | 0.67 0.43/ 3.01/
1.18 0.31 0.99 2.92 1.05 0.94
6 - 10 | 0.58 0.29/ 3.37/ | 0.73 0.34/ 0.66/ !A 0.59 0.32/ 3.37/
1.04 5.76 1.48 5.00 : 1.03 1.86
1 - 15 | 0.83 0.36/ 0.12/ | 0.59 0.29/ 3.25/
0.39 0.16/ B.29/ 1.83 3.54 1.04 12.60°
0.73 17.72 ’ .
16 - 20 | 0.63 0.1/ 0.23/ | 0.66 0.27/ 0.82/7
. 2.16 2.04 1.50 1.30
21 - 40 : . 1 0.55 0.29/ 3.49/
1.10 0.56/ 0.02/ 8.41 0.16/ 4,03/ 1.03 0.95
2.18 0.66 0.98 0.31
41 - + ] 0.62 0.25/ 0.717
1.56 0.57

x2 (0.05, 1) = 3.84

x2 (0.01, 1) = 5.02

*%*Part of control group

%2 (0.05, 2) = 5.99

x? (0.01, 2) = 9.21
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Table 54. Male relative risks (R.R.) of.other (type unspecified) Teukemia by X-ray exposure {number of Films)
and their associated 95% lower and upper bounds {L.B.; U.B.}. Also shown are chi-squared statistics
for the significance of the deviation of the observed relative risks from unity (sz p. )} and
heterogeneity chi-squares (szET)'reflecting variability of odds ratios among age strata
(s 40, 41-60, 61+ years). Statistics are shown for trunk {chest + abdomen}, non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate expousre intervai.

Trunk . Non-Trunk Total
2 2 2
X ' X X
# X-Ray L.B./ R L.B./ SR L.B./ SR
Films R.R. U.B. XUHET R.R. U.B. X HET R.R. U.B. XTHET
i-5 | 0.62 0.34/ 2.28 | 0.47. 0.23/ 4.39/ | 0.60 0.32/ 2.16/
1.14 0.38 0.96 2.67 1.16 0.48
6-10 | 1.00 0.44/ 0.03/ | 1.10 0.46/ 0.0%/ i 0.92 0.45/  0.01
. 2.20 8.28 2.56 0.52 1.88 0.16
11 -1 | 0.65 0.20/ 0.29/ | 1.36 0.53/ 0.25/ | 0.55 ' 0.20/  1.53/
‘ 2.03 1.08 3.42 1.82 1.35 2.30
16-20 | 1.42 0.52/ 0.27/ | | 0.62  0.20/ 0.38/
_ . 3.79 0.17 _ , 1.93 2.39 -
21 - 40 | 0.74 ¢.30/ 0.29/ 1.16 0.55/ 0.06/
1.64 0.70/ 1.08/ 1.74 0.76 2.41 0.41
. 3.74 0.47
41 - + | 1.63 0.58/ 0.58/

4.39 £.50

89

***Part of control group

5.99

x2 (0.05, 1) = 3.84 x2 {0.05, 2)

x2 (0.01, 1) = 5.02 : x2 (0.01, 2)

9.21

PHi
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Table 55. Female relative risks (R.R.) of acute myeloid Teukemia by X-ray exposure (number of films)
and their associated 95% lower and upper bounds (L.B.; U.B.). Also shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from unity (x%p p.)
and heterogeneity chi-sguares (x ) reflecting varjability of odds ratios among age strata
(s 40, 41-80, 6]+ years). Stat1st1cs are shown for trunk (chest + abdomen), non-trunk (dental +
extrem1t1es), and total X-ray exposure. Park bars indicate exposure interval.

Trunk Non-Trunk Total

. 2
# X-Ray L.B./ SRR/ L.B./ R/ 1.B./
Films R.R, U, B. XHET R.R. . u.B. X“HET R, R. u,B.
1' -5 0,99 0.6/  0.01/ |  0.45 0.24/  6.72/ |  0.72 0,41/
b 1,61 4.54 0.83 2,96 . 1,21
6 = 10 : i 0.97 0.46/ 0.017 | 0.79 0.37/
: 202 5. 40 o 1.63
11 - 15 0,56 0.26/ 2,64/ i 0.47 0.16/
1.12 0,03 0,77 0.35/  0.28/ . 1.20
1.66 5,77

16 - 20 : 1 0.72 0.27/
. ‘ 1.80

21 - 40
0,94 0,38/  0.01/ 0.62 0.26/  1.05/ | 0.64 0,28/
2,26 0.57 - 143 2.92 1.42

81 < +
[ 0,84 0,33/
2.05

***Part of contrel group

x? (8,05, 1) = 3.84 ‘ x? {0,05, 2)
x2 (0.01, 1) = 5.02 ' x? (0.01, 2)

o

.99
9.21

13




Table 56. Female relative risks (R.R.) of chronic myeloid leukemia by X-ray exposure (number of films)
and their associated 95% lower and upper bounds (L.B.; U.B.). Also shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from unity (sz R )
and heterogeneity chi-squares (x2,.+) reflecting variability of odds ratios among age strata =~
{< 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdemen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval. :

Trunk Non-Trunk Total
2 2 2
A X X
# Y-Ray L.B./ SR L.B./ SR L.B./ SRS
Films R.R. U.B. XHET R.R. U.B. XTHET R.R. U.B. X"HET
1-5 i 1.01 0.59/ 0.01/ | 0.29 0.13/ 11.76/ ! 0.60 0.32/ 2.66/
1.75 3.89 0.61 . 4.16 1.10 3.48
6-10 | 1.01 0.38/ 0.04/ | 0.94 0.42/ 0.01/
2.55 1.68 ] 0.64 0.32/ 1.51/ . 2.08 5.80
1.26 6.07 o :
11 - 15 | 0.86 0.36/ 0.04/
: 1.05 0.45/ 0.01/ 1.99 6.11
2.41 10.63 : , :
16 - 20 ' ' I 1.16 0.48/ 0.02/
. : 2.74 1.08
21 - 40 0.59 0.26/  1.59/ I 0.74 0.31/ 0.37/
1.41 0.59/ 0.44/ 1.28 4.98 1.68 3.48
3.36 4,55 :
41 - + ] 0.63 - 0.20/ 0.50/
1.81 0.90

0L

**%part of control group

1

x? (0.05, 1)
x? (0.01, 1)

3.84 x2 (0.05, 2) = 5,99

H

5.02 x? {0.01, 2) = 9.21

H




Table 57. Female relative risks {R.R.) of acute lymphatic Teukemia by X-ray exposure (number of films)
and their associated 95% lower and upper bounds (L.B.; U.B.). Also shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from unity (XZR R)
and heterogeneity chi-squares (XZHET) reflecting variability of odds ratios among age strata =
(< 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.
Trunk Non-Trunk Total
2 2 ) 2 ;
X X X
4 Y-Ray L.B./ SRS L.B./ R/ L.B./ SR
Films R.R. U.B. XTHET R.R. U.B. *HET R.R. . UB. XTHET
1 -5 | 0.37 0.12/ 3.55/ 1 . 0.582 0.18/ 1.58/ | 0.42 0.16/ 2.99/
1.03 0.72 1.3% 2.25 : 1.10 0.15
6 - 10
0.66 0.25/ .62/
1.63 4.50
11 - 15
16 - 20 0.45 0.15/ 1.97/ 0.71 0.28/ 0.54/
1.28 3.16 1.61 8.68
0.40 0.13/ 2.67/
21 - 40 1.16 1.44
41 - +

*+*%Part of control group

x2 (0.05, 1)
x2 (0.01, 1)

i

3.84

x2 {0.05, 2) = 5.99

x? {0.01, 2)

5.02 9.21

A




Table 58. Female relative risks {R.R.) of chronic lymphatic leukemia by X-ray exposure (number of films)
and their associated 95% lower and upper bounds (L.B.; U.B.). Also shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from unity (sz R )
and heterogeneity chi-squares (XZHET)'ref]ecting variability of odds ratios among age strata o
{< 40, 41-60, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.

Trunk Non-Trunk Total
2 2 ’ 2
X X X
# X-Ray . L.B./ SRR L.B./ LRR/ L.B./ ,R-R-/
Films R.R. U.B. XTHeT R.R. U.B. XTHET R.R. u.B2 X“HET
1-5 1 0.72 0.43/ . 1.44/ | 0.33 0.17/  12.57/ | 0.48 0.28/ 7.50/
1.21 0.95 0.63 1.72 0.82 4.76
6 - 10 | 0.94 0.44/ 0.01/ | 0.47 0.17/ 2.05/ | 0.62 0.28/ 1.40/
1.97 2.32 1.25 0.57 . 1.3 2.01 =
11 - 15 1 1.00 0.42/ 0.04/ | 0.65 0.24/ 0.67/ | 0.54 0.24/ 2.18/
2,37 2,93 1.62 3.71 1.19 1.31
16 - 20 | 0.7 0.30/  0.52/
1.60 1.37
21 ~ 40 0.33 0.14/ 6.89 0.43 0.18/ 3.93/ .
0.78 0.21 0.99 0.75 0.29 0.14/  12.33/
0.60 0.28
41 -+

*&*Part of control group

x2 (0.05, 1)
x? (0.01, 1)

3.84 : x2 (0.05, 2) = 5.99

9.21

4l
1

5.02 x2 (0.01, 2)




Table 59. Female relative risks (R.R.) of other (type unspecified) Teukemia by X-ray exposure (number of ilms)
and their associated 95% lower and upper bounds (L.B.; U.B.)}. Also shown are chi-squared
statistics for the significance of the deviation of the observed relative risks from um‘ty-(sz R.)
and heterogeneity chi-squares (XQH 1) reflecting variability of odds ratios among age strata =
(s 40, 41-80, 61+ years). Statistics are shown for trunk (chest + abdomen), non-trunk (dental +
extremities), and total X-ray exposure. Dark bars indicate exposure interval.

Trunk ) ‘ : Non-Trunk . Total
x? x* x?

# X-Ray L.B./ SRR L.B./ RR/ L.B./ SRS
FiTms R.R. U.B. X HET R.R. U.B. X HET R.R. U.B. XHET
T -5 | 0.56 0.287 2.60/ i 0.28 0.1%/ 9.88/ { 0.48 0.24/ 4.66/

1.12 4.25 0.65 1.78 0.94 1.87
6 - 10 I 0.53 0.18/ 1.13/ [ 0.45 0.16/ 2.38/
0.74 0.32/ 0.37/ 1.50 5.20 . 1.19 2.15

1.66 0.48 ’

1M -15 .

0.37 0.15/ 4.62/
0.92 1.19 .
16 -~ 20
0.32 0.12/  6.33/
0.80 1.53
21 - 40 0.59 0.23/ 1.09/ .
. 1.45 1.37 0.53 0.25/ 2.35/
’ : 1.16 1.93
41 - +

**¥%Part of control group

1]

3.84 x2 (0.05, 2) = 5.99

n

x2 (0.05, 1)
X2 (U‘.O], 1)'

9.21

5.02 ‘  x2 (0.01, 2)
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Table 60, Cross tabulation of heart disease (no disease, within & months of
diagnosis, 7 months-5 years prior to diagnosis, 6+ years prior to

diagnosis) by age {< 40, 41-60, 61+).

. Males
No
Disease

Controls
< 40 186
41-60 208
61+ 154
Acute Lymphatic
< 40 27
41-60 21
61+ 15
Chronic Lymphatic
< 40 4
41-60 - 62
61+ 134
Acute Myeloid
< 40 34
41-60 40
61+ 61
Chronic Myelold
< 40 15
41-60 26
61+ 50
Other Leukemia
< 40 11
41-60 24
61+ 50
Females
Controls
< 40 180
41-60 191
61+ 177
Acute Lymphatic
< 40 14
41-60 8
61+ 12 .

Within
6 months

o oc

[es QAN a)

7 months-
5 years

13
15

Lome I o I o

oMo

6 years +

11
17

~NO O




Table 60. (continued)

Chronic Lymphatic
< 40 :

41-60
51+

Acute Myelodd

S 40
41-60
61+

Chronic Myeloid
<40

41-60
61+

Other Leukemia

<40
41-60
61+

75

MO O Iy — —

w o

(e en ol (-2 R e B it W MO

b

o —

o |
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Table 61. Relative risk (R.R.) of heart disease; diagnosis by 4 diagnosis
categories: within 6 months of leukemia diagnosis (6 m), 7 months
to 5 years prior to leukemia diagnosis {7 m-5 yr}, 6 or more years
prior to diagnosis (6 yr +). Acute lymphatic leukemia is excluded
for both males and females because of smail number problems, Also
shown are upper and lower 95% error bounds (U.B.; L.B.) and the
associated chi squares expressing deviation of the observed relative
risk from unity (x*p p ) and the variation of relative risk among
age strata (< 40 years, 41-60 years, 61+ years) (XZHET)-

Males
6 m 7 m-6 yr 6 yr+

Chronic Lymphatic

R.R. 13.97 1.71 1.61
U.B. , ' 64.76 3.08 2,96
L.B ) 2.7 0.93 0.89
o 15.46 2.92 2.33
dy 2

X24ET 0.74 0.45 3.68
Chronic Myeloid

R.R. 19.29 1.76 1.80
U.B. 72.69 3.79 3.85
... B. . . 3.59 0.78 0.84
*sz R 21.34 1.65 2.12
2 .
Ty HET 2.12 0.62 0730
Acute Myeloid

R.R. 12.22 2.27 1.60
4. B. 51,30 4,38 3.24
L.B. 2.62 1.18 0.79
*XZR R 15.40 6.24 1.56
. 2.44 1.01 0.67
Other Leukemia

R.R. 18.91 1.66 0.84
U.B. ‘ B1.53 3.7 g 2.40
L.B, . 3.563 0.72 0.35
2o o 20.07 1.21 0.01
+X2HET 2.27 0.33 1.81




Table 61, {continued)

Females
Chronic Lymphatic
R.R,
U.B,
L.B.
“PR.R,
e

Chronic Myeloid
R.R.
. B.

L.B.

)RR

P HET

Acute Myeloid
R.R.
U.B.
L.B.

2
*XzR.R.
X Het

Other Leukemia
R.R.

ULB. .

L.B. .

’ 2
*X*RLR.

2
X HET

*1 df
t2 df’

 38.71

12.88

11.73
48.93

17.48

12.70
50.12

21.97

26.11
0.72
2,15
0.21

x2 (0.05, 1)
x2 (0.01, 1)

It

i

77

3.84 -
5.02

.86
.88
.38
.05
.54

- 0 O - O

.69
W01
.70
13
.93

[ I s N

75
.15
.25
.10
.45

O o T o TR A B oY

.73
.29
.20
N
.88

o DO N O

x2 (0.05, 2)
x? (0.01, 2)

u

i

5.99
9,21

1.23
2.54

.51

.19

M = oo™

.76

.13
.36
.01
.85
.62

-— ) =2 Y PO

.93
.30
A7
.76
.68

N WO - Y N

42

05
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Table 62. Cross tabulations of pneumonia {no disease, within 6 months of
diagnosis, 7 months-5 years prior to diagnosis, 6+ years prior to
diagnosis) by age (< 40, 41-60, 61+}, -

Males ‘ :
No Within 7 months-
Disease 6 months 5 years 6 years +
Contrels
<40 162 0 8 23
41-60 186 1 5 38
61+ 132 5 5 45
Acute Lymphatic
2 4D _ 23 1 0 3
47-60 ' 17 4 0 1
61+ 13 3 2 3
Chronic Lymphatic
< 40 2 4 0 2
41-60 50 3 4 17
61+ 125 23 17 36
Acute Myeloid
s 49 30 1 1 4
437-60 39 4 4 7
61+ 48 19 7 13
Chronic Myelodd
< 40 12 0 0 2
41-60 24 i 0 3
61+ 55 4 4 18
Other Leukemia
< 40 ' 9 0 2 2
41-60 19 1 3 3
61+ 46 7 5 15
Females
Controls
< 40 168 0 0 20
41-60 163 2 6 31
61+ 185 1 g 35
. Acute Lymphatic :
< 40 11 0 0 3
41-60 7 1 0 2
61+ 14 i 0 1




R ———
? Table 62, {continued) 79

Chronic Lymphatic

‘ = 40 3 L0 0 0
{ 41-60 - 28 2, -. 1 1
: 61+ 97 7 : 9 11
| Acute Myeloid =~ o
| S 40 . 17 2 1 - 1
41-60 - - 3] 7 0 4
61+ 42 6 3 7
! Chronic Myeloid
‘ < 40 15 0 ] 2
i 41-60 24 1 1 5
5 61+ 34 7 5 5
| Other Leukemia
<40 5 3 ' 0 1
41-60 17 : 0 ‘ - 1
67+ ’ 41 P 2 6
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Table 63. Relative risk (R.R.) of pneumonia; diagnosis by 4 diagnosis categories:
. within 6 months of Teukemia diagnosis (6 m), 7 months-5 years pricr to
leukemia diagnosis (7 m-5 yr) 6 or more years prior to diagnosis (6 yr+),
Acute lymphatic Teukemia is excluded for both males and females because
of small number problems. Also shown are upper and lower 95% error bounds
{U.B.; L.B.), and the associated chi sguares expressing deviation of
the observed relative risk from unity ?XZR.R ) and the variation of
relative risk among age strata (s 40 years, 41-60 years, 61+ years)
(XZHET)'
Males
6 m 7 m-5 yr ‘ 6 yr+
Chrenic Lymphatic
R.R. 6.22 3.30 1.14
U.B. ' 27.80 7.63 1.74
L.B. 2.92 1.37 0.75
*sz R 20.52 7.83 0.31
2
¥ HET 15,09 0.37 6.72
Chronic Myeloid _
R.R. 2.97 7.81 0.91
U.B. 12.28 5,35 1.58
L.B. 0.86 0.58 0.52
R, 2.85 0.76 0.05
% her 2.53 1.73 0,55
Acute Myeloid
R.R. ' 12.16 2.68 0,85
U.B. . 36.15 6.02 1.42
L.B 4,67 1.14 .51
***.R 37.83 5.32 0.29
2
ty HET 0.69 2.50 0.07
Other Leukemia
R.R. : . 4,42 3.83 0.96
U.B. 16.12 10.32 1.74
L.B. 1.33 ' 1.54 .53
2 n 6.41 - 9.13 0.01
2
X T 0.35 0.54 0.48
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Table 63. {continued) 81

Females

Chronic Lymphatic

R.R. 10,26 1.78 0.50
; 5; U.B. 45,96 4.42 1.02
p L.B. 2.2 0.70 0.25
! R R, 11.54 1.19 3.59
2 .

! X HET 0.4 0.39 1.59

i Chronic Myeloid _ _

; R.R. - 16.31 - 2.78 1.10
U.B. 75.43 7,80 2.1
L.B. 3.54 0.99 0.56
R 21.55 3,74 0.02
i 2 : .

i .

! ~ Acute Meyloid

i R.R. 25.08 1.28 0.75

2 U.B. 120.89 4.33 1.49

| L.B. 7.06 0.35 0.37

i e R 47.88 0.02 . 0.51

. 2 .

? XRET 0.92 8.82 0.32

F Other Leukemia

| R.R. 18.84 1.16 0.69

! U.B. 143.76 4,57 - 1.58

’, L.B. 5.18 0.26 0.29

§ 52n o 29,14 - 0.01 0.56

tXPyer 8.15 0.12 1.34

| %] degree of freedom 2 (0.05, 1) = 3.84 2 (0.05, 2) = 5.99

+2 degrees of freedom x2 (0.01, 1)

1t

5.02 x% (0.01, 2} = 9.21




Table 64. Cross tabulation of total X-ray exposure by time and leukemia type; males with greater than 40 trunk
X-rays. Count as % of row total is shown in []. Percent trunk (%7) indicates percentage of total
X-rays which were trunk procedures.

Time
Leukemia Type - 6 m-1 yr 1-5 yr 6-10 yr. > 10 yr 2T
Control | : 68 179 82 39 93.7
: [0.185] [0.486] [0.223] [0.106]
Chronic Lymphatic 30 . 142 92 28 100.0
7 [0.703] [0.486] - [0.315] [0.096] _
Acute Myeloid 67 286 121 20 88.6 -
[0.135] [0.578] [0.245] [0.042]
Chronic Myeloid - 102 ' 398 200 71 77.9
[0.132] [0.516] [0.259] [0.093]
22 31 88.2

Other Leukemia 31 95 ‘
. ' 10.173] _ [0.531] [0.123] - [0.173]

- 28
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