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Abstract—It has recently been suggested that the relatively small radiation exposures
in. -lved in diagnostic X-ray procedures performed on adults may pose a health hazard
L=.ause they significantly increase the risk of contracting uvn-lymphatic leukemias (Be77;
Be78). The present investigation examines the models advanced in support of this
hypothesis and reviews the results of other studies which consider tne possibility of
leukemia induction by diagnostic X-rays. This examination demonstratss that the conten-
tion that a few rads of diugnostic X-ray exposure significantly increase- leukemia risk is
not supported by any of the available data. There 1s some indication that relatively high
diagnostic X-ray exposures (> Z0rad) are associated with increased leukemia risk. The
nature of this association is, howesver, compiicated by the fact that it may be a case of
¥.rays being caused by chronic illness associated with an undiagnosed leukemia rather
than a direct cause effect relationship (St73; St69; Kn71). Further studies are needed to

determine *he true risks and benefits associated with diagnostic X-rays.

INTRODUCTION
ErpipEmioLocic studies of persons exposed to
high doses of radiation such as the
Hiroshima/Nagasaki survivors (Bi66; Br62)
or persons undergoing radiation therapy
(Co57) convincingly demonstrate that such
high radiation doses can induce leukemia.
More recently, Bertell (Be77; Be78) has
suggested that the relatively small doses of
radiation involved in diagnostic X-ray pro-
cedures performed on adults may consider-
ably increase their risk of contracting non-
lymphatic leukemias. This finding, which is
particularly alarming because of the pre-
valence of such procedures, has caused Ber-
tell (Be77; Be78) to call for a drastic and
immediate reduction in legai X-ray exposure
limits. The purpose of this present discussion
is to examine Bertell's assertions, in light of
the ava‘izbie data, to better determine the
extent to which diagnostic X-rays may in-

crease leukemia risk in adults, and thus pose a
threat to human health.

BERTELL'S ANALYSES

Bertell's analyses (Be77; Be78) are based
on the incidence of nonlymphatic leukemias
in males over 45 yr of age as determined from
the data gathered in the Tristate Leukemia
Survey (Gr63; Gi72). Bertell's contention is
based on two lines of argument. The first
(Be77) is that X-rays can be shown to have an
“aging”™ effect that is proportional to the
number of rads of X-ray exposure. The
hypothesis that an aging effect exists is based
on two observations. The first is that the
leukemia rate increases with the age of the
population at risk. This is well known (Do65).
The second is that the nonlymphatic leukemia
rate increases with the amount of diagnostic
X-ray exposure.

To describe the effect of natural aging,
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Bertell proposes the equation

X = (1.00) (n
where X is the risk of contracting leukemia
at age 15 + ¢ relative to the risk of developing
leukemia at age 15 and ¢ is the number of
years lived beyond age 1S5. Risk at age 15 is
taken as 1. This equation appears to fit the
data quite well. To descrive the effect of
diagnostic X-ray procedures Bertell proposes
the following equation

X =(1.06)"% 2)
where X and t are defined as above, r is
exposure to diagnostic X-rays in rads and K
is a constant which converts rads exposure to
years natural aging. The amount of “aging”
caused per rad diugnostic X-ray exposure

was then evaluated, by taking a value of K-

such that the mean age/dose adjusted risk of
mules over 45 yr of age receiving more than
S rad diagnostic X-ray exposure was equal to
the mean age adjusted relative risk of males
over 45 yr of age receiving less than Srad
dizgnostic X-ray exposure. This adjustment
procedure deserves some consideration. The
observed mean relative risk of males over
45 yr of age is given by

X. = Ro.’Ru (3)
where R.. and R, are the leukemia rates for
males over 45 yr of age and persons of age 15
respectively. The calculated mean relative
risk for males over age 45 taking only age
into account 1s

X, = [i (1.06)"] N

4

where 1, is the number of years lived beyond
age 15 by the ith person and N is the number
of males over age 45 in the population of
interest. Similarly a calculated mean relative
risk that takes both age and X-ray dose into
account is given by

Rewr = [f:‘ (1.06)""‘"]/1‘1

&)
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where 7, is the X-radiation dose in rads of the
ith person and K - :in arbitrary constant. An
adjusted risk (either age or age/dose) is given
by

X, = R4 X,

where X, is the observed relative risk and X,
is some calculated relative risk.

The original analysis of the Tri-state
Leukemia Survey data which dealt with
diagnostic X-ray exposure showed that maies
exposed to more than 5rad diagnostic trunk
X-ray had a high mean age adjusted risk of
leukemia relative to a group of controls
(Gi72), and by definition they had higher X-
ray exposure. Perusal of equations (3)«6)
should convince the reader that, since the
value of X,,, (equation 5) can be made arbi-
trarily larze by increasing the value of K, itis
necessar’y true that at some positive value of
K the 2z dose adjusted mean risk of those
exposed 0 more than Srad X-ray will
becoms :3ual to the age adjusted mean risk
of those 2xposed to less than 5 rad diagnostic
X-ray. “ifering this necessary relationship as
proof of :a aging effect of diagnostic X-ray is
the logi=.i equivalent of saying that, since
habituz''v  driving one’s car 00m.p.h.
decreas:: life expectancy and growing older
decreases life expectancy, habitually driving
one's co- 100 m.p.h. causes premature aging.
Though :rue in an actuarial sense it does not

(6)

reflect =+ biological reality. One might sug-
gest tho-. *f the age adjusted risk of develo-
ping - -umphatic leukemia increases
exporz: .ly with X-ray exposure, as sug-

gested r+ equation (2), the aging process
would ;-ovide at least a useful analogy. The
possibie ¢ cistence of such a relationship was,
however, not considered by Bertell (Be77)

avail:o » 1ata.

Har =:ond argument (Be78) is that the
leuka~ o rate increases graduaily with the
numboe: of X-ray films per individual that are
taken. in support of this she gives four tables
based on the Tristate data which apparently
show 2a increase in incidence of leukemia
with mmmber of films X-ray exposure. These
tables are reproduced in their entirety in
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Tables 1-4. The main point of interest is that
Bertell's presentation uses overlapping
exposure ranges. That is, one cannot deter-
mine whether, for example, persons exposed
to 26-30 X-ray films show a higher leukemia
rate than those exposed to no X-ray films. [t
is, however, possible to back calculate non-
overlapping dose range rateS with fair pre-
cision. The leukemia rat= i1s given by

R =CIP x 10’ 7

where C is the number of cases, P is the
number of persuns at nsk and R is the
leukemia rate per 100,000 persons. Rearrang-
ing (7) we get

P =CIR x 10" (8)

Now, we know the number of cases and the
incidence rate per 100,000 in say the range
0-10. Likewise we know the number of cases
and incidence rate in the range 0-15. Taking

C. P. and R, as the number of cases, popu-
fation size at risk and leukemia rate in the
range |1-15, and taking C, P, R and C,, P,
R, 10 represent similar quantities in the
ranges 0-10 and 0-15 films, respectively, we
can back calculate our non-overlapping
values (C, P, R,) as follows:

C=C-C 9
P, =((CJR,)-(C/R)) x 10° (10)
R =CJP, x 10 (1

Using the values presented for these ranges
in Table | as a numerical exampie we have

Ci=65-58=7 (12)
P, = ((65/2.04) - (58/2.99)) x 10" = 271701
(13)

R, =7/271701 x 10’ = 2.58. (14)

All of the rates shown in Tables |-4 under

Tabie 1. Noalymphatic leukemia rutes by 7 ray expoture males bk vr of uxr Trumk (chest or ubdomen) exporure pen a3 no of
pluter

- ————

Correctel

Bertell Calculations® » Cuiitions
(overlapping Ranges) (Non-over.a -~ langes)
Exposure 5 Exposure 5

Range Cases Rate/107 /yr. Range Cases Rate/17" /yr.
0-2 30 1.59 0-2 10 1.59
0-§ 40 1.63 3.5 10 1.76
0-10 T8 1.99 6-10 18 5.91
0-15 65 2.04 i1- 18 7 2.58
0-20 74 2.14 16-20 9 3.31
0-25 i1 2.26 11-28 ? 5.55
0-30 a2 .24 26-30 1 1.30
0-40 34 .21 31-40 2 1.43
0-50 39 .32 41-50 5 14.16
0-70 sl 2.378 > S0 4 12.37
0-80 2 2.378
0-120 3 2.404

*Reproduced from Sertell (1978).
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Table 1 Nunlymphotic lewhemua rates by X rav csposure

{ ane Trusk
{ piates

males 4V MW

dental = imbg) erporure go % 44 A0
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chest or ahdomen) = /& cxtremilies

Bertell Calculations®
(Overlapping

res

Ranges

Lorrectec

—

ions

dicuaiat

Non-overlapping Ranges

Exposure
Range

Exposure

Cases Rate/10 Range

17 0-2
34
53
63
69
80

34

0-120 93

*Reproduced from Bertell TN

Noalymphatic lewhemia rates By X .rey cxposure males 8% vt of ape or sder Trunk

no of

Tabie }

nales

chest ov abdomen ) cxposures - a

Calculati

Bertell

1S
)

n
(Overlapping Ranges

Exposure "
3 .
Range Cases Rate/107 /3

118

119

4=100

8.64

*Reproduced from Bertell (1978)
Roundofl errur prevents [urther calkculavon. See el for farther eaplinanoa
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Tabie 4 Nowiymphatic lewkemia rates by X -ray cxposure maies 83 vr of agw oo dder Trunk (chest or abd

R )

(demial « lumps) exposures growm as aa of plates

Bertell Calculations®
(Overlapping Ranges)

Corrected _alculations
(Nca-overlapping Ranges)

Exposure 5 Exposure s
Range Cases Rate/10%/yr. Range Cases Rate/10" /yx.
0-10 67 6.91 e-10 67 6.91
0-1s sl 6.83 1115 14 6.47
0-20 93 7.30 16-20 12 13.63
0-25 102 7.76 21.25 9 22.24
0-30 108 8.01 26-30 6 17.70
0-40 110 7.85 31-40 2 3.78
0-50 114 8.14 > 40 1 .
0-60 116 8.28
G-70 118 8.42
0-80 119 8.49
0-100 120 8.57
0-110 121 8.54

*Reproduced from Bertell (1973).

"Roundoff error prevents further calculation. See text for further explanation.

the heading “corrected calculations™ were
produced in this manner. These rates are not
suitable for calculation >f dose response
functions because of a lack of age standar-
dization [this is also true of the rates given by
Bertell (Be78)] and round off error generated
by the fact that the rates were reported to
only 3 significant digits. Nonetheless it is
readily apparent that the general positive
association which was claimed to exist 1s
somewhat dubious. [n fact, the oaly striking
feature of the data is a very great increase in
leukemia rate for males expos.d to over 40
X-ray films. This, as wiil be seen. is a feature
similar to the findings of three prior leukemia
studies involving diagnostic X-rays.

PREVIOUS STUDIES
The first of the studies considered here is
that of Stewart er al. (St62). This study in-
volved 483 cases of nonlymphatic ' akemua, as
well as 496 cases of lymphatic leukemia, )56
cases of “other cancers™ and 936 controls.

The study concluded that only nonlymphatic
levkemias showed an excess rate of diag-
nos'ic X-ray exposure. This excess, which
was ,resent to a greuter degree in males than
in femles, was attributable to a very marked
excess ‘1.8 x controls) of persons who had
had 10 o1 m ore trunk X-rays within § yr prior
tc diagnos’s .. leukemia. The authors ori-
gimally calev'aed that some 8% of nonlym-
phuiic leukem's: were X-ray induced. Other
studies, howev ', show that preleukemics
have an inordinawely high risk of developing
infectious diseases (St69: Kn71) such as
pneumonia which would themselves resu't in
an increased rate of exposure to diagnostic
X-rays. This finding cast sutficient doubt on
the cause-effect relutionshipy that the senior
author subsequenidy retracted her earlier
estimate . St73).

A later study in New Zealand also con-
sidered the possikility of a positive relation-
ship between leukemi: and Jagnostic X-ray
procedures (Gubd). This study, which in-
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cluded 355 cases of acute leukemia, 78 cases
of chronic granulocytic (mveloid) leukema,
157 cases of chronic lymphocytic leuhemia,
and 712 controls matched for age and sex,
showed a positive relationship between X-
rays and chronic granulocytic leukemia.
However, all of the ¢xcess exposure was
attributable to a total of 4 individuals who
had received more than 20 R skin dose during
a ten year period prior to diagnosis, Because
*Se vast majority of leukemia . -es showed
no excess X-ray exposure the authors con-
cluded that, at most, 1% of the leukemias
were induced by exposure to diagnostic X-
ray.

The final study to be considered is the
original analysis of the Tristate Leukemia
Survey data (Gi72). This study, which in-
cluded 1370 comtrois and 1414 cases of
leukemia, found that diagnostic X-ray
exposure was associated with significantly
elevated age adjusted relative risks of chronic
myeloid and acute myeioid leukemias in
ales. No significantly elevated risks were
fc ind for females or for any other leukemia
types. Here too, the bulk of the X-ray
exposure reported was within a 10-yr period
prior to diagnosis. The relevant male data are
reproduced in Tables 5 and 6. There appears
1o be a generally increasing risk of leukemia
with X-ray exposure, especially in the case of
trunk X-rays. The data however are presen-
ted in overlapping intervals. Thus, individuals
who were exposed to more than 41 trunk
X-rays are includzd in ail other categunes
(i.e. an individual who has had more than 41
trunk X-rays has aiso had more than 11 trunk
and more than 41 total X-ray exposures).
Such individuals have a very greatly in-
creased age standardized risk of contracting
leukemia, which tends to inflate relative risk
statistics in the other dose categories. Look-
ing at the relative risks of contracting acute
myeloid leukemia in the case of trunk X-rays
for example, or.e finds that the relative risk of
those exposed to more than 40 trunk X-rays
(41 +) is 5.06, while those exposed to more
than 20 (21 +) trunk X-rays have a risk of
1.88. Considerations of simple arithmetic
dictate that, since those in the 41 + category
have a risk of 5.06 and those in the 21+

categury, have a risk of 1 88, those in the
2141 dJose range must heve a risk of some-
what less than 1.88.

Because of the age stundardization pro-
cedure used in the original analysis (G172:
Shé6) precise calculation of relative risks for
non-overiappng dose ranges would require
access to the original raw data. If, however,
one tukes X, as the relative risk for a given
overlupping dose range Y, as the number of
cases in the dose range. and Z, as the number
of controls am ordinary least squares regress
sion of X, agammst ¥/ Z givesa rather good fit
(see Tables § and 6).

This fit, moreover, is much better than that
obtained from calculating unstandardized
relative nisk saiues.

Since different case populations, and thus
different age siadurdizations, are involved in
each table, sc-irate regressions given in
Tables § and o, were calculated for each
leukemia (v o -.diation  site ~omprination.
Relative risks - non overlupping dose cate-
gories are obt: -¢d by taking the difference
between the _u:mulative case Or control
values (i.e. ™ . of cases 21-40] = [No. of
cases 21 +] = - - of cases 41 +]), taking their
quotient, an. «ng this in the appropriate
regression < on. Though no defense is
offered for :* <d hoc procedure, it does
give some ¢ * 7 ihe corresponding properly
calculated .

Perusal 5.
relative ris-

. predicted age standardized
'3 in Tables 3 and 6 suggests

that the m» Lrce of excess risk 1s indeed
those men - sed to more than 41 trunk
X-rays. T sspecially true since the “all

sites’” sub-< sry includes the “trunk” sub-
category, o-: sl generally lower (i.e. if
“all sites™ s°. -5 1 lower risk than “trunk™,

then those -sons in “all sites” but not
“trunk” m _ve a still lower relative risk).
Of further i --:st is the apparent absence of

any general .~ward trend with dose. This
parallels the rzsult developed from Bertell's
(Be78) leukesua rate calculations derived
from the sams data base. Further, in the New
Zealand stucy (Guéd) greatly increased risk
of chronic —unulocyuc (chronic myeloid)
leukemia w2+ associated with X-ray doses of
more than - -3d. A fair rule of thumb is that
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Tabie 5. Acuic mevekend lowk, el nsks by

der of plutes —male:. Nom-overtapping oalnes » paremiheres

No. af Plates

AlL sites Cases
11 » (11-20) 5$9(28)
21 « (21-40) 317
41 « (41+) 16(18)

Trun!

11 » {11-20) 33(16)
21 « (21-40) 17(8)
41 + (414) 9(9)

Nuaber of Persons Exposed

Relative Risk

Controls
185(97) (2.14]2.13(.95)*
38(62) (1.36]1.37(.95)°

26(26) (2.34]2.34(2.34)"
X = 0.162 » 4.07 (¥/2)

82(51) [1.42]1.36(1.19)°
51(26) [1.81]1.88(1.13)*
5(5) [5.07]5.06(5.07)*

X = 0.377 « 2.61 (Y/2)

*The standardization procedure employed by the authors precludes exact
back calculationm of non overlapping relative risks. Overlapping range predictad

risk values are shown in drackets.

Tahie 6 “hronic wechod lewhemu relutice nsks by swmber of plaies —mules Nom-overiappimg saiwes m pareniheres

No. of Plates

All Sites Cases
il « (11-15) 56(15)
16 « (16-20) 41(10)
21 + (21-40) 31(16)
41 » (41e) 15(18)

Trunk
11 « (11-15) 39(11)
16 « (16-20) 28(8)
21 « (21-40) 22(11)
41 v (41e) 1)

Number of Persons Exposed

Relative Risk

Controls
185(59) {1.60]1.60(1.36)°*
126(38) [1.72]2.73(1.41)°
88(%2) {1.85)1.83(1.38)*
26(26) [2.96]2.96(2.96)°

X = 0.103 « 4.95 (Y/2)

82(28) (2.33)2.22(2.10)"*

54(23) [2.45]2.33(1.73)*
31(28) {2.99]5.26(2.19)*
5(5) [2.17]7.14(7.17)*

X = 0.998 « 2.81 (¥/2)

*The standardization yrocedures employed by the authors precludes exact
back calculation of non overlapping relative risks. Overlappiag range predinted

risk values are shown in bdrackets.

| trunk X-ray=0.5rad skin dose (USé66).
Thus, the two studies are in substantial
agreement.

DISCUSSION
The data surveyed here do not indicate the
exponential increase in leukemia risk with
increased X-ray exposure suggested by Ber-
tell (Br77; Be78). Rather they suggest that,

while a high relative risk of contracting non-
lymphatic leukemia is associated with having
an inordinately large number of diagnostic
X-ray procedures within a 5-10-yr period,
somewhat lower doses (<40 trunk X-rays)
result in little increased risk.

Bertell's aging mode!, illustrated in Fig. 1,
supports the conclusiov. that there s littie or
no excess risk of leukemia associatec with
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FiG. 1. Bertell's (Be7T X-ray dose-leukemaa rela-

tive risk models (equation 2) for values of K

calculated for those with § - rad X-ray exposure

(K =0.60) and 10 - rad X-ray exposure (K =0.9%).

These quite different functions were proposed by

Bertell (Be’7) as alternative descriptions of the
same data setl.

moderate numbers of diagnostic X-ray
exposures. As expected from the exponential
form of the modzl iequation 2), risk rises
very rapidly at hich dose. This accounts for
the fact that it is verv successful in equaiizing
the high risk of those exposed to say 30rad
[= 60 films (US66)}. Howe:er, the value of K.
which converts rads exposure (0 years
natural aging (equation ), required to reduce
the average age/dose adjusted risk to one is
0.95 for those exposed to 10 or more rads
(10 +) but only 0.60 if those exposed to 5 or
more rads (5+) (which includes those
exposed to 10 + rad) are taken as the affected
group (Be77). Figure 1 shows that these are
quite different functions.

Further, this discrepancy demonstrates
that, for the S+ rad exposure group, the
calculated value of K (0.60) reduces the
age/dose adjusted risk of those persons
exposed to from 5 to 10 (5-10) rad to some-
what less than ' and reduces tne age/dose
adjusted risk of those persons exposed to

NONLYMPHATIC LEUKEMIAS

10+ rad to semewhat more than 1. This is
necessarily the case because we know that
when only e 10 - rad range is considered
one must assume a higher value of K (0.95)
to get an avesage age/dose adjusted relative
risk of 1. Tius. for K =060, the average
age/dose adjsted relative risk of the 10 + rad
exposure greup must be greater than |
(equations S and 6). Now, we also kaow that
the overall awerage age/dose adjusted risk of
the §+ exposure group, which is in turn an
average of the age dose adjusted risks of the
$-10 and 10~ rad exposure groups, equals |
for K = 0.6 Since 1t is impossible 1o have
two numbers greater than | whose average
equals 1, it follows that the age/dose adjusted
risk of the &ifrad exposure gioup must be
less than 1 when K = 0.60.

Returning to Fig. | we see that for K = 0.60
the 5-10 rad esposure group would be expec-
ted to have 122 adjusted relative risks of
from 1.2 to .+ n ihe absence of dose ad-
justment. However, dose adjustment resuits
in relative risis of less than | for this group.
Thereiore, the irue age adjusted relative risk
of the group < <.en smaller (i.e. approx. 1)
which suppo~s the idea that the apparent
excess risk ¢ nonlymphatic leukemia asso-

ciated with . -=ostic X-ray procedures is
primanilly at., :'.pie to a relatively small
number of ~-.auals who had an in-
ordinately = . ~mber of X-rays.
Nonethel: a¢ might assume that Ber-
t=il's modzi .»me ment for high X-ray
dose. In i+ -rard a2 study of patients

a treatments for ankylosing
spondylitis ‘. "1 1s of interest. These in
dividuals rec: i trunk X-ray exposures of
several hundr.i rad. Bertell's model would
takisg equastior :2) with K =060, predic:
that, mimm.! out of every 20 persons s
treated wou': .=veiop noniymphatic leuke-
mia. The ot *- :J value was approx. 1 in 270
(Mi70). Thus. ¢ model does not fit well for
high doses er=.r. Likewise, it cannot be sai
to describe e situation in females since the
original anahsis of the Tristate data (G172
found no s~ ficant excess risk associated
with diagnos=: X-rays in this group.

The remaiting question then is whether or
not the greily increased leukemia risks

receiving ral

shown *
to high
the hyp
is a tru
are gor
some
cnitical
more (7
the mes
chronic
which
also re
sympto
In thi
rather !
may b<
which
natives
the ligh
Furt
<hown
ay ¢
desira!
exPON.
lemat:.
di.u_:m
assog!
of cor
by inc
nostc
such
expos
diﬂt;t\
perso
such ¢
X-ray
treatr
taken
exXpos
the
leuke
death
or tr
data
cedir
In
supp
grad:
expo
to s
matu



M& -+ iid ‘Il inseaiiitne amenitellitnaiin i

in 1. This is
e know that
s considered
*of K (0.95)
1sted relative
the average
f the 10 + rad
ater than |
s0 kaow that
usted risk of
is in turn an
I risks of the
1ps, equals |
iible to have
10se average
lose adjusted
oup must be

for K = 0.60
ild be expec-
ive risks of
of dose ad-
ment results
r this group.
relative risk
. approx. 1)
he apparent
kemia asso-
rocedures is
tively small
b2 an in-
s.
¢ that Ber-
high X-ray
of patients
r ankylosing
L. These in-
xposures of
odel would,
60, predict
) persons so
hatic leuke-
rox. | in 270
. it well for
anot be said
es since the
data (Gi72)
associated

whether or
emia s ks

M. E. CINEVAN 137

shown by at least some individuals exposed
to high doses of diagnostic X-rays indicates
the hypothesized cause effect relationship. It
is a truism that diagnostic X-ray procedures
are generaily performed on persons with
some medical complaint and, given that the
critical dose seems to be on the order of 40 or
more trunk exposures within a 10-vr period,
the medical complaint in question must be
chronic. It may be that a preleukemic state,
which would in any case result in leukemia,
also results in chronic infections that cause
symptoms requiring diagnostic X-rays (St73).
In this scenario leukemia causes X-rays
rather than vice versa. On the other hand. it
may be that chronic disease causes X-rays
which in turn cause leukemia. These alter-
natives would not seem to be resolvabie in
the light of present data.

Further, even if it could definitely be
shown that a large number of diagnostic X-
ray exposures can cause leukemia, the
desirability of taking steps te reduce
exposure to diagnostic X-ravs remuains prob-
lematical. It is true that the large numbers of
diagnostic exposures per individual which are
associated with definite increases in the risk
of contracting leukemia might be eliminated
by increased restrictions on the use of diag-
nostic X-rays. However, as noted above,
such large numbers of diagnostic X-ray
exposures would seem to imply a chronic
disease state affecting a small number of
persons. The risk/benefit ratio involved in
such a situation is uncertain in that diagnostic
X-rays also convey information vital to the
treatment of disease. Thus. if steps were
taken to further limit diagnostic X-ray
exposures, it might be that any reduction in
the death rate resulting from decreased
leukemia risk. would be more than offset by
deaths resulting from inappropriate diagnosis
or treatment of other diseases. Again, the
data which would support or refute the pre-
ceding conjecture are yet to be gathered.

[n summary then, the availudle data do not
support the idea that leukemia risk increases
gradually with the naumber of X-ray
exposures. Likewise thers seems little reason
to suggest that X-ray exposures cause pre-
mature aging. What the data Jdo suggest is

that a large number of diagnostic X-ray pro-
cedures (> 40) within a 10-vr period is asso-
ciated with a significantly elevated risk of
nonlyinphatic leukemia. However, it is not
ciear that this association necessaniy in-
dicates that diagnostic X-rays cause leuke-
mia. Finaily, even if such a cause-erfect rela-
tionship were clearly demonstrated, there is
insufficient information regarding the overall
risk-benefit picture to justify new regulatory
decisions regarding diagnostic X-rays. Fur-
ther research is needed to determine whether
a problem indeed exists, and if it does exist,
what steps should be taken to correct it.
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