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Abstract-It has recently been suggested that the relatively small radiation exposures
i mtved in diagnostic X-ray procedures performed on adults may pose a health hazard

,

imause they significantly increase the risk of contractin,, nua-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 tie possibility of

,

leukemia induction by diagnostic X rays. This examination demonstrat:s that the conten-

' '
tion that a few rads of diagnostic X-ray exposure significantly increase- leukemia risk is
not supported by any of the available data. There is sc,me indication that relatisely high

' C' diagnostic X-ray exposures (> 20 rad) are associated with increased leukemia risk. The
nature of this association is, howeser, complicated by the fact that it may be a case of

'

X. 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 Ge true risks and benefits associated with diagnostic X-rays.

: i
INTRODt|CTION crease leukemia risk in adults, and thus pose'a

EPIDEMioLOGIC studies of persons exposed to threat to human health.
high doses of radiation such as the.i

Hiroshima / Nagasaki survivors (Bi66; Br62) BERTELL'S ANALYSES
or persons undergoing radiation therapy Bertell's analyses (Be77; Be78) are based'

| (CoS7) convincingly demonstrate that such on the incidence of nonlymphatic leukemias,

high radiation doses can induce leukemia. in males over 45 yr of age as determined from *, . '
'l'

.
More recently. Bertell iBe77; Be78) has the data gathered in the Tristate Leukemia |l-

. suggested that the relatively small doses of Survey (Gr63; Gi72). Bertell's contention is i

radiation involved in diagnostic X-ray pro- based on two lines of argument. The first
cedures performed on adults may consider- (Be77)is that X-rays can be shown to have an,

| . ably increase their risk of contracting non- " aging" effect that is proportional to the
! lymphatic leukemias. This finding, which is number of rads of X-ray exposure. The

3
.

particularly alarming because of the pre- hypothesis that an aging effect exists is based*

,

'

| valence of such procedures, has caused Ber- on two observations. The first is that the
rtell (Be77; Be7S) to call for a drastic and leukemia rate increases with the age of the 's'

- immediate reduction in legal X-ray exposure population at risk. This is well known (Do65).
timits. The purpose of this present discussion The second is that the nonlymphatic leukemia I: '

.

*is to examine Bertell's assertions, in light of rate increases with the amount of diagnostic:-

the ava!!able data. to better determine the X ray exposure. . i

extent to which diagnostic X-rays may in. To describe the effect of ' natural aging.-
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[[. Bertell proposes the equation where r, is the X-radiation dose in rads of the--c- m - . -

'' f ith person and K a. an arbitrary constant. An~ -

.: .
', ' _ X = (1.00)' (1) adjusted risk (eithu age or age / dose) is given'^-

by-

a
~ where X is the risk of contracting leukemia

,2. .

at age 15 + t relative to the risk of developing R = Rd R,- (6)
leukemia at age 15 and t is the number of
years lived beyond age 15. Risk at age 15 is where f is the observed relative risk and f,~ "

%H taken as 1. This equation appears to 6t the is some calculated relative risk.- -..
- data quite well. To descritse the effect of The original analysis of the Tri-state

. .-
diagnostic X-ray procedures Bertell proposes Leukemia Survey data which dealt with"

._- -n.
the following equation diagnostic X-ray exposure showed that males--g

exposed to more than 5 rad diagnostic trunk
- .~

X = (1.06)'*"' (2) X-ray had a high mean age adjusted risk of
,'

- leukemia relative to a group of controls
" where X and t are defined as above, r is (Gi72), and by definition they had higher X-

__
, . . ' exposure to diagnostic X rays in rads and K ray exposure. Perusal of equations (3)-(6)

. . ,

-I is a constant which converts rads exposure to should convince the reader that, since the
years natural aging. The amount of " aging" value of f,y (equation 5) can be made arbi-' ' "

"I caused per rad diagnostic X-ray exposure trarily large by increasing the value of K,it is -'

was then evaluated, by taking a value of K necessari7y true that at some positive value of

( such that the mean age / dose adjusted risk of K the a;:! dose adjusted mean risk of those
.,

m des over 45 yr of age receising more than exposed to more than Stad X-ray will
S tad diagnostic X-ray exposure was equal to becorn- : qual to the age adjusted mean risk .
the mean age adjusted relative risk of males of those exposed to less than 5 rad diagnostic

. .j
over 45 yr of age receiving less than 5 rad X-ray. 0;iering this necessary relationship as
di: gnostic X-ray exposure. This adjustment proof of an aging erTect of diagnostic X ray is
procedure deserves some consideration. The the logini equivalent of saying that, since

j

observed mean relative risk of males over habitua9 driving one's car 100 m.p.h.
45 yr of age is given by decreasu life expectancy and growing older

I decreasu life expectancy, habitua!y driving
- f. = R43./Ris (3) one's er 100 m.p.h. causes' premature aging.

'

Though nue in an actuarial sense it does not
where R43. and R si are the letikemia rates for retlect a biological reality. One might sug-
males over 45 yr of age and persons of age 15 gest thr. if the age adjusted risk of deselo-
respectively. The calculated mean relative ping - ivmphatic leukemia increases

risk for males over age 45 taking only age exponer. ily with X-ray exposure, as sug-
into account is gested ry equation (2), the aging process

., . would ;raside at least a useful analogy. The
i fu = Z (1.06)'' [N (4) possible esistence of such a relationship was.

*-8 - however, not considered by Bertell (Be77)
i .

and ind: d appears doubtful in light of the
| ; where t, is the number of years h.ved beyond avaihb: data.

age 15 by the ith person and N is the number H:t -econd argument (Be78) is that the
.

of males over age 45 m the population of leukerr. 2 rate increases gradually with the
- mterest. Similarly a calculated mean relative numbe of X ray films per individual that are

nsk that tak,es both age and X-ray dose into taken In support of this she gives four tables
account is given by based on the Tristate data which apparentlyi

show an increase in incidence of leukemia- '

with anmber of films X-ray exposure. Thesefu, = (1.06)' N (5)
. . . . .

tables are reproduced in their entirety in
|

|

.
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Tables 1-4. T5 e main point of interest is that C., P, and R, as the number of cases, popu-: ds cf th2 t
Jant. An Bertell's presentation uses overlapping lation size at risk and leukemia rate in the j
,Is given exposure ranges. That is, one cannot deter- range 11-15, and taking C,, P,. R, and C., P , e

mine whether, for example. persons exposed R. to represent similar quantities in the {
to 26-30 X. ray films show a higher leukemia ranges 0-10 and 0-15 6ims, respectively, we {

(6) rate than those exposed to no X-ray films. It can back calculate our non-overlapping g

is, however possible to back calculate non- values (C,, P, R,) as follows:
:and f, o,;erlapping dose range rates with fair pre-

cision. The leukemia rat- is given by C, = C. - C, (9)
!

. . tate P, = ((CJR.)-(C/R,)) x 10 (10)ri-s 8 '

= lt with R = C/P x 10' (7)
I males R. = C/P, x 10'. (II) *

,

ic trunk .where C is the number of cases, P is the -

|risk of number of persons at risk and R is the Using the values presented for these ranges
:ontrols leukemia rate pc- 100.000 persons. Rearrang- in Table I as a numerical exampie we have :

Sr X. ing (7) we get
(3)-(6) C, = 65 - 58 = 7 (12)

sce the P = C/R x 10'* (8) P, = ((65/2.04)-(58/2.99)) x 10' = 271701'; e arbi. II3)I, it is Now, we know the number of cases and the

.
incidence rate per 100.000 in say the range R, = 7/27170l x 10' = 2.58. (14)2 hse of

. those 0-10. Likewise we know the number of cases
?Yill and incidence rate in the range 0-15. Taking All of the rates shown in Tables 1-4 under
o risk

: ;tostic r su t w.r,.,s.s.c ras .,un e. r. . ne..w ..u, u ,r r m ra usau .>.t.~., an .n e,u. .n .a .1

#''"
1 dip as ..

| , ray is Berte!! Calculations * Correcte ' C eulttions

| . since (overlapping Ranges) (Non-overaa- 7 Aanges)

E Exposure s
Exposure 3

0IdCf Range Cases Rate /10 /yr. Rangc ' Cases Rite /11 /yr.
| {nving.

l aging. 02 30 1.59 0-2 30 1.s9 ,

esnot
0-s 40 1.63 3-s to 1.76

1: sug.
Me o- 0 10 ~'8 1.99 6-10 18 3.91l s

| rc2ses 0-1s 6s 2.f4 11. Is 7 2.58
f i sug. ,

M s3 0 20 74 2.14 16-20 9 3.31

..The
| ewas, 0-2s 81 2.26 !!-2s 7 s.3s

Bs77) 0 30 s2 2.24 26-30 1 1.30

4 the
0 40 84 2.21 31 40 2 1.43

t the 0-50 s9 2.32 41-s0 s 14.16

1 the
21are 0 70 91 2.376 > so 4 12.37

' "]. .s.
0 80 92 2.378

> ently
. mia 0 120 93 2.404*

|Taese

f in * Reproduced from Settett (19'3).
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* f" '. 7,We g. Nualympheter les&ames sures by X.ee, esp.ese e: meses 494 ,7 ofsee Trea& drhese oc eAJ.smees* Ild esraemeses
' r

tJessel * lamesi espusere era ce es ma cf plefes

J Corrected CalculationsSertell Calculations * (Non-overlapping Ranges)| . JJ - --I*
' (Overlapping Ranges)

_Exp sure. .

Exposure 5 Range Cases Rate /10 /yr.
Range Cases Rate /10 /yr.

"* =

. , . . - <
0-2 17 1.34 0-2 17 1.34

~.. . - .- 1

* 0-5 34 1.79 3-5 17 2.70

. , , .. t .,
0-10 53 1.97 6-10 19 2.40..u.

- *
.

11-15 10 2.42
0-15 63 2.03

- J., c ; , , . .; q,

% 0-20 69 2.08 16-20 6 2.81 a

. , ,

0-25 77 2.20 21-25 8 4.38
" ' ' ' ' '"

, , '*: .. , , . -

0-30 80 2.21 26-30 3. 2.50
,,

0 40 84 2.22 31 40 4 2.44. . - , .
.

,.

' 0-50 88 2.23 > 40 9 10.62
.

,

, . . . 0-60 90 2.35
| *

~ ~
- 0 70 91 2.376

_

a
-

0-80 92 2.378
<

- J

0-120 93 2.404'

-~- ,

*Reprodwed from serien c19 st
%. 1

Te6de 3. Nealympherie le=Arase re#es 6, X rer esposom sioeles 64 ve of are a.r older. Trua4 schese se a6J..sioca s capossees risen as'
no et pt.aes

*"i
4 Berte11 Calculations * Corrected Calculations I

.,

(Overlapping Ranges) (Non-overlapping Ranges) i=

,

Exposure $
,

. - Exposure 5
Range Cases Rate /10 /yr. Range Cases Rate /10 /yr.

J

0-10 72 6.80 0-10 72 6.80i

1

0-15 87 7.32 11-15 15 10.38
, . . ,

0-20 99 7.55 16-20 12 11.12.

'.
'

0-25 107 8.05 21-25 8 ' 44.61

1 0-30 108 8.01 26-30 1 5.23
-

' I 0 40 110 7.85 31-40 2 3.78.

0-50 114 8.14 3 40 11 t
'

0-60 116 8.28
. ' '

0 70 118 8.42e

-

0-80 119 8.49 i
.s

t;.100 121 8.64
e

i

* Reproduced from Bertell t19*8L
Roundo# errur prevents further calculaues See test for furshre espio ariosn

*1
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r.ua a nov os r.< i< ne ~m *= x ~r w ~: -aus u ,c r == .= .a.s- rn.s usaa or .es.--n us au~~.rm
umrat -1. mon urawre n eva es == .4 otam

8erte11 Calculations * Corrected Calculations
(overlapping Ranges) Ofca-overlapping Ranges) ,

Exposure 8xposure '

Range Cases Rate /10'/yr. Range Cases Rate /10 /yr.$

0-10 67 6.91
*

0-10 67 6.91

0-1s 81 6.83 11-15 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 I

~

0-50 114 8.14 > 40 11. t

0-60 116 8.23

- 0-70 118 8.42

0-80 119 8.49 '

''
0-100 120 8.57

0-110 121 8.64

' Reproduced from Bertell (1973).
Roundoff error prevents further calculation. See text for further explanation.

--

the heading " corrected calculations" were The study concluded that only nonlymphatic
produced in this manner. These rates are not leckemias showed an excess rate of ding-
suitable for calculation af dose response nos4c X-ray exposure. This excess, which ,

functions because of a lack of age standar- was present to a gre:.ter degree in males than e

dization (this is also true of the rates given by in fem ties, was attributable to a very marked |
Bertell (Be78)] and round orY error generated excess 'I.S x controls) of persons who had !.

by the fact that the rates were reported to had 10 oi m,re trunk X-rays within 5 yr prior |
only 3 signincant digits. Nonetheless it is tc diagnos's A leukemia. The authors ori-
readily apparent that the general positive ginally calet.':. ed that some 8Fo of nonlym-
association which was claimed to exist is phatic leukem'a were X ray induced. Other [
somewhat dubious. In fact the only striking studies. howev ' , show that preleukemics
feature of the data is a very great increase in have an inordinately high risk of developing e

leukemia rate for males exposed to over 40 infectious diseases (St69: Kn71) such as
X-ray Sims. This, as will be seen. is a feature pneumonia which would thernselves resu!t in 3

similar to the 6ndings of three prior leukemia an increased rate of exposure to diagnostic l

s:udies involving diagnostic X-rays. X-rays. This 6nding east surHeient doubt on
the cause-effect relationship that the senior

PREVIOUS STUDIES author subsequently retracted her earlier
The 6rst of the studies considered here is estimate (St73).

that of Stewart er al. (St62). This study in- A later study in New Zea'and also con-
volved 483 cases of nonlymphatie ' 2kemia.as sidered the possibility of a positive relation-
well as 496 cases of lymphatic le';kemia.156 ship between leukemia and diagnostic X-ray
cases of "other cancers" and 956 controls. procedures (Gu64). This study, which in-

.

.
.

*#4 -e e e,-e
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' cluded 355 cases of acute leukemia,78 cases category, have a risk of 1.88, those in the
.

-,
,

of chronic granulocytic (myeloid) leukemia, 21.-41 dose range must have a risk of some-
what less than 1.88.- - . . -

157 cases of chronic lymphocytic leukemia, Because of the age standardization pro-
and 712 controls matched for age and sex, cedure used in the original analysis (Gi72:

-

"~l

showed a positive relationship between X-
.

rays and chronic granulocytic leukemia. Sh66) precise calculation of relative risks for
' 1

,

non-overlapping dose ranges would requireHowever, all of the excess exposure was
. - . , , attributable to a total of 4 individuals who access to the original raw data. If, however,

had received more than 20 R skin dose during one takes X, as the relative risk for a given
'

.

'"'~I overlapping dose range Y, as the number of
' ,"f a ten year period prior to diagnosis. Because cases in the dose range. and 2, as the number

'he vast majority of leukemia Nes showed of controls an ordinary least squares regres-,,

no excess X-ray exposure the authors con-
~ cluded that, at most,19e of the leukemias sion of X, against Y/Z, gises a rather good fit,

2. . .i
.

,' were induced by exposure to diagnostic X- (see Tables 5 and 6)..
_'

This fit, moreover,is much better than that
~ "'

The final study to be considered is the obtained from calculating unstandardized
ray.

'

; .
. . ,

~ original analysis of the Tristate Leukemia relative risk values.~ '~ '
.

Since diffcent case populations, and thus
Survey data (Gi721. This study, which in-

,

cluded 1370 controls and 1414 cases of different age cachtdizations, are involved in
"

leukemia, found that diagnostic X ray each table, w arate regressions given in
;-- -

Tables 5 and s. were calculated for each ('

exposure was associated with significantly
leukemia tm . diation site combination.

l
-

elevated age adjusted relative risks of chronic Relative risks non overlapping dose cate---

mr loid and acute myeloid leukemias in gories are oba. ed by taking the differenceI e.

. ales. No significantly elevated risks were
. fcund for females or for any other leukemia between the amulative case or control

'

types. Here too, the bulk of the X ray values (i.e. F of cases 21-40] = [No. of
exposure reported was within a 10-yr period cases 21 +1 : . of cases 41 +]), taking their.

prior to diagnosis. The relevant male data are quotient, ard Jng this in the appropriate
i

,

reproduced in Tables 5 and 6. There appears regression ec an. Though no defense is.. _

to be a generally increasing risk of leukemia oiiered for P
ad hoc procedure, it does

.

-
with X-ray exposure, especially in the case of give some id?

-f :he corresponding properly
'

calculated .aN s.
trunk X-rays. The data however are presen- predicted ace standardizedPerusal oited in overlapping intervals. Thus, individuals

:

who were exposed to more than 41 trunk relative riu
n in Tables 5 and 6 suggests t' '

that the m2 >:urce of excess risk is indeed
X rays are included in all other categunes 4ed to more than 41 trunk'

those men c
; (i.e. an individual who has had more than 41

trunk X-rays has also had more than 11 trunk X-rays. Thi
: specially true since the "all

sites" sub-c.. 2ry includes the " trunk" sub-1

and more than 41 total X-ray exposures).
Such individuals have a very greatly in- category, b : still generally lower (i.e. if

)
creased age standardized risk of contracting "all sites" si

.s a lower risk than " trunk",
'

leukemia, which tends to intiate relative risk then those
~~,ctns in "all sites" but not

statistics in the other dose categories. Look- " trunk" ms 1 ve a still lower relative risk).,

Of further ic c:st is the apparent absence of I t:a

ing at the relative risks of contracting acute any general ward trend with dose. This jThu
'

myeloid leukemia in the case of trunk X-rays parallels the result developed from Bertell'sfgre
a

for example, or.e finds that the relative risk of
those exposed to more than 40 trunk X rays (Be78) leukemia rate calculations derivedm

from the same data base. Further,in the New'l

(41 +) is 5.06 while those exposed to more 6 T,.

,q than 20 (21 +) trunk X-rays have a risk of Zealand study (Gu64) greatly increased risk,

1.88. Considerations of simple arithmetic of chronic ;; anulocytic (chronic myeloid)
e xp-

,;
leukemia was associated with X-ray doses of iner ,

dictate that, since those in the 41 + category tell
~ have a risk of 5.06 and those in the 21 + more than 1.Wd. A fair rule of thumb is that

^
<

- 0

.

e-

m
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those in the r.m s. &se s.a w-~ . man =* sr ==*~ 4 o'.m-~.in me--'e e .*n &un

some- No. of Ptates Number of Persons Exposed salative Risk

dization pro- All sites Cases Controls
ialysis (Gi72;
tiva risks for 11 . (11.:o) 59(26) Iss(97) (1.1411.13(.93)*

rould require 1 + (21-40) 33(17) sat 62 ) (1.36]1.37(.95)-
If, however, 41. (4t+) 16(16) 26(26) (2.3412.34(2.34)*

i for a given x . 0.162 + 4.07 (Y/*)
n number of g ,

s th? number
car:s regres. 11 . (11.:oj 33(16) s2(st) [1.42]1.36(1.19)*

ather good fit 21 . (21 40) 17(s) 31(26) [1.s t} 1.as(1. ts) * ,

41 + (41.) 9(9) s(s) [s.07]s.06(s. o7) *
!!er than that x . 0.377 + 2.61 (YS)
tstandardized

'The standardization procedure emoloyed by the authers prec!ndes exact
back calculation of non overtarping relative risks. overlapping range predicted

us, and thus risk values are show in brackets.
e involved in

,; f*'" I"*' r.m s. o n w w-- no u.,a =m s .->= 4 ri.m-.in. m.-eu oe .mn . sam

combination. yo og places xumber of Persons exposed retative aisk

ng dose cate-
he difference A11 situ casu controts

or control 11 . (11-15) s6(15) 1:s(59) [1.60]1.60(1.36)*
M "[No. of

. 16 . (16.:o) 41(1o) 1:6(3:3 [1.7:11.73(1.41)*
1. taking their

2t . (:t.4oj 31(16) as(62) [1.ss]1.s3ct.3s)-' appropriate
o defense is 41 . (4g.) is(15) :g:6) [2.96] 2.96(:.96) *

fure, it does 3*0103*'*95(YNI

.fing properly Trunk .
. .

11 . (11-19 3M11) 32(:s) [2.3,312.22(2.10)*
standardized

16 . (16 40) 2H6) s4(23) (2.4s]2.33(1.731-
nd 6 suggests

, risk is indeed 21 . (21 40) 22(11) 31(26) 12.9913.26(2.19)*

11(11) s(s) [7.1717.14(7.17)*ian 41 trunk 41 + (4t+)~
x . 0.99: 2.st (Yn)dnce the "all

trunk" sub- The standardization pncedun eptoyed by the authon pneludes exact
lower (i.e* if back calcutation of non overlapping relative risks. Overlapping range predicted

. han ,, trunk,,, risk values are shown in brackets.
es" but not
relative risk).
it absence of I trunk X. ray = 0.5 rad skin dose (US66). while a high relative risk of contracting non-
i dose. This Thus, the two studies are in substantial lymphatic leukemia is associated with having

. cm Bertell's agreement. an inordinately large number of diagnostic
'ons derived X-ray procedures within a 5-10-yr period,
r,in the New DISC 1'SS10N somewhat lower doses (<40 trunk X-rays)
screased risk The data surveyed here do not indicate the result in little increased risk.
1ic myeloid) exponential increase in leukemia risk with Bertell's aging model, illustrated in Fig. I,
ray doses of increased X-ray exposure suggested by Ber. supports the conclusios. that there is lit!!e or
thumb is that tell (Br77; Be78). Rather they suggest that. no excess risk of leukemia associatec. with

~ .=

_
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,

'

.: 10+ rad to somewhat more than 1. This is shown F2S ;-
necessarily the case because we know that to high*

when only the 10 + rad range is considered the h>rt
.

-

., , one must asusme a higher value of K (0.95) is a trui
20 - to get an avesage age / dose adjusted relative are per'

r-

*e o ss risk of 1.13ns, for K = 0.60. the average
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