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Neoplasms in Persons Treated With X-Rays in Infancy: Fourth Survey in 20 Years * 

L. H. Hempelmann, W. J. Hall, M. Phillips, R. A. Cooper, 

SUMMARY-The incldence of neoplastic disease was deter. 
mind by a mal l  survey of 2,872 young adults given X-ray 
treatments In infancy and of thelr 5,005 nonlrradiated siblings. 
Newly dlagnosed benign and malignant neoplasms appeared 
more frequently in  the irradiated subjects than In their siblings 
or the age- and rex-matched general population of upstate 
New York. Only thyroid neoplasms occurred in sufficient num- 
ben t o  permit rtatistlcal analysis for the effects on incidence 
of sex, age, and dose, and of being In a high-risk group (sub. 
group C). Thyroid cancers developed earlier in life than did 
benign neoplasms, especially in boys; benign goiters occurred 
after smaller doses, predominantly in females. Females had a 
greater risk of developing thyroid cancer than males-2.3 
tlrner for females of all ages and 5 times for young adults. 
Except for young adult females, there was no definite age 
effect. The risk of  cancer (but no t  of benign goiter) was pro- 
portional t o  the thyroid dose, with a linear risk coefficient of 
25/year/mi l l ion people exposed to 1 rad for the entire irradi- 
ated population and 4.0 for subgroup C. The high risk of thy- 
roid cancer in  subgroup C may be the result of the high per- 
centage of Jews, who had a 3.4-fold greater risk than non-Jews. 
Young adult Jewish females had a 17-fold increased risk. An , 
incidental observation was an apparent increased incidence of 
asthma and rare diseases with abnormal immunologic fea tu re  
in  the irradiated population.-J Natl  Cancer lnst 55: 519-530, 
1975. 
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The present paper tlescrihes the ctirrent status of n 
ZO-year follow-up of r;rtliation-iritlucetl neoplasms in 
nearly 3,000 people treated with X-rays in infancy. The 
treatments were given to shrink the ;illegeclly enlarged 
thymus glands--a procedure tlioiigli t t o  alleviate respirir- 
tory distress or to prevent the sritltlcri cle;itli of a previ- 
ousl y flea I t  Ii y i 11 kin t. For corn pa r i m i ,  approximate I y 5,000 
nonirracliatetl siblings of the treated group were also 
studied. As in tlie surveys conducted i n  1!)54, 1‘359. ;iiitl 

1‘368 (I), information a l ~ o t i t  the subjects’ Iiealtli W A S  

ohtainetl prini;iriIy I)y mail clucstioiiriaircs. I‘Ii is  stiitly, 
like previous OIICS, w:ts tlcsigiictl i o  clic.ii infoi.riiatioii 
al)otit surgically reiriovetl neoptxsrtis (I)cnigri m t l  ni:ilig- 
nant) and the caiise of~tleath. 

and W. R. Ames a , 4  x. 
Since tlic 1:ilit wrvoy, ai! excess riiirriticr Of ricop1;i~rnr 

clcvclo )et1 i t 1  tlic t l i y r o i t l  g1;iritlr ;inti, t o  a lcrwr cxtcril, 

‘I ‘ l ie  c l ; i t ; t  coriccrriirig r ; i t l i a t i o r i - i n t l i i ~ ~ ~ ( l  tliyroid nee- 
j )I: i~i i is  were : i r i : i l y m l  io clcicrrriirie thc effects on t i i r n o r  
i r i t l i i c  i i o i i  of ;igc. sex. (lore, ; t r ic l  of twin# in a liigli-risk 
group (subgroiip C). Also rioted i r i  the irratliatctl pqiu- 
lation was ; i n  alip;irerit increase in  the inciclente of 
;tstlim;i ;tritl rare illricsws witli ~ I ~ J J l f J r ~ i ~ ~  irrrrnunologit 
fe;itures (2). 

METHOD OF STUDY 

As ir i  lmst stirvcys, oii(~-l)agv qiie~~iotiii;iirc~, (cjiresiirm% 
on I)otIi sides) werc ni;iiletl tlircctly to tlie sut>’ects aritl 
tlieir uritreatctl sililirigs or  to the SlllJJeCts ant/ sitJ1irig5 
in care of tlieir parents. Qrrcutioris iricltitletl a cl imkli~t  
of illricsscli (e.g., c:iri(:cr, turnors, tlryroitl troiihle, ant1 
ast1irn;r). If Iiospit;tliz;ition or  wrgery for tliex nicdical 
conditions w;is rel)ortc(l. tlic rrietlic;iI cliagriowr ar id  
nxiiies ol  tlic [icispital\ ; t i i t l / o r  tloctors were rcclite\tcxl. 

.?’he sul~ject’s consent for review of l i i 5  rricdical recortlr 
was olJt:iinctl, arid the tli:igriosis givcri I)y the r r i b j c c t  
was verified in  ;I written reqiicst to tlic l I f J5J J i t a1 ,  i t s  
pathology tlepartmcnt, o r  tlie New York State I k I J a r t - .  
nicnt of I1e;iltIi. for clini(:;il ;ind ]Jathk)gy reports or 
death certificatc5. T h e  cancer records of the Cancer C h r i -  
trol Hiire:iii, New York St:itc I1c:iItli I k p r t m e n r ,  AI- 
h n y ,  Ncw’ York, wcrc clicckctl for the names of a l l  
tionrccl,oiitlcrits, l i t i t  i i o  new c:incer c;ises were fourid. 

Usually tlic stt1)jccts referred only to ;in operatioil 
(c.g., operation on tliyroitl gland). When the specific. 
histologic or nietlical tliqgnoscs were given, however, 
tliey were reniarkaldy ;icctir;ite. Of tlie l(i7 tumors in the 
treated gt-oitp, 52 liisiologic (Iixgiioses were corrcrtly re- 
~)oi‘te(I i,y tlie 1);it iciit\; no iricortcct sl’ecific tli;igriows 
wer~c‘ reported. Of tlic 88 sil)lings witli iiiniors, 26 gave 
the corrcct diagriosiis. N o  incorrect histologic d iaposes  
were given, hiit I sibling witli ;in ovarian cancer reported 
“stomach cancer” (not a specific liistologic diagnosis). 
We conclutled tliiit  i f  Iiospital records could not be 
located (e.g., as for some persons with milit;iry recordr). 
it was prolxrbly valid to accept ; I  jxitient’s word for a 
specific histologic diagnosis. 

Unlike our  past experience, the response rate lor the 
mail survey was not good, particu1;irly wlieri tlie clues- 
tionnaires were mailed directly to tlie subjects or sib- 

in tlic \ Jlootl-forniirig tiwries of tltc irr;rdiatetl jqwla t ior i .  
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CASE MATERIAL 

-I'Iic ~ o s t c r  of tre;itctI ;ind sibling subjects w a s  like 
r l i ; t t  i t 1  ~ ) r c \~ ious  s~tr\.cys (I ,  3 ) ,  I ) i i t  tlic nitnilwrs were 
c.li;tri~ctl sliglitly, (i.e., 2,872 trc;itctl stil)jccts a r i d  5,055 
siI)Iiitg\). 'I'Iie )ol)itl;ition c1i;iixtcristics ;is well a s  tlic 
;ivrr;igc a i r  ; i n (  I tliyroitl tloscs ; i r i t l  4)oIt siics itre sliowti 
i r t  i:iI)Ic I .  :\ i i i o i c  coiti~)Ietc tlc\c.ril)tioit o f ' t l i t ~  c~li;rr;tc~c.r- 
i\rics of the irr;itli;itctl ;iritl control pop~tl;itiotis is in  (3) .  
'I.he titicert;iintics i r i  cstini;iting tlic thyroid dose5 were 
tliorouglily tlescrilxtl in  (I). 

Oiic subgroup (C), treated by ;I radiologist using large 
tloscs ; t n t l  1;irgc ports (resulting in tlie inclusion of the 
tliyroid g1;iti~I i n  the primary X-ray k i m ) ,  was consitl- 
cretl sep;tr:iteIy f r o i n  tlie total irtxli:ited popitl;itioii. As 
clctct riiinccl by tlic Ixst t w o  surveys (I, 3 ) ,  tliis s i tbpmip  
Ii:itl :I high risk of tlcvcloping neoplasms of tlic tliyroitl 
gl;ind or otlier tissires. These individuals were informed 
of [lie risk of nodular'  tliyroitl disease in 1964-65, arid 
I13 of tile suhjects still living in the Rocliester ;ire3 were 
seen a t  ou r  hospital. Tliosc with thyroid tlise;tse were 
closely followed (./, 5). T h e  persons wlio Ii;ttl moved 
a ~ x y  from Ibcliectcr were ;idvised to see ;I tliyroitl spc- 
ci;ili\i of our  choice ; i t i d  ;it 0111' cxpensc. lsy 1965, 148 
subjects Iiarl been examined, witti emphasis 011 tliyroitl 
patliology. Ikcausc they Iiad Ixen aware for severaI years 
of tlie potential medical prol)lems, this subgroup liad to 
be considered separately and with the total poptilation. 
I n  the prescnt survey,, a l l  irr:itliatetl subjects a t  low risk 
;IS well ;IS at liigli risk were xlvisetl to tell their doctors 
of .llie x-r;iy treatmetits ; t i i d  to ;tsk for ;i c;ircful tliyroitl 
examination. 

RESULTS 

Neoplastic Disease 

All typos of neoplasms 

~ I i c  tot;rl nuniI)cr or sitrgic;iIIy removed, Iiisto1ogic;rIly 
verilictl ricopl:tsrn\ is ~ I I ( J W I I  by cell type i n  table 2 lor 
tIic irix(Ii:itcd ; tr i tI  control poptiI;itiorls. T h e  irratliatetl 
siiI,jccts I i ; i t l  more tIi;iri twice ;IS nr;iny trialignarlt and 
Iicnign tittnors (more t l t ; t r i  ;I tlirccloltl iricre;ire in inci- 
cIcticc) ;IS the I;rrgcr group of rionirr:lcIiatetl sildings. AS 
previously nieiitioncd, tlic irr;idi;ited subjects of 5111)- 
group C Iiatl a nirtcli liiglier risk of tlevclopirlg neoplasms 
tlian did the rest of tlie tre;itetl pop1il;ition. Almost half 
of tlie tumors tlcvelopetl in subgroup C, which consti- 
tiitctl oiic-tenth of the total irr;tdi;iled population. I k -  
txiise of tl i is  ;rnd otlicr rt*;IsotIs given i n  "Case Material," 
subgroup C was consitleretl sep;ir;itcIy from the rest of 
tlic stirtly groitl) in  abl le 2 ;tiit1 tlic sitlnec~irertt text.  Sirn- 
ilarly, I)ec;irisc. approxiniately h l f  of tlie neoplasms in 
the total irratli;ttctl population arose in the thyroid 
gland, thyroid neoplasms were also given special con- 
sic1er:ition. All extratliyroitl neoplasms were pooled to 
provide srtficient nunihers for quantitative analysis 

The olmrvetl ;tiid exiwctetl nunil)ers of neop1;isms in 
tltc tre;tted :tritl iiritre;itcd popu1;itioiis are given i n  
tablc 3. W1iere;is the expected iintl olmrvetl numbers of 
cancer cases in the siblings were nearly the same, tlie 
observed n u m l x r  of all malignant neoplasms in the 
total irr:itliatetl population was almost quadruple that 
expected in the age- and sex-:itljustetl population ok 
itpst:itc New York.3 In  subgroup C, tlie observed num- 
I)cr W;IS niore than five times the expectation. The  ratio 
of olxm-vetl to expected tumors in the benign category 

5 1 1 1  calculating the rxpectctl tturnl)er of cancer cases. we used the 
atiriual cancer rates for itpsiate New York averaged over %year 
periods i i i  the 3 tlecatln siiicc 1940 (1940-42, 1949-51, 195860) (6) 
atid Over a %year period i t i  the past decade (1963, 1964, arid 1969) 
(Grectirvaltl P. Burtieit WS: Personal communication). Since age- 
specific r i l t c s  of 1)ettigti tiiiiinrs were tint compiled for upstate New 
Ynrk, the rater i t i  a11 itrttIeatetl siblings were itsecl to calculate the 
expected ritirnlms of bettigti tteoplastiis i n  itic treated population 

(1d)le 6). 

(table 3). 



'Maligrinn t 
0.20 13(4) 0.04 0(0) 0.56 

12.06 7~ 1.84  25(12)  23 .03 
3 .97  2 ( 0 )  0.4!1 7 ( 4 )  6.61 
2.27 2 ( 0 )  , 0.2.5 2 (0 ) 3.80  
0.48  0 ( 0 )  0 . 1 1  , O ( 0 )  1.56 
().ti7 1 (0) 0 .  ox ' 2 (0 ) 1 .03 
6.!)4 4 (2 )  1.16 I6(X)  13 . x3 

12.35 " ( 6 )  1 .8X 25(12) 23.59 

- \ - - ,  0 G(3) 
32 .:17 I G ( G )  2 . 2 4  57 ( 3 0 )  

2 . 2 6  S ( 1 )  11.74 4 (2)' 
20.46 lO(5) 0.7t; :I(; ( I  x ) 
35.7!) 36( lH)  2 .24  63 (33 ) 

9 .65  1 ( 0 )  0.74 17 ( I  0) 

Benign 
3.42 20(12) 0 G(3) 

32 .:17 I G ( G )  2 . 2 4  57 ( 3 0 )  

2 . 2 6  S ( 1 )  11.74 4 (2)' 
20.46 lO(5) 0.7t; :I(; ( I  x ) 
35.7!) 36( lH)  2 .24  63 (33 ) 

9 .65  1 ( 0 )  0.74 17 ( I  0) 

~~ ~~ ~ ~ ~- 

Expected No.  of malignant tirniors were rnlcdnted will! the use of aKe-npecilie cancer rates in u p s d i e  New York. wliercaa the nurubera of benign tuniorr were bbwd 

' Values i n  parrnlhrsrr refer lo  new canes aince 1063. 
' One family with hereditary osteocl!ondrorna (1 treated child and 3 untreated Riblinga) wna not  included in thia figure. 

' 

on the raten in each cakgory olmcrved in all siblings. 

was less than tlie above figure in the total irradiated 
p ~ ~ ) u l a t i o r i  but coiisitler;il)ly liiglicr i n  sul)group C .  

Thyrold neoplasms 

As seen in tahle 2, 21 cases of tliyroitl cancer occurred 
in the irradiated population (13 in subgroiip C), 
wliereas none tlevelopetl in the nonirradiated siblings. 
T h e  corresponding n u m l m s  of benign tliyroid tumors 
in tlic irrarliatecl popiilaiion ;inti their si1)lings were 52 
and  6 ,  respectively. However, only 5 new patients with 
cancer (4 in subgroup C) of the total of 21 liatl surgery 
after 1963, compared to SO of the 52 benign tumors re- 
moved after tliis tlatc. Ikfore 1969, the excised thyroid 
neoplasms were almost cqu;illy clividetl between the 
malignant ant1 benign categories, wlicreas ;ilter 1963 the 
n u m l m  of Iwnign tumors :it the tiiiic o f  tlic opcr:itiori 
&TC;ILly cxccctlctl tlic n ~ ; r l i g ~ i ~ i i i t .  'l'liis gave SOIIIC' I i o i x :  
that, witli incre;ising tinic ;ifter irra(1iatioii. tlie risk o f  
rnaligmricy in radEgtion-intlucctl rieoplasnis may de- 
crease. (We cannot cxclutle ;I c1i;inge i i i  tliapiostic cri- 
teria for :in operation over tlic years). 

Tlic tl;it;i in tal)le 3 show t l int  the ohserved number of 
thyroid c;iIiccr c;iScs in the tot ; i l  irratliatetl optilation 

group C was almost 300 times the expectation. By sub- 
traction, the corres onding nuniber of cancer cases not 

tation. The observed number o l  benign thyroid turiiors 
was also Iiigher tlinn that expected. I n  contrast to the 
irratlintcd population, the number of c;ises of thyroid 
cancer in the sildings W;IS not elevatetl. 

was almost 100 times that expected, wliereas t f iat in sub: 

in subgroup C ("01 r iers") was almost 50 times the expec- 

FACTORS ~ N I I A J I < N C l N t ;  I'IIE RISK 01: DEV~:I.OPINC ?'IIYROII) 
C A N C E R  

' 

we studictl the possi~j~e efrects of incitierice of tliy'roici 
neopI;isins of sex, age ; i t  di;ignosis, r;itIi:i tiori tlos:~gt., a r d  

Iwing i i i  t lw  liigli-risk SUbglOUJ) C. T w o  types o l  anal- . 
yscs were tloiic ( I  1;111 W.1: I n  prep;ir;ition). I n  thc first 
;in;ilysis, we ;itteiiipted to s t u d y  ; i l l  kictors siniiilti~ti- ' 
cousIy, ;IS in, ;I rntiItif;ictor ;in;iIysis of v;iri;ince or ;I I I ~ I I I -  
titIiniension;iI contingency taMe ;inaIysis. W e  used the 
I'oisson niuItiC;ictor ;inaIysis with clii.sqti;ire. test, siiitctl 
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THYROID NEOPLASMS 

vs . 
AGE AT SURGERY n MALIGNANT 
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p" iycly* 
; t i l t 1  2.5: I for rn;ilignitnt ;ind I)rnign lesions. re5 
' J ' I w  i n c . r r ~ : ~ ~ ; c ~ l  frc.cjitcriry i n  tlic fem;tler (sex e fect) was 
\igitificiint, Art(:r tlo'ic. itgc, ;inti high-risk cltectl were 
corisitlvrctt, tIic irtcitIcIiec of c:tncer i n  all  irradiated 
f c i i i ; i t c \ ,  was 2.3  titncs that  i n  miilcs, wliereas in 15- to 
2!)-yc;ir-oIcI women tlic incidcrlcc was five times that of 
the re\t of the irr;idi;ited population. In  contrast, the 
incidcnce Or thyroid cmcer i n  women in the younger 
(< 15 yr) ;ind older (> 30 yr) age groups was almost 
idcntic:il witl i  t l i ; i t  in males. 

I n  our s tudy ,  the sex ratio of females to males with 
thyroid nroplasms was considerably lower than tho% 
for thyroid cancer in upstate New York (6) or for goiter 
in the norrn;il population (8, 9). 

A gc  (I t d iogn osis (ogc c[Ject ).-TI1 e d is t r i 1) u t ion 0 f 
trcatetl suhjects witli thyroid ncoplasms according to age 
;it tli:igno\is (surgery) is shown in text-figure 1. T h e  
r;irIiest c;iscs were t m i l i p m t  and occurred i n  boys. T h e  
5 new cancer c;iscs developed in subjects over 25 years 
of age, whc!reas the new henign c;iscs occurred in each 
age category over IO. Four of the 5 new cancer cases 
(since 1969) developed in subgroup C. 

Tlic iricitlcrlce of thyroid rleo~i~;isrns i n  tlie entire iJJa- 
tli:itccl ppii1;ition per 1,000 I'YK for 5-year age cate- 
gories is shown in table 4 and text-figure 2. Incidence 
values were I)asetl on surgically removed thyroid new 
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plasms only. I n  ;I study of su1)group C i r i  I W I  (I), w e  
reported tli:tt thcrc ~vcrc 2 unopcr;ttctl Iiotlril;tr goiters 
for every 1 excised. 

Unlike tlie curve of incidence vcrsiis q c  in ou r  last 
publication (I), the new curves for both malignant ant1 
benign lesions in the total population (lid not indicate a 
decline after the treated subjects rc;tclictl tlieir twenties. 
Rather, they appearctl to rise in the late tweritics and 
thirties. The s1i;iI;c of the curve xfter ;igc 30 is iricx;ict, 
since tlie nu1nl)cr of (.:tscs is sniall .  Ilccc~itly, w e  Ic:tlr~ctl 
of a new case of thyroid cancer i n  ;i 37-ye;ir-oItl irradi- 
ated woman. The malignancy was untracccl Ixforc Au- 
gust 31, 1971; tlierefore, i t  was not inclutlctl in this study. 
Th i s  reinforced ou r  irnprcssion t1i;it rltc incitlcnce o l  
thyroid canccr may actually increase in the fourth dccatlc 
of life. 

Altllorrgh the curves for incitlcncc vcrsiis ;tgc of both 
thyroid cancer and ;1c1c1io111~1s in tcxt-figure 2 increased 
with age (particularly in 15- to 29-year-old fem:ilcs), 
multifactor analysis of the data failed to identify a cle;rr 
proportionality between thyroid neoplasms ant1 age. 
Ikcause of [lie few cases, tlie age groupings in this 
analysis had to be very broad (<IS yr, 15-29 yr, and  
>30 yr), and  perhaps this masked sul)tle age effects. 

When the tumor incitlcncc per IO-year age categories 
was plotted for subgroup C and  the remaining populx- 
tion ("others") i n  text-figure 2, the plots were dissimilar, 
presumably due in part to the few tumors per category. 
Most cancer C ~ S C S  and ;ibout half of tlic hcnign goiters 
in the categories above age 20 occurr-ctl in subgroup C. 
Accor t l in~  to tlic clii-squ;rre ;in;ilyscs, tlic cl;it;i were coni- 
patil)le with either ;I "projm-tion:il age cflect" ltypotltc- 
sis o r  a "IKJ age effect" Ilypotltcsis; t l i i s  iiit1ic;rtcs 110 cleiir 
pattern of agc effec in either sul)group. 

Thyroid dose (dosc c~er~) . - -T l i e  d ist ri 1 ) t i  t ion' o f  1113- 

lignant and  Ijcnign thyroid neolJasrrls by tliyroitl-dose 
category is sltown in text-figure 3 for the G t i  au1)jccts 

9 

T HYROl D NEOPLASMS 

THYROID DOSE 
vs . 

MALIGNANT 

s 4 1 '  n I I .  

200 400 600 aoo 1000 
RADS 



524 IIl~:MI’EI.MANN F.T AI.. 

M!I 
0 

I X  
s:! 
:I I 
I;” 
67 

I 

“2 ,  !L 
2 1 . 4  
25.2 
2:1 .!I 
:14 . ( I  
:lo.!) 
: I1  .!L 
: H I . ?  

2 7 . 5  

:I4 .‘t 
zx.7 
X.!) 
2!L, x 
:I I ..1 
9s.o 

__ 

2 2 .  (i 
”I .‘1 
24 .:1 
92.  (; 
:I:{. I 
31 .s 
:i:< .L’ 
:iI).L’ 

- 

0 (0) 

.3.2 (2) 
O . X t 2 )  
3 .  f, (4 ) 
I.lr2) 
4 . 7  (IO) 
f I  ( 0 )  

- 

lmrt i o t i ; i l  to tlic tliyroitl (lose, 1 ) u t  t l i ; t t  of Ixnign turnor$ 
w;i.s i i o t  iicccs.s;irily so .  71‘lie closc-rcslx~riw c i i r w  for t l iy-  
roitl c:iticcr was coiiipatil~le witli, I)ut not riccewirily 
tli;ignostic of, ;I str;tiglit-line function w i t l i  ;I slope of 
2.5 kO.5  (estini;ited SI.:)/ 1,000 r;itls/ 1,000 PYR 6 or 2.5 
c;iscs/ye;ir/rnillion people exposed to 1 rad. 

Ikc;trise of the so-c;illccl siiI)groiip C effect (tliscu~sed 
~ ; ~ t ~ l j ,  we stiitlied st!l);iixtely the dose tmponse of sub- 
groiil) C ; i t i ( I  “ottici.s.” l’lie ;in;ilysis of sitligroiip C W;IS 
tii;itle siniplci. I)ec;iitse the nic;in ;igcs (tal)le 5) and scx 
r;ttios werc cwnt ia l ly  constant across dosage groiips and 
t l i i i c  niilli fietl any age, sex, and high-risk etfects. Tlie 
comp;irisons of the observed numbers of thyroid cancers 
wit l i  those expected on the basis of the tlose proportion- 
ality hypothesis yieltlctl a chi-square statistic that strongly 
siipl)oi .t~(I tlie I iy~~otl ics is  wlicit the subjects were grouped 
in citlicr tlic 5- or  3-(lose e:itegories. S imihr  ;in;ilysis of 
[lie cI;it;i for I)enign tiiriiors in siil)group C revealed n 
qiiestional)le fit for the 5-dose categories, brit a gootl 
lincar fit for 3-dose c;ttcgories: We concliitletl tha t  the 
~~roport ion; i l  tlose hypothesis w a s  supportetl b y  the (lata 
for m;ilign;tnt tuniors h i t  w;is qiiestion;il,le for Iieiiign 
growths. Siinihr ;iiialysis of tlie (lata f o r  the i~ernainder 
of t lie i rr;idi;itctl p01)it 1:i t ioii (“ot Iters”) also siippor ted 
tlic ~~i~o~~or t io i i : i l i ty  coriccpt i i i  tlic c;tscs of m;ilign:int 
tiiniors brit  clc;irly rejected i t  for benign lesions. ’Ilie 
coriclri\ioris lor “otlicrs” were not reli:il)le I)cc:iiisc of the 
~~ossil)ility o l  :I tonfolintli~ig age effect. X‘lte slope of the 
dose-rcslmrisc ciirvc for c;tiiccr w;is 4.0 (5 l . l ) /  1,000 
I;itls/ 1,000 I’Y I< for suhgroitp C, roiiiparetl wi tl i  1.7 
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In ( I )  wc s ~ ~ ~ ~ ~ ~ i i l ~ i ~ e c l  th;lt tlic I);itliogcricsis o f  rxli;ttion- 
iiitliicccl tliyroitl I ~ C O ~ I X S I I I S  followctl tlic multistage 
theory of carcinogcncsi.s clcwly clcrrtonstr;itetl for thyroid 
ticopI;tsnis i n  rotleiits (/;). Since tlicn, we have ohserved 
c I i  rotnosonic ;I I)crr;ttions in ;ipprox irnatcl y one-t Ii i rtl 01 
tlic tliyroicl cells citltured from 1 gland\ irrx1i;itetI with 
4liX-72H r;ttle of ?(-r;iys 30-37 years ;igo (IR). 71'l~e xhcrra- 
t i o i l s  wcrc frccliictit in tttc noiiiieo1)l;istic cells culturetl 
from the grossly normal thyroid tis5ue .;inti in the neo- 
plastic cells from the notlu1;ir lesions. Such cliromomnc 
th i t iye  m;ty be related to the primary event in carcino- 
gencvs. 71te multiple clironiosonie lesions in cells of the 
noiineop1;tstic tissue untloiihtctlly ;iccountccl for tlie mul- 
ticentric 1i:ittire of the disease. 

In  (I) wc in(lic:itcd t h a t  tlic :iI)riipt rise in incidence 
o f  thyroid ncopl;iwis dur ing  thyroid .stress i n  adolescence 
suggested that tliyroitl-stimul:iting hormone (TSH) was 
a promoting or second;try factor. Altliough the present 
tliita indicated a more g r a c l d  increase in incidence of 
thyroid neoplasms dur ing  xlolescence, the regression of 
early clinic;il nodular lesions resulting from suppressive 
tlicr;il)y wit11 thyroid Iiorrnones (I)  intlic;itetl tlic impor- 
t;tiice o f  ?'SI I in tltc Ixitlrogctmis of these neoplasms. 

~ S K  OF DWIXOPING T w R o I I )  NF.OPI.ASMS 
Tlic risk of developing thyroid cancer after irradiation 

(assuming ;I linear dose response) can be calculated for 
the total irradiated population, subgroup C, a n d  
"others" hy t tic corivciitionnl formrllx 

Iliyk - (ot)scrvrtl No. of cases - expected No. of cases) 

Io0 1 I 

Mean tlovc 
X X ax 

N:umlier of sul)jccts Mean No. of years at risk 

r .  I lie ;iverage risk/year/million people, each with B thy- 
roid dose of I rad,  was 2.7 (Le., 2.7 cases/year/1,000,000 
people, e;tcIt with n thyroid dose o f  I rad) for the entire 
irradiated poputation, 1.6 for stibgroup C, and  1.8 for 
; i l l  "others" (dat;i from tables 1 and  3). In  these calculn- 
tions, we assumed ;I la tent  period of 5 years before the 
tIcveIopment of neo~~lnsms; the ;itljtistinent for expected 
nrinil)ers h;id no noticcal)le effect. 

8 After the t l r n t l l i i i e  for data collcctioti in the present slud , we 
tcartiect that a 37.year-oltt nonrcsponctcnt cticcl after a stiort iLiiess 
o f  spiiitllc cell carcinoma of tllc thyroid. She hac1 reccirctl an  
irniicitalty large ciirniilativc close of X-rays IO the chest-531 R at I 
t o  3 motitha o f  age for  allegccl thymic cnlargerncnt and 2,400 R I 
ycar later for a rnecliastinal mass sirspcctccl of being Hoclgkiii's 
discasc. Since the diagnosis \vas uot confirnircl histologically, the 
chcst ~iroplarm \vas not inclutlecl in our past a n d  present studies. 



\Yc prcfcrrccl io ~ . c . p l ; t c y  I I I C  I';tc.ror.r. I W ; I I I  dose t imes,  
;iritl mean years in tlic tleiioniinator o f  tlic :il)ovc for- 
mula b y  tlie weighted mc;in of tlic WIt, rvciglitcd hy tlic 
individual doses. This gave more re1i:il)lc risk v:ilucs of 
3.0 ( t : O . O G ) / I , O O O  r;itls/ 1,000 PYR for the cntirc popw 
lation, -1.8 ( 2  1.3) for subgroup C, xntl 1.8 (&O.7)  for 
"otlicrs." Withotit tlic Intent 1)criotl ; i c l j i i s l i i i ( v l i  r i o t c v l  
;\I)ovc, tlirsc I;ISL t111.e~ ligiltcs w o r t l t l  I)c 2.5, ,1.0, ;111tl  1.7. . 
Extrathyroid neoplasms 

As seen in table 3, (lie 91 m;tlignant arid benign nco- 
plnsms developing in tlic irr;itli;itcd sriI)jects i n  tiswcs 
other than thyroid outnum1,erctl the 76 i n  thc thyroid 
gland. Of tlie total number  of cxtratliyroitl tumors, ap- 
proxirn;ttely one-third of tlic malignsnt tuniors :tnd onc- 
fourth of the benign ncopl:isnis occurred in subgroup C. 
The total number of neoplasms in  the irradiated p o p  
lntion exceeded that in [lie mucli larger group of sihling 
controls. T;ibIc 3 shows thc excess ol m;ilign;int :rnd 
benign extrathyroid neoplnsrns in e;icli category. Of the 
I O  excess cases of m;tlign:tncy, 5 were Icrikcmias, 2 were 
fibrosarcomas (1 in tlic 1ic;tl-t niuscle)," ;tiit1 n i o 5 t  of tlic 
rern;iintIer ;irosc i n  iicrvc ;issite. RIany of tlic csccss C;ISCS 

of benign extrathyroid neoplasms ;trosc in bone or  
breast tissue, hut otlicrs clcvclopctl in skin, ncrvc, and 
other tissues. 

The 91 neoplasms in the tissues outsidc the tliyroitl 
gland were pooled for ;in ;in:ilysis of incitlencc versiis 
close. Pooling tumors of tlillcix!iit cell types (ex-11, pcr- 
li:tps, with ;I c1iar;icteristic (lose-rcspoiisc C I I I . V C )  for this 
purpose m;iy be criticized, 1)ut the nunil~crs of cxtra- 
thyroid trirnors of specific cell types were too s ~ n a l l  lor 
analysis. ?'lie results ;ire given in table 6 for a11 extra- 
thyroid malignant and  Ilenign tumors and for :iII extra- 
thykoitl tumors ;trising inside and oritsidc of the tissues 
irradiated by the prim;iry X-r;ty 1,e:im. 'Ihc incidence of 
riialignarit ;inti benign tumors i n  the c;ttegory below 200 
R was almost itlentic;il to t1r;tt in rhc noiiirr;ttli;itetl sill- 
I i ngs. For the ni;t 1ign:t n t ;inti I m i  igii t itniors corisic IcrccI 
individii~tlly, tlic response WV;IS 5oiricwll;it crr;ttic, p r t l y  
t l ~ e  to s o  few c;iscs. C;lc;irly, Iiowcvcr, [tie incitlcrirc oT 
t';inccr and Imiigri ttiiiiors rv;is ltiglicr i n  dose cxtcgorics 
; I ~ V C  200 I t  tIi;rn I,cIorv this (lose Icvcl. 

11 only pooled cxtr;itliytoitl tttliiors arisiiiK i n  tissiic*s 
irr:ttli:itctl by [tic j)riiii;try ?(-r:iy 1)c:ini wcix: corisitlcrccl, 
tlicrc W Z I F  no clear-cut close rcsl)oiise in tlic sixtli colrimri  
in t;iI)Ic (i. TIIC i n c i h n c c  or ~ ~ i ~ ~ ~ i g n ~ ~ i i t  ; t n c t  I)cnign IICO- 

pI:isnis arising in irr~tdi;ited t i s s w s  in 1)crsoiis cxposc(1 t o  
less tlian 200 I< was tlic same :IS t h a t  i n  tlic sililirig con- 
trols. In  tlic Iiiglicr dose catcgorics, tlic incitlciicc or 



c;t~ircIs of [ l ie tliyroitl :inti tllc 1 exrese Iyiiiplio111:is. Sirn- 

oc( ttttctl i i i  tlic ttiyiwicl 01' ! ~ l o o ~ l - i o ~ i t t i i t ~  o~.g;itts. ' 1 . 1 1 ~  
rc.lil:iiiliiig ti cxccss C:ISC'S i t 1  IIIC t o t : t l  irt~;i(Ii:tt~~I ~ > ~ ~ > t t l i t -  

t i o i i  ( 5  it1 s u b p w i p  C) ;\rose i n  other orgiins. N o  c;iiiccrs 
dcvc*lo~xd in  1)re;ist iisTtic ( I  w : i s  tlisrovcrctl ;tItcr 1!)71) 
or i i i  the s;iIiv;iry ~ h i i d s ,  ;is Icl)oi-ic(l i n  otlm irradi:itcd 
popl ; i t ions  (20-22).  The  ritirril)er ol ol)wrvctl c:incers 
i n  [lie sil)liiigs wxs :tlmost [lie sxiiie ;IS t l i ; i t  cxpcctctl. 

~ ' I i c  irtcitlriice of I)cnigii tiiiiioi's i i t  tlic irrx1i:ited 
~)opitIaiion : t I w  iricre;tsctl ;iliiiost foiirfoltl over t l i a t  in 
tlic sihliiig controls: 'T'lic ii~cre;ise i n  Imiigii titmors in 
~tiI)grotip (; w : i s  1 &fol(l. 'T'liyroitl :ti id I)one rieophsins 
;tccotiiiic(l for 6.1 of t l i c  85 excess ncopl;isnis i n  the total 
l ) o l ) i i I a i i o t i .  -1'lic oil ier 21 c x c c s ~  I)cnigri i i in iors  ;(rose i n  
iltc- l ) i c ; i b t n  skin, iicrvoits systcni, s;tliv;iry glmtls, antl 
KviiiioiiriJi:iry tr;irt. Ilcriigii i i i t i i ors  i t 1  tlte c:ttrgory tlcsiK- 
ti;ticd "otlicrs" i n  t:tl)le 2 (rii;tiiily 1il)oni;ts ; i i i t l  f i l ~ i ~ o n i : ~ ~ )  
t l i t l  not irirrc;ise over the cxpcct;ttiori. 

'I'liyroid ncopl;isnFs, p:trticitl:trly in women, were 
cle;irly tlic niost frequent late CoIiseqiiciice o f  irr;itli;ition 
of rlic clicst ;ind neck in iiikincy. Fortun:ttcly, even the 
t l i y r o i c l  c i i m r s  iisu;illy 1i;id ~vell-tlifierctiti;iictl cells ;~n t l  
i c ~ ~ ~ ) i t ( l v t l  T;ivor;il)ly io trc:titiicrii. 1\11 cxtx.l)~ioti w;i\ i l i v  
I C Y  rtitly tliwo\vrc.tI ~ 1 ) i t t t I l c -  (.<.I1 c:tti(.ci. i i t  ;I W O I I I ; I ~ I  w l i o  

rccci\rd ;I ttinioricitl;il dose of X-rays in infancy. Ikn ign  
I ;ttlier tli;tn iii:iligii:tiit tliyroitl ricopl:ts~ns ocmrrctl p i -  
iiiiirity in WOIIICII ;iller cxl)os1trc to low tloscs,. but  citlicr 
could resitlt from miy tlo$e i n  tlic range rintlcr study, 
inclrirling tlie'extremes. T l i e  minimum 1:itent period be- 
tween expositre ;ind clinical manifestation w;is 5 years 
for c:iiicer in males, ;ind 10 yews for c;titccr in females 
:itid benign tiiniors in  boit~ sexes. I t  was siiggestetl Imt 
not ]iroiien that thc latent period was inversely re1;itcd 
to the dose. 

Although statistical analyses did not show a signifi- 
cxnt age effect except in the young adult  females, text- 
figure 4 clearly intlicited tIi:it tIie tIiyroiCI cancer inci- 
tlence dit1 not cleclinct after age 20, :is sriggestcd in ( I ) .  
'l'he 5 c;tnccr cases (1 not inclutletl in  ottr tiata) i t )  tlie 
over 30-year group int1ic;itetl t h a t  the risk of tliyroitl can- 
cer continued a t  least into early middle Ztge. Frtrther 
study of the irradiated population was necessary to tle- 
[ermine the age response in middle life. 

After taking age, sex> antl high-risk effects into ac- 
count, we used two statistical tests to show t h a t  the inci- 
tlenci. of tliyroicl c;inccr wits proportion;il IO the thyroitl 
(low. The tlose-rc\poiise curve was coinptiI)Ie w i t l i ,  I)itt 
.did riot prove, n straiglit-line function wit11 ;I stope of 
2 . 5 /  1,000 rads/ 1,000 I'YK. Similarly, analysis of sub- 
group C ciaia sliowirig ;i constant mean age ;icross tlose 
groups revealed a proportional dose cflect 011 cilncer 

iiil,iy, 1 5  or I H  c.xc.css c.;lS(bS ( , I  c.illlt. i l l  ~ t l ~ l K t ~ f ) l t I )  <: E.. 

' 

iricitlcricc with :I ?iloj>~ of 4 .  Wc cannot rlefinitely say 
Itow far tlriwri iltc (low sc;tlc the 1inc;ir fit W:IY valitl, virtcu 
tltcrc w;ili o i i l y  I C:IW o f  c: ir icw in e:icli o l  our lowc.rr 
two  tlo3c r i t  reF;ot.ics.'ql There wits r i o  cvitlcricc of a tfeclinc 
or "tiirn <Iowii" i t 1  tlic Iiiglicst clow c: i tepry.  I f  there i.i 
;in aptimtim tlose for intltiction of thyroid c:rncer in man 
;is i n  :ini~ii:iIs (23) ,  i t  cxccetls tltc (loses iisetl to treat our  
s ~ t  I)jccts. 

Why tlic Imiign goiters ( l i t 1  riot show ;I tlose propor- 
tionlility was not ;ip1):trcnt, except t h a t  we were not (leal- 
ing w i t h  tlie t o t a l  siimplc of hcnign lesions. Except for 
the large goiters wliich were symptomatic or  unsightly, 
in yoting :i(l:ilts only tliose lesions w11ic.h were ~ t i s l ~ c t e t l  
of }Icing m;tlign;int were trc;ttcd surgic:iIly and incltttletl 
i r i  our ;tri;tlysis. A h i t  I O  years ago, wo found that for 
every patient in sut)group C with :I surgically cxciwtl 
goiter. tlierc rvcrc 2 otlicrs with itnopcr;itccl, rliriic;illy 
p:tlpal)lc thyroid notliilcs. If we I i x l  I)crrt :tl~le t o  stiidy 
the entire sanipk of ittioper:ttctl ar id  operated benign 
nodules, we 'might 11;ive shown :I tlose response ;is s u g -  
gested hy another stritly of cliriic;illy p;ilp;tl)le ratliation- 
induced nodular goiter ('7 I ) .  

T h e  incrc;isctl risk of thyroid c;incer i n  yoling wornen 
; i i i c l  , l c w s  w;ts c .or iz i t lc : t , ; t l ) lc !  iiiic.rest. ' I ' l t c .  i l i t  rc;isctl ri\k 
o f  s ~ ~ o t i t ; t i i c o ~ t s  tliyroicl c;~iiccr i t i  woiricri r v l i o  h x l  not 
received ratliation c x ~ ~ o s i i t c  over t l i a t  seen in males was 
tlescrilml ( 6 ) .  Similarly, Jews reportedly 11;itl ;I higher 
risk of dying from spon t;iricorisly tlcvcloping thyroid 
cancer tlian non-Jews, ;iltliough the increased risk was 
less than :I factor of 2 (12, 13). 1kc;irrse o l  the liigh inci- 
dence of spontaneous tliyroitl cancer, i t  seemed rcason- 
able to assume that wonien antl Jews were more sris'cep- 
tible than the rest of the population to the action of a 
known carcinogenic agent on the thyroid gland. ?'lie 
Jewish factor alone (with correction for age, sex, and  
dose) may account for the increased cancer incidence in 
subgroup C. Although the early examination of persons 
in this siily-yoiip canriot be excliitlctl a s  ;I factor in ex- 
p1:iining the liigli incitlcrtce of thyroid a n c e r ,  both 
Jews (48%) ilnd non-Jews (52%) participated in  die 
examination program. I f  thyroid cancer occiirretl with 
the same frequency in both ethnic groups, we would not 
have expected the ol)servetl difference in incidence. 

10 111 a rccctit puhlica~ioti, Motlati antl his associates reported 12 
cases of th)roitl cattcer i t i  IO.!H)? tracctl prrsotis giveti X-ray trcni- 
metit to the scalp tluritia ctiililltoocl for titie:t capitis (E). By use 
o f  :I pli:iiitotii : i t i t1  sitiiiiI:~t~d treatinriit conclitioiis. they estinintc.tl 
the thyroid (lose io lie 6.5 rails. Using the data given i n  (??), we 
rstimatctl tlic caticcr incitlencc to be O.oC~/1,OOO PYR. This value, a 
little morc rliati twicc ~ l i c  iticitlctice for siibgroup C subjects cxtra- 
polarctl to 6.5 rails. s i ipptml  that littcarity held at Icast to this 
tlose level. I f  ilirre i n s  ;I tltresholcl for cnttccr ititluctioti, i t  was 
1)elprv 6.5 1 3 i I S .  
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