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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, and W. R. Ames " *

SUMMARY—The incidence of neoplastic disease was deter-
mined by a mail survey of 2,872 young adults given X-ray
treatments in infancy and of their 5,005 nonirradiated siblings.
Newly diagnosed benign and malignant neoplasms appeared
more frequently in the irradiated subjects than in their siblings
or the age- and sex-matched general population of upstate
New York. Only thyrold neoplasms occurred in sufficient num-
bers to permit statistical 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 accurred
after smaller doses, predominantly in females. Females had a
greater risk of developing thyroid cancer than males—2.3
times 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 not of benign goiter) was pro-
portional to the thyroid dose, with a linear risk coefficient of
2.5/year/million people exposed to 1 rad for the entire irradi-
ated population and 4.0 for subgroup C. The high risk of thy-
rold cancer in subgroup C may be the result of the high per-
centage of Jews, who had a8 3.4-fold greater risk than non-Jews.
Young aduilt Jewish females had a 17-fold increased risk. An
incidental observation was an apparent increased incidence of
asthma and rare diseases with abnormal immunologic features
in the irradiated population.—J Natl Cancer Inst 55: 519-530,
1975.
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The present paper describes the current status of a
20-year follow-up of radiation-induced ncoplasms in
nearly 3,000 people treated with X-rays in infancy. The
treatments were given to shrink the allegedly enlarged
thymus glands—a procedure thought 10 alleviate respira-
tory distress or to prevent the sudden death of a previ-
ously healthy infant, For comparison, approximately 5,000
nonirradiated siblings of the treated group were also
studied. As in the surveys conducted in 1954, 1959, and
1963 (1), information about the subjects’ health was
obtained primarily by mail questionnaires. This study,
like previous ones, was designed to clicit information
about surgically removed neoplasms (benign and malig-
nant) and the cause ofydeuath.

©

Since the Iast survey, an excess number of neoplasms
developed in the thyroid glands and, to a lesser extent,
in the 5)!00(!-(0rmin;; tissues of the irradiated population,
The data concerning radiation-induced  thyroid  neo-
plasms were analyred to determine the effects on tumor
imduction of age, sex, dose, and of being in a high-risk
group (subgroup C). Also noted in the irradiated popu-
lation was an apparent increase in the incidence ot
asthma and rare illnesses with abnormal immunologic
features (2).

METHOD OF STUDY :

As in past surveys, onc-page queslinhnnircs (questions
on hoth sides) were mailed directly to the subljccls and
their untreated siblings or to the subjects and siblings
in care of their parents. Questions included a checklist
of illnesses (e.g., cancer, tumors, thyroid trouble, and
asthma). If hospitalization or surgery for these medical
conditions was reported, the medical diagnoses and
names ol the hospttals andfor doctors were requested.

“The subject’s consent for review of his medical records

was obtained, and the diagnosis given by the subject
was verified in a written request to the hospital, its
pathology department, or the New York State Depart-
ment of Health for clinical and pathology reports or
death certificates. The cancer records of the Cancer Con-
trol Bureau, New York State Health Department, Al
bany, New York, were checked for the names of all
IlOﬂl'CS])(')ll(]CH[S, but no new cancer cases were fOllHd.

Usually the subjects referred only to an operation
(e.g., operation on thyroid gland). When the specific
histologic or medical diggnoses were given, however,
they were remarkably accurate. Of the 167 tumors in the
treated group, 52 histologic diagnoses were correctly re-
ported by the patients; no incorrect specific diagnoses
were reported. Of the 88 siblings with tumors, 26 gave
the correct diagnosis. No incorrect histologic diagnoses
were given, but | sibling with an ovarian cancer reported
“stomach cancer” (not a. specific histologic diagnosis).
We concluded that if hospital records could not be
located (e.g., as for some persons with military records),
it was probably valid to accept a patient’s word for a
specific histologic diagnosis. .

Unlike our past experience, the response rate for the
mail survey was not good, particularly when the ques-
tionnaires were mailed directly to the subjects or sib-
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lings. The subjects, now mostly young adults, were more
casmal about our survey than theirgparents had been,
Because of the indifference of the suhj('('ts, the response
rate 1o the three questionnaives wits only 70% in carly
1971, To correct what was obviously an unrewarding
approach, we resorted to telephone calls and found ll!lll
most subjects and their siblings or parents were quite
(()()])(‘I'i!ll\'c.
When the survey was terminated August 31, 1971, the
il response rate was 8519, One percent refused to
answer, 3.9 were located hut failed 1o respond, and
9.7% (including the 3% adopted) were unable to be
traced. Al data were coded and transferred to computer
tapes for analysis; all nonrespondents were assumed to
be healthy and without tumors.

CASE MATERIAL

The roster of treated and sibling subjects was like
that in previous surveys (/, 3), but the numbers were
changed slightly. (i.e., 2,872 treated subjects and 5,055
sihlings). ‘The ropul:nion characteristics as well as the
average air and thyroid doses and port sizes are shown
in table 1. A more complete deseription of‘the character-
istics of the irradiated and control populations is in (3).
The uncerwiinties in estimating the thyroid doses were
thoroughly described in (7).

One subgroup (C), treated by a radiologist using large
doses and large ports (resulting in the inclusion of the
thyroid gland in the primary X-ray beam), was consid-
ered separately from the total irradiated population. As
determined by the last two surveys (7, 3), this subgroup
had 2 high risk of developing neoplasms of the thyroid
gland or other tissues. These individuals were informed
of the risk of nodular'thyroid disease in 1964-65, and
13 of the subjects still living in the Rochester area were
secen at our hospital. Those with thyroid disease were
closely followed (4, 5). The persons who had moved
away from Rochester were advised to see a thyroid spe-
cialist of our choice and at our expense. By 1965, 148
subjects had been examined, with emphasis on thyroid
pathology. Because they had been aware for several years
of the potential medical problems, this subgroup had to
be considered separately and with the total population.
In the present survey, all irradiated subjects at low risk

Cas well as at high risk were advised to tell their doctors
of the Xeray treatments and to ask for a careful thyroid
examination.

When subgronp G owas considered separately, the re-
maining B subgroups, each given Xeray treatinents in a
different hospital or private office, were combined and
designated as “others”™ or “all others,”

RESULTS
Neoplastic Disease
All types of neoplasms

The total number of surgically removed, histologically
verificd neoplasms is shown by cell type in table 2 for
the irradiated and control populations. The irradiated
subjects had more than twice as many malignant and
benign tumors (more than a threcfold increase in inci-
dence) as the larger group of nonirradiated siblings. As
previously mentioned, the irradiated subjects of sub-
group C had a much higher risk of developing neoplasms
than did the rest of the wreated population. Almost half
of the tumors developed in subgroup C, which consti-
tuted one-tenth of the total irradiated population. Be-
cause of this and other reasons given in “Case Material,”
subgroup G was considered separately from the rest of
the study group in table 2 and the subsequent text. Sim-
ilarly, because approximately half of the neoplasms in
the total irradiated population arose in the thyroid
gland, thyroid necoplasms were also given special con-
sideration, All extrathyroid neoplasms were pooled to
provide sufficient numbers for quantitative analysis
(table 6).

The observed and expected numbers of neoplasms in
the treated and untreated populations are given in
table 3. Whereas the expected and observed numbers of
cancer cases in the siblings were nearly the same, the
observed number of all malignant neoplasms in the
total irradiated population was almost quadruple that
expected in the age- and sex-adjusted population ol
upstate New York.* In subgroup C, the observed num-
ber was more than five times the expectation. The ratio
of observed to expected tumors in the benign category

5 In calculating the expected number of cancer cases, we used the
annual cancer rates for upstate New York averaged over 3-year
periods in the 3 decades since 1940 (194042, 1949-51, 1958-60) (6)
and over a 3-year period in the past decade (1963, 1964, and 1969)
(Greenwald P, Burnett WS: Personal communication). Since age-
specific rates of benign tumors were not compiled for upstate New
York, the rates in all untreated siblings were used to calculate the
expected numbers of benign neoplasms in the treated population
(table 3).

TAaBLE 1.—Population characleristics and radiation factors

Treated population

Characteristic or factor

Untreated siblings

All Subgroup C All Subgroup C
Population
umber. ____________ . _.____ 2,872 261 5,055 349

Average nge, yr (1971) . ________________ 24.9 33 24.1 28.8

Aue spread, yr_______________________. 14-45 25-43 .. 8-55 11-51

Total PYRe_____ .. 69,402 8,088 115,921 9,597

Males/females, 9. _____ ... _. 58/42 64 /36 51/49 51/49

Jewish /non-Jewish, %, ______________ .. 8/92 48/52 5/95 38/62
Radiation factors

Average nirdose, R_ .. ___._______ 225 461

Average thyroid dose, rads___________ . 119 399

Kilovolt peak . ... ________________ 75-250 130

Port arrangement_. ____________________ A, I, or AP® AP

Portmize .. ... 15 em*-large Large

¢ PYH = person-years at risk ; since 909 of the subjects were treated in the first 6 monthe of life, birth to age on August 31, 1971 or to sge at death was used for PYR,

¢ Anterlor, posterior, or anterior and posterior,

1228550
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RADIATION-INDUCED NEOPLASMS IN MAN 521
TanLg 2.—Neoplasms in irradiated and nonirradialed populations by cell type
Treated® Siblings ¢ )
Location All Subgroup C All Hubgroup C
Maulignant Benign Mulignant Benign Malignant Benign Malignant Benign
Thyroid tumors . _______.___. 24 (H) 52 (30) 13(4) 20011) 0(0) 6(3) 0 f
l')xtmth_yr()i(l tumors_ . ____ . __ 22(12 69 (31) 7(2) 16(6) 25(12) 57 (30) 31 3(2)
Leukemia or lymphoma_ ____. 8(2) 2(0) 7(4) [§]
Bone_ . ___.__ . ___________ 1(0) 18(4) 1{0) 5(1) 2(0) 4(2) ) 1(M)
Nervous system_ __________.. 4(2) 7)) 1(0) 2(1) 4(0) 0(0) 1(0) 1]
Breast_ ... ... ____. a0) 13(7) 0(0) 1(0) 0(0) 17 (10) 0 1(1)
Salivary gland______________. 0(0) 4(1) 0(0) 2(0) 1(1) 2(0) f] (]
Skin___... ................... 4(4) 6(3) 0(0) 0(0) 5(3) 1(0) 1(1) 0
Genitourinary ___________.__. 3@3) 10(5) 1(1) 3(2) H{4) 12(0) 0 0
Other_ . ... 2(1) 11(8) 2(1) 3(2) 1(0) 21(9) 1{0) 1{1)
Total tumors________________ 46(17) 121 (61) 20(6) 36(17) 25(12) 63 (38) 3(1) 3(2)

* A few tumors were reclassified since 1967 (e.g., mixed tumors of the saliv ry gland changed fromn malignant to henign, a reticulum cell marcoma from “othee’” v,
“bone”). E)
Y Values in parentheses indicate new cases since the 1063 ntudy.

TanLE 3.—Expected versus observed cases of surgically removed neoplasms ©

Treated population ® Siblings

Location All Subgroup C All Subgroup C
Observed Iixpected Observed Expected Observed Expected Observed Expected
‘Malignant .

Thyroid.__._. P, 24(5) 0.29 13(4) 0.04 0(0) 0.56 0(0) 0.06

Extrathyroid_ .. ___________. 22(12) 12.06 7(2) 1.84 25(12) 23.03 3(1) 2.29

Lymphomas. _____________ §(2) 3.97 2(0) 0.49 7(4) 6.61 0(0) 0.56

Leukemia______._________ 7(1) 2.27 2(0) . 0.25 2(0) 3.80 0(0) 0.2%

Breast. __________________ 0(0) 0.48 00) 0.11 L0(0) 1.56 0(0) 0.18

Bone. ____ .. __.._______. 1(0) 0. 67 1(0) 0.08 2(0) 1.03 00) 0.06

Others__ . _____._.__._____ 13(10) 6.94 4(2) 1.16 16 (8) 13.83 3(1) 1.49

All tumors_ ..o ... 46(17) 12,35 20(6) 1.88 25(12) 23.59 3Q1) 2.35

Benign :

Thyroid____.______________. 52 (30) 3.42 20012) Q 6(3) . 0(0)
Extrathyroid_________.._____ 69 (31) 32.37 16(6) 2.24 57 (30) . 3(2)
Breast._ .. ... __ ... _____. 13(7) 9.65 1(0) 0.74 17 (10) 1(1)
Bone.______.__ .. ___.._. 18(4)° 2.20 H(1) 0.74 4(2) 1(0)
Others. ... ____-_______ 38 (20) 20.46 10(5) 0.76 36(1R) 1(1)
All tumors. ... ____. 121(61) 35.79 36 (18) 2.24 63 (33) 3(2)

¢ Expected No. of malignant tumors were caleulated with the use of age-specific cancer rates in upstdte New York, whercas the numbers of benign tumors were based

on the rates in each category obscrved in all siblings.
» Values in parentheses refer to new cases since 1063,

¢ One family with hereditary osteochondromsa (1 treated child and 3 untreated siblings) was not included in this figure.

was less than the above figure in the total irradiated
population but considerably higher in subgroup C.

Thyroid neoplasms

As seen in table 2, 24 cases of thyroid cancer occurred
in the irradiated population (13 in subgroup C),
whereas none developed in the nonirradiated siblings.
The corresponding numbers of benign thyroid tumors
in the irradiated population and their siblings were 52
and 6, respectively. However, only 5 new patients with
cancer (4 in subgroup C) of the total of 24 had surgery
after 1963, compared to 30 of the 52 benign tumors re-
moved after this date. Before 1963, the excised thyroid
neoplasms were almost equally divided between the
malignant and benign categories, whereas after 1963 the
number of benign tumors at the time of the operation
greatly exceeded the malignant. ‘This gave some hope
that, with increasing time after irradiation, the risk of
malignancy in radintion-induced neoplasms may  de-
crease. (We cannot exclude a change in diagnostic cri-
teria for an operation over the years).

1226550

The data in table 3 show that the observed number of
thyroid cancer cades in the total irradiated fopulation
was almost 100 times that expected, whereas that in sub:
group C was almost 300 times the expectation, By sub-
traction, the corresponding number of cancer cases not
in subgroup C (“others’) was almost 50 times the expec-
tation. The observed number of benign thyroid tumors
was also higher than that expected. In contrast to the
irradiated population, the number of cases of thyroid
cancer in the siblings was not elevated.

Facrors INFLUENCING ThHE Risk or Devirorineg Tuyromn
CANCER

We studied the possible effects of incidence of thyroid
neoplasms of sex, age at diagnosis, radiation dosage, and
of being in the high-risk subgroup C. Two types of anal-
yses were done (Hall Wi In preparation). In the first
analysis, we attempted to study all factors simultan.
cously, as in_a multifactor analysis of variance or a mul-
tidimensional contingency table analysis. We used the
Poisson multifactor analysis with chi-square. test, suited

*
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to dita on rare events; however, the amount of data
(the number of tumars) was so small that an analysis
biased on so many classifications stimdltancously was un-
reliable. Therelore, we also analyzed separately each
factor (sex, age, and dose), but always treated subgroup G
and “others” as individual p()I)ululi()ns. This sccond
analysis suflered from the possible weakness that the
single factor under study was confounded by the eflects
of other factors. The conclusions from the two kinds of
analyses agreed. They were summarized in each section
with the description and interpretation of the appro-
priate data, )

Distribution by sex (sex effect)—In the last survey (1),
we reported that the ratio of females to males with
thyroid neoplasms was 1.4:1. This figure was about the
same as that in a retrospective study of thyroid cancer
in children with a history of irradiation (7). In the pres-
ent study, the ratio of females to males was 1.4:1 carci-
noma and 1.7:1 for benign lesions. When these arc
corrected for the predominance of males in the treated

o7

population (58%), the ratios become approximately 1.9:1

THYROID NEOPLASMS
Vs.

AGE AT SURGERY

MALIGNANT

7 . 2 2
/%/% 077

NUMBER OF NEOPLASMS
1

BENIGN
8- 7

- 7

////%

10 20
YEARS

Texr-vicure - 1 —Distribution of malignant and benign thyroid
neoplasms by age of patient at surgery, Cross-hatched areas
designate males; open arcas, females. Number above cach column
indicates new ncoplasms since 1963,
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and 2.9:1 for malignant and benign lesions, respectively,
The increased frequency in the females (sex effect) was
significant. After dose, age, and high-risk eftects were
considered, the incidence of cancer in all irradiated
females was 2.3 times that in males, whercas in 15- to
29.ycar-old women the incidence was five times that of
the rest of the irradiated population. In contrast, the
incidence of thyroid cancer in women in the younger
(< 15 yry and older (> 30 yr) age groups was almost
identical with that in males. :

In our study, the sex ratio of females to males with
thyroid neoplasms was considerably lower than those
for thyroid cancer in upstate New York (6) or for goiter
in the normal population (8, 9).

Age at diagnosis (age effect)—The distribution of
treated subjects with thyroid neoplasms according to age
at diagnosis (surgery) is shown in textfigure 1. The
carliest cases were malignant and occurred in boys. The
5 new cancer cases developed in subjects over 25 years
of age, whéreas the new benign cases occurred in each
age category over 10. Four of the b new cancer cases
(since 1963) developed in subgroup C.

The incidence of thyroid neoplasms in the entire irra-
diated population per 1,000 PYR for 5-year age cate-
gories is shown in table 4 and text-figure 2. Incidence
values were based on surgically removed thyroid neo-

THYROID NEOPLASMS
VS.
AGE AT SURGERY

A
67 (MEAN THYROID DOSE 119 RADS)
T @MALIGNANT
4+ OBENIGN o
7 0
% 2_ [¢) O ®
Q -
S o« * °
% —0— s‘l_gﬁ T T T T
Q: 10 20 30 40
S AGE (YRS)
§ B C
& 6 - (MEAN DOSE=399RADS) . {MEAN DOSE:88RADS)
S o
< o
S .
< )
33 .
= 24 * W ]
o]
—O—T— 1 T 89 o
0 20 30 40 0 20 30 40
AGE (YRS)

TEXT-FIGURE 2.—Incidence of benign and malignant thyroid nco-
{))usms versus age at surgery for A) entire irradiated population,
3) subgroup C, and C) all others, (@): malignant neoplasms; (O):
benign goiters,
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Thyrotd tumors: age al surgery versus inetdenee /1000 'Y ]¢

Age Numbher of 'V R Avernge thyroid Malignnnt a Senign *
(yr) subjects dose (1uds)
A. Lntire irradinted population

<B ol 2,872 14,771 114 0(n) 0in)

[ 2,796 13,940 (B 0.2(3) 0i0)
10-M o 2,786 13, 88K 1 0.208) 0.3(4)
15-19. o ... 2,701 12,221 11K 0.7(K%) 0,7(9)
-4 1,009 7,800 Ph 0.403) 2.3(18)
25-20. . 1,179 1,166 2 0.7(3) 2.3(10)
B0 B4 L. 51 2,412 207 01.5402) 2.9(7)
X 1 S 316 905 327 2.2(2) 4.4(4)

B. Subgroup C

i P 261 1,289 309 0(0) 0rmn)
SO . [ 257 1,282 JU7 (1) 010)
10-14_ . ___. 256 1,261 397 1.6(2) 1.61(2)
16-19 .. 2500 , 249 396 4.2(1) L.6(2)
20-24 ... 249 , 239 305 1.6(2) 4.K(6H)
| R 247 073 301 w12y 6.2106)
BO-34. ... 1l 606 424 $.30(2) 5.003)
235 . 76 189 363 5.3 5.3(1)

C. Remainder of irradiated population (others)

<bo .l 2,611 12,4KR2 89 0(0) 0Hn)
5-9. .. 2,530 12,663 88 0.2(3) 0i0)
10-14_ .. ______ 2,530 12,627 bl 0.14(1) 0.1i2)
1G-10_ o 2,501 10,972 N 0.4(4) 0.6(7)
Q0-24_ L 1,750 6, 654 112 0.1(1) 1.8(12)
25-29. ... 932 3,303 . 166 0.3(1) 1.2(4)
30-34_ . ____ A 493 1,806 234 0(0) 2.2(4)
>35 . . 240 716 309 1.4(1) 4.2(3)
e Values in parentheses indicate numbers of tumors.

plasms only. In a study of subgroup C in 1964 (), we THYROID NEOPLASMS

reported that there were 2 unoperated nodular goiters Vs.

for every 1 excised. THYROID DQSE
Unlike the curve of incidence versus age in our last

publication (J), the new curves for both malignant and

benign lesions in the total population did not indicate a

decline after the treated subjects reached their twenties. 8 2 MALIGNANT

Rather, they appeared to rise in the late twenties and

thirties. The shape of the curve after age 30 is inexact, 6

since the number of cases is small. Recently, we learned

of a new case of thyroid cancer in a 37-yearold irradi- 4 _|

ated woman. The malignancy was untraced before Au- & .

gust 31, 1971; therefore, it was not included in this study.. 9 // Y

This reinforced our impression that the incidence ol :\5 2

thyroid cancer may actually increase in the fourth decade /,

. Y 7 %

o S v
Although the curves for incidence versus age of both =& ‘ .

thyroid cancer and adenomas in text-figure 2 increased

with age (particularly in 15- to 29-year-old females), Q 7 3

multifactor analysis of the data failed to identify a clear o 8 6

proportionality between thyroid necoplasms and age. W 4

Because of the few cases, the age groupings in this § 6 2

analysis had to be very broad (<15 yr, 15-29 yr, and S 3

>30 yr), and perhaps this masked subtle age effects. = BENIGN
When the tumor incidence per 10-year age categories 4 &

was plotted for subgroup G and the remaining popula- / > .

tion (“others”) in text-figure 2, the plots were dissimilar, 2 " / !

presumably due in part to the few tumors per category. .

Most cancer cases and about half beni iters / / ]

] ; ases bout ha of the benign gort Y7777 I

in the categories above age 20 occurred in subgroup C. T

According to the chi-square analyses, the data were com- 200 400 600 800 1000

patible with either a “proportional age cflect” hypothe- ' RADS

sis or a "‘no age effect” hypothesis; this indicates no clear
pattern of age cffectyin either subgroup.

Thyroid dose (dose effect)—The distribution of ma-
lignant and bemgn thyroid neoplasms by thyroid-dose
category is shown in textfigure 3 for the 66 subjects

TexT-FIGURE 3.—Distribution of malignant and benign neoplasms
according to éstimated thyroid dose, Cross-hatched areas desig-
nate males; open arcas, l{-mulcs. Number above cach column
indicates new neoplasing since 1963, OQue of the 5 new cancers was
not included because the thyroid dose could not be calculated,
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TanLe 5.—Thyrold tumors: incidence /1,000 PY R

Thyroid dose Number of Average age

(rneday » subjects (171
- F
A, Entire irradinted population
O (Controls) <o .. _.. H,005h 22.0
<172y ..ol 1,637 Q5.4
100199 (137 ... ... 211 25,2
2000200 (220) . ... 306 23.9
JO-399 (346) ... ... it} $4.0
400-499 (426) ... 177 30.9
>H00 (B48) ... ‘H 31.9
Unknown, __ .. ....__ 268 30,2
B. Subgroup C
O (Controlsy <. __. - 349 27.5
<100 0 —
TOO-199 (166) . ... .. 18 34.4
DO 209 (236) .o K2 28.7
300-300 (368) ... ____ 31 35.9
A00-409% (445) ... 62 29.8
>H00 (63 .. ... 67 314
Uuknown o oo t 28.0
. Remainder of population (others)
O (Controls) ... T 4,706 22.06
<TORY(17.2) oo ... 1,637 21.4
PO T (135) oL 143 24.3
200-209 (206) ... ... 414 22.6
S00- 3993340, o8 3301
A00 100 (H16) . 1o ' $1.5
SH00 (685) .o . 07 33,2
N

Unknown ... ... ___ 267 30.

* Values in parentheser indicate average dose of rads.
b Values in parentheses indieate nnmbers of tumory,
« Untreated siblings.

whose thyroid doses were estimated. Whereas benign
and malipnant neoplasms occurred ar all dose levels, a
greater proportion of benign tumors were in the low-
dose ranges (<200 rads); the reverse was true in the
high-dose ranges (>600 rads). Of the benign thyroid
tumors in low-dose categories, most developed in females.
Seven of 8 benign tumors in thyroid glands receiving
less than 100 rads were diagnosed since the last survey,
as were T of 15 in plands exposed 1o less than 200 vads,

The incidence of thyroid ncoplasms per 1,000 PYR as
a function of thyroid dose is shown in table 5 and text-
figure 4 for the total population, subgroup €, and
“others.” The incidence of thyroid cancer increased with
almost every dose increment, whereas that for benign
tumors was more erriatic but had an upward trend. To
Jtest whether the incidence of cancer in the total irradi-
ated population was proportional to the dose (after
effects ol age, sex, and high risk were considered), we
used the chisquare test (Hall W] In preparation) to
demonstrate a good fit for the “dose proportionality”
hypothesis and a rejection of the “no-dose effect” hy-
pothesis. ‘The high incidence of both cancer and ade-
nomas in the high-dose categories of the entire irradiated
populition was partially explained by the heavy repre-
sentation of the tinmor-prone subgroup C. Because the
small number of cancer cases reduced the reliability of
the chissquare test, we also tested the goodness ol fit of
the dose proportionality and no-dose effect hypotheses by
the likelihood ratio tese (Hall Wj: In ‘prcp:n‘:ni(m); the
results were similar hut not as significant. When the
same stiatistical tests were applied to the incidence of
benign, tumors versus dose, we tound poor fits {or hoth
hypotheses but a slightly beuer fit for the no-dose effect
than for dose proportionality. From the multifactor
anilysis, we.concluded that the incidence of thyroid can-
cerin cach age, dose, and subgroup category was pro-
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PYR Malignant ¢ Benign ¢

115,921 0(0) 0.1(6)
36,028 0.0301) 0.2(4)
5,310 0.2(1) 1.3(7)
0,476 0.5(H) 0.5(5)
3,030 0.301) 2.0(6)
5,467 1.3(7) 1.3(7)
2,007 2.8(7) 3.7011)
¥, 004 0.2(2) 1.0(8)

9,597 0n(0) 0(0)
617 1.6(1) 3.2(2)
2,383 0.5(2) 0.%(2)
1,109 0(0) 3.6(4)
1,849 2.7(5) 1.1(2)
2,101 2.4(5) 4.7(10)

28 0) 0(0)
106,324° ) 0.06(6)
35,028 0.03(1) 0.2(8)
4,693 0(0) 1.1(5)
7,003 0.4(3) 0.4(3)
1,021 0.5(1) 1.0(2)
3,618 0.5¢2) 1.4(5)
808 2.2(2) 1.1(1)
(2) 1.0(8)

8,066 0.%

portional to the thyroid dose, but that of benign tumors
wias not necessarily so. The dose-response curve for thy-
roid cancer was compatible with, but not necessarily
diagnostic of, a straight-line function with a slope of
25405 (estimated sk)/1,000 rads/1,000 PYR® or 2.5
cases/year /million people exposed to 1 rad.

Because of the so-called subgroup € effect (discussed
later), we studied separately the dose response of sub-
group C and “others.” The analysis of subgroup C was
made simpler because the mean ages (table 5) and sex
ratios were essentially constant across dosage groups and
thus nullified any age, sex, and high-risk effects. The
comparisons of the observed numbers of thyroid cancers
with those expected on the basis of the dose proportion-
ality hypothesis yielded a chi-square statistic that strongly
supported the hypothesis when the subjects were grouped
in either the 5- or 3.dose categories. Similar analysis of
the data for benign tumors in subgroup C revealed a
questionable fit for the 5-dose categories, but a good
lincar fit for 3-dose categories: We concluded that the
proportional dose hypothesis was supported by the data
for malignant tumors hut was questionable for benign
growths. Similar analysis of the data for the remainder
of the irradiated population (“others”) also supported
the proportionality concept in the cases of malignant
tumors but clearly rejected it for benign lesions. The
conclusions for “others’ were not reliable because of the
possibility of a confounding age cffect. The slope of the
dose-response curve for cancer was 4.0 (+1.1)/1,000
rads/1,000 PYR for subgroup G, compared with 1.7

¢ The slope of the dose-response curve differed slightly from the
risk value given in the section “Risk of Developing ‘Thyroid Neo-
plasms” hecause the calculation of slope included, the PYR during
the S-year minimum latent period after exposure, whereas the risk
calculation excluded the PYR during this period,
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Text-Ficure 4. —Incidence of benign and malignant thyroid neo-
plasms/1,000 PYR vs. estimated thyroid doses for A) entire irra-
diated population (average age, 24.9 yr), B) subgroup C (average
age, 33 yr), and C) “all others™ (average age, 24.1 yr). (@): malig-
nant neoplasms: (O): benign tumors. The curve indicates the
dose response of thyroid cancer cases. To eliminate extremes of
variability in B) and C), we combined the dose groups of table
5 (A) to include at least 50 subjects/category. For an explanation
of the difference between the slope of the dose response and the
risk value, see footnote 6.

(%£0.6) for “others.” The ratio of these risks was 2.4
(£1.0); 1e, subgroup C had 2.4 times the risk of
“others.” '

High incidence of neoplasms in subgroup C (subgroup
C effect).—One reason for the excessively high incidence
of thyroid ncoplasms (the subgroup C ellect) was the
large thyroid doses used to treat subgroup C subjects.
However, even after dose, age, and sex effects were con-
sidered, the increased incidence of thyroid cancer in sub-
group C was almost 2.5 times that in “others.” Thus
factors were probably involved in addition to age, dose,
and sex effects. One such factor could be the earlier
examination of subgroup C subjects. More than half of
this subgroup was examined specifically for nodular
goiter in 1964, cither by our own endocrinologists or
endocrinologists of our choosing. Not until 1969 were
the rest of the irradiated population informed of their
increased risk of developing poiter and advised o sce
their family physicians (not necessarily thyroid special-
ists). It was possible that the earlier, and presumably
more thorough, medical examination leading to carlier
diagnosis was a f:l$l()l‘ in the apparent high frequency
of goiter in subgroup C.

Another possible factor in the production of excess
nodular goiters in subgroup G was the Large proportion
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of Jewish subjects? (=48%) in contrast to the much
smaller proportion (=4%) in the remainder &f the
treated population. Jews were reported to have a higher
incidence of spontancous thyroid cancer (and leukemia)
than non-Jews (12, 13). Although the possibility of a
Jewish factor in cancer development was considered and
discarded in the 1963 study, it scemed worthwhile to
study it again. A little more than half of all neoplayms
in subgroup C (57%) occurred in the Jewish subjects,
who comprised slightly less than half of the subgroup
(=48%). Yer 9 of the 13 cases (69%) of thyroid cancer
(and both cases of leukemia) occurred in Jews of this
subgroup. The incidence of thyroid cancer in the Jews
and non-Jews of subgroup C was 7.2% and 2.9%, respec-
tively. Atthough the average age of the Jews in subgroup
C was I year older and they had received a 6% larger
thyroid dose (22 rads) than did the fest of the subgroup,
it scemed unlikely that the slight dose and age differen-
tinl would explain the greatly increased incidence of
thyroid cancer, whereas the ethnic difference might do
$0. :

The case for the importance of a4 Jewish background
in the development of radiation-induced thyroid cancer
was strengthened by consideration of “others™ (excluding
subgroup C) ind the total irradiated population. T'wo
of the 11 cases of thyroid cancer in subjects not in sub-
group C (18%) occurred in 4% of the people who were
Jews; this gave a cancer incidence of 1.9% for Jews and
1.36% for non-Jews. Admittedly, the Jewish group re-
ceived almost twice the thyroid dose (153 vs. 87 rads) but
did not differ in age from “others.” The dose effect alone
scems unlikely to explain the sixfold difference in can-
cer rates. Considering the total irradiated population, 11
of 24 cases of thyroid cancer (46%) occurred in the 8%
of Jews. Using a triple multiplicative model and account-

ing for the cllects of being Jewish, female, and in sub-

group C (age was ignored), we discovered the risk of the
Jewish factor for cancer development was 3.65 compared
to 1.6 for being in subgroup G only. If dose was assumed
to hitve a proportional eflect on cancer incidence and sex
was accounted for (but age ignored), multiplicative anal-
ysis showed that the Targe propertion of susceptible Jews
in the subgroup accounted for almost all of the subgroup
C effect (i.e., increased cancer incidence/rad),

Because age and sex effects were shown to be inter-
related, we reanalyred data in which young adult fe-
males were considered separately and the frest of the
females combined with the males, assuming their risks
were essentially identical. Considering only 4 cells—
young adult females (Jews and non-Jews) and “all
others” (Jews and non-Jews), analysis with the use of the
multiplicative model showed that the young adult fe-
males had a fivefold increased risk of thyroid cancer,
whereas Jews had a 8.3-fold increased risk (considering
the proportional dose effect). Thus the increased risk of

7In (10) we stated that many of the subjects of subgroup C had
family names of German-Jewish derivation. ‘This was followed up
in the 1963 survey by a religious preference question. Nearly all

- respondents answered this (]uvslion, and the 159, of families whose

religion was not ascertained was largely accounted for by the non-
respondents. In the present study, a judgment was made as to
whether these families were Jewish by veview of their surnames,
Although Protestant and Catholic groups in most American com-
munities include a variety of ethnic and cultural backgrounds,
MacMahon and "Pugh (11) stated that “the Jewish religion . . . docs
at present appear to identify a group that is more homogencous
than the population at large with respect to some characteristics,”
including some cultural factors and some possibly genotypie.
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voung adult Jewish females was almost 17 times that of
the irradiated population. "These vesults were highly
significant, 4

Benign thyreid tumors did not occir predominamly
in Jewish subjects in subproup G only 10 of 20 cises
were i the Jewish population, In the tetal population,
however, T of 52 neoplisms (2770) occurred i the Jew-
ish (8°0) population. This suggested  that despite the
negative analvtic finding mentioned above, the Jewish
factor had an important function in the development of
benign and malipnant thyroid neoplasms,

Larexnt Prriob BrTwEEN IRRADIATION AND DIAGNOSIS

The minimum latent period was 5 years for thyroid
cancer and 10 yeuars for benign lesions (texe-fig. 1), A
sciatter diagram of thyroid dose versus latent period be-
nween exposure and tumor diagnosis (not shown) indi-
cated no obvious relationship between these two factors,
However, the development of so many benign tumors
since 1963 in the low-dose categories (text-lig. 3) sug-
gested that with the smaller doses there was o longer
Litent period  before benign nodular  thyroid  lesions
developed.

Crizicarn Course

The answers on the mail questionnaires indicated that
all subjects with nodular thyroid glands did well after
surgery, Even persons with metastatic cancer ‘1o regional
Iymph nodes and 2 with pulmonary metastases were in
good health in 1969-71.9

One young man with pulmonary metastases (/) treated
with a massive dose of M1 in 1950 was without evidence
of diseaseat age 34. Another man of 21, who had surgery
at 8 vears of age for a thyroid carcinoma with metastases
to the regional lymph nodes, now has infiltrative lesions
in the lungs. The roentgenographic appearance of the
pulmonary lesions in 1969 suggested metastases, but the
lesions did not take up 1. The infiltration has not pro-
gressed in the past 2 years and, although untreated, the
patient was well and at work,

In the rest of the patients with surgically excised
goiters, 5 of the nodular lesions recurred. In the 2 cases
with primary malignant tumors, the recurrent nodules
were benign. In the 3 others with primary benign tu-
mors, 1 recurrence was malignant and 2 henign,

PaTHOLOGY

The histologic sections of all but 6 of the cases were
reviewed by one of the present or past authors. The cri-
teria used for histologic classification were those given in
(14).

Except for the recently discovered spindle cell cancer
reported on a death certificate, the histopathology of the
new cases of surgically removed thyroid nodules was
consonant with the observations reported in (1, /5). The
microscopic appearance of the nodules ranged from
benign  hyperplastic involutionary to adenomatous or
frank carcinomatous lesions (some of the latter with dis-
tant and regional metastases). In both hyperplastic invo-
lutionary glands and adenomas, the histopathology varied
and included admixtres of hyperactive and atrophic
epithelium with focal oxyphilic (Hiirthle) cells and shight-
to-abundant intra-acinar colloid, :

Lymphocytic infiltration was noted in both the neo-
plastic and normal-appearing regions of some glands, A
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dingnosis of foeal thyroiditis with reactive lymphoid fol-
licle formation was made in 7 irradiated glands and 1
nonireacdiated gland with the use of the criteria of Wil-
linms and Doniach (/6). The scverity of the inflamma.
tory veaction varied from slight to moderate in § irradi-
ated specimens, In 2 irradiated glands, severe thyroiditis
was obscrved. However, these 2 cases were not diagnosed
clinically as thyroiditis. They were distinct from the 3
clinical cases of thyroiditis reported by the subjects (2).
In the nonirradiated gland, moderate lymph