=i 1 1) +
L B b B
iR -u.._.‘uw 13 i m
3 eI 1ETINE E
; b £
R I
1
i i
BRI i :
E=iiii d LHHH il .mL.c.... HiE :
e SR i i
5 = aaislil i
faeied I e —
e H R EziagiRE 1 5 iant=
o gl Hi il
i Fiian i i LS Siligis
1 =i e T i S
& L] 52 l.__r.
. Bix L]

£

£

e

TR e e

iftisac [ pnain S I B
i Bk i _, SiE SR R
Hie e HIERER eIt R AR Bia L
mm m.. .._..__.. i .u fe pre ST ..m...
.. FiEj g R THE ; e - e
R e
t EHo L FiEzss it _.“M S L
H mEtd i L . P




TECHNICAL REPORT SERIES
X H 8 5 8 &

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and

affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC B 3L, ABCCOHAABEURAMPIRE, R, FHE2, BIGL L R
MOBEHEAAEOERCIE U2 200 HENEC L 30805 5. EAMSSE L TaHO
LRI 0TI E V.




TECHNICAL REPORT
7-69

¥ 8 o® & &

Approved 7RI 24 April 1969
Research Project WFJEEEE 2-68

THE AGE FACTOR IN RADIATION CARCINOGENESIS
OF THE HUMAN THYROID

MERICLPENRRKBERECSTI2EHER

A STUDY OF 536 CASES OF THYROID CARCINOMA
AKX IR & 536 5l O BT &

HIROSHIMA — NAGASAKI
LE - RIB

RICHARD J. SAMPSON, M.D. "
CHARLES R. KEY, M.D., Ph.D,'**
C. RALPH BUNCHER, Se.D.?
SOICHI IIJIMA, M.D.3  #if&5—

A}aﬁcc

ATOMIC BOMB CASUALTY COMMISSION
HIRDSHIMA AND NAGASAKL JAPAN

A Cosperative Hesearch Agency of

U.5.A. NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL
and
JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with fmds provided by
LS A, ATOMIC ENERGY COMMISSION
JAPANESE MATIONAL INSTITUTE OF HEALTH
1.5 A, PUBLIC HEALTH SERVICE

E i B £ W T £ B £

(g < S N

FEF R -Ff &8 - FEAEEBYTWHHEFRRF
o H K W OE KW R R M

FEEFHERE, WEBETTHHERARSLCEELENEROTRE L S

ABCC Departments of Pathology, Statisticss and First Department of Pathology, Hiroshima University School of Medicine, Advisor to ABCC?
ABCC #BREE, 1 #EEHEE, * & & IR AR R S0 B2 U8 — B,  ABCC R R 3
Surgeon® and Senior Surgeon, ** US Public Health Service, Bureau of Radiological Health, Population Studies Program, assigned to ABCC
*ORIEI L AT AR R AT R R A 1 3 A A R 1S TR R T ABCC IR, ** ] S AT BE 1



CONTENTS
B X

Introduction # 3

Materials and Methods FFEF 2 d0 DR oottt e e s et s sseenenes e
Results e - R B WY O e e

Discussion # %

Summary O

References % +# ik

Figure 1. Prevalence of thyroid carcinoma by T 65 Doge

24 BRI EE: TESDMRM

A

Prevalence of thyroid carcinoma by T 65 Dose and age at time of bomb
HURIR A 3 TO5D R & CIBRREEM e

3. Prevalence of thyroid carcinoma by T 65 Dose for youngest and oldest groups

BRI HRE: RELER LI UVRERERICETATOHDERI e,

4. Size of papillary carcinoma vs age at death

FECHF i & FLEIRAE K 5 & e enstsess s sssses s ssse et s ses e e eeneseenas



THE AGE FACTOR IN RADIATION CARCINOGENESIS OF THE HUMAN THYROID
MERICLIIEFRKBEERECSTIERER

A STUDY OF 536 CASES OF THYROID CARCINOMA
ROk BR B 5% Bl @ B R

HIROSHIMA —NAGASAKI

LB

INTRODUCTION

The association of thyroid carcinoma with exposure to
ionizing radiation in infancy and childhood has been
established by several prospective and retrospective
studies. ! '? The source of radiation in most of these cases
was external X-irradiation for the treatment of an enlarged
thymus gland, Comparable studies are not available for
adults, and there is an impression in the literature that
the thyroid gland is more susceptible to radiation carcino-
genesis in infancy and childhood than in adulthood.
Doniach ® found no difference in the radiosensitivity of
the thyroid glands between adult and weanling rats and
concluded that the apparent differences in the human
studies might be explained by difference in growth pro-
moting factors in the different age groups.

The JNIH-ABCC Life Span Study,* in Hiroshima and
Nagasaki is well suited for testing the hypothesis that the
human thyroid gland has age-related differences with
respect to radiation carcinogenesis. A portion of this
population was exposed to external ionizing radiation
without selection with respect to age, sex, or disease at a
time sufficiently remote to expect that radiation-induced
carcinomas of the thyroid would have become manifest.
Data on this subject are presented here from a new and
extensive pathologic study of the thyroid glands in the
ABCC-JNIH autopsy series.

MATERIALS AND METHODS

The deceased members of the Life Span Study are the
subjects of the ABCC-JNIH autopsy program, which
during the past 8 years has included approximately 40 %
of the deaths occurring in the sample. Por this period
the autopsy series is essentially free of bias with respect
to radiation exposure. From 3067 consecutive autopsies,
thyroid tissue was available in 2938 cases (1545 male,
1393 female)for thorough pathologic study. Of the 525
papillary carcinomas of the thyroid found, 518 were 1.5cm
or less in greatest dimension, thus satisfying the size

requirement for the diagnosis of “occult” thyroid carcinoma.
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None of the 11 non-papillary carcinomas occurred in
those 20 years or younger at the time of the bomb (ATB).
The population factors, pathologic methods and criteria,
and the prevalence rates obtained have been previously
reported.> In almost all cases an estimate of the amount
of direct gamma and neutron radiation received ATB has
been calculated based on the T 65D estimation method. 6
Indirect radiation, from fallout or induced radiation, is small
for most subjects 7 and is disregarded in this analysis.

RESULTS

There is an increased prevalence of thyroid carcinoma
in those exposed to 50 or more rad direct radiation ATB
for all age groups combined. Figure 1 shows the relation
between the standardized prevalence of carcinoma of the
thyroid and radiation dose. The data have been standard-
ized for kind and amount of thyroid material available for
reexamination, called Thyroid Category, and for numbers
of each sex in each Thyroid Category. ® The difference
between the prevalences in the zero dose and 50 or more
rad dose categories is significant at the 0.01 level.

-
.

The unstandardized data show 15 thyroid carcinomas out
of 158 autopsies in those 20 years or younger ATB, 152
out of 778 in the 21-45 year group, and 354 out of 1932
in the 46 years or older group whose radiation doses
have been estimated. Due to complexity in the shielding
configuration, no dose estimates are now available for
70 autopsies which include 15 cases of thyroid carcinoma.

When the data are standardized for Thyroid Category and
sex there is no significant difference between age groups
ATB within any radiation exposure category (Figure 2)
although there is an interestingly high prevalence of
thyroid carcinoma in the zero dose group for those 21-45
years ATB.

The dose-prevalence relationships of the youngest and
oldest groups are compared in Figure 3. The two groups
each show an increase in prevalence of thyroid carcinoma
with increasing radiation dose ATB.

In the more numerous group of individuals, 46 years or
older ATB, the difference between the zero dose and 50
or more rad subcategories is significant (P<.02). This
difference in the 20 years or younger ATB group did not
reach significance (P<.14), presumably because of the
much smaller sample size.

Doniach # suggested that the apparent sensitivity of the
young human thyroid to radiation carcinogenesis might be
from some host factor which predisposes the young to
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FIGURE 3 PREVALENCE OF THYROID CARCINOMA BY T65 DOSE
FOR YOUNGEST AND OLDEST GROUPS
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greater growth of a radiation induced neoplasm. It is
thus important to include material on the relation between
age and tumor size in a discussion of radiation carcino-
genesis. The logarithm of the greatest dimension measured
is normally distributed in this series.® When the mean
of the logarithms of the greatest dimension of the papillary
carcinomas is plotted against age at death for each sex,
it is seen that the tumors in the older females are smaller
than in the younger females. The tumors in males show
no change in size with age at death; in each age group
the tumors in males are smaller than those in females.

DISCUSSION

The finding of a significantly higher prevalence of thyroid
carcinoma in those 46 years or older ATB exposed to 50
or more rad of gamma and neutron radiation than in those
of the same ages but exposed to zero dose indicates that
people in this older age group are susceptible to radiation
carcinogenesis of the thyroid. From this series and the
literature, ! +* adults 46 years or older ATB and children
20 years or younger ATB each exhibit radiation carcino-
genesis,

The larger number of reported studies of radiation-induced
thyroid carcinoma in children than in adults is probably
due to the fact that many more groups of infants and
children than adults have been available for follow-up
studies of radiation exposure.

Another possibility is that some age-related factor is
present in young people that promotes the growth of a
radiation-induced carcinoma to a clinically detectable size.
In this study the mean size of papillary carcinomas was
greater in young females and diminished with age,
possibly reflecting the presence of a growth promoting
factor in younger females. In males the mean size of
papillary carcinomas was consistently smaller at all ages.

It should be noted that this study includes predominantly
occult papillary carcinomas of the thyroid. Many of these
tumors are very small and virtually all are smaller than
the clinically detected carcinomas that are the hasis of
most reported series of radiation induced thyroid carcinoma
in the human.

SUMMARY

In 3067 consecutive autopsies from the JNIH-ABCC Life
Span Study in Hiroshima and Nagasaki 536 thyroid carci-
nomas (518 “occult” papillary) were found. Most of the
prevalence is not related to radiation; the prevalence of

WMORE BT ZALPOBEBTERIFFESIFELT
VWEREBAE LN AZVERE LA, LMo T, HYE
LEAWHELEBTAIHEAICE, ERHLEENDLE X L
ORFICET S ER LM T2 LE Y H 3. ShlodK
FlebsEEoRAKERONEE - TAZE, ER
FALHE - T ? HHREORAERON N O TS
il & FECHR @S & o BR 2 DM o fad+ 2 &, EiFEE
OO FEEBOKEL D DE VT LB, A
FBHEOEEOKE (23, FEURREEICEZ£23EH6
nih :t. FOEBBIISVTE, BoES r»;(H_
OEE LD NED 7.

£ =

JEHR AR AE 5 AT L) 750 rad DL Lo H v b kT
BEZTE2EORIRBUEAMRES, FEmo 0RRED
? BSUR T <-4 i';}»uhwa*) Sz lid, ZOEREE

I A N ATHOBERC & A IR S oA L TR
FEnwIZtzarido s‘vné AN BT A F R &
FULER 2 itk B &, RBIFERGEL FORA S &

“U20RE L) F o R ISR T & AR E OB S 5

it

LECTREA £ 0 & P01 & 17 5 B s 28 14 J R IR 12
MEsfErr2 (G shTw20lr, REEERED
BHBEARCHHATE 29 RLFHEIFBEALIEESL S
HTHAI.

L9 —20uHEMEE LTI, BEBEMIZEMTE S kE &
ORISR oNEZEET A L9 4, FECEE
DHHABERFEEFIIHFHELTVEIELELILONS.
SuloMEIZHIT32HECIE, FLEKEO Ak E 30T
iz, HFEBOLEIIFVT AR, EMICE- TS
ChaoaTwhd, ZThiddsz o, HFEHOTEIIH
THREREERABFELTVAIEERTEOLE PN
4. BEoBs, JLEREO A 20THEE, Yoif
ok Ta—BLThaH,

CITHBTALENFSLIDE, AEETIZLE LTHEL
4 FLE R LR s fr’ﬁ?i:h’(u AZLTHA, Thooli
BEORBTIZIEFIIAEL, Z0EFEALIE, AMIZE

% IR SRR FEE AR IR AR 1B A TE R o i o Mk b
Lo TWVAEREMIZIFERM SN ZEED & & 0.

ERECREBOTH -ABCCHGHAERREIHITA
B Mo iR 306760 iz, HEKEREE 536 5 (5 & 518 {712
(i 71 | FLEERFFR I ) PR E &, 25D KRS
TIEHARR & I ERFE T, OBEE LI 2 PIRREO



.
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