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THYROID NODULES AS A LATE SEQUELA OF RADIOACTIVE FALLOUT*

In a Marshall Island Population Exposed in 1954

R. AL Coxarp, MDD B Rave, MUDLE PrlDoasp WO W Strow, MADLE

UPTON, LONG ISLAND, NEW YORK

ODULES of the thvroid gland have been dis-
covered during the past three vewrs in a num-
ber of people of Rongelap Island who had heen
accidentally exposed to rudioactive fallont in 1954
The accident was the result of an unpredicted shift
in winds after the experimentd detonation of a
large thermonuclear device at Bikini in the Marshall
Islands, which caused radioactive fallout to be
deposited on 4 inhabited Marshall Islands to the
eas: Inhabitants of Rongelap Atoll, about 100 miles
away, received the largest amount of fallout. The
somatic effects of this radiation have been well doce-
umented in a number of medical reports and are
summarized clsewhere, 2
This report concerns the recent development of
thyroid abnormalities among the 82 people of Ron-
gelap Atoll who received the largest exposure to
fallout radiation. Sixtyv-four of these people were on
their home island when the detonation occurred.
Eighteen others were fishing on the nearby atoll of
Ailinginae. They saw the blinding flash of the deto-
nation in the early morning, followed by a white,
snow-like fallout throughout that day. The people
on Rongelap Ishand received the largest exposure:
175 rads of whole-body gamma radiation, thousands
of rads to the skin (largely betn) from deposit of
fallout material on the body and significant amounts
of radionuclides absorbed by inhalation and con-
sunption of contaminated food and water. The 18
people on Ailinginae received less than half the
exposure of the other Rongelap people. Both groups
were evacuated two days after the accident and
lived in a temporary village on a southern island in
the Marshall group until 1937, when the radioactive
levels had subsided sufficiently on Rongelap to al-
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low their return. During the vears after the acci-
dent, over 200 Rongelap people or their relatives
who had not been exposed to fallout returned to

Clive with the exposed people, and this wroup has

formed an excellent comparison population.

SUMMARY OF EARLY FINDINGS

The whole-body dose of radiation received proved
to be sublethal. Aside from widespread anorexia,
nausea and a few cases of vomiting and diarrhea.
along with irritation of the skin occurring during the
first two days, the most notable effect of the exposure
was depression of the blood-forming tissues. Althongh
the peripheral leukocyte counts were reduced to
about one half to one third of the normal Tevels and
the platelets to about one third to one eichth of the
normial values during the first five or six weceks, nei-
ther infection nor bleeding clearly related to radia-
tion effects (except possibly menorrhagia in a few
women) was observed. Recovery of peripheral blood
elements was nearly complete by one vear but lagged
thereafter; the mean levels remained slightly below
those of the comparison population through ten vears
post exposure. However, the survey at eleven veirs
showed levels of peripheral blood elements that ap-
peared to be about the same in the exposed as in the
unexposed people.

Radiation lesions (U“beta burns™) of the skin and
spotty epilation of the head were widespread, begin-
ning about two wecks after exposure. The most com-
mon sites for the burns were the head, neck, axilla,
antecubital fossae and dorsa of the feet. Most of the
lesions were superficial and healed without grossls
visible sequelae. However, some of the lesions were
deeper and resulted in pigment changes and scarring
that have persisted. The hair in all cases regrew in six
months and was normal in color and texture.

Absorption of radionuclides in the fallout from
inhalation and from consumption of contaminated
food and water was detected by radiochemical anal-
vses of urine. The highest body burdens occeurred
during the first two dayvs on the Islund before thes
were evacuated, when they were exposed to an envi-
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ronment highly contuminated with rudioactive ma-
terial. The radioisotopes of strontium, barium and
iodine, along with some of the rare earths, were ab-
sorhbed in greatest amount. Probably, only isotopes of
iudine exceeded the accepted permissible levels. No
acute effects of exposure from the internally absorbed
radionuclides were observed. Since their return to
Rongelap in 1937 the people have been exposed to
low levels of certain residual radionnclides — namely,
Cs¥7 Zn% (this is an induced radioclement) and
S Body burdens appear to have reached equilib-
rium with the environmental levels of these ele-
ments, and are well below the accepted permissible
range.

LATER FINDINGS

Evaluation of the general health status, illnesses,
mortality, fertility and aging over the eleven years
since exposure has revealed no significant differ-
ences between the exposed and the unexposed pop-
ulations that could be attributed directly to radia-
tion. The slight lag in recovery of peripheral blood
clements has not affected their resistance to disease
and immunologic competence. Although the birth
rate has been about the same in the exposed and
unexposed groups there was an apparent increase in
miscarriages and stillbirths in the exposed women
as compared with the unexposed women over the
four vears after exposure (41 per cent, or 13 of 32
pregnancies in the exposed, as compared with 16
per cent, or 8§ of 49 pregnancies in the unexposed
women over a comparable period). A few congenital
abnormalitics have been observed in babies born to
exposed women, but no correlation with radiation
seems possible at present. Shit-lamp observations
have failed to reveal radintion-induced opacities of
the lens. Studies of arowth and development? com-
paring 42 cxposed with 75 unexposed children have
revealed o slight returdation of growth in the boys
exposed at one to five vears of age, most marked in
those exposed at twelve and cighteen months of
ace. The possibility that radiation was a causative
factor will be discussed later.

CONSIDERATION OF THE RapiatioN DosE
TO THE THYROID GlLAND

Calculation of the dose to the thyvroid cland from
rudioactive todine requires knowledee of its uptake
by the elund. its half-lite in the cland, the size of
the gland and the relative proportion of the several
radioisotopes  of Unfortunately, in  the
present situation few data of a direct nature are
available. The relative distribution of radioiodines
in fallout is well known. In addition to ', the
isotopes of I'_ 1'% and to a lesser extent '™ con-
tributed significantly to the thyroid dose. The only
data available are radiochemical analyvses of pooled

iodine.

wrine samples taken fifteen davs and Jonger alter
the fallout. Three separate estimates of the dose to
the thnvroid alands of adolt Roneelap people from

June 23, 1964

radioiodines have been made: 150 rads (from direg
measurements of urinary ') 100 rads (by indirect
measurements using animals — pigs removed from
Rongelap  —  and  Marshallese  urinary-excrétion
data); and 160 rads (based on recent recaleulationg
of carlv dat).? The last recaleulations® were based
on analvsis of pooled urine samples mainly from
adult Rongelap people taken fifteen davs after deto-
nation; an estimate of the one-day thyroid content of
I was 112 microcuries (3.6 to 22.4 microcurics)
assuming that 0.1 per cent (0.05 to 0.2 per cent of
the maximum thyroid burden was excreted in the
urine on the fifteenth day. The dose of 160 rads to
the adult thvroid gland was calculated from orl
intake and inhalation of the various iodine isotopes,
considering their fission vield, the average energy
deposited in the thyroid gland per disintegration
and the time of absorption. The dose to the thyvroid
vlands of children three to four years old was then
caleulated by means of these factors with considera-
tion of pulmonary function and the thyroid e
of a child that age. Water was regarded as the main
source of jodine ingestion, and since water was being
rationed at the time of the fallont, it was assumed that
the children drank the same amount of water as adults
and therefore had the same thyroid burden of radio-
jodines, Because of the small size of the gland the beta
dose of radiation to the cland was substantially Tareer.
The total estimated dose from the varions iodine iso-
topes to the child’s gland was about 1000 rads, wi''va
minimum of about 700 rads and a maximum of 1 .00
rads. The clands received an additional 175 rads
from external gamma radiation. Details of these caleu-
Fations have been given by James and Gofman

Though the skin overlving the thyvroid gland was
frequently the site of “beta hums™ it is not helieved
that the deposits of radioactive materials in this area
added significantly to the thyvroid dose since most of
the beta irradiations were of insufficient energies to
have penctrated to the depth of the aland.

ABNORMALITIES OF THE THYROID GLAND
Physical examinations have ahways included care-
ful inspection of the thyvroid region in both exposed
aroups.  In addition,
determinations of the level of protein-bonnd iodine

and unexposed  comparison
and cholesterol in serum have been carried out at
various intervals since 1939 in some persons. Until
1963 no thyroid abnormality was detected in eit’-er
the exposed or the comparison population, except
for 1 case of asvmptomatic diffuse thyroid enlarge
ment seen in an unexposed woman. The average
level of serum protein-bound iodine was found to
be elevated in both the exposed and comparison
populations, It is believed that this is a racial char
acteristic, and that the increase is partly duoe to an
increascd level of the jodoprotein fraction of serum’
No significint differences were noted between the
mean protein-bound iodine and cholestero! Tevel- m
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- .
the exposed as compared with the unexposed papu-
lation. Determinations of basal metabolic rate were
pot done owing to difficulties of carrving out the
pl()ce(lules under Dictary iodine
has apparently been adequate. In 28 cases the mean
twentv-four-hour urinary iodine excretion was 105
mi-rogm. (range, 19.5 to 279 microgm.).
In 1963, nine vears after the accident,
vear-old girl in the exposed group was found to
have a nodule of the thyroid gland. In 1964, 2 ad-
ditional cases with thyroid nodules were found in
exposed girls thirteen and fourteen years old. In
March, 1965, 3 additional cases in exposed people
were noted in bovs thirteen and cighteen vears of

field conditions.

a twelve-

age and in the first ddult, a forty-one-year-old
woman. In September, 1965, a further examination

wa- carried out, and 3 additional exposed people
with nodules varving in size from 2 to 8 mm. were
found. One of these was a forty-five-vear-old woman
in the group that received only an estimated 64
rads. In addition, there were 5 people in whom the
thyroid gland appeared to be roughened or minimal
nodularity was considered likely. These cases are
not included in Table 1 because of the minimal
nature of the physical findings. Table 1 lists the
cases with thyroid abnormalities. Table 2 shows the
inc.dence of thyroid .disease in the more heavily
exposed group of 55 living Rongelap people as a
function of age. The 1 case in the less exposed
group of 16 is not included. Not including the 5
recent cases with minimal changes, the incidence of
thyroid abnormalities (nodules in addition to hy-
pothyroidism) was highest in the children exposed
at less than ten vears of age (55 per cent of this group).
The greater incidence in females (8 of 16) than in
males (5 of 13) exposed is in line with the greater in-

I —CONARD 71 AL

The first 6 patients have been hospitalized and

surgery. These  cases hriefls
Their response to the radiation

have undergone are
sumnuwized below,
was similar to that outlined above, ind only specific
are noted here.

CASE Reponrrs

differences
L 4

_a I l vear-old Marshalese girl, 3oveans
old when (\puxul 1o radioactive Tallout, Her response 1o 1his
radiaion was 1vpical of the group. Clinically, she has re-
mained . cuthyroid throughout the periad of observation (in
1957 the cholesterol was 135 mg., and in 1964 the protein-
bound iodine was 6.8 microgm. per 100 mb).

In NMarch, 1963, she was found o have a 2-cm. nonten-
der, firm nodule of the left labe of the thyroid gland. In
Auguost, 1964, a0 ot thyroidectomy was performed, with
dissection ol the anterior compartment of the neck. (It was
at first thought from the frozen section that the nodules
malignant) Grossiv, the ghinds showed multiple nod-
iles with cvstie and hemorrhagic areas (Fig. The gland
weighed 12 am. The pathological dizgnosis was adenoninoid
coiter. Fhe niicroscopical appeavince was reported as fol-

st | was

were

lones:
Among the nodular formations . . . there are adeno-
matod nodules. with and without regeneration and hem-
orrhage. and  adenomas, some consisting of very pale,

almost clear eells. Numerous papillary formations present
are somewhat alarmitng. However, no evidence, of malig-
namt change is found. In some phwes the inanodular
tnvroid tssue is arranged in lozenge-shaped  masses asso-
crated with somewhat atvpical cells.

I'he recovery from the operation wis uneventiul except
for a transitory episode of hyvpoparathyroid tetany, and the
patient is being treated with levothvroxine, 0.3 mg. per day.

Coase 2, a Hevear-old Marshallese gl was exposed
10 fadlout at 3 vears of age and showed a l\|m.|l course. She
was apparenty cuthvroid during repeated examinations (the
protein-bound iodine being 74 microgm. in 1938 and K.
microgm. per 104 mloan 1964, and the cholesterol heing 128
mg. per 100 ml.in FO5349),

In March, 1964 a tirm, 5 em.oin

nontender nodade, 1.

cicence of thyroid abnormalities usually noted in the diameter, was discovered in the left lobe of the thyroid
female. ghand. In Auguost, 1964, & wotal thyroidectomy was  per-
TaBLE 1. Thyroid Abnormalittes in Exposed Marshallese.*
PariesT PRESENT SEX Date Misanosis TREATMENT
AGFE ABNORMALITY
NuTtEn
o .
14 3 . ¥ 3/63 Adcnomatoid thvroid nodules Complete thyroidectomy (1964)
14 3 F 3/64 Adenomatoid thyroid nodules Complete thyvroidectomy & paraths -
roidectomy (1964)
15 4 F 3/64 Adenomatoid thyroid nodules Pardial thyroidectomy (1964)
18 7 hY 3/65  Adenomartoid thyroid nodules Partial thyroidectomy (19653)
12 1 by 3765 Adcnomatoid thyroid nodules Partial thyroidectomy (1965)
41 30 F 3/65 Papillary & follicular thyvroid Thyroidectomy—surgical & with
carcinomna radioiodine (1963)
17 6 F 9/65 3-mm. nodule of left lobe Levothyroxine, 0.3 my. dav
14 3 F 9/65 2-mm. nodule of right lower lobe Levothyroxine, 1.3 my. dav
19 8 F 9/65 6-8-mm., smooth nodule of left lower pole  Levothyroxine, 1.3 my..day
40 29 M 9/65 2.mm. nodule of right lower pole Levothyroxine, 0.3 mg. day
45 34 F 9/65 5.mm. nodule at midline Levothyroxine, 0.3 my. day
12 1 M 3/65 Hypothyroidism protein-bound iodine Levothyroxine, 0.3 my. dav
< 2 microgm./100 ml.. (Mar. 1965);
marked retardation of growth,
¥ 12 1 M 3/65 Hvpothyroidism protein-bound-iodine Levothyroxine, 114 my. dav

< 2 microgm./100 ml. (Mar. 1965);:

marked retardation of gm\\(h

- ’
.

“Does not include 5 paucml believed to have minimal thyroid irregularities (2
'h\roul nodules detected in 200 unexposed Rongelap people.
tExposed to only 69 r of whole-hody radiation (sec text).

were 12-vr. old mrh 1 a 20-yr.-old woman, l\'} fnrn 3 & 37 vr. of aee): na

N . . *
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TABLE 2. Thyroid Abnormalities in the More Feavily xposed Marshallese Group.*

Expokine, Nu.
Fxrosen

NopuLes

N OF LANES PERCEN TALE

rrdy

0-3 13 5 385
H=10 5 3 60.0
11-15 5 0 0.0
16-20 6 0 0.0
> 20 26 2 7.7

-
HypoTivromnss TOTAL ABNORMALITIFS
2t
NUL O 4 ANES FERC PN AGE N A € ANES PERCEN §ACGE

0F LR

2 15.4 7 538 .
- - 3 60.0
] 0 0.0
- - 0 0.0
- - 2 7.7

*5 rases with minimal thyroid abnormalities nat included; 1 45-vr.-old-woman in less exposed group in whom thyroid nodule developed also not included.

formed. The gland was multinodular, with nodules up to
about 1 em. in diameter, and weighed about 12 gm. The
histopathological - diagnosis - was  adenomatoid  goiter. The
histologic deseription was as follows:

The thyroid sections . .. show muliiple adenomatoid
nodules of widely varying pattern. Most of them contain
papillary formations that make it necessary 10 consider the
possibility: ol carcinoma. Although o few  microscopical
helds on high-power examinution appear bizarre it is be-
licved that the overall picture does not justify a diagnosis
ol neoplastic discase.

A state of persistent hyvpoparathyroidism followed the oper-
ation, necessitating the use of vitamin D, us well as thy-
roid-replacement therapy.

Ciase 3 a Ih-vear-old girl, was exposed 1o fallout
the age of 9 with signs and symptoms tvpical of the group.
In Murch, 1964, ar 14 vears of age, she was Tound 10 have o
snrdl, nontender thyroid nodide (2 or 3 mm. in size) in thé
isthmus. The right lobe, isthmas and medial half of the left
lobe were removed. Many nodules were present, varving in
size up to 5 mme in dinmeter. The following was reported:

The normal thyroid  architccture s effaced by small
nodules showing varving degrees ol atrophy and hyper-
plasia. Some nodules consist ol microlollicular tissne, and
some show luxurimt papillary growth, whereas others are
colloid cvsts with flattened epithelium. There are foci of
hiemorrhage and calcification. Dense fibrons septums sepa-
rine nodules, The diagnosis was adenomuatord goiter.

Recovery was uneventlful, and the patient s being treated
with levothvroxine, 0.3 mg. per day.

Case - a lovear-old boy, was exposed to fallow
Ioyvear of age. During the ten-year period after exposure, he
was found to show o lay in growth, based on anthropometric
studies and radiographic determination of bone age, so that
he has continued 1 to Y2 years behind unexposed children
of his ave. He hus had no obvions evidence of thyroid mal-
function. During the past several years 2 determinaions of
prowem-bonnd iodine and 1 of cholesterol have been within
the normal range. He has remained in generally  good
heatth.

In March, TU65, he was found to have a 2-em., nontender
bt fiemy freely movable nodule in the right lobe of the
thyroid gland. No lvimphadenopathy was palpated. He was
utken 1o Brookhaven National Laborinory in June. Fhy-
vond-Tunction tests showed the following results: serum in-
dine tractionmion (by column chroniograph®) was 7.1
microgm. total, 2.0 microgm. iodoprotein and 1.2 microgin
per 100 ml thyronine fraction (1, + 1) the cholesterol was
167 my. per 100 ml, with 1145 mg. in the esterified form:
thyroid autoamibodies (1he tmned red-cell technie was used
e all these determinations) dicated o titer under 16: 1he
hisial imetabohic rate was =23 per cent: o thyroid scan (Tet™)
showed possible nodularity of the right dohe: sindies ol 142
uptake disdlosed a level of 39 per cent at 6 hours. Afier
USTE stmuliaion with 100 087 units dailv tor 3 days the
uptithe showed o slight decrease, with no inercase in the

Ve

level of protein-bound jodine. Hemaologic examination and
x-ray study of the chest were considered 1o be within normal
limits.

The right lobe of the thyroid gland was removed at the
New England Baptist Hospital and showed multiple nodules
up o L2 em i diameter. The pathological diagnosis was
adenomatous U)il(:' ’

Recovery from surgery was uneventful, and in Scplcmhcr
1965, 1reatment with levothyroxine wis instituted.

CASE D s,oan I8-vear-old Marshallese boy, wis ex-
posed 0 fallow at the age of 7. Since recovery from ibe
acute effects of radiation he has been in generally good healith,
and thought 10 be cuthyroid (in 14958 (the protein-bound
wodine was 7.0 microgm. per 100 ml). Compared with un-
cexposed bovs of the saume age, however, he had shown a
slight degree of retardation in growth based on anthropometric
and bone-age studies.

In March, 1965, a firm nodule, L5 cm. in diameter, was
noted in the lower right pole of the gland. He was taken o
Brookhaven National Laboratory for study and later 1o the
New England Baptist Hospital for surgery. Thyroid work-up
showed the following datae jodine fractionation of serum
indicated a 1otal jodine of 6.5 microgm,, iodoprotem of
microgm. and thyronine (U, + 1) of -L2 microgm. per 14
mb: thyrowd atoantibodies were ander 1:16; the cholesterol
was 170 mg. per 100 ml, with LR mg in the esterified
form: the basal metabolic rate was =12 per cent; a thyroid
scan (Te?) showed a “cold” nodule in the lower right lobe:
studies of ' uptake reveaded 0 per cent uptiake in 6
hours, with 325 per cent urinary excretion at that time.
After FSH, 10 USP units daily for 3 days, the uptake at 6
hours was 337 per centy with o urinary excrction of 183
per cent. The protemn-bound iodine that time was about
the same as before TSH stimulation. Films ol the chest and
an clectrocardiogram were normal. Hematologic studies were
not remarkable.

The right lobe of the thyrowd glnd containing multiple
nodules was removed. The nodules varvied in size up o 1
em. and were pale grav 1o deep red, fivmoand pulpy and
senneystic. The diagnosis was adenomatous goiter,

Case b, 1 -H~‘\u;n~n|(|' Marshallese womam, wias ex-
posed 1o fallowr w30 vears of awe. Since recovery from ra-
dintion she has remained i relatively good health, with no
sertons illnesses or injuries. She has had 9 children, 1 of
them born since the fallour exposure. She s apparently
remitined  euthvroid, The protein-hound todine in Mardh,
1965, was 10O microgm. (high normad oy the Marshalleso),
and the serum cholesterol in TUSK was 249 mg. per 100 el

In March, 1965, 4 T-om. nodule, hard bat not wemder, was
found in the right lower pole of the thyroid ghind. No lym-
phadenopathy was detectable. She was tken 1o Brookhaven
National L.ll)nl itory for sty and Later to the New ln;.,l.m('
Baptist Hospital for surgery. Thyroid work- -up revealed the,
tollowing values: on’ seram indine h.«ﬂum wion  the (nm
iodine was 8.5 micregm., the m(lupmum fraction .5 mi-
crogm., the thyronine fraction (1, + 1) 3.1 microgne., .m(l
the prowein-bounct jodine 7.5 microgm. peri oo ml.: the
serum cholesterol was 230 me. per 100 b (in the uuulntl

lorm, 183 myga: the basal metabolic rate was =27 per ceris
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'." Y, .
yroid autoantibodies were present in a titer under 1:16. A
dyroid scan showed o large “cold” nodule replacing the
jower pole of the right lobe of the gland. X-ray examination
of the chest aind bones gave no evidence of metastatic le-
sions. A study of thyroid uptake with ['* showed a G-hour
alue of 223 per cent, with urinary excretion of 33 per
cent. After veatment with TSH, 10 nnits daily for 3 days,
wroid uptake had increased 10 33 per cent, and the pro-
ein- ound iodine was 8.0 microgm. per 100 ml. Hemato-
jogic studies were not contributory. :

‘A subtotal thyroidectomy, Jeaving a small portion of the
left lobe, was carvied out, It was reported that 2 nodules,
cach approximately 1 cm. in diameter, were present, and the
pallmlug‘ic‘.ll cdiagnosis was “mixed papillary and folliculur
arcinomat of right lobe, with blood:vessel invasion and me-
astasis o 1 lyvmph node and normal right parathyroid
gdand: (the left Jobe of the thyroid gland shows no significam
changes).” .

Recovery from the operation was uneventful. The patient
was then given 10 units of TSH daily for 3 days, and on the
gth fay, 30 me of I oo destrov the remaining thyroid
issuc. The subsequent course has been uneventful, and
reatment with levothyroxine was stnted in August, 1965.

Gross Appearance of the Thyroid Glands

In all 5 children operated upon (Cases 1-5) the
multinodular character of the glands was notable at
wrgery although on prior clinical examination, the
nodules had appeared to be solitary. The nodules
aried in size from 1 mm. to several centimeters, in
con: stence from fluctuant to relatively hard and in
cloi from pale gray to pink to red; cyst formation
was present in many, and some had hemorrhagic
areas. Figure 1 shows the gross appearance at oper-
aion in Case 1. In the patient with carcinoma (Case
6) the gland did not show the same degree of nodu-
larity, except for the presence of 2 firm, yellow nod-
ues about 1 em. in dizmeter (Fig. 2).

Microscopical Appearance

T! ¢ microscopical appearance of all the benign
nodular glands was characteristic of adenomatoid
witer and varied mainly in the degree of change.
The architecture of the glund was disrupted by the
redules of widely varving sizes, some’ containing
microfollicular elements with and without colloid;
sthers were atrophic, some contained large cysts
sith colloid, some with hemorrhage, and still others
howed extensive proliferation of the epithelial lay-
s with marked infolding, giving an “arboreal”
Pperance. Figure 1 indicates some of the changes.
The tumor in Case 6 showing papillary and follic-
tlar carcinoma, with invasion of blood vessels and
‘lymph node, is demonstrated in Figure 2.

Thyrold Abnormality in Boys Showing Retarded Growth

Two twelve-year-old boys (. _*, who
“ad been exposed at fifteen and eighteen months of
2e respectively, have had the greatest retardation
f growth and development. o (Fig. 3) has
how i no change in bone maturation since 1961
ad ut present has a bone age of that of a three-
far-old child. The bone age of A.B. has showed
"Mtinuing slow growth and in 1965 was five and a
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Frouwe 1. Benign Adenomatoid Thyroid Nodules i a Fourteen-Y ear-
Old Garl
The gross specimen of the .\’rrlil;)lr(l-,{{/}lll!_l (A) indicetes the nodular
character. The microscopical section (BY shurs wide varintions in fol-
liele sizes (original magudcation X{4): somic we small and atrophic,
and others are lavge and evstic. The nodule at the upper vight shows
hsperplasia, with papillary infolding of efithelivm.

half vears. Both these boys in 1965 have the height
of normal seven-vear-old Marshallese boys. Their
dwarfism has been particularly marked in compari-
son with vounger siblings who now are taller than
they are (Fig. 3)* During the past year in both
cases the levels of protein-bound iodine have
dropped below 2 microgm. per 100 ml. Before that
time they had levels in the normal runge, and they
had bheen considered to be euthyroid. They now
have definite signs of hypothyroidism, with nonpal-
pable thyroid glands, and Achilles reflexes with the
typical sluggish return. These boys do not appear to
show mental retardation. TSH levels (in March,
1965) were elevated in both boyvs (more than 120
and 119 millimicrogm. per milliliter), corroborating
the impression of' primary hypothyroidism.* Other
exposed "male children in the(fe%arded,group Sbur

*We are indebted to Dr. William Odeifat the Natiogal Institutes
of Health, for carrying out the TSH determinations.
. . . 5.
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Frouvke 20 Moed I'Il/'l//lll‘\ and Fedlicular Caremmome i n Forty-one-Y ear-Old Exposed Woman

i T T —_—
FIELS )
K ‘k.}-' ;’. L % “'ﬂ’ '

. . . . STy
Showing a Malignant Nodule in Part

of the Excied Gland (AY, on rea wf Follicular Ceaneer (), Metastetic Dioasion (C) of a Blowd Vossel (FElastie Stein) aned Tavasion of u /,.\'m/l/l
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less retarded than these patients) have levels of
protein-bound jodine that have remained normeal.
However, it is significant that recent TSH deter-
minations showed slightly elevated levels in 2 of

the less retarded childven, Two of the hovs (

and with thyroid nodules were in the group

with Fetardation of growth and development. It is
interesting in these latter cases that, though the
levels of protein-bound jodine were normal. I had a

slightly elevated TSH level (9.6 millimicrogm. per
milliliter), and both showed almost no response to
TSH stimulation. The possible correlation of growth
retrdation  with  thyroid imadiation  will be  dis-
cussed Tater, ; .

Alter extensive discussion, it was decided to in-

. . . [ T
stitute treatment -with  levothyroxine "in- the mqre.
heavily exposed gronp. which was done in Septem-

ber, 1963,
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DIsCUSSION

Adenomas and cancers of the thyroid gland can

be produced in laboratory animals by a variety of
aents or regimens that interfere with the ability of

the gland to svathesize thyroid hormoue. lodine
deficiency® agents that chemically inhibit thyroxine
wnthesis such as thiouracil,' ™ x-irradiation of the
dand,"> 7 and irradiation of the gland with a5 %2
have all been shown to produce both benign and
malignant neoplasms. Furthermore, subtotal thyroi-

dectomy in the rat has been reported to cause ade-
wwma formation in the remaining thyvroid tissue two
ears Jater.?'22 All these procedures produce hy-
othyroidism of varving degree, which serves as an
Hective stimulant to the secretion of TSH by the
dituitary  gland. Under the influence of TSH the
Eh,\'r()id gland first undergoes diffuse hyperplasia and
Wpertrophy and finally adenoma formation. In the
@ses of iodine deficieney and partial thyroidectomy,
Fis probuble that no drug or carcinogenic agent is
Mvolved; also, the incidence of carcinomas after

4 . - > . - g
hese treatmients s relatively Tow. The incidence of

hyroid carcinoma after a combination of a carcino-
1, . N . - .
*hic agent (such as radiation or acetylaminoflu-
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orene) and any factor that causes hypothyroidism is
much higher® Radiation by either x-rays or [W s
particularly effective since it simultancously acts as
a4 carcinogen and, by impairing the functional ca-
pacity of the gland, also induces TSH secretion and
thyvroid stimuolation.

Several aspeets of radiation damage may be con-
sidered. Cytoplasmic damage may result in enouch
functional damage to resalt in cell death, or repair
may occur if the damuage is not too extensive. Injun
to nuclear material mav result in death of the cell if
cnough deoxvnucleic acid (DNA)Y is altered so that
the process of its transformation for syuthesis of
protein is seriously inhibited. Restoration of DNA
mav occur after these damaging effects, as has been
so well studied after ultraviolet irradiation in bacte-
ria.? On the other hand, DNA that is not restored,
mayv not affect cell function if that portion of the
DNA s repressed and not undergoing transforma-
tion, but cell death may occur after division. It is
likely that that the same process of division in cells
carrving damaged DNA may be a critical factor in
carcinogenesis although the mechanism is obscure.
Obviously, any factor that stimulates the thyroid
gland to will accelerate this
process. produced by radiation
damage to some of the thyroid cells will result in
such stimulation.

cell division

Hypothvroidism

cause

Increased sensitivity of children’s thyroid glands
to the development of necoplastic changes  from
radiation exposure has heen amply demonstrated. A
series of retrospective and prospective studies have
clearly shown the causal relation of irradiation of
the thymic region in infants and the later develop-
ment of thyroid cancer? 2 In addition, the develop-
ment of adenomatous lesions of the gland in chil-
dren five to eleven vears after treatment with '3 for
thyrotoxicosis  has  been  reported.®*  Doniach®
points out that cell division in the growing thyroid
gland of the child may be a factor in this increased
sensitivity to irradiation. On the average, 3 to 4 cell
divisions are assumed to occur as the infant gland
arows from a size of about 1.5 gm. to a mature 17-
gm. gland.” It thus seems reasonable to consider the
enhanced tumorogenic effect of irradiation in chil-
dren to be due to the necessity for division of cells
whose nuclei have previously been injured by radi-
ation. The adult ¢land, on the other hand, would
not be as prone to such radiation effects, since cell
division is not believed to occur normally in the
mature cland (mitotic figures are usually not dis-
cernible) 2732 Any factor, therefore, that causes in-
creased secretion of TSH and thyroid hyperplasia
will favor the development of neoplasia in a pre-
vioush irradiated thyroid gland. Though the relation
between adenomatous and malignant changes is not
clear it is apparent that the same situations predis-
pose to the development of both types of change.

The occurrence of adenomatoid nodules and 1

carcinomi of the clund in the Marshallese who re-
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ceived thyroid irradiation in 1934 seems to conform
in a general way to the concepts outlined above.
Radiation appears to have been the cause of the
thyroid abnormalities seen, since 200 natives of the
same cthnic background and living under identical
conditions showed no thyroid disease. Furthermore,
there is no evidence that these people have been
exposed to other factors that might cause pathologic
changes in the glund: urinalvses indicate that the
iodine intake is adequate, and no dietary goitro-
genic factors have been implicated. In addition, the
data in the present study show a much greater inci-
dence of thyroid disease in children than in adults
in accord with the findings cited above. This greater
sensitivity of infants may also be related to the rel-
ative mugnitudes of the dose of radiation received,
the infant ghimd probably receiving five to ten times
the radiation dose that an average adult's gland
received. The dose range of from 700 to 1400 rads
delivered to the children’s thyroid glands is similar
to the doses received during thymic irradiation. The
apparently greater incidence of pathologic changes
in the glands of the Marshallese is not clear. It may
he related to a greater dose of rudiution received by
the Marshallese since the calculations for thyroid
dose in these people is subject, as noted above, to
large uncertainties.

There appears to be an increased incidence of
thyroid carcinoma in inhabitants of Hiroshima and
Nagasaki exposed to radiation from the atomic-bomb
explosions. The numbers are small, however, com-
prising 19 cases in a combined exposed group of
almost 13,000 individuals, as compared to 2 cases in
slightly: less  than 3000 unexposed  individuals.®
These people were exposed to varving doses of
external radiation to the thyroid gland but not to
internal exposare from radioiodine.

The growth retardation previously noted in some

of the exposed children has been assumed to be

due to the radiation, but the mechanism has not
been known* With the recent development of frank
hypothyroidism in 2 of the most retarded bovs in
the exposed gronp hypothyroidism seems the most
likely cause. In 2 other retarded bovs { . '

thyroid nodules have developed. ll()Wevel', it is in-
teresting that the exposed girls have shown very little
retardation of growth and development although the
nodules are more prevadent among them. Except for
the 2 bhovs with hypothyroidism, the rest of the chil-
dren with growth retardation have shown normal pro-
tein-hound iodine and cholesterol values. Minimal
" hypothyroidism may have been missed and may ‘be
enotrgh to account for the growth retirdation seen. The
finding of high TSI levels in the 2 most retarded bovs
with hypothyroidism and slight elevation in 2 other
retarded children strongly indicates primary hypothy-
roidism. The growth response of these children after

thyroid feeding will offer an interesting therapeutic

test of the hvpothyroid etiology of the growth retar-
dation,
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The treatment of the exposed group with levoth
roxine deserves some further comment. Biclschmi:
sky# and Astwbod and Cassidy® have reviewed the
favorable effects of th¥roid treatment of D"“iemc
with nodnles of the thyroid gland. The only expcr:
mental evidence found directly applicable to the
Marshallese situation is a paper by Nichols et ala
and unpublished data by Godwin3s demonstrating 4
reduced incidence of 'M.induced adenomas iy Tty

treated with thyroid hormone. This form of treat.

ment, therefore, scems reasonable in the Marshyl.
lese.

The implications of the present findings are twe-
fold. In the first place, contrary to previous con.
cepts, the quantity of radioisotopes of jodine iy
fallout of the close-in tyvpe associated with atomie-
homb detonations must be regarded as a major long.
term hazard. Secondly, the development of hypo-
thyvroidism, of thyroid adenomatoid leésions and of a
thyvroid carcinoma after doses of radioiodine that
deliver 300 to 1400 rads to the gland makes caution in
the use of radioiodine necessary :

SUMMARY AND CONCLUSIONS

Pathologic changes in the thyroid gland were
found in a number of Murshallese people of Ronge-
Jap Ishind who were accidentally exposed to radio-
active fallout in 1954, Definite thyroid nodules were
noted in 11 people, minimal changes in 5 others,
and hypothyroidism in 2. All but 1 case occurred in
the more heavily exposed population (53 living of
the originud 64 persons), who received about 175
rads of whole-body gamma radiation, burns of the
skin from fallout products and internal absorption of
fission products. One case with a nodule was noted
in an adult woman in the smaller Rongelap group
(16 of the 18 are still alive) that had received less
than half the exposure of the other group. In 200
individuals of a control group not exposed no such
thyvroid abnormalities were  found. In  the more
heavily exposed  group, thyroid abnormalities de-
veloped in 35 per cent of children exposed at less
than ten vears of age. Five children were found at
surgery to have benign adenomatous goiters. The }
adult patient had a mixed papillary - and follicular
carcinomit, with localized  metastasis. Two  boys
showed marked retwrdation of  growth, apparently
owing to primary hypothyroidism.

The radiation ctiology in these cases appears to
be reasonably certuin in view of the following facts:
the thvroid ghinds reccived a substantial dose ©
radiation  from radiviodines and  external  gammd
radiation (adults about 300 rads, and children about
T00 to 1400 rads); and. the incidence of thyroid ab-
normalities wiw high in the exposed group and ab*
sent in an unexposed control pnpul:_}(}(il)' living o
the same ishand. © -, . - .

The present. findings suggest that the scniousne.!‘-‘
of the internal hazard associated with falloat, partit”
ularly from radiciodine. st be revised upwar®
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rhe high mcidence of thvroid abnormality in the
varshallese emphasizes the caution with which
adiation must he used  clinically, particalarly i
Cildren.

A oresunvey ol the Rongelap people was complered
sarcl. 1966, since s paper was witten. Fhe datie are not
,H'-']‘/"‘{‘ and only o preliminaey seitement can be made
phere were 5onew cases ol thyrord nodates, all in chitdren
Ihe IDCTCHse was possiblv related 10 imadequare thyroid-
ormone reatment in some cases. However, some benelicial
dlect of the weatment was noted. since a nodule disap-
|.('.’l|’(‘(| in I case. and there appears o have been incereased
cqowthl rate i some of the vetded children, Te s planned
;v bring some of these patienis 1o the United States for
jrther
pest studies will be the subject of a hurvther commumeation.

study and possiblv sargery. The vesults of these
Surgery on Cases T othrough 3 was performed by Captun
. A Broaddas (MO USN (United States: Naval Hospital,
i and on Cases 4 throagh 6 by D Benildey P Coleock
Jahey Chnwe). The putholowical dagnoses were v Dr. G
i1 Klindk tArmed Forces Tnstitate ol Pathology)y m Cases
ad 20 by Dro He AL Johnson (Medical Department, Brook-
faven Nationl A and by Do WAL
Meissner  (New  Faglaod  Deaconess Hospial), e Cases
iroagh 6.

We are indebred o Dieso S0 Warrven, )0 B Stanbury, Bo 1
roleock, C. L. Dunham, VoY Bond, H. D Bruner, 1. K.
pahl, o Ko Jessepho Hoo Lo Akins, B0 Do Henley and AL
Hlicking for consultinaon and advice, 1o Drs. G HL Khinek, S,
tindsa T AL Johmsons W A Metssner, €] Siahl and L
VoA erman for pathological mrerprettion, 1o numerous
aher thvroid experts wath whom we have been an corre-
yendence and o the United States Atomic Energy Com-
mission and the Trost “Ferntory ol the Pacific Islands (De-
partment  of  Tmenor) for out the
Marshallese survevs.

Laborataryy i Case

assistance i crrving
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