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Backaround

Inhébitants of several atolls ig'the Marshall Islands were accidently
exposad to falldut radi#tion following a'détcngﬁion of a highbyield thermo-
nﬁclear‘device durigg experiments aﬁ Bikini in thé'?acific Pr@ving Grounds
in March 1954.‘ An ﬁnpredicted shift in winds caused deposition of signif-
icant zmounts of fallout. on four inhabited atolls to the esast of Bikinmi
(see Figure 1) and also on 23.Japanése fishermen zboard their fishing veésel,

the Lucky Dragomn. Sixty-four inhabitants of the island of Rongelap, 105

nautical miles away from the detonation, received the largest fallout ex-

' poéure (an estimated dose of 175 rads of whole-body garma radiation, con-

tamination of the skin sufficient to result in beta burms, and intasrnal
absorption of radiocactive materials through inhalation and ingestiom).

Another 18 Rongelap people, fishing on a nearby atoll (Ailingnae), where

_less fallout occurred, sufferad lesser effects (receiving an external gamma

dosa of about 69 rads). Thefe weré 28 American servicemen on the island of
Rongerik further to the east who received about the szme exposure as did

the Rongelap peopLe on Ailingnae. Lastly, 157 Marsh;llese on Utifik Island,
about 200 miles further east, received an estimated 14 rads of whole-body
radiation. These isian&ers were all evacuated to the Naval Base at Kwajalein,

to the south, by two days after the accident, where they received medical ex-

‘aminations for the following two months. The Utirik people showed few if

any effects and were returned to their home island. The American service-

men, who showed only slight effects, were .later returned to duty. The

Rdngelap people showed the greatest effects and lived temporarily on an
island to the south. In 1957 Rongelap was coﬁsidered radiologically'séfe,'
and they were moved back to a new village theré. A group of more than 200
Rongelap people who were relatives of exposed people? but had been away

from the island at the time of the accident, moved back with the exposed
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people to their home island and lave served as an ideal comparison pﬁpulé—
tion for the studies. Medical examinations have been carried out on these
populations for the past 22 years.

-

The most serious acute effects of the exposure were due to penétraﬁ-»
ing gzmma radiation. These included transient anorexia,.nausea and vcmig-.i
ing, and significant depression of the peripheral blood eleﬁents in'many4:
memﬁers of the higher exposure Rongelap group. The heméfologgcal @ep;gs-iylrf
sion (t§ about half normal level by six weeks) was pothsufficiént ﬁo piéLu
duce definite clinical signs'aﬁd required no specific' therapy. Blaod'*
levels returned to near normal by one year. Contamipation oi the #kin
in the Rongelap. group resqlted iﬁ widespread beta‘burns and epilation.
These lesions healed and hair regrew normally within several months.
Radiochemical urine analyses revealed that measurzble émognts of

{ -

radionuclides were absorbed intermally from ingestion of coritzminated ' :;ﬁ

. S a v

food and water ana from inhalation (see Table 1). Itﬂis nofeworthy'thét
no acubte effects due to this intermal exposure were seéem, in view.of the
late thyroid effects from radioiodine absorption to be described<5elow.
Follow-ué examinations have revealed, except for one fatal case of
leukemig;and extensive thyroid lesions, only a few findingg ﬁhat might
‘be related to radiation exposure, and space does not permit a discussion
‘of these herélﬁ The above findings have been reported in numerous pub-
lications (1-5) aﬁd presented in detail in a twenty-year review (6).

Thyroid Dosimetry

The fallout produced several possible sources of radiation exposure

to the thyroid gland in addition to the gamma radiation. ITodine isotopes

\}'In addition to annual examinations the people have been seen on a quarterly

basis by our resident physicians in the islands, Drs. K. Knudsen and K. Kotrady.




TABLE 1

0 - 0.016 (-g)

. ‘ : , 2
ESTDLQTED BODY BURDEN (MCi) OF RQNGELAP-PEOPLEA
Activity Activity
at day 1 at day 82
895r» 1.6 - 2.2 Q.12
140 :

Ba 0.34 = 2,7 0.021
Rare earth group 0 - 1.2 0.03
131 . . _

I (in thyroid gland) 6.4 =-11.2 0.0

0% 0 - 0.013 -
*3ca 0 - 0.019 0.0
Fissile material 0.0
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aré produce& in reiativély high yields by the fissibn précess. Some are
too Short_iived to be of consquénce, but igdine 131, 132, 133, and 135

are sufficiehtly 1ong-1ived to have Eeen»bresentiat the time the fallout
cloud zrrived at the inhabited atolls. Thyrﬁid lesibns were not expected,
on the basis of earlier estimates of thyroid dose from internal absorption
of radioiodines. 1In 1964, when thyroid nodules first began to appear,
thyroid doses were reevaluated bvaames (7). Calculations of the thyroid
dosage from rédioiodinés unfoftqnately had to be based on the 1311 content
of a single poqled urine sample from Rongelap people collected at-15 days
postie#posure. The shorter-lived isotopes of iodine delivered 2 to 3

times the estimated dos; delivered by 1311 alone. The importance of these
shorter-lived, more energetic isotopes must be kept in mind in assessiné
the dose-response relationship for thyroid effects. The dqse to the thy-
roid of a Rongelgp adult, inclﬁding gamma dose, was calculated to be about
335 rads (220-450 rads) and to that of a 3;year-old Rongelap child as 700-
1400 rads. The larger doses in the children were dueAmainly to the smaller
sizes of their thyroids. The thyroid &oses in the lesser exposed popula-
tions were extrapolated from those of the Rongelap group on the basis of
the ratio of gamma doses. Individﬁal children's dbges were calculated by
using a linear relationship betﬁeen the estimated thyroid size and regress-

ion lines drawn for the three exposed populations.

Early Thyroid Effects-

Beginning several years after exposuré it was noted that 5 of 19 child-
ren exposed‘at'< 10 years of age showed retardation of growth. Examinations
during this early period did not reveal any recognizable thyroid abnormal-
ities, and the protein bound iodine (PBI) levels in tﬁese children as well
as in all Marshallese were in the normal to high normal range. Two boys

became particularly stunted in growth (8). They had been exposed at one
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year of age,land they gradually developad atrqéhy'of t*é thyroid glaﬁd
and signs of myxedema. | | ‘

- In l9654thyroxine ;nalysis by ion exchange column -showed that soma
of ;he-childrgn did indeed have iow serum thyrbxineAlevels.' Contrel
studies on norﬁal Marshallese revealed_that many of them had unusuzlly

gh icdoprotein levels, wnicaz had lad to a false interpratation of the

e
3=

PBI determimation (9). it then became apparent that low thycoxine (T4)'
levels in some of the children had probably been masked by high levels
of iodoprotein.

The Development of Thyroid Lesions

Evidencé'for retardation of growth related to ﬁhyroid injury was
soon foilowed by discovery of a thyroid nodule in a 12-year-old girl in
1963, 9 years after exposure. Subsequently theres was continuirg develop-
ment of thyroid nodules in the Rongelap and Ailingnée populations znd :-
nore fecently in the least exposed Utirik population. At present 40 of
243 exposed Marshallese (16.5%) are affected (ratio éf females to males
affected is 2:1). Table 2 shows the numbers of benign.and malignant
tumors in the different groups with estimated average thyroid dose amd
comparison of those exposed at < 10 aﬁd > 10 years ;f age. There zppears
to be a dose reiated response, with the greatest incidence of tumors in
fhe Rongelap children (75%). Thyroid surgery has been performed on 31
exposed Marshallese and 3 unekposed%{ The thyroid glands of most of the
exposed Rongelap people undergoing surgery coﬁtained multiple nodules or
areas of adenomatous chénge. " Often those with only one palpaBle nodule

¥

proved to have multiple nodules. Microscopic examination showad that

2
s
\*Thyroid surzery was done by Drs. D.M. Dobymns, Case Western Reserve University,

B. Colcock, Lehey Clinic, and L.C. Broadus, U.S. Navy.



TABLE 2

THYROID TUMORS IN MARSHALLESE (1976)‘

(Cases/original number in group)

CHILDREN (Age <«Z 10 at exposure) » ADﬂLTS (Age —-10 at'éxpdsufe)
Thyroid Dose Total Thyroid Dose Total .

GROUP Average TUMOYSesess % CanNCelesess b Average . Tumors..... % Cancer..... %
Rongelap 1010 18/23 78 |1/23 . 43| 379 6/45 13 | 3/45 6.7
Ailingnae 382 . 2/6 33 , 135 4/12 33 '

Utirik 83 1/58 1.7 1/58 1.7 30 - 9/99 9.1 | 2/99 2,0
All 317 - 21/87 2 | 2/87 2,3 | 139 19/156 12.2 | 5/144 3,5
Unexposed

3/199 1.6 1/199 0.5 ' » 20/313 6.4
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many of the lesions were surrounded by a capéule and, unliké the remainder
of the gland, had distinct histological ?atterns ranging from microfollicular
< to fetal, solld or emofyonal types, and many showed h__O'rnach or degenara-~
tive changes (6). Adenomatous'changes‘were not unlike those seen in chronic
iodine deficiency, except that most of the goiters weré smaller in the
Marshallese. Many of the zlands were found to- contein minuta la ions, scme
éomposéd of solid cell masses, which, althoﬁgh cqnsidarad benign, were com-
posed of decrete areas of atypical cells suggestive of maligmant. potential.
Seven cases of céncer.of-the gland have been found, 21l in.females, 2 in the
younger age group (seé Table 3). These-tumorS‘wefe relatively weli differen-
tiated, 3 papillary, 1 follicular,Aand 3 mixéd types. . Two ﬁere 2-3 em, 3
about 1 cm and 2 between .5 and 1 cm in size and all were the tumor of con-
cern on palpat;on.l four had localized metastasis or blood vessel iﬁv?sioﬁ;A
Thé latent periods varied between 11 and 22 years. Most of the women in
whom cancer was diagnosed had wmultiple pregnancie$ prior‘to davalopment of
their tumors. More than 5 years has elapsed in five éasés without evidenée
of progression of the disease. Three of the cases of thyroid cancer were

in the Utirik group, two ocpurring in the past year: Thoﬁgh highly signif-
jcant statistically, this is a puzzling development, sin;e-the number.of'
benign tumors does not appear to be increased in this grodp, with none
appearing in the high risk group of 58 chlldren aoed‘< 10 at etposure.

One of 4 Rongelap children exposed in utero, etaosed at the end of the
second trimester, (175 rads‘of gamma radiation and zn unknown zmount of
radioiodines from the ﬁother), developed benign thyroid nodules 20 years
after exposure. Thougﬁ a number of cases of myxedema have Eeen reﬁorted
in babies bérn of mothers treated with radioiodime,. this is'thougﬁt to be

the first case of nodularity reported. Figure 2 shows that at 22 weeks




TABLE 3

THYROID CANCER CASES IN MARSHALLESE EXPOSED TO FALLOUT (as of Sept, 1976)

Estimated _AGE Other Years
Island Dose (rads) At Development Latent : Thyroid No
Patient # Sex Thyroid Exposure Ca Period (yrs) Type Cancer Metastases Lesions Surgery Recurrence
Rongelap ,

72 F 905 6 22 15 Papillary, Multiple |Multiple | Total thy- 7

single focus(?)} cervical adenomas | roidectomy
] nodes, lefy with radical

: dissection

{ left necl .

#64 T 335 29 40 11 Mixed papil- 1 node, Bl.}nonc inearly total 12
lary & follic- | V. invasion] reported {thyroidectomy
ular, single ’ followed by
“focus 30 Mci 131,

#18 T 335 21 36 15 Papillary, none mulciple |total thy- 7
single focus adenomas. | roidectomy

#74 r 425 16 38 22 Papillary ncne mulciple |left 16bectomy'<_1

' ' (shrunken adenomas. § removal of 2.
gland) nodules from
right lobe.
Utirik -
#2229 | T 31 21 36 15 Follicular Bl, vessel |multiple |rt. lobec-- - 7
' (rel. undif- invasion adenomas | tomy
ferentlaced)
rt, lobce.
Other micro-
scoplc focl
rt. lobe.
#2160 F 70 4 24 20 Mixed papil- none none 1t. lobectomy |{< 1
lary & follic- reported
ular, 1lt., lobe
#2194 F 31 37 53 16 Mixed papil- multiple jnultiple |total thyroid- <1
lary & follic- Jlt. nodes Jadenomas Jectomy

ular, 1 foci in
cach lobe.
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the thyroid is actively functioning in the fetus, thouzh it is not pos-
sible' to calculate the dose to the gland of this particular boy. It is
noteworthy that his mother had a thyroid cancer removed during the past
6 months, The boy has not shown any other effects of his in utsro ex-

posure. The other 3 subjects exposed in utero have apvearad to be normal.

Latent Pariod

Figure 3, a plot of the time of deveiopment of thyroid tumors wversus
dose, indicates ﬁhat thyroids that received lower doses developed tumors
later than those receiving higher doses. This effect on latent period
seems to be roughly dose dependent. Other studies of radiatiom induced
' cancers in people expésed as children have not demonstrated clear-cut
correlatién between radiation and length of latent period (1ll). However,
most of these studies suffer from uncertainty of exact dosage znd insuf-
ficient spread of doses and of times when thyroid tumors actually develop-
ed. Some degree of dependence of latent period on dosa seems raasonable,
since a higher dose causes greater cell destruction resulting in greater
thyroid hypofunction and thyfoid stimulating hormone (TSH), which is
thought to be an important factor in neoplasia induction, as discussed
earlier by Dr. Doniach. With lower doses more cellé may go through more
cell divisions before succumbing to radiation effects, whereas with higher
vabses the cells may die at their first mitosis.

Effaect of Thyroxine Treatment

In 1965 a panel of thyroid specialists, after raviawing the findings,
recommended that the heavily exposed Rongelap group be placed on replace-
ment thyroxine for life in order to block TSH secretiom by the pituitary.
Synthetic L-thyroxine (Synthroid) has been used. Two years ago the

Ailingnae and in utero exposed groups were also placed on this treatment.
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Those of the Ufirik people who deﬁéloﬁed thyroid tumérs are alsé being
giVen thy:dxiné. ItAwas hoped that this suppressive therzpy would inhibit
A development of neoplasia, and that.growth an& developmént in the hormone-
deficient'children.would be enhanced. It has been difficult to maintain

a striectly regula# tréatment regimen, but the treatment has been of benefit
in enhéncing srowth and dévelopment in the growth retarded children and in
maintaining a‘normal metabolic state in the operated cases. Figure & shpws
the improvement in growth and development in one of the stunted boys, shown
stanﬁing'beside his younger brother.

It is ﬁncertain whether or not the treatment has had any effect in
preventing the development of nodules in the exposéd Rongelap people. Some
tumors developed before tﬁerapy was instituted. Since.theu, however, 14
people in this group who were on treatment have developed thyroid tumors. .
Admitted1§ many of the group were not always consistent in taking their
'gadication, but scme of them were thought to be congcientious about it.
In‘twé céses nodules appeared to diminish on therapy.

Thyroid Function

Tests_of thyroid function were carried out in the earlier years bf
PBI‘analyses, iater by an impfoved method involving ion exchange and more
re;ently,‘by radioimmunoassays for T4, triiodothyronine (T3), TSH} thy-
foxine binding globulin (TBG) and thyroglobulin (IG). Since'l974 function
has also been tested by '1‘4 increment following exogenous Tsﬁ stimulation
and by enddgenous TSH response to thyrotropin releasing hormone (TRH)™.

It has oot been feasible to do thyroid scans in the islands. The results

2
Thyroid uptzke studies were dome by Drs. J.E. Rall znd J. Robbins at NIH,

znd by Dr. H.L. Atkins at BNL; RIA sﬁudies, by Dr. P.R. Larsen.at Peter Bent
Brigham Hospital znd by Drs. J. Robbins, M. Gershengorn, if. Izumi, and J.L.

Baulieu at NIH.



8.

indicated the followihgg‘Al) Bfior to.§urgefy<some-subjects with nodules
had fgduced T4-1eve1§;“ 2) Féllqwing surgery nearly all patients, in spiﬁe
of attempted thyroxine therapy, exhibited reduced funcﬁion on occasion,
which showed that the‘remaining tissues were not capable of maintaining

a euthyroid state and stressed the importance of maintaining adequate
therapy. 3) Recéntly about 507 of tﬁifizigelap people showed biochemical
hypothyroidismvwithout_clinical-evidence of thyroid disease, 2 finding that

probably portends trouble zhead.

Risks for Radiation-Induced Tumors in The Marshallese

Thé data on the Rongelap people in Table 4 indicate that, on a risk
per rad basis, the incidences of benign and malignant thyroid lesiocns are
about the same for them as for groups exposéd to X or gazmma ra&iation,
except for the higher risk values for the Utirik adults. Clinical ex-
perience suggested that 1311 is less effective than x-rays in producing
thyroid tumors. This may in part be due to dose rate and the soft beta
radiation of that isotope, much of which is wasted in the colloid of the
larger follicles not reaching the follicular cells. The higher energy of
the short-lived isptopes of iodine (particularly 1321, 133I, and 1351),
resulting in higher dose rate and more uniform expoéura.of the thyroid,
is thought to have been the important factor in increasing ;he number of
‘thyroid abnormalities above that expected from similar doses from 1311
alone (12,13). This reasoning is supported by a number of snimal experi-

ments (14,15).

Comments and Conclusions

From the Marshallese experience it appears that the greater propensity
for the development of thyroid nodularities after radioiodine exposure in

the children than in the adults is related not only to the smaller size of



“TABLE 4

THYROID TUMOR RISK VS DOSE

(Casés/106/rad/yr)
Children Adults
(Age —<10 at exposure) (Age >~ 10 at exposure)
Yrs.of
GROUP Follow-up Thyroid Dose Thyroid Dose
Average BENEGN#* CANCER Average ) BENIGN#* CANCER
Rongelap 7 1010 33 2.4 379 16 6.4
~Ailingnae . 22 382 40 135 142 ' -
Utirik 83 9.5 30 ' 8. 26.4
A1l - 317 29 3.5 139 14 ~10.5
4 16 . |
Rochester 17 335 64 5.5
16 -
Ann Arbor 17 20 . 24 , 2,2
17 4 '
UNSCEAR 17 100 - 300 - , 0.5 - 1.5
18 :
ABCC 20 20 - 1000 , 1.3 (all ages)

*Corrected for control incidence.
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théir glénds (resulting inAlarger'doges)'but possibly ;lso to the rapid.
growth of éhe gland from 1-2 grems at birth to 18 at maturity. Other
factors such as the stress of puberty and frequeﬁcy of pregnancy may also
have'played a role.

The lower incidence of thyroid cancer in the Rongelapese exposed as
children than in those eiposed as adults is worthy of commert. One can
postulate that the thyroid doses in the Rongelap children (700-1400 rads)
were high énough to cause many cells to die at mitosis beéause of lethal
damage to the reproductive mechanism and thus to reduce the anumber of
cells at risk for malignant transformation. At lower doses, as in the
adult groué, a greater number of cells would be spared for malignant
transformation. ‘One would have té assume that in the children's thyroids
the high dose effect overrode the possible enhancing effect of the growth
factor for cancer induction. The high incidence of benign thyroid tumors
in the children could be due to the increased cell destruction with greater
“hypofunction and increased TSH stimulation of the remaining cells produc-
ing many small nodules. With doses in a still higher renge ( > 2000 rads?)
one might expect such .extensive cell destruction to result in hypothyroid-
ism and, because of the fewer surviving cells at risk, fewer tumors. This
is the situation in patients developing hypothyroidism years after radio-
jodine treatment for Grave's disease. Perhaps the tsio Harshéllese boys
who de&eloped myxedema without thyroid nodules received doses in this higher
range. o |

It is quite likely that the final tally of thyroid tumors in the
Marshallese is incomplete at this. time since new lesioms are still occur-
ring. The mean latent period for radiation-induced-thy:oid tumors may be

as long as 30 years (ll). Furthermore, on the basis of the present data
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the risk of deﬁeloping radiationbjnduced thyroid ﬁeoplasia‘is‘probably
ﬁhderestiﬁated,-since surgiéal_reﬁoval oprotentially malignant tissues
may haveloccurred and the hormone treétment may have izhibited the de-
velépﬁen; of some.tumors. Also, as poiﬁted cut above, the.tfue carcino-
genic potential of the exposure, partiéularly in the childran raceiving
" the higﬁer dose, méy have been masked by eﬁcessive céll dest:ﬁcticn.

The recent finding that subélinical thyroid deficierncy is prasant‘in
somé of the exposed pebple.who have not shown any thyroid zbnormalities
also indicates that the thyroid effects in ﬁhe Marshallessa may not yet

be complately manifest, and continued careful surveillance of this

population is necessary.
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Figure 4, Left: Subject No. 3 and his younger brother (No, 83) in 1963,

Right: Same boys in 1973 after No, 3 had been given thyroid hormone
for 8 years,
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