c0b
]
PROCICET REPORT
1 July 1369 to 20 June 1270 40753 §
REZTARCH PROJUCT AT (11-1) 178b
Sabwitted 30 June 1370
TITLL OF LVISTICATION :
A Dtuay ol Uiz E":’./:l.ﬂo Jeal Tunctien ord R
i .to;'_u'.a‘. 'T‘:un;j,f:f: in ihyroids Trradiated with
FALG (.t,ll" Id e

P e mee v e e
Pivaime il évle Aaddiaat itdviun
8rom V. Delvra, M. Do, Pn. D

Profesuor of Cwgery, Case Western ilaserve University

0/61 0 { e 3ua AQ G3AI3

INSTITUTICN
Casz ‘kestem ileserve Univirsity School of Madicine
at Cleveland iheuvupolitan General Hospit

T investiiations

supperted Ly this contract end dealing
1311 on ne thyrcid contirue i

i b othelelleets &
tirte Ut a variety of directicns and rarg2 froa ¢li
research in fan tc a v..m'»t‘, of experimental designs in rats. Pritary
directed toward stwdy of the leng term effects of Wie radiation on the
functlon of thy*'oxd cells, thz natwre of their survival, and the ultima

" the cells with special attention toward the dc,velntrv’r.. of ncdules
The ideas T

and experirental designs have not only grown out of thz long

follow-up of cur cwn patients (more than 20 years), hut from participat
incipai investis Youpim ot

with lg i

, rom part
investigater (along with others) in several other majcy proj
11 effects. These are:

1.) Chairran of the Steering Committee for analysis and study of
38,030 pati.:"cs in ¢

e Cooperative Thyrotoxicosis Therapy Foll
Study of th2 iatioral Center for Radiolcgical Lealth of the US
2.) Participant (with Dr. Robert A. Ccnarc, Brookhaven Matiomal la
in the surveys cf the lMarshallese natives expoced to radioiod
the first thermonuclear explosicn
3.) Participant in the surveys of goiter in children in the Ut:.h—\ql a2
- fallout (1934) area and in special studies perforwed on selectdd
individuals in that population.
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CFraoms oF 1311 RADTATICH O TIE THYRATD OF
fl,r.'T\" SUDJECTS WINTH BYPIRTHYRCIDIZH

The deseription of this work continuad e = pravicusly deseriled. (T
follcwing wo paracrazhs ars repeaduced from the previcus annual report pith
only .,llrht ravi 'w. Lz=oause the Lasic ovtlire for the collection of thdse
datd raraln basically e sam:.)

11

Vory letailed date continue to Lz collected on celacted patients trfated
with 1331 o h/perrh;:\::m:.:rn o that th. LL].tJJIdtQ clinical effacts can fater
le related wothe Lenavier of 1211 tiat was observed in that individual phertly
aftor the treatiment was given. This i3 done in an effort to get a bettge urder-
.Jl.;umL.u’ of why the eff':cL (.- a 3"\n=n Jdose of 131 per estimated jram of] thyvroid
Llonue Lo Su varlavde undng individuais. s osplte of therapeutic dosag] which
are caleculated to be just suificient to bring the hyrerthyroidism under fontro’l,
we still observe far too high an incidence of hypothyroidim, not weeks pr menths,
but years after the radiaticn is delivered. Since the rr.sponsn.bln mve igater
is in charze of all 1311 therepy in this hespital, there is an opportn to
study selected patients in great detail. The following observations mace:

1.) Careful pretreathent characterization of the glar.d and the patipnt,
not only wivh respect to the uptake of a tracer of 1311, but a bariety
of observaticns cn facters that may explain differences among pptients.

2.) Determinaticn of the amount cf the treatment dose taken up by the
thyroid, follwwed ky alimcst daily neasurements over the gland thereafter
to determine the disappearance curve of the isotope from the glind.

3.) Multiple observations on the concentration of 131I in ine serur]and the

excreticn in the wurine as they relate to the thyroid at given S.

4.) Determination of the extractable and non-extractable fractions the
blood (butanol) and in some cases the serial quantitative deterfrinat=on
of iodinated compourds in the serum as the radiation effect tales place.

5.) Similar observations are made on the total urinary excretion of 131y
for several days and in same cases determination of the campourfs
appearing there.

As Chairman of the Steering Comittee for the Cooperative Thyroto sis
Therapy Follow-up Study of the MNational Center for Radiological Health the USHS,
the principal investigator has devoted ruch time to analyzing the data dh the
results of radioiocdine therapy from 19 centers participating in this larpe study.
Although the patients studied in our laboratory represent a relatively
of the total included in this large study of over 38,000 patients, half pf which were
treated with 1311, the data on many of our :m:hv1dual patients has proven to be the
most ccrplete anong ‘c:xa variocus laboratcries. Our data cons:Lsts of a aifappearance
curve cf the th.na,,eu ic dose from the th:~cid, the changes in the total] amount of
raciicactivity in the serum, the changes i- various iocdinated compounds ih the serum
at intervals of hours, days, and weeks af .. therupy, and the excretion pf lodine in
the uwrine. It has been thought that suc’ . 3 could be the basis from which to
devise and test models that would reflect the nature and the extent of the radiation
effect on the thyroid. It has been hoped by the Steering Committee thaf] it might
be possible to utilize the detailed data frem individual patients (acqui
this contract) in kinetic models. such as those of Berman, to discover dpre




e;xp]anations for the success of 131I thampy in soine patients anrd ths

It has also been hop'*d that quch r‘ogel., mi; ,ht be u.;ed to "plug m"
fragmentary data from less completely studicd patients and thus esti
blanks in the kinetics of other patients. Our nzed for mathematical
in the national study has been longstending. The demands on the poers
analysis of cther data in the natioral study have been 5o heavy and
of persomnel so frequent that little more than a suparficial review d
done with the studies on kinetizs. Althouph this naticnal study is
many mtem.,tmg features on the camarative results of L3y hersapy
thyroidectomy, it is apparent from the supzrficial review that the |
are so fragmentary on most of the patients in that retrospective stu
estimate of the individual doses of radiation to the glards will be ¥pcssible.

On the other hand, the data from o' laberatory, based cn the abave fequencz of

observations and collected in a prospective nunner uncer this contraqt appear

be useful. These data are now in the harnds of Dr. A. Bertrand 2rill pf Vander>ilt
University for analysis by the methods of Eerman.
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Berman(which were devlsed for study of n::rnal 1od_ne k:met-c., with idecers rather
than therapeutic doses). Dr. Brill is particularly interccted in ouy

in the blcod following treatment. Dr. Brill has submitted an epplics
grant to support work with these data. It is hoped that the suprort
available. ! was instrumental in the initiation of the national st
remained deeply interested in the preblem.

Any infarmation ghat will lead to more pr'ecise aoplication of t
therapeutlc dose of

hyperthymldlsm are not expem.mental in r.am“c, but merely prolcmged m freat
detail so that the outcome of therapy for that patient Is understocd fuch better
andsofvaluezfthemdmxdualr\equues"nmthanoredoseo—131or:.fthe

therapy is tou destructive.
A STUDY OF NEOPLASIMS AS THEY DEVEIOP IN IRRADIATED THYRCID

We have been concerned with, and publibhed observaticns ocn, the
nuclear fcrms occasionally encountered in human thyroids which had Pt

been treated with 1311, e have also been corcerned with the occasignal necplasa
which develcps in rat thyroids that had been given small doses <f 13¥ arg

subsequently stirulated with antithyroid dn.gs In the same rat Ppids, bizarre
nuclear fcrms are seen.

nuclei that are underpoing mitosis has been used in our laboratcry fd quzte m

years. We have been using this lateling technique to atterpt to ice ify the cset
of neoplasms as small aggresations of cells in irradiated rat thwvioi Thds 13
based on the assumption that any cluster of cells destined to be a n¢eplasa will

display a different rate of incorporaticn of tritiated thymidire in
will cells of the surrourding tissue.
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A small trace dose of 1311 in addition to the tritiated thymidine pas been
given to thes animals [our hours before sacrifice. Autoradiogpaphs pronptly
prepared frem microscopic sections after the o -oval of the thyroid serpe to
identify any local arcas in the glard where 1317 utlllzatlon is differdht fram
the rest of the gland. Because the half life of 1311 is much shorter than the

I in tritiated th,nmme, the 131 dicappears from the micrescopic sedkions
more rapidly and is gone atter two or three imonths. lHew cutcradiographs then
in.ae.rad from other microsccopic sections, adjacent to thoze used to denpnsirate

211 show only the location of the 31!-t1.y.n1d ine. Subsequent comparisonk of the
two autoradiographs from microscopic sections, which are almost identichl,
reveal two types of information about the same cluster of cells which afpear in
both preparations.

Vie have several J.arve grours of rats whose thyroids have been i
with various doses cf 1317 which cause relatively little or no obvicus Bestruction
of thyro:.d tissue, these doses ranging from 0 to 40 microcuries of 231 i
varying degrees of uptake deperding on the experimental design. Each
mdw:.dual’y identified and its uptake determined for future refererce. iorne
these anirals were given an antithyroid drug chronically following the 311 to
produce hyperplasia. Others are stimulated acutely only for a few days] before
sacrifice to see how much mitotic activity could be produced. Still ot
remainad unstitulated, except for the intrinsic stirulus which the
received as a result of diminution in hormone output by its own radiat
The rats of this strein (Charles River strain, since 1947) very rarely
spontanecusly. These animals have been observed up to two years.

Although most ani:rals in the current series have been sacrificer

be dascrlb..d L‘Jen thou&‘u neopla::ms are mduced by goitrczens alone,
produced socner and mcre readily if relatively small amounts of 1311
given.

It has been susnec*ed that the age of the animal at the time 13]-I given J'.s

experu:en;s with juvem.le rats approacl'u.ng sexual x:zattmatlon, the
necplaszs following 1311 treatment and chronic administration of anti
substances was fair‘?y infrequent. In fa.ct, the yield of rats with necp

were g:.ven ’ienu.ngtcr- diet to enhance the uptake and make ‘rjperplas.lc
these animals, the uptake of the dose was 25 to 40%.

We are now well aleng in still another series in which very ycung
used by acoJ‘rmg .,mg:unt females and injecting the l:.tte.rs with 1311

i:\.vivo counting), days, -.-reeks and ronths up to almost two years. The
several hundred an.:rals in these scries ranged from 500 rads to 40, 000

level at which r‘eop-‘.s::s wore nost readily produced. Obvicusly doses caused
too much destructicn left cells incapable of replacing themselves. S other
lighter doses were oo sinall to cause any discernible untoward effects.| In thse

experiments the higher doses of about 20,000 rads ar more have produced considerable




damage, inhibiting the hypertrophy that results from thiouracil and leavipg cells

which survive but are incapable of replication. It now appears that for fyperslastic
glands with doses of 2.5 to 5 uc per animal (yielding tissue doses of 10,FC0 to
20,000 rads) and for normal glands with doses of 10 to 20 uc (yielding thf same
amount of radiation) result in the greatest probability of necplasm formafion. This

radiation causes little change in thyroid weight for the first six to twejve morths

provided no rapid gmwtn of a neoplasm cccurs,
expected increase in thyroid weaight, when an antithyroid drug is

given,
produced as in the non-radiated controls.

C

Following a tissue dose of about 3000 rads animals whese thyroids ar
chronically stimulated display thyroid weights which are slightly below 1
non-radiated controls. Furtharmore, their response to an antithyroid dru
. 1s greatly reduced. A full response is usually not displayed where dos
rads has been delivered.

conclusions and may be modified when additional material now in preparati
and further analysis is made.

However, after about fivemonths the
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It should be emphasized that these are very prjhminary

bn 1s available

By sacrificing animals and testing the mitotic activity that is occyring under

chronic stimulation or that may be precduced by acute five day stimulation
antithyroid drugs, it has been possible to judge the temporary inhibition
resulting from the initial radiation insult. Depending on the dose therg
with the passage of time. The initial temporary reduction in mitotic red
be significant, but brief for doses as lcw as 2000 rads. After a short i
period and after al113l1 is gone, there may be only partial recovery of d
mitotic activity at somewhat higher doses.
with antithyroid drugs seem to

Eroduce appreciable degreses of hypertr-ph
After long pericds follow:mg

I, some degree of mitotic activity may bsg

by acute administration of the d.r'ug, but in many cases the gland cannot I

increase in weight.

The technique for acutely challenging a crippled thyrbid by giving
drug is a unique and roughly quantitative means of testing capa01ty for
activity.

i
As time passes following the dose of 1317, some recovery inability d
to undergo mitotic activity occurs. After 12 to 15 months, such thyroidj

with

to mitosis
is recovery
ponse =ay
boovery
tpacity for

At the same time, chronic st;'lmlaﬁ 3cn

of the gland.
induced
made to

antithyroid
itotic

f the cells
show scme

areas of variability with respect to follicle size and cell size. When -

with the antithyroid drug, the labelling of nuclei is not uniformly displayed.

n challenged
Althcgh

there may be no discretely encapsulated groups of cells which are clearly a necplasm,

the tendency for cell division seems more prevalent in some areas than i

others. The

non-uniform distribution of labelling with tritiated thymidine presumably relates to

the nodularity that evolves when these glands are stimulated to hypertxro

hy. Ultimately

if such glands are chronically challenged in most cases they are found t¢ contain

lesions whose histologic appearance, degree of encapsulation and discret
tendency for mitotic activity are quite evident.

A variety of thyroid neoplasms have ncw been observed in these anim
- of the lesions are papillary in pattern. Many show single layers of epi]

s~

ly different

1s. Mcost
helium in

very simple configurations. Others show papillary structure with active
activity that trends into solid cellular patterns composed of plecmorphi
Some thyroid lobes are campletely replaced by what appears to be a beni

proliferative
forms.
lesicn.

Other. lesions which appear malignant are found invading the thyroid caps§le and the

fat nearby.
within the trachea as well as musculature of the neck. Autoradiographs

when satisfactory, have so far shown less 311 in such neoplasms than in
+hermvmt A T ocmie e nAarnae at+ ald Thara anrware +a he nn gionit Ficant di £fef

In some cases, the trachea has been invaded and malignant c 1ls i:g% seen

ith I,
the normal

ence in




histological patterns of those neoplasms produced by goitrogens along,
aglone, or by a combination of the two. L;.Dalllr\g of ruclei with SH-th
usually more abundant in neoplasms than in the extrancdular tissue. I
frequency of labelling is more often seen in areas whare normal follic
given way to minute microfollicles or solid cellular arzas between fo
preliminary impression is gained that these areas reprecent the origin
or actual necplasms.

As part of a background study of this investigation, it has seeme
to obtain information on the capacity of normal thyroids at different
respond with mitotic activity when challenged with the acute administr
antithyroid drug. It is also important to determine the frequency of
normal animals on a standard iodine intake. Although the data are not
complete or ready for presentation, it is now clear from preliminary re
autcradiographs that in the very young growing rat, labelling of nuclei
and that, as the age of the animal progresses, fewer and fewer cells
spcntanecus mitosis. In very old animals it is rare to find even an oc
labelled nucleus indicating mitosis. In a similar way, the ability of
respond to the acute challenge of antithyroid drug is very vigorous in
animal. In the animals later in the life span, the response in the for
nuclei is still clearly evident, but far less vigcrous. This informati
assemrbled from control animals in these studies.
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Efforts have been made to acquire information on time required for
take place in the normal thyroid and the degree *to which the steps of
be affected by radiation. Data which we have previously published unde
contract show that following radiation, DNA builds up in nuclei in pres
division, but that actual division of the cell may be thwarted. The re
very large nucleus which contains double or several times the amount of
customarily found in the normal nucleus, as if the cell had attempted t
mitosis several times. In pilot_experiments with autoradiographs, it a
following a single injection of 3+ thymidine all labelling of ruclei wa
by four }‘ours. Subsequent work of others has suggested that labellirg
in one hour. In recent prellmmary experiments, we have injected a lar
identical young rats with H-thymldlne and sacrificed them at 15 minute
an effort to demonstrate when the rising incidence of labelled nuclei
plateau. The plateau should indicate that no more labelled cells are sj
A plateau of labelling of nuclei was found, but it occurred later than
on paired nuclei was difficult to interpret.
preparing for division take up 3H-thymidine and the autoradiographs are

Although only those nucle}

mitosis to
tosis may
this

DNA

go through
peared that
comple‘*‘ed
complete

e group of
intervals in
ches a

1111 dividing.
xpected. Data
which are
beautifully

imprinted from the isotope localized in individual nuclei, the geometry
the beta ray in this preparation poses problems in quantitation. This
to be repeated soon with simultaneous observations on the 3H—thy'm.dme

and range of
xperiment is
the bicced,

its disappearance from the blood and the appearance of its metabolic degradaticn

products. Information gained may be useful in determining the effect o
on the duration of the process of mitosis in radiated thyroids.

OBSERVATIONS ON THE DEVELOPMENT OF THYROID NODULES IN POPULATIONS Ej
RADIOIODINE FALLOUT AS THEY RELATE TO STUDIES UMDER THIS CONTRACI'
(MARSHALLESE ) — (UTAH-NEVADA)

The Marshallese Study

In February and March of 1969, the responsible investigator spent

radiation

[POSED

Jive weeks

in the Marshall Islands participating in the annual review of thyroids Tf the




thyroids was first obhserved nine years after exposure awong these people
1967 fourtesn of sixty-eight of the most heavily exposed had develczed n

dules winich

were of sufficient concern to require explorztion. OCne carcincma had bedn found.
As a result of the survey early in 1969, five mere individuals in this pqpulaticn
were found to have developad thyroid masses vhich we felt should be epldred., TFoeor
were from the more heavily exposed group on Fengelap atell, i.e. several fhundred T7

fourteen hundred rads eziimated doce to the thyrold; and onz on Utirik a4
probably received 30 rads. These were brought back to the U.S. for speck
at Brookhaven Hational Laboratory. Because of owr interest in and labor
of radiated thyroids, the patients were brougnt to our institution in Se
for surgical exploration. Three of the five proved to have lesions of t
which were malignant (two Rengelap; one Utirik). Cne of these had 2xtendiv
metastases. A fourth patient possessed several nodules, one of which wa

and has prcmpted serious consideraticn that this might also be malignant. Autor‘a::;oé- Eak
were immediately prepared in addition to a variety of observations commorfly made <&
tissues from our animals (not 3H-thymidine). Several of these thyroids Hhd many minuts
sclid cellular hyperplastic lesions, none of wnich took up significant ampunts cf
radioicdine. Many of the lesions were papillary in structure and suggesipd papilizxvy

lesions of multicentric origin. All of these thyroids (except the wcman
shoved the large bizarre nuclear forms repeatedly observed under this co
animals and humans that had received I.

the Marshalizz:
zarre nucliesT
e. This

Mention was made in the past annual report cf a preliminary review
thyroid tissues for evidence of radiaticn effect based primarily on the
forms and other subtle changes as observed in rats and human thyroid tis
study has just been completed in a formal manner.

To test the validity of these criteria as evidence of radiation eff:
Robert Conard of Brookhaven HNational laboratory assembled multiple slides
thyroid of the Marshallese, of some thyroids of Japanese atomic bomb ca
thyroids of the Utah-Nevada children who may have been exposed (menticne
in this report - from Dr. HMarvin Rallison) and of miscellaneous unexposed
thyroids collected from elsevhere in Utah. More than 100 individual slid
disguised as tc identity, were submitted to this writer for review and ap
evidence of radiation eifect in them. All slides were graded as to posi
evidence of radiation effect, and where positive, the eviderce was furthe
basis cf +, t+, or +++; + being the slightest evidence and +++ being precn
After J.ndlvn.dual le.des were graded and reported to Dr. Conard, multiple
had come from the same thyroid were grouped together (still as unkncwns)
reappraised.. Although in most cases the ratings on several slides frcm
individual were similar, it was aopropriate to affix a single rating to e
In no case vas the rating changed more than one degree to arrive at a ccx
for a given thyroid. Tha results shcw that all of the Marshallese excipt
identified as having received radiation exposure. Among these was a Mars
who had Leen exposed and several years later had died of other causes ¢n
where a post mortem provided the tissue which was fres of gross nodularity.
of the unexpcsed thyroids and a few of the Utah-llevada group were graded
or +. Because of the correlation of the observaticns, Dr. Conard subsegu
the individual theoretical records of rad dose delivered to the ths erld (
burden cetermined scme days after the removal of the arshallese pecple T
The degree cf change attributed to radiation effect in thz thyroids preveg to cormelats
in surprisinzly precise fashion with the degree of exposure previously cajculated. MosT
of the Japarese tissues were graded only + or U. Vhere as scwe observersfhave pleced
consideral'le weight of evidence for radiation effect upon the presence of jlymphocytes,
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thyroids was first observed nine years after exposure zmong these peod
1967 fourteen of sixty-eight of the most heavilv ewpcszd had develcped
were of sufficient concern to require exploretion. Cne carcincma had
As a result of the survey early in 1969, five more individuals in this
were found to have developed thyroid masses vhich we felt should be ax
were from the more heavily exposed group on Rongelap atell, i.e. sever
fourteen hundred rads eztimated dose to the thyroid; and ons on Utirik
probably received 30 rads. These were brought back to the U.S. for sp
at Brookhaven national Laboratory. Because of our interest in and 1ab
of radiated thyroids, the patients were brought to ouwr institution in
for surgical exploration. Three of the five proved to have lesions of
which were malignant (two Rongelap; one Utirik). One of these had ext
metastases. A fourth patient possessed several noduleg, one of which
and has prempted sericus consideration that this might also be malign
were immediately prepared in additicn to a variety of cbservations con
tissues from our animals (not 3H-thymidine). Several of these thyroid
sclid cellular hyperplastic lesions, none of which tock up significant
radioiodine. Many of the lesions were papillary in structure and sugg
lesions of multicentric origin. All of these thyroids (except the wonj
showed the large bizarre nuclear forms repsatedly observed under this
animals and humans that had received I.

"

3

Mention was made in the past annual report cf a preliminary reviey
thyroid tissues for evidence of rediaticn effect based primarily on thg
forms and other subtle changes as observed in rats and human thyroid tj
study has just been completed in a formal manner.
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To test the validity of these criteria as evidence of radiation e
Robert Conard of Brookhaven National Laboratory assembled multiple sli
thyroid of the Marshallese, of some thyrolds of Japanese atomic bomb
thyroids of the Utah-Nevada children who may have been exposed (menticr
in this report - from Dr. Marvin Rallison) and of miscellaneous unexto
thyroids collected from elsewhere in Utah. More than 100 individual s
disguised as to identity, were submitted to this writer for review and
evidence of radiation effect in them. All slides were graded as to po
evidence of radiation effect, and where positive, the evidence was fur
basis cf +, t++, or +++; + being the slightest evidence and +++ being p
After individual slides were graded and reported to Dr. Conard, multip
had come from the same thyroid were grouped together (still as unkncwn
reappraised. Although in most cases the ratings on several slides fro
individual were similar, it was appropriate to affix a single rating t
In no case was the rating changed more than one degree *to arrive at a g
for a given thyroid. The results show that all of the Marshallese excg
identified as having received radiation exposure. Among these was a !
who had been exposed and several years later had died of other causes
where a post mortem provided the tissue which was free of gross nodul
of the unexpcsed thyroids and a few of the Utah-lievada gioup were gradg
or +. Because of the correlation of the observaticns, Ir. Conard subs
the individual thecretical records of rad dose delivered to the thyroi
burden determined scme days after the removal of the Marshallese pecpl
The degree of change attributed to radiation effect in +ha thyroids
in surprisingly precise fashion with the degree cf exposure previously
of the Japanese tissues were graded only + or 0. Vhere as some observe
consideralle weight of evidence for radiation effect upcn the presence
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1s first obs=rved nine years after exposure zmwong these pecple. By :i
2en of sixty—eignt of the most heavily expczad had develcpad nodules which
fficient concern to requlm cxplord icn. OCne carcincma had been found.
t of the survey early in 1369 r1ve more individuals in this populaticon
to have developsad thyrcid rra vhich we felt should be aiplcred. Fo:#»:
the mcre heavily expcsed gro&p on ?cngelap atcll, 1.e. ceveral hundred Po
mared rads estimated dose to the thyroild; and one on Utirik atoil whe led
:ceived 30 rads. These were brought back to the U.S. for special study
/en ational Laboratory. Because of cur interest in and laboratory studh
3 thyroids, the patients were brought to our institution in September, X9
11 exploration. Three of the five proved to have lesions of the thyroil
malignant (two Rongelap; one Utirik). Ore of thes2 had extensive regidnal

A fourth patient possessed several ncdules, one of which was very sm
smpted sericus consideration that this might also be malignant. Autcrad
tately prepared in additicn to a variety of observations commenly made
om our animals (not 3H-thymidine). Several of these thyroids had many fi
1lar hyperplastic lesicns, none of which tock up cignificant arounts cf
2. Many of the lesions were papillary in structure and suggested papil
miticentric origin. All of these thyroids (except the weman from Utifik)
large bizarre nuclear forms repeatedly observed under this contract in
1 humans that had received 1 1.

n was made in the past annual report of a preliminary review of the Magshallese
ssues for evidence of radiaticn effect based primarily on the bizarre mjclear
>ther subtle changes as observed in rats and human thyroid tissue. Thi

just been completed in a formal manner. .

5t the validity of these criteria as evidence of radiation effect, Dr.

ird of Brockhaven National Laboratory assembled multiple sliles of each
the Marshallese, of some thyroids of Japanese atomic bomb casualties, ¢f
* the Utah-Nevada children who may have been exposed (menticned elsewhe
xort ~ from Dr. Marvin Rallison) and of miscellaneous unexposed nodular
bllected from elsewhere in Utah. More than 100 individual slides, compl
15 to identity, were submitted to this writer for review and appraisal
7 radiation effect in them. All slides were graded as to positive or ndeative

, ++, or +++; + being the slightest evidence and +++ being pronounced eyi

~om the same thyroid were grouped together (still as unknowns) and

i. Although in most cases the ratings on several slides from the same
vwere similar, it was appropriate to affix a single rating to each th
was the rating changed more than one degree to arrive at a common rati
1 thyroid. The results show that all of the Marshallese excapt one we
as having received radiation exposure. Among these was a .1arohallese Omari

>t mortem prov1ded the tissue which was free of gross noddlarlty. Sevepgal

xrmined scme days after the removal of the Marshallese people from Rongdlap).
cf change attributed to radiation effect in the thyroids proved to corgelate
ingly precise fashion with the degree of exposure previously calculated
inese tissues were graded only + or 0. Vhere as some cbservers have p
le weight of evidence for radiation effect upon the presence of lymphocytes,




eam. Thyrcid abnormalities which prompted concern were referred.to a

‘his has not been considered an irmportant criteria her: unless the radigtion was
rexy recent. The bizarre nuclear forms, however, are most important. Fhey probably
nly became very evident when the thyroid horncne production i1s somewhaf reduced
 antithyroid drugs ¢iven, inticducing an intrinsic stinulus to cellulgr
woliferation. In ths case of the Marshallese, some individuals have s§stained encuzh
i2creace in furciicon (horrrone preduction) to revesl soms laberatory evi}enoe of
ypothyroidism. Thase studies of attempting o appraise radiation effegts in the
arshallese and others have bzen very valuablas experiences and judgment$ have proved
0 De surprisirgly reliable.

S—

The writer returped to the Marshall Tslands with the survey *team again in March,
370. At least wio moce palpable suspicious nodules were found, one inja previously
xplored individual who ncw has a 4 om firm mass which is probably not %ompensator'y
ypertrophy. Plans for these two people have nct yet beccme firm at this time.

he Utah-Nevada Study

The principal investigator has also participated in the annual e .
he children in the Utanh-Nevada fallout area (exposed in 1954) wnere soffe endemic
oiter is present. A week has been spent in this arca each of the past]five years in

f which the writer has been cne. Those patients with thyroids judged fo contain
iscrete masses have been sent to the University of Utah Medical Centerfin Salt Lake
ity for study. In sume instances, the masses have been removed. The ¢dpplication of
he same criteria of judgment of radiation effect in thyrcids excised fgom this
opulation has revealed only an occasional thyroid tissue which showed Ents of a
adiation effect. Repcrts are in preparacion by Dr. Marvin Rallison.

other
anuscript is ready ior publication by Dr. Edward Weiss and others.

THE POSSIBILITY OF SPONTANEOUS GOITER ARISING IN THE OFFSPRING
OF A PREVIOUSLY RADIATED +31T MOTHER

During the survey of the Marshallese pecple on Rongelap eariy in 1
ne exposed and unexposed population were subjected to complete examinafi
ncluded children born after exposure to the fallout. The occurrence o
f some rather significantly enlarged thyroids in some of the adolescen
Jolescent ages was most interestirg. Some of these individuals were
10 had been exposed, but these children had been conceived some years
posure. It was surprising to see these adolescent goiters on Rongela
f people who have be=n regarded as free of goiter in this iodine abund
1e significance of these giiters was difficult to evaluate because ade
1e occurrence of adolescent enlargement in the unexposed Marshall Is
1S not available. It was suspected that some of these adolescents, al
¢posed themselves, but born of previocusly exposed mothers, might have
1 utero by subtle thyroid deficiencies which were lingering in the mot
idioiodine from the fallout was gone. Under such an influence, the th
fspring might have been affected in its early develcpment. A subsequ

1e records of maternity of these children showed that not all had been
¢posed mothers.

ate data on
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With those ureertain choorvations Wnoadnd, a labotatermy ospavd

Wwags designad tT lost the aicve hypothesis. A proun of 16 youns lothile mats tas Jic

1o thonn used in cther radiaticn exparim:nts wora sloen anan of four] dnse Liveis UL
1317 wnizh were rasem toocoune relativoly mild Zeyroen 68 thyruild i EECL IO S
were Leed to rormal males atter @11 1310 had dizappeared toom th fard, it
wvere identificed with milorg axl lxdy weishts of Litter smates menrflaom. Ty e
weancd whan appresinately 19 prs, fod A diat with adequile et aot feztoos Taddne o
sacrificed at alevat 256 7o of lrky wel~ht, Tha thyreids s —ilaians cdisa - o0
Out mxd amished,  hoage wera corarwied WU tals rea 1liters s o mamer Llatt o
fomale emntels,  Gopeaterd Tittora (Lon G wores ol adoed sreen e Bomes 1o Cales o
A peric! of i oyt e own sl e ir cvprsaantive o w2t v T e Ll
thiat LiLapring iwn the fanrles of the Cleat theee oo liatian dese Jpeslo copie
tnereacing Uvmeid weizhsn Lt the arfreineg Ve ree Dot and ot oavily Uil
fomiles had thyrsii weizht wWhiden ooy nearly recorbled nermal contrpis that the ole
UniGitunataely, s nwder of animaly used in Geesa coperisent win frmalil od the
beavily saziatos cothort wome rnt mead{lye dmpeersi oy et n e G DT s L L

of thu fmavient acue of rauviation, thece (o

repoated,

Tha questicn of the adolasonnt goiters in children of exposed

: M ten
; 4 clifspring did not [1U fhe patt
sacninely establicned Yy the lower lavels of Uwe series.  Those expprizuenis are owin

Harchallcza on icnselap »as rr-axplered rore treroushly in the mostlracent surver -
With tha previous incerplaete clservations in mised, vhe presance of foiter in
adolescents omm alter whe fallout expozura was revicexd:  in childien of eqocos

and wnexpoced populaticn of Pengelap, in a street survey of all pechle en Utirix  uhi

had rvceived very low level «xposure) and on « pefuiation of alicut
there vas no fallout. Thnae cata cn the presence of diffuse thyroi
and history of asrents' exposure are now beins;, analvead. Tt is cle
very wuarnon aorns the darshallese and that whan {ound. such as on
often in individuals wigse crigin Was half German or Portusuese.

THE STUD? OF MORFHOLOGIC CHANSTS T r:*fm TIYROIDS
PRIVIOUSLY TREATDD WITH 131f

Unforturately for cir work, in the past year no patients who
been treated with 131] fon nyperthymoidicoa and smxiied extensively

~
-

W0 o Likiem wh.

erlasement arn.

rothat oitem is

.. s

Jeiep, it =

series have iad clinical r2csen for thyrcid surpery, which would peogmis sthudy ef =he

thyroid tissue. Oppertunitics to cbtain such tissues for study occ
fashicn and only witen a mass develcts which causes corncorm.  There o

THE RETATICHSHIP CF BIZWRE NCCLIAR FORMS T2 THE PLRSISTZKL C

e
PATIIDTS TUEATID (TR GRAYES' DISEASE AID FREVICUSLY SIUD

Althoush we partially nemeve or partially destroy the excessiv
thyroid in Sraves' diczease (o correct hyperthyrcidisn, the wimown
makes the thyroid cveractiive wolahly continues fer a time. The re
driving force muy b2 corparaepblce in same respects to the stimelus wi
by giving antitnrolid dmgs to nermal rats. We xnew that antitlyro
to rats previcusly wreatad with 1317 pakes the Sizarme nuclear f
evident. The rrecence of Sizarre muclear ferms in sore 317 treat
and not in others might b2 attributable to the contirued stinulus ©

r
i




to proécce ayperplitia in sone natients. /2 lthourh we rmast adnit we arp swt cawirz—e=d
thal Lt lerg dactine wroid stiualator (l}x...a) i3 thn mechaniun which rZves e
thyreld Ia Sraves' <duoase, it L damenstmable in at least half of thefe PUtLents
ofor: teatent. Ve lave the 1AID agsay wethed firmly ostablisha? infcaer lanzat—
Althourh, s stated above, we had no opportuaity to obtam rediatud hubas theveid
tis;:'.;: u: Teaves' diccasa during the past yoar and to camry out our usfal stucies =

thyrsid tinsue with spmial attenticn to the occurreice of bizarre forgs in
p.n.r. xt... whtn the wooertwnisy <o arize v are preparsvd Lo sae uhethpr tha rreserz—e
of LTS b the aotin tag any orlatisnchip o the Licoeme nuclear foras]fzund in se=
r‘.u.... RS 32‘,’-"~‘l‘: S
AICANLILT OF 2 0sLs T CICULATTIG LINOC: TS
WA TOLILWHIG THIRANITIC DOIEs o L8l

Toe Tl egnldToe sheenee p Gong T miis Somtry e clrencical ofozallios
clraulatiig ,kcuco'*-r'm; Acllcwm larye deses of “ I for carcinoma of fre thyeid
werse .«:r.' utider L‘u... centrace. m"*e obzervations were mide cl‘c'-un., a very ...r;;-e.

done of -9ij, *bt cmlv was there an acute and markerd rise in the incid

ancraliszs in chrene s of thz circulating leukeeytes, but residual effacts In the
form of .::c::alm.s .mn previcus maseive doses of 4 I7 nad persz_.teu sif ears.

Since ¢ .J.m:, e havu atterpted o detect chromosonal anonalies

treatad with the usual theraserstic doses (Five to fifteen mlhrures)
for Sraveg! disease.  Some perlicaticns nave appeared describing changgs causad by
doses of L3171 of this r_n'*e, bat {rom our gradually accurulated experi
has bean sore queﬂ-c'n of the ':aJ.zd:.ty of cenelusions kbased on cimple
cboervaticna. /.c save falt that it was necessary to rake cbservaticnsfer a loge
serics of Lload sanples, with multiple cultures from each, axd a laryemzber 22

reparsticns from o‘."‘x culturz, aleng with extensive pretreatoent con obszRtIi—ns
to meke sucn ebservaticns valid. David Satcher, an 4.D., Ph. D. candi womiang

under Or. leil Macintyre (with whem we publ."xcd the firgt werk), has Beom studving
this sroblem of c}.rc‘csorrdl aberrations in scme of the 1311 ueatcd o
were studying in detail. Althcough he has studied relatively few cases

them in ;ree.* detail as implied above. His thesis entitled, "The Effe
X-raciaticn on the Chrurosomes of Peripheral Blocd Leukocytes™, has j

and his degrees are being awerded. He has studied the effects of dose
from 6 t© 19.7 me. An increase in the frequercy of chromoscmal aberra
which reached a p=aX at 24 hcurs and fell to almost control levels oy,
treatzznt. Ne has not found a relationship tetween the dose of 13173
increase in frequency of chromcsome aberraticns in time. Some patient
greater rospense than others without a readily available explanaticn.
frem the dose-respense_Surves for aterraticns that only leukecytes 2l
strean at the time of 1331 trerapy were involved and that precursor ce
s‘gru.f icantly damaged. He has very carefully analyzed a suspected ce of eTor =hat
zay have "c'xtrlmted to m.,m..:rpmta.tlons o data produced by scme otfjers. Te
qt.e"‘“ i3 lcgically raised whather the i3l circulating in the blood
sample is "‘-ken and ransferred to the culture ccr.tributes to the cx =mal Derre—sic
while thuse cells are in cultiwe. To test_this questicn, a goodly &
was cbtained from the patient tefore the 1311 was administered. This
serum was than substrituted for the patient s radicactive serum when
oreparad subsequent to giving the patient 1311, Conversely tl'e "hot
to pretreatent control cultures. It was shown that residual 1311
culture continued to damage chromosanes while the culture was in p

i inte the
Sss. Bere xcssr
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of these studies wre made uzing pretreath:nt serun i

cells that had hecn collected at varicus intorvals af

It can Le concluded that the doge of 131g commonly usn
does cause chremoscnal abeorration: such .z dicentei--
result of the radicticn and not attritutatic artifact
this work will be published.
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