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long term series of studiss on the morphological and physiclogical effects

of 1 I on tha thyroid have continued along several lines of investigation as de--
in the more ss reports. The obsarvations continus on both
s have provided detailed descriptions of the wark.
we continue to assemble data as the opportunitiss and time

ide. The clinical data include studies on ths Marshilless whose primary effects

ware caused by redicicdines fram the thermonuclear bomb fallout.

which we have discussed in considerable detail in previous
mmmwb‘mmudmufonm

Variations in clinical responsivensss to 13 therapy for Graves' diseasas.
The detailed collection of rediition effects continus on )ugh.y selacted co-
cpaative patients.

D-de@umtmtsofm(ﬂl)mdduodotymt (Dz)mdl
rise in jodide in the circulation following therapsutic dosss of ﬁ.

WdﬁlmbzufdlandbytmmfdJmmm;mfu
mnths.

faum‘oflightlyradut-dthymmc-ustom«mphymnmmudby
;ivmpzmsubctm
In animals increase in celi haight may occ = threugh the action of TH re-
lease but the gland does not increase in siza (weight) becauss tha capacity
for cell multiplication is inhibited. The quastion is whather thrss calls
that can and do multiply are ths source of neoplasms and whather reduction
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in the capacity for replication of normal cells reduces the chance of necplames.
The actual builduw in the amount of INA in the nucleus of radisted thyroid cells
during mtgrpmubutﬂnfulmofe-lhtodxv:.do.

the
The buildup we have shown may exceed two times the diplaid valus. The result
hbimnmlarfomsminmyudhtodmyrominhmhuunlm-m

Hnbwhuwwianmmlmmuﬁmpoctfmmrmmm
mbj-ct:thststawfmhwmdfmdamhtiv‘lym.dnuo!
137 which causes both impairment to the synthesis of thyroxine and intrinsic nuclear
w(m:m-mqm:auuvum)mmmnmmmum
ucleus tut does not seriocusly impair production.

The problem is deturmine these respective doses.

a

-«

in man that results in a latent failure of the thyraid
all of the {sctope is gone (years).

tc be attributable %o intrinsic nuclear damage which doss not de~
cell nor {ts hormone production but does result in the intrinsic
damage which is ultimstely lethal when mitosis is attespted.

oflnItomauﬂauthcioddmmichmcdhem
mmmmmw.amdmmmm
Since the relative mumber of cells incorporeting thymidine eceeds the controls,
srge of attempted prolifeative activity may have a special msaning. The question
hmam‘tiwwmwmldlmdtmimmrmmm‘m
mchanism is responsible for such a suags.
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In o laboretory \a have a unique balance of detailed stuldies on clinical
gubjocu treated with 2341 and simultanecus stulies on the long term effects of
317 on thyroids of rets, particularly the foarmation of neoplasms. In addition to
the work on rediation effect carrisd out underr this contract, the principal investi-
gatcr: has been an active pu'ticipmtlﬁ the Cooperative Thyrotoxicosis Follow-up
Study of 18,000 patiants treated with I in 26 centurs. The project was prumaturely
tarminatad but it is now known that the interval for the developmant of neoplasms is
mch longer than was [rovided for. The recpening ot the Study is urgently needed,
The principal investigator has been & participant in the studies of the Marshallese
bomb casualties (whose primary insult was from redicicdines). He has been the survecn
ing the indivicduals and carrying out the laboratory studiss of the tissue re-
has been ans of the consultants screerung the southern Utah and llevada E:
in the fallout area, a study concluded without positive findings %
pertdining to radiation, but yielding other scientific data on thyroid diseass (thm 4
last manuscript has just been sutmitted‘for publication). These collateral studies
have contributed greatly to the egerizental cbjectives and designs for work cwried
ozunder this contrect.

The laboratory and persannel that are supported mainly under this ERDA contruct
are a part of Cleveland Metropolitan General Hospital and Cave Westsrn Reserve Uni-
m:ity. This laboratory is responsible for all diagnostic and therapesutic use of

I in tyrold disease at Cleveland Metropolitan Genural Hospital. All costs for
the routine work and many of the special radicicdine studies are carried by the hospital.
The principal investigator is a su-geon and because of ressarch intarests, consults on
all aadical or surgical thyroid problems in this hospital. This provides a unique opp -
mwwmmalﬂowmmxﬁtmmyp‘thmfor‘spochlstuﬂyinwm

i i produced with 1431, whan an operation on the thyroid is

th precise preparetion so that ths most pertinent information conostmne-
ing rediation effect can be obtained from the tissus resoved.

i
]
:

wall as the loes of the isotope in the wine for 3 days are followed after the t-

ment doss is given to get a bettar idea of the kinetics of the treatmsnt doss of 131,
This i{s ultisstely related to the that take place in the clinicel picture and
tha dagres of recovery from These cbservations are providing better

m—mmmmmmmmiw to the thyroid can bs calculated.
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o ralioiodine therupy is to kwa precisely uUw fas Ju>e that was recsived Yﬁua
gland. The important questiun is whether thare is 4 just alequate Jose of
shich will being e hyperthyroid petient tc e .utnyma.l itate without ul:untul/
Gﬁnlup.r‘ hypothyrcidism., The other qusstion is watisr an insiejuate doen !

I is more inclinms to lesd t0 rmoplass fortaticdn.

In a tew cases, hutuh.azc >azples Cf tte Jlaud luve lecome availedle iecause
swgery was indicated awing to the appsarance of a mess o jersistence of ljjerthy-
roidiss that required treatant. The t ot tiasue is providing an Lpjp -
tunity to study the effects of tle radiatian in various atwes of the gland Ly euto-
radiography. :

Thus, we ccntinue to tolluw o redioiciim tim apy -daws diligently witi re=
pouted omindtions to lock fur Uw dtvolop-m Q! masses axd to resppreise thaoid
tmlmn

The Hrobles of ‘electd tha kighit se ! d:ly 1ol the

ireatownt aves’ Disease
An t varialle i trying to antici 4te & estimete tre el fwtliveness !

4 duse of I is the structurel character of! the particuwial glenn! that is to le ir-
rediated. This is probatly as importent as tha weight @ size of the gland Leceuse
all of the volums Day not be attritutalle to tiToid cells = histolegically the thy-
rciis of Graves' disesse twy Lo Quite variatle. Tre glornd may le extensively intile

trated with lymphocytes, in which case, it will te very tire and ruldery o examinatiu.

A consliderable part of its volume say be Dlood and asi & resalt it will be very soft,
compressible and have ¢ bruit. TTe gland may e invcluted with & lergs pat of its
voluss ocoupied by calloid. Such o gland {s rather tirm, Lut rct as {irm 4 when ex-
tensively {nfiltreted with lympec,teas. This jland citen !wels retier pedlly. Thu

very hypsrplastic gland with tew lymphocy/tes or @olloid is cumposed of relatively sore
oslls. Ma;hnd is quite vascular. The history .8 of short Juretian. This type
usually occurs in younger individuals. Wws believe these l.trinsic charecter-

Lst?u of the glend of Graves' disease play & major part in the eifectivensss of the
rediation. Tha greater the specs occupied by lymphocytes, wllold, or connective
tissue the more icmization is spent in these structures retimr than in the cells that
produce hormone. Such charecteristics can anly be inferred irua & Inowledge of the

pathology as it relates to the {eatures of thlphysiul exanination. Unfortunatsly a.

1 therapy is given is not justifiable.
Mo davotas 4 great desl of his time to

any phweician or exanining
MAjmmmmumcamwa:mawmmm:m.
y teviews the histology ch each glang that is cpereted should b edls to cor~
findings wvith reasonable acourecy. Informsation on :hnmxhim‘ charece

2%
¥

gland, along with kiretic data on the behavior of ths Joes of
‘imMﬂMMNlpurwuth-wmtimatowmmd 311 pro-
duoes prampt Mypothyroidisa in some patients end is relatively lnetfective Lnoth-s.
In a similer menner the surgson who records lus estimats of th-uuhtaf thwrold in
Greves' disesss fram his precperative plysical examination and then sees and wn
:ntdtiu-hmmtrrbm:mLHusthmtwgftwm

performed a unique control on precperative estizste. th experience, he can
refine his judgesent of thyroid wights far those to be treated wi- --lI,

Corte s Buee -
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Our data collected on these leatures of all petients tiwatsd with 1331 we lebig
assemti lad M index cards 30 that ouny of these onuidwalicns can e wplutwd in the -
light °’1§‘ thoroughly studied clinical result, 1! a4 zorv previse watizete o! the

b¢

Joes of needed can be achieved {n each patient, tlan perheps tiwfw Caii e Ralv
oaTect doses given, fewer early developmants of hyputnroidium v JTing ol fewr
instances of repeated treatmants lmirg required.

Ihe Developmant of Neoplasms of tha :liaid in Animels, ahd Man

At least wo circumstances tay have an important lted: ing on tle Jevele mat ot
necplasms following 1311, One concarns the dasags to thw cell which results i ias
pairment to the manufecture and output of thyroid hoimuw, resulting in & e dary
stimuus to the gland. The other concerns the intrinuic nuclear Jamags tlat result.
in ispairment, abrnormality, or evan failure of cell diviiion. In refaTing hure to
damags to the mcleus it {3 important to kmep in Aind trat the eflects often producwd
are not repidly lsthal to the cells; rather the cslls iuvive tor lung periods with
anly adld {spairment of function. If the dewl.pmant o: lenign o mallgnant newplest.
is dependent on clwonic TSH stimulation then prolinged =ild hypothyroidise Jsnould ta
an isportant promoting tector. On the othar hand, i! tla celiular Jamage is a0 Je-
vastating as %o cause severe hypothyToidism then that .«fw Jacage Wuld bv 3o Tippiile
a8 to hinder the develogment of & new growth whicl i3 Jependest oo cell divisiun,.

As ls pointed out in Two eccupanying manusa izt.. fecilest tormaticn i the ret.
an interval of lv to 13 sunthe from the tims ot the irvalistion. Tlms lengthy
interval in men (s clearly shasn in the Marshallese waere in @, ite of thorwgh anvual
physical examinations the 1irst palpeble nNowule wWes NOt found ur 9 years and Neoplest:.
are still appearing at 12 yedrs. The maximal Jose estizated tu the thyroid in the
Marshallese was 1,100 rads in children and far less in the atults. unly two of 19
children egpossd developed clinical hypothyroiiism anl that rwuired ¢ meter of yoars
reises & question as to whetier the estisate thet has twen mae was L), both .
&t about | year of ags. Of the 17 other childen Who were exgosed uns-t
of $ did not display hypotlyroidiscs. tut have develuged neoplases and Leen
e § carcinomas have besn resoved fiom 10 (nlividuals from several etolli.,
J from an stoll with extresely low exposure. Since this is « population wnich seldom
evar develops thyrold nodules, the relationshiy to the rellation which wes primerily
rediclodines is soet lspressive.

Our eperience finding carcinosas in rediciodine trested patientr in the lNetionel
ve Thyrotoxicosls Followmup Study sesma to De quite ontrar,. An unusually

small naber of carcinosas was found; in tact, considerably fewsr than would have besn
epectad, cnsidering tha large nader of Greves' disesss trested Ly surgery and fourd
to have aa hm Such incidental lesions aight have Leen egected to grow
if left in and 1 treataent given. Thes differencs letwsen ths Joee recsived by tha
farshallese thyrolds anxd those of ureves' disesse is consideralls if indivicuals.
me considered. lreves’ disesse patients probedly receive $,000

]
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mmummmptmbotumbmu—wmly
of 131 that produce circmstances under shiich

are syfficiently alld 50 that no slcroscopic ar-
mmmumum-mim_wwmmm.
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The Cantribution of the Study of the Marshallese in Laboratee

(oY of
The Marsialiese materials are of great importance to the study under this contrec:.
The treah tissus when resoved harw by us is studied preaptly by sethods In use undes
this contrect. Although aost of the necplases :-und in the Marshalless have besn
benign, it is important to note that & total of 6 carcinamas have been found. TWo

of these had mstastasized to the i cervical lymph nodes. The rediated Marshal.u.s
thyroids of tan have many ainute 30lid cellular or alwed papillary and follisular lesiw.
in eudition to a much larger lesion which had fresi primary attention. Many of the
tiny lesions are occupying an area no larger than & Jozen normal follicles just as L.
seun in the redisated rat thyroids.

AL B - N VR 0

At the time of the last annudl report we Jescriled a 21 year ¢ld Marsdilese W
we ha! just oparated for multipls benign adencmas. Hes was ¢ monthuy in uterc when his
mothur wes exposed t- fallout. The special stdies of that tlyroid tissus showed tle
bizarre nuclear forms recognized as ovidence ¢! radiation effect. At the time of
preparation of this report, we have just cperetad &d roved several benign but
atypical adenomas from the thyreid of his sothar who had developsd masoes in the last

The factor of lang wwlay in the development of necplaszs is esphasized in bot
animals and men. Our experience has shown that the rats Jo not develop lesions unless
cory yoang and 1/2 1o 2/3 of the 1ife ipen passes. The first
devalop for 9 years. Many of the early lesions caam from
all (Rongalap). [t was guite soma ysars later that
ions began eptearing in pecpls Wiho watw on the next nearest atoll (Alingnas) where
the been less. Whils lesions were afpearing an the nearer atolls,
the low does recsived an an atoll much further sy (Uterik) seemwsd to have roduced
o lasions, bt in the most recent years, § individuals have been operetad and ) car-
cincmes found. These cbeervations seem to ecphasize the risk of the low dose rengs.

Nurthar spport for the concamn for the low Jose and long latent pericd is illue
stret- | by the very considerabls number of {niividuals coming to asdical attention
for neoplasms of the Tyroid after radiation to the head and neck. Relatively ssall
doses 0 shrink lymphoid tissus and even smaller dosss for acne sesm lmplicated in owr
ogeriance end that of others. W are sTeening 4 very considerable mmber of perecns
referred becoussr of such kown ©QOsue.

e Pert Pl ed by TSH in lecplass Farmation Following 131t Radigtion
Although each rat experiment has required almost 2 lapes time, W have
Mmmmmutwumlﬂxmum A
frequency. Tha ylalds iave become (60%) sufficiantly good so that the model mey now
wtmmnmmmmmmuammnmmdm

in the developmant of thyroid tumcrs. Tirst by the chronic application of an
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in autput of TSH. The chronic stimulating ettect of TSH un the tLAVId Zuas javl. -
a and glandular hypertrophy which ultimately leads to uncuntrolicd pruati.
of cells in areas of the thyroid. In the past few yeds's 4t ledST TWO @Oupz ! ili-

i and Furth) have suggsstel! that thers Muy be o Jouble G lahid
ar rediation induced necplasms; ie.: that rediation lnitiates ti . sav, (-
and that TSH promotes its growthi. The principal inwes-igator tirst noted «vllalwt
W (increass in cell heightd in some ot Skans-'s chichs that had ieal, gl

I (published in 19%8). This has been observed Ly B_ny investigaturs slwe e -
bsen considered a manifestation of the stimilus from TulH, but assdys far (3l tavs,
until recantly, not been sufficiently sensitive to Jetect very slight elevatiuw u!

. TSH. e have learmed from our own investigations in 4animals and the publicitivs -

othars that necplasss are much more consistently by swprisingly <iail ho-.
of 1111 rather than large (hes. Wa also that, if there is rore than tlw so.l
subtls evidence of histologic damage from 1, the incilence Of NEOLlesDe i3 Guts -
cTeased. In studies &blish-d undes this contract and former CONtracts, W fave waw.
that rediation from 131 caused intrinsic damage that might imgpair the capucity tu
ocallular replication without seriously hampering hormune production. Thus, o mai.
might cause a rise in TSH to significantly Jet«ctable levels but v Jugtwe .
damags frecludes necplase developmant. The neel for 4 “wry sensitive TSH assuy Was
obwvicus in an experimental design to test the sultle aflects that TSH might 'ave o,
neuplase developmsnt.

Our colloborative studies with Or. Robert Conand and Mruoklaven leticial lalotalzy
cn the Marshallese have prompted sericus questicning ot the TiH arigin of woplasms i
thess pecple. Nins years after the 19% thermonuclear bLamb dccidunt, the tirst thpe...
necplase sppeared. When more Marshallese developed nodular goiters, the quustion was
raised conomrming the efficacy of the prophylatic administration of thyroid hormone (. )
to iohibit the development of zore necplasms in these pecple. i the basis of ¢ cue

it was elected to give T,. As near as we can tell, T, tallets have

bean takan rether well r., sarus levels 7& first PBIs) hawe Lewn kept atl 4 Mase

{

and

most individuals. Moxe recently TSH levels in the serum hdve beuni-
deterwined. They have raraly been found eslevated. In spite of these olser-ations we
antinued new lssicns on almost every annudl examinaticn o. thess wqgosed pec, .
e hive found a total of 6 carcinomas in 28 opsrations. Adenceuto.s change was founl

. The cbesrvations have procpted scme skepticiim as to whetuer TSH induced neu-
aninistration inhibited thes. This nas becozs the Lasis fur saw

forr TSH and its lication to the S ot ! L aSE ti

During the year undar this contract we have instituted and tested the redic-
ret THH in our laboratory. This has Leen done according to the
NIAED method with assistance of Dr. P. Reed larsen (farmarly of Pittsburgh and now
Peter Rrent Nrigham Hospital, Boston), Who has besn a collaborator on the Marshalles
f

been 1 renge :

Gnmmnmmmnlmaanlmbdms&riﬁadfmawia_d
tad (at 22 months), anisals were anesthetized and exsanginated by dirsct
mw.mw-mwmmmnmmummm

ly operstional in laboretory. mmmwuy”ndldw
n boul in the thyroid, red*doss of 1411 ariginally re-
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Um ulalility of lesiuns of special interest is anticipdted, & tacer of +3g
is given in advance end with euturediographic technigues in opereatiun, ths neceseary
Work i the tissuss can bagin as 5c n as the tissus is removed.

Although we have bew: intwrested in the primwry maligrant usians. foura, the
mltiie ninuta lesiuns and the trequency of the "atypical” smell lesions tlwt lave
not yet declared Ueir clinizal or microscopic malignant potential have draa L.u
special attention. A wry impartant clinical cocnsideraticn hare is whether +.in
thyruids that are at risk (including the Marshillese) should be totally rescwve..

between 1956 axd 1960 wen the risk of carcinoma of the thyroid following telia-
tion ¢ the head ani neck Lecats #n issus, wa had availdile Lne records of 200 indi-
viduel, who had received x-radiation between 1939 and 13«9 rcr tubsrculous Servical
lymphadenitis. Of tlose that werw living, sixty of these individuals were truced &2
oamined for thyroid nidules. Thare were 12 found to hive miss<es and 10 unierwent
thyroid egloretion. Three carcinomas weare found; the remaining were adencmas. Fost-
Eten records here shuwed carcircma of the thyToil in another patient not iperated.
One of the severdl that wis considered an "at 7ical esencma” has recwred in tne last
yoar and now on recperdtion shows firToscopic teaturss of carcinoms. TWwo ¢! the patients
who originally were found © have rmsses have continued to refise exploratich or a re-
cant reexamination by us. These cbservaticns have IXt bewn published because we heve
hoped to camplate the cbservations on al) of the group. .

The Kinetics of Varicus Treatmant Loses of S311 (An Adserd.m)

e h.w’ ibed in previous reports o accumulation of data in the
pattemn of I iodindted aminc acids and free iodide in the serur and wine and the
of 1311 from the thytcid tollowing Treatmant doses for hyperthyroidism.
Serial msaswemants of isdinated Lumpounds were carried out by quantitative chromato-
graphy. Through the years we collected detailed data on over 75 Graves' disease
patiants following the treatmant Joses. These juantitative data were given to Dr. A.
B. Brill (Vanderbilt University) who with his associates had been >tudying this material
in models devised by Berson. Thase analyses have then been related to the weight of
the gland, the size of the dosa given, the size of the dose lodged in the gland and
finally the feat'mes of the clinical response that followed. We have had an oppartunity
to review and commant on twu rough manuscripts prepared by Dr. Brill describing inte: -
esting results from these studies. Answers to further questions are being sought. The
AANuSCTipts are being revised. It is hoped that samne definitions ray be found for de-
terwining ths appropriate dose of 1311 for given patients and for battuv predicting the
outcoms by saking certairn early critical measuremants. Dr. Brill tells us the new.
drafts will socon be available for further reviaw. '

The details of sums of tha more recent experimantdl resilts are contained in two
recently submitted manuscripts. Copies are attached. The reader is encomraged to
review them because much of their content is not included in the progress repore.
Photocopies of the illustrations have been used but actual photographs to show detail
can be provided. Reprints will be available.

10b155b

BERANRISSRESEEN D OE /HQ



Ir
it seems

The lrportance of These Studies

the risk of nuclear accidents or military action is real in the tuture,
that this area of investigation is vital to our pxpulitica. Swund inlu-

Sation on ths effectivensss of prophylactic msasures to thwert necplAsh evelornent
aster accidental exposure to rfallout which contains rediciodines could be very
valuabls.

Te increasing uge of 1311 as a therapeutic agent reises scme uncertalnty.
ALthough it sescs to bs a tried, proven and safe tharapeutic procedure, perhaps
this judgement is based on an inadequate period of cbservation. Since the Thyro-
toxicosis Follow—p Study was based on an averags follow-up paricd ot anly 8 ywars,
more study is needad. Most of the thyroid lssions produced by radiation are slow

growing

lasions so that the presence of & Mass Without apparent growth ot same

period is a0 assurance against malignancy. Recpening that study to follow up patients

studied for some years is irmportant. Howsver, tracing «% individuals in

already
that study who had no palpable masses at the time of Treatmant but possessecC &n un=
cperated palpable mass at the ciose of the study is mest Lmportant. .

From the purely prectical standpoint, it is izportant to a consicerabls segeent
of the population who develop thyrotoxicosis to have available a simple mstiod of
thnuﬁltmt doas not ultimately lead to hypothyroidism and myxecems, as is now the case
with

I tharepy. The treatmant . . sc sizple from the patient's standpoint that be

forgets he was 30 treated (ar for the first several years proves he does not nesd

ﬂprmid
without
dom see

Sefore they need further attention.

1067150

supplement) &nd then much later wevelops hypothyroidise and becoras heliless
the problem being racognized. Muny physicians who reat hypsrtyyroidiss sel-
their patient again because they are well and there is a long lapse ot time

1

R DOE/HQ



