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FOREWORD

AS part of the United States atmospheric nuclear weapons testing pro~am between 1946 an( 1958, 23 nuclear
deviea were detonated at the Bikini AtofJ and 43 nuclear devices were detonated at the Enew c :ak Atoll. A 1954
nuclear weapons test on the Bikini Atoll, test shot code named Castle Bravo, produced a n clear yield much
higher than anticipated. The levels and dispersion of the radioactive falfout from Castle Bravo were significantly
greater than originally expected. This resulted in radioactive fallout on the inhabited atoll s of Rongelap and
Utrik. The Rongelap and Utrik people were evacuated from their contaminated atolls 3 and 72 hours,
respectively, after the Castle Bravo test shot. The original population directly exposed to the f Ilout from Castle
Bravo consisted of 241 individuals and 12 fetuses. Absorbed dose estimates for the exposed ~ ]pulation were in
the order of 0.11 to 1.9 Gray (11 to 190 Rad) to the whole body and from 1.9 to 200 Gray (1 0 to 20,000 Rad)
to the thyroid.

Public Law 99-239 mandated that the Government of the United States would “continue

1

provide special
medicaf care and logistical support to...thc remaining population of the Rongelap and Utrik ho were exposed
to radiation resulting from the 1954 Bravo test.” The Department of Energy (DOE), throug its contract wi[h
the Brookhaven National Laboratory Medical Department, implements this congressional m ndate.

The present DOE Marshall Islands medical surveillance program consists of two field missi s per year. The

1

purpose of the program is to provide medical care and treatment for radiologically rela(ed p blems for those
Marshallese who were exposed to fallout from the 1954 Castle Bravo test. As of December 1 1, the originally
exposed population consisted of 159 individuals. The medieal surveillance program offer on a voluntary
participation basis, an annual physical examination to these individuals, as well as annual phy cal examinations
to a comparison/control unexposed population.

The medical surveillance procedure includes a complete annual physical examination, whit is based on the
criteria established by the American Cancer Society.

I

Typical medical missions inclu d specialists in
gastroenterology, hematology, obstetrics/~ecology, endocrinology, oncology, radiology, cardi ogy, nephrology,
pulmonology, and rheumatology.
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This, the 16th report of the Marshall Islands Medical Program, disseminates information conce ning the medical
status of the 253 Marshallese exposed to the fallout from the 1954 Castle Bravo test shot.
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EXECUTIVESUMHARY

Introduction

As a result of the radiation exposure of individuals on the Marshall Islands atolls of Rongelap a] d Utrik shortly
after test shot Castle Bravo, the United States began providing surveillance and health care ~ssociated with
radiation related diseases to those individu~s exposed. This responsibility was codified into lav by Public Law
95-134 (1977) and Public Law 99-239 (1986). The d~tribution of the initially exposed group wa as follows: 64
persons on Rongelap, plus 3 fetuses; 18 persons on Ailingnae, plus 1 fetus; and 159 persons o 1 Utirik, plus 8
fetuses. In later years, the Ailingnae have been combined into the Rongelap population. The Department of
Energy’s (DOE) Office of Environment, Safety and Health is responsible for ensuring that the h ‘arshallese who

were exposed to radiation during castle Bravo in 1954 receive medical care and treatment for ar f injury, illness,
or condition that may be the result, dkectly or indirectly, from their exposure to the fallout frol 1 Castle Bravo.
For the last 37 years, the Brookhaven National Laboratory (BNL), under contract to DOE, h s provided the
required health care and surveillance for this program. In addition to conducting surveillance of the exposed
Marshallese group, BNL has been monitoring a cohort of unexposed Marshallese. The individua .s in this cohort
were selected to mirror the age, seq etc., distribution of the exposed group. currently, there ar approximately
lS4 of the exposed population and 115 of the unexposed population being monitored. This repc rt discusses the
medical care provided and the medical findings for the years 1988-1991.

Procedure

I
In the spring and fall of each year, the BNL medical team visits the islands of Mejatto, Utrik, Eb e, and Majuro

I

to provide medical surveillance to the exposed and unexposed cohorts. The medical team is co posed of BNL
personnel, DOE Headquarters personnel, staff of the Marshallese Government Health Service and volunteer
physicians from various universities and government and private institutions in the United Stat . The medical
team travels from island to island on a DOE leased vessel. The vessel has examination facilitie and is capable
of doing basic laboratory work. Blood samples for more complex tests, such as Thyroid Stimu ting Hormone
tests, are frozen and taken to BNL. The following examinations are performed during the me ical visits:

A. A cancer-related examination as defined by the American Cancer. Society
I

o A review of systems and a complete medical examination;

I
o Pelvic examinations with Papanicolaou smears;

o Stool testing for occult blood; I
o A mammogram for females;

I
o A flexible sigmoidoscopy for females and males; and

I
o Advice on decreasing risk factors and on self-detection of lesions.

I
B. An annual thyroid examination and thyroid function testin~

I
C. Serum prolactin testing looking for pituitary tumors;

I
D. Annual blood counts to include platelets; and

I
E. Evaluation for paraneoplastic evidence of neoplasms.



Medical Findiwzs

During the last 4 years, 95 percent of the exposed population from Rongelap, 98 percent of t e exposed

I

population from Utrik, and 90 percent of the comparison population have been examined at least o ce. Those
persons not residing in the Marshall Islands are seen by a physician in their locality.

After 37 years, there is little difference between the longevity curves of the Rongelap group, the irii group,

1

and the unexposed cohort population. Each of the deaths (4 exposed and 10 nonexposed) that ha occurred
during the report period is discussed later in the report. The Marshallese population has a high “ cidence of
diabetes, and it appears that one of the deaths of the exposed population and five of the deaths of th unexposed
population were diabetes related.

There is a mild, but relatively consistent depression of neutrophil, lymphocyte, and platelet concentra ions in the
blood of the exposed population. This depression appears to be of no clinical significance Thyroid
hypofunction, either clinical or biochemical, has been documented as a consequence of radiation exp )sure in 14
exposed Rongelap individuals. During this reporting period, one exposed person was diagnosed as ha’ ing a basal
cell carcinoma. Previously, one other exposed person had been diagnosed as having basal cell arcinoma.
During this reporting period, a thyroid nodule was identified in an individual who was one of those vho was in
utero at the time of the exposuFe. Upon pathologic review, the nodule was diagnosed as occu : papillary
carcinoma.



DEDICATION

This report is ciedlcated to Dr. Brown M. Dobyns, M.D., Ph.D. Dr. Dobyns first volur teered to serve
as thyroid surgeon and consultant to the Marshall Islands Medical Program in 1%9. H : subsequently
participated in ten medical missions to the Marshall Islands. Dr. Dobyns’ compassion, S111,respect for
MarshalIese customs, and personal involvement with the welfare of our Marshallese patient. tempered the
emotional and physical duress of undergoing thyroid surgery at a major U.S. medical center wh :re the number
of hospital employees alone far exceeded the population of their home island. His concern a d graciousness
were amplified in the warmth and courtesy of the staff of Cleveland Metropolitan General Hosp :al, particularly
that of the Surgical Service.

Dr. Dobyns recently retired from his position in the Department of Surgery, Case ~ ?stern Reserve
University, where he is currently Emeritus Professor of Surgery. One of his undertakings since retirement has
been the publication of a comprehensive review of approximately eighty thyroid surgeries pe formed on the
Marshallese during his involvement with the Brookhaven medical program (Dobyns and I Iyrmer, 1991).
Although our thyroid surgeries are now performed at the Clinical Center, the National Institute ~of Health, we
know that Dr. Dobyns will continue to extend to us”the benefits of his medical wisdom and, o :casionally, the
pleasure of his company.
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INTRODUCTION

This is the 16th report of the Marshall Islands
Medical Program prepared by Brookhaven
National Laboratory (BNL). The purpose of
these publications is to disseminate information
concerning the medical status of 253 Marshallese
exposed to fallout radiation in 1954. In so doing
the medical program is fulfilling a commitment
incumbent on all health care organizations; i.e., to
disclose in a timely fashion unique medical
information relevant to the public health. Details
of the BRAVO thermonuclear accident that
caused the exposure have been published, and a
1955 article in the Journal of the Amen-can
Mealcul Association describing the acute medical
effects in the exposed population remains a
definitive and relevant description of events
(Cronkite et al., 1955).

Participation in the Marshall Islands Medical
Program by the exposed Marshallese is voluntary.
Throughout the 36 years of this program, each
participating exposed individual’s relevant medical
findings, laboratory data, and disease morbidity
and mortality have been published in the
Brookhaven reports in a manner preserving
patient confidentiality. Also, in each report, there
has been an attempt to interpret these findings
and to infer the role of radiation exposure in their
development. But an equally important aspect of
the reports has been presentation of the actual
data so that readers can apply their own analyses
to questions pertaining to the medic~
consequences of the Marshallese exposure.

EXPOSURE GROUPS

The exposed Marshallese population originally
was comprised of 64 persons on Rongelap Atoll
who each received an estimated 190 cGy of whole-
body external gamma radiation, 18 on Ailingnae
Atoll (Sifo island) who each received 110 cGy, and
159 on Utirik Atoll who each received 11 cGy. In
additio~ there were 12 women who were pregnant
at the time of the accident (3 on Rongelap, 1 on
Ailingnae, and 8 on Utirik), each of whom
received whole-body doses equivalent to others in
the same atoll. The twelve individuals exposed in
utero became a part of the exposed population
after birth. Because of radioiodmes in the fallout,
the thyroid gland received an exposure that was

Imuch greater than the whole-hod dose, the
magnitude of which was a function oF age at the
time of exposure (Lessard et al., 1985). In
December 1991, the number of survh ng exposed
persons was: Rongelap -48, Ailingm e - 11, and
Utirik -100. For most purposes in th ; report the
Rongelap and Ailingnae groups are trt ated as one
and referred to as the Rongelap gro lp, because
those persons exposed to fallout on Ail ngnae were
Rongelap inhabitants temporarily resi{.ing on this
nearby atoll.

The Marshall Islands Medical Pr )gram also
examines a comparison group that date ; from 1957
when 86 unexposed people from Ror gelap were
selected. The makeup of the group ap )roximated,
in age and gender, that of the expose i Rongelap
population (Conard et al., 1958). In December
1991, 56 persons remained in this gr f up. From
1%2 to 1978 additional persons were sdded as a
second comparison group in order to ;upplement
and replace persons lost from the ori{inal group.
This group was also matched by age an 1 gender to
the exposed population and was similar lo the 1982
Rongelap and Utirik exposed groups. II December
1991, the total population of the two :omparison
groups was 115. As in previous repo r :s, it is the
expanded unexposed population that is lsed in this
report for comparisons of year-to-y e u medical
events and for causes of death; th s provides
baseline prevalence of disease in the community
from which unexpected consequences o the fallout
exposure can be identified. They are a.so used to
compare survival rates of the exposed pc@ation to
the unexposed population. - “

4THE MARSHALL ISLAN S
MEDICAL PROG

Policies:

1

The mandate. of the program, as for ulated by.
the U.S. Congress most recently in 1980 L %-205,
Sec. 106 (a)), specifies “..oaprogram of dical care
and treatment ....for any injury, illness, o condition
which may be the result directly or i irectly of
such nuclear weapons testing rogram. ”
Subsequently, in 1985, the Compac of Free
Association between the U.S. and the epublic of
the MarshalI Islands provided for radi ion injury
compensation to be managed by the arshallese
themselves. However, a subsidiary agr ement, in

1



response to a request from the Republic of the
Marshall Islands, has permitted the Brookhaven
medical program to continue to supplement local
health care for the exposed persons, stating “..the
President ....shall continue to provide special
medical care and logistical support thereto for the
remaining 174 members of the population of
Rongelap and Utirik who were exposed to
radiation resulting from the 1954 United States
thermonuclear “Bravo” test, pursuant to Public
Laws 95-134 and %-205.”

The Marshall Islands Medical Program is a
clinical program which exists for the benefit of the
radiation-exposed Marshallese. It is a program of
radiation-related disease surveillance consisting of
periodic examination and treatment of disease.
Additionally, clinical investigations have been
carried out by the program over the years, the
intent being to identify present or future threats to
the health of the exposed Marshallese, hopefully
in time to prevent or limit morbidity and
mortality. For example, based on the medical
program’s early fudngs of numerous thyoid
nodules in the exposed population, thyroxine
suppression was initiated for the Rongelap people
in 1%5 so that thyroid nodules/carcinoma might
be prevented. It is possible that this prophylaxis
has met with some success. This will be discussed
in detail below.

The Marshall Islands Medical Program is
distinct from the Marshallese Government Health
Services, which is a national program of health
care which encompasses two hospitals and a
network of clinics scattered over some 20 atolls.
This network serves the entire population of the
Marshall Islands, which numbers over 45,000,
whereas the U.S.-funded medical program is
directed to assist only those individuals who were
exposed to fallout radiation from the BRAVO
accident.

The Marshall Islands Medical Program
provides medical care twice yearly to the exposed
and comparison populations by visiting the islands
where most now reside, namely Mejatto, Utirik,
Ebeye, Majuro, and, prior to 1985, Rongelap.

My exposed person who has medical findings
suggesting a malignant neoplasm, or other
radiation related disease, is referred to secondary
or tertiary medical facilities for definitive
evaluation and therapy. Those persons with
problems that can be effectively managed in
Majuro are referred to the Marshallese Health

Services. Those requiring a more t Xtensive
evaluation are referred to hospitals in Hon Mu or,
for the special cases of thyroid and pituitaq lesions,
the National Institutes of Health in B tthesda,
Maryland. Individuals neediig referral x non-
radiation related problems are referred to the
Marshallese Health Service where im n ediate
treatment is initiated.

During the process of providing nedicai
surveillance to the exposed Marshall e ;e, the
physicians of the medical program cor e into
contact with children and other family me r hers of
the exposed, as well as other inhabhants
islands. It has been the policy of the Depart 1

Energy to support the medical program in it
to provide medical consultations by the 1

specialists on the mission to these individual
basis of humanitarian need and as resources I
In addition, services of the Brookhaven I
team and its facilities are offered to the Eb !
Majuro hospitals. On most visits lectures 1
physicians are arranged and patients referr t
the hospitals are evaluated.

The medical direction of the Marshall
Medical Program and the organization
medical missions to the Marshall Isla n
centered at Brookhaven National Laborato 1
staff of the program includes a physician- d
an administrator, and a medical associat e
Laboratory, and a Marshallese laboratory tec
on Ebeye. At the time of the missions a va
physicians are chosen for the medical team
are skilled volunteers, primarily selected fr
staff of university-affiliated or government hc
and often with past experience with the pr
Direct management of thyroid disease at the
medical examination is in the hands
endocrinologist on the medical team. Dr.
Robbins, Chief of the Endocrinology <

Genetics and Biochemistry Branch, N
Institutes of Health, Bethesda, MD. provide s
management of the thyroid dkease facet
medical program. Raytheon Services Nevad
Honolulu, Hawaii, under contract to DOE, p]
excellent logistical support, to the Departrr
Energy. The Marshall Islands government, p]
on request, nurses, translators, and other
care workers for each mission.

In the interim between the two medical m
the exposed population has access t
Marshallese health care system. To e:
exchange of medical information, wit
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permission of the examinees, copies of all
examination and laboratory data from the
Brookhaven program are forwarded to the
Marshall Islands Health Service hospitals on
Ebeye and Majuro and to the 177 Health (M-e
Program, a special program set up for persons
from the radiation-affected atolls, with
administrative offices at the Majuro hospital, In
addition, copies of the examinations and
laboratory data are given to the examinees
themselves.

The Marshall Islands Medicaf Program, as a
satellite clinic of the Clinical Research Center,
Brookhaven National Laboratory, is accredited by
the Joint Commission on Accreditation of
Healthcare Organizations, a nationwide
organization that sets standards of performance
for institutions dispensing medical care and
monitors compliance with those standards. By
voluntarily participating in the accreditation
process, the Brookhaven National Laboratory
Marshall Islands Medical Program receives a
valuabIe and impartial external review of its
policies and procedures, as well as an assessment
of the adequacy of the services it provides.
Laboratory and radiological services, medical
records, patient satisfaction, pharmaceutical
services, and clinical competence of physicians are
among the many items reviewed by the Joint
Commission.

Procedures:

The exposed population, which in December
1991 numbered 159, must be considered at
increased risk for malignant disease as a late
complication of radiation exposure. Therefore,
the medical program has in place a cancer-
oriented annual health evaluation. The
examination follows the guidelines of the
American Cancer Society and includes a medical
history, complete physical examination, advice on
decreasing the risk factors for cancer, advice on
self-detection of lesions, annual pelvic
examinations and Papanicolaou smears, blood
count, urinalysis, stool testing for occult blood,
annu~ mammography (offered to all exposed
women and to all unexposed women forty years of
age or older), and flexible sigmoidoscopy (every
three years for persons fifty years of age or older).

Every two years ophthalmologists are included
on the medicaf team and slit-lamp examinations

are provided. A wide selection of reaf mg glasses
and glasses for aphakic individuals are 1~cluded on
each mission. These glasses, of great prt ctical value
to the island populations, have for years ]een kindly
provided free of charge by New Eyes fo the Needy
(P.O. Box 332, Short Hills, NJ).

It is known, because of earlier medk al program
observations, that the exposed are at in( reased risk
for certain endocrine problems. The efore, they
receive annual thyroid function bloo< tests and
thyroid examinations by a specialist in en iocrinology
or thyroid surgery. Needle biopsies of thyroid
nodules were performed on selected p~;ients in an
effort to avoid surgery and the subseq ent loss of
normal thyroid tissue. Other serolog c tests are
performed on a regular basis in an atte npt at early
detection of malignant nonthyroidal les ous. These
include serum protein electrophores s, calcium,
prolactin, alpha- fetoprotein levels on pes ons known
to have hepatitis B surface antige emia, and
thyroglobulin determinations on those w 1ose thyroid
surgery specimens su~ested a malig iant lesion.
There is also ongoing monitoring for clinical
evidence of immune competence, f )r exposed
persons may be at increased risk fc r infectious
disease or unusual manifestations thereof.
Specialized tests on the comparison pop dation were
referred as clinically indicated.

Medical examinations and service! performed
during this four-year reporting
conducted primarily aboard the ~
by U.S. Oceanography, San Diego, C
W. Pierce, a vessel owned by Trace
Lauderdale, FL. These ships were ch
U.S. Department of Energy for th
supporting several of the Departme
sponsored Marshall Islands program:
medical program is but one. Some
examined in the island dispensaries o
Utirik, and home visits were arra
elderly who preferred not to be mov
ship.

Clinical laboratory services for the
performed by several Brookhal
Laboratory technicians with support f
of the Health Services of the Re
Marshall Islands. Routine hematolo
performed on a J.T. Baker 5000 elec
and, beginning in the fall of 1989, (
Baker 9000 RX automatic 8-parametf
Leukocyte differentials and platelet cc
of each evaluation. Clinical chemis
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performed on Eastman Kodak EktaChem DT60,
DTSC or DTE analyzers. These analyzers
provide a wide variety of basic chemistry tests with
a small amount of disposable waste. Urinalysis
included a dip-stick examination and, when
indicated, microscopic analysis. Stool exams were
performed on physicians’ request for identification
of parasites and occult blood, although the
physicians routinely perform a test for occult
blood at the time of examination.

Roentgenographlc services were provided using
a dedicated mammography unit and a standard x-
ray unit manufactured by the Bennett
Corporation, Long Island, NY. X-ray
interpretation was done at the time of
examination. However, if no radiologist was part
of the medical team, the x-ray films were returned
to Brookhaven National Laboratory and then
referred to a consultant radiologist, Dr. R. Naylor,
at the University of Vermont.

A portable, battery powered,
electrocardiograph machine was available.
Electrocardiogram interpretation was done at the
time of examination, with a copy often being given
to the patient. AU electrocardiograms were
subsequently returned to Brookhaven National
Laboratory and then referred to a consultant
cardiologist (Dr. M. Zema) at Brookhaven
Memorial Hospital on Long Island, NY, for
definitive analysis.

In recent years an ultrasound machine
(Hewlett Packard Sonos 100) has been available
on the ship for assessment of such diverse items
as abdominal pain, hematuria, gestational age, and
cardiac disease. It is used only when a radiologist
or subspecialist physician with expertise in
ultrasound examination is part of the tearn.
Ultrasound has been available to confirm findings
on physical examination of the thyroid but this
requires special planning and an investigator
experienced in thyroid ultrasound. It was not used
to screen for subclinical thyroid modularity.

Sera collected during the routine physical
examinations were analyzed at the time of patient
examination, as clinically indicated. The
remainder was frozen for further testing upon
return to Brookhaven “National Laboratory. The
latter tests were performed at the Brookhaven
Clinical Laboratory or referred to university and
commercial laboratories. Among the referral
laboratories were: Hazelton Washington, Inc.,
Vienna, VA, for hormone assays; Michael Reese

Hospital and Medical Center (Dr. A.B Schne iler,
Division of Endocrinology and Metaboli m),
Chicago, IL for thyroglobulin analysis; MetI ath,
Teterboro, NJ; Smith Kline Beecham (Accupi th),
Honolulu, HI; and Smith IWe Bio-Science, KiI g of
Prussia, PA. Pathologists’ Laboratories, Ini. in
Aiea, HI, was the primary source for Papanico aou
smear and cytology interpretations.

Quality control/quality assurance is an impo tant
focus of the medical program. Accreditation b! the
Joint Commission on Accreditation of Health: are
Organizations is one manifestation of this. Ir the
laboratory quality control and quality assur nce
involves routine calibration, maintenance and
monitoring of all instrumentation. Daily tri- evel
analysis of reference materials is performed or the
hematology analyzer. The chemistry analyz r is
calibrated prior to each mission, and hi-level qt ality
control samples are run on all anal 1ses.
Approximately 10 percent of all chemistry :ests
performed in the field are re-analyzec at
Brookhaven National Laboratory to compare with
and to confirm the earlier results all of v hich
proved to be within acceptable tolerance. v’ hen
necessary, laboratory instrumentation is insp cted
and repaired by company service representa ives.
Other instrumentation, such as
sphygmomanometers, electrocardiograph mat
doppler units, are periodically calibrated am
routine preventative maintenance perform
Brookhaven National Laboratory between mi

Other quality assurance methods include t
of questionnaires given to patients.
questionnaires, translated into Marshallese, w
responses being interpreted at the present ti
Mr. Alfred Capelle, Director of the Marshall I
Alele Museum in the Republic of the M;
Islands in Majuro, solicit criticism and advi
improving the medical program’s operation.
important quality assurance mechanism
involvement of volunteer physicians from arou
United States, for this rotation through the pr
of new medical eyes and ears keeps the rr
program attuned to newer or better approac
diagnosis and management. In additi,
information obtained by personal interaction
the missions, ideas for bettering the progra
requested via a questionnaire distributed
professional personnel at the end of each m
Fhally, the results of these and other mech:
of quality assurance are reviewed b:
Brookhaven National Laboratory Clinical Re
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Center Quality Assurance and Care Committee.
Mso included in that review are items such as the
appropriateness of the use of anti-infective agents.
A certified medical records consultant randomly
reviews approximately 20 percent of our records
for accuracy and completeness.

Stm

The Marshall Islands Medical Pro~am is
deeply indebted to the many outstanding
physicians who, despite the inevitable personal
inconvenience, participated in the medical team
visits of 1988-199L It is fair to say that they are
the heart of the program. Drawn from excellent
med]cal centers through the United States and
from private practices, these physicians provide
the program with a wide range of up-to-date
clinical experience and perspective that contribute
to better patient care. The physicians and other
medical team personnel involved in the 1988-1991
missions are listed in Appendix A. The clinical
role of team physicians is the delivery of primary
and subspecialty care. By selecting subspecialists
who remain active in general medicine for this
role, the medical program benefits from in-depth
knowledge of their specialty. The following
medical specialties and subspeciakies were
represented in 1988-1991:

Internal Medicine
Pediatrics
Cardiology
Rheumatology
Radiology
Gastroenterology
Hematology
Endocrinology
Surgery
Ophthalmology
Obstetrics/Gynecology
Pulmonary Medicine
Emergency Medicine
Oncology

MEDICAL FINDINGS

Patient Participation:

The participation of many excellen
specialists undoubtedly has been a majol
the acceptance of the Marshall Island:
Program by the population it serves, for
of the program is entirely voluntary. The
persons in the exposed and Comparison g
appear for examination remains high.
current reporting period the annual accept
(corrected for nonavailability) were:

1988 1989 1990
Rongelap 86% 827. 8870
Utirik 84% 9170 8570
Comparison 6870 62% 65%

The percent of the eligible population
on at least one occasion during the last
period was:

Rongelap 9570
Utirik 98%
Comparison 90%

These figures do not include sever
residing outside the Marshall Islands. Mc
persons in this category have medical exi
arranged through a local physician
Department of ‘Energy or the Marsh;
Medical Program.

The acceptance rate for mammogra~
eligible women was 1OO$ZO.For sigm
about 7590 of age-eligible persons ~
undergo this procedure on a regular bas

Overall Survival:

After 37 years there continues tc
difference between the survival curves oi
high-exposure Rongelap group or the 10I
Utirik group and the age- and gendt
unexposed Rongelap population selectf
(Fig. 1). Estimates of the survival distl
the actuarial life table method were anal!
Mantel-Cox and Breslow statistics for
equality of the suMval curves. The “p”
the two tests were 0.66 and 0.82, respe
the Rongelap and Comparison group, ar
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0.40 for the Utirik and Comparison group,
indicating no statistically significant differences.

Causes of Recent Mortality
The number of deaths occurring in 1988

through 1991 is as follows: Rongelap -1: Utirik -
3: expanded Comparison group -10 (seep. 1 for
the description of this group). The clinical events
surrounding the deaths are described below.

60} i

50\ i
40

1

— RONGELAP AND AILINGNAE EXPOSED (86)

30 ----- UTIRIK EXPOSED (167)

20 -’ - RONGELAP COMPARISON GROUP (66) j

‘:~
1955 1960 1965 1970 1975 198o 1985 19s0 1995

YEAR

F% ~ PercentsuMvorsof the differentexposure groups
since 19S4.The numberofpemrrnsinitiallyin each

group is shown in parentheses.

Rongelap:
Subject No. 1. Advanced complications of

diabetes mellitus were the cause of death in
December 1991 of this 58-year-old man. He had
been referred to the Straub Clinic in Honolulu a
month earlier for a scheduled colonoscopy
because of a history of colonic adenomatous
polyps. At that time no evidence of malignant
disease was uncovered, and chronic renal failure
was felt to explain the anemia, abnormal mental
status, and neuropathy that had been developing
in recent years.

Utirilc

Subject No. 2. The death certificate of this 54-
year-old woman lists “sepsis” and “diabetic
gangrene/cellulitis (left) foot” as her cause of
death in April 1991. She had diabetes mellitus
with retinopathy and probably nephropathy, and
she was last seen by the medical team in March
1990. At that time she had a guaiac-positive stool

/

felt to be due to hemorrhoids. Her mam ogram
was “negative” and her Papanicolaou sm was
normal. An alpha-fetoprotein level was no al (she
was known to be hepatitis B surface tigen-
positive), and a chest x-ray showed onl pectus
excavatum.

Subject No. 3. This 52-year-old man, a c garette
smoker, died in 1990; death certifkate c mse of
death: malignant Iymphoma with market gastric
involvement. When last seen by the Bro khaven
medical team (April 1989) the patie It had
borderline hypertension requiring no ther
lymphadenopathy or splenomegaly was n
had symptoms consistent with esophageal r( flw for
which he was given antacids. His bloo{ count,
urinalysis, stool guaiac and electrocardlogr .m were
normal. A chest x-ray had been normal n 1988,
and a flexible sigmoidoscopy was normal m 1987.
His serum was known to be positive for he~atitis B
surface antigen, but the alpha- fetoprotein wel was
normal in 1988 (2.5 ng/ml). The death c :rtificate
diagnosis was made on clinical grounds. r 10 tissue
diagnosis was possible. The patient dl :d while
departing Majuro to have an evaluation in Ionohdu
for his dysphagia and weight loss.

Subject No. 4. This 80-year-old woma died on
Utirik in 1988; in recent years she had become
severely incapacitated with shortness of b eath and
arthritis of the shoulder. A medif al team
cardiologist diagnosed mitral reg~ rgitation
(secondary to ruptured chordae tendineae~ and mild
aortic stenosis/insufficiency. She was o digoxin
and hydralazine for this. The joint probk n , which
was due to a shoulder injury at an earh age and
subsequent degenerative changes, was har ~led with
acetaminophen. Her blood count whe] seen in
March 1988 was normal except for a mi ~ anemia
(hemoglobin: 10.1 g/all), present sil ce 1984
(hemoglobin: 10.6 g/all). Serum crest 1ine was
normal in 1987, as was a Papanicolac u smear.
Because of restricted mobility her medi :a1 exams
were done in her home. She was tn changed
clinically when last seen in September 1)88. The
cause of death is unknown.

Comparison population:
Subject No. 5. This 67-year-old m

I

died on
Ebeye in 1988. When last examin by the
Brookhaven team (1985) his medical problems
included marked obesity and chronic ren failure of
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unknown cause. There was no diabetes, and his
urinary sediment showed red cells, casts and
protein. The serum creatinine was 3.4 mg/dl. He
had chronic venous instilciency in the legs and a
left hydrocele. A serologic test for filaria was
negative. There was also a mild macrocytosis; a
serum B12 level was low normal. The cause of
death is not known.

Subject No. 6. This 69-year-old man died on
Ebeye in 1989. His medical problems in March
1988 included diabetes (status post leg
amputation) with chronic renal failure, severe
neuropathy, and eye infection from recent cataract
extraction, for which he was referred. He was
moderately anemic with a Hb of 9.6 g/all. The
cause of death is unknown.

Subject No. 7. This 42-year-old man died on
Majuro in 1989. He had diabetes, extremely
carious teeth, a cataract, and a disabling
arthrogryposis. When last seen in 1989 his only
medication was glyburide. His blood count and
serum creatinine were normal. He was referred
for cataract surgery. The death certificate lists
overwhelming sepsis and severe pneumonia as the
cause of death.

Subject No. 8. This 89-year-old woman died
on Ebeye in 1990. No important medical
problems were noted when patient was last seen
in March 1988. She had severe kyphosis,
cataracts, and perhaps a mild dementia, but in
general annual examinations indicate she was
usually in quite good health. Her blood count was
normal and a Papanicolaou smear was Class I in
1988. Medications included only acetaminophen
and a skin antifungal agent. The cause of death is
unknown.

Subject No. 9. This 76-year-old woman died
on Ebeye on December 31, 1987. The death
eertiticate diagnoses were cardiac failure and
bronchitis. At the time of her last complete
medical examination by the Brookhaven team she
had a moderately severe anemia (hemoglobin
level 8.8 g/all) and recent weight loss. The mean
corpuscular volume was 98 fl. and there was some
hypersegmentation. A serum B12 level was
somewhat low (170 pg/ml), but the urine
methylmalonic acid level was normal at 0.8 ug/mg

creatinine. Nevertheless, she was

I

arted on
intramuscular B12. Mammography was rmal and
her Papanicolaou smear was class I. en seen
several months later in follow-up, she f t well. A
flexible sigrnoidoscopy was normal. may be
relevant that her husband had died rece tly, and it
is possible that he had advanced tuberc osis.

I
Subject No. 10. This 59-year-old m n died on

Ebeye in 1990. He had advanced diabet s mellitus
with nephropathy, retinopathy, and uropathy.
When last seen in March 1990 his cre inhe was
12.4 mg/dl and the hemoglobin level wa 10.4 g/all.
A HbAlc level was 6.8’%, only slightl elevated.
Flexible sigmoidoscopy was negative in 87, and a
chest x-ray at that time showed no acti e disease.
He was being followed by the Diabeti Clinic on
Ebeye. His death certificate listed renal ailure due
to diabetic nephropathy as the cause of eath.

Subject No. 11. This 61-year-old ma] , a former
heavy smoker, died on Majuro in 198! . He was
known to have chronic renal insufficienc~ thought to
be due to diabetes. He was referred i a 1987 for
evaluation of this problem. An ultrasound
examination by the Brookhaven team r :vealed no
calculi or hydronephrosis; renal size appeared
normal. He had gout, and the renal di: ease could
have represented uric acid nephropathy. There was
a suggestion of pleural effusions on ch :st x-ray in
1988 when he was referred for further evaluation.
When next seen by the medical team in I darch 1989
he had lost much weight and a hilar mas was noted
on chest x-ray. He was referred for evaluation.
Carcinoma of the lung was indicated 01 his death
certificate.

1
Subject No. 12. This 73-year-old oman had

breast cancer diagnosed in 1985 aft a breast
nodule was detected during her ann medical
program physical examination. A mas ctomy was
done that year. She died in 1991. Wh n last seen
by the medical team (March 1989) t re was no
evidence of metastatic disease, and t cause of
death is unknown.

1
Subject No. 13. This 64-year-old wo an died on

Ebeye in 1988. Her last complete rookhaven
examination was in 1986, when he problems
included insulin-dependent diabetes me tus, urinary
tract infection, and abnormal liver f ction tests.
When repeated, the latter showed only minimally
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elevated alkaline phosphatase. A flexible
sigmoidoscopy and mammography were negative,
blood count was normal and Papanicolaou smear
was class I. She had carcinoma of the
endometrium in 1979 which was effectively treated
by total abdominal hysterectomy. Septicemia and
nonketotic hyperosmolar diabetic coma were listed
on her death certitk-ate as the causes of death.

Subject No. 14. This 54-year-old woman died
on Ebeye in 1990. When last seen by the
Brookhaven team in October 1989 she was taking
glyburide for diabetes mellitus and had a fasting
glucose of 208 mg/dl and a HbAlc level of 7.4%
(mildly elevated). A blood count was normal.
Other problems considered earlier were bilateral
cataracts, fibrocystic disease of breasts with
negative mammogram in May 1989, negative
Papanicolaou smear in 1988, and normal flexible
sigmoidoscopy in 1987. The cause of death is
unknown.

Laboratory Findings:

Hematolog
A review of “blood counts” (average

concentrations of formed blood elements) of the
different exposure groups during the four-year
reporting period does not reveal any systematic
differences among groups. In 1989 and 1990 there
was a significant increase in mean platelet count
in Utirik exposed women as compared to the
unexposed population (Table I). F@re 2 is a
continuation graph in which hematologic data of
the two exposed groups collected since 1956 are
portrayed in relation to the expanded Comparison
group. Table I gives the mean values (+/- SD)
from which Fig. 2 is derived. ~ The individual
counts are given in Appendix B.

It is apparent from scanning the four graphs in
Fig. 2 that there is a mild but relatively consistent
depression, generally not statistically significant
different, over most of the 37 post-exposure years,
of neutrophil, lymphocyte, and platelet
concentrations (the latter in males only) in the
Rongelap/Ailingnae group. This depression
appears to be of no clinical significance. These
consistently slightly lower values for all three
formed blood elements over such a long period in
the Rongelap group suggests the possibility of
radiation related mild impairment of
hematopoiesis. However, there is no evidence of

impaired leukocytosis in response to .lfection.
Therefore, these differences may reflect i shift in
cell compartmentalization (e.g. marginatic 1).

Hematologic changes in Japanese atoc ic bomb
survivors have been recently reviewed (F nch and
Finch, 1988). An early decline in leukocy e counts
was detected from 1947 through 1956, but this
occurred in both exposed and Unexpose( groups,
and therefore was not an effect of adiation.
Indeed, “no clearly established exposure d‘ferences
have been uncovered except in the cas : of the
Ieukemias” (Blaisdell and Arnamoto 1966).
Therefore, a sustained depression in eukocyte
counts, such as seen in the RongeIap grouI , was not
detected among the exposed Japanese. W :h regard
to leukocyte marination, no evidence of a radiation
dose-effect in the exposed Japanese was apparent
when exercise-induced Ieukocytosis was {uantified
(Belsky et al., 1972).

In general, radiation has been fount. to alter
leukocfie function in humans only mini
all, and, when dysfunction has been dete
been of no clinical importance. The n
clinical study to confirm this was carr
Japanese atomic bomb survivors am
phagocytic and bactericidal activities of
(Sasagawa et al., 1990).

It was noted that for ten years after [
bombings in Japan the leukocyte counts
followed by the Atomic Bomb Casualty C
gradually decreased by about 35T0 ir
exposed and unexposed populations (B]
Amamoto, 1966). This trend was never
explained, but the decline was chiefly attl
a decrease in neutrophils. A slight trt
direction can be detected in total Ieukol
obtained on the Marshallese over a si
span. Using data from the unexposed C
group, the mean total leukocyte concer
1954-1958 was 8,500/ul and for 1%9-1
7,300/ul, a 14% decline. For 1985-1990
7,500/ul. A decrease in absolute
concentration, approximately 1,000/ul
simultaneously. This finding differs from
Japanese, in whom it was the neutrophil
predominantly lowered. For the N
minimal fluctuation was seen in neutroph
the three periods. The reason for th
decrease in lymphocyte concentration]
exposed and unexposed Marshallese is I
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TABLE 1: Hematologic parameters (mean +/- SD) for the different exposure
obtained at the time of annual examination for years 1988 through 1991.

Comparison Rongelap UtMk

LEUKOCYTES
1988 7991 ~ 1946 (n=83) 8156 t 1732 (n=50)
1989 7511 f 2085 (n=76) 7363 * 2015 (n=49)
1990 6762 & 1616 (n=71) 6865 ~ 1890 (n= 52)
1991 6815 * 1724 (n= 69) 6761 t 1852 (n= 49)

NEUTROPHILS
1988
1989
1990
1991

LYMPHOCYTES
1988
1989
1990
1991

MONOCYTES
1988
1989
1990
1991

EOSINOPHILS
1988
1989
1990
1991

BASOPHILS
1988
1989
1990
1991

PLATELETS, MEN
1988
1989
1990
1991

4084 f 1312
3984 f 1651
3779 ~ ~4~4

3510 i 1416

2916 f 1081
2587 * 863
2370 k 769
2510 * 803

343 & 235

335 * 1%
315 t 180
xl * 160

490 * 519
438 ~ 422
248 * 228

442 t 467

54 k 70
47 ~ 159

41* 58
64* 70

277 * 74(n = 35)
292 * 7@=30)

243 k 46(n=33)
2S1 * 63(n=29)

4310 t 1304
4133 & 1616
4032 * 1742
3599 t 1426

2993 t 889
2534 k 883
2235 k 774
2426 k 972

327 k 200
316 f 198
297 * 201
306 f 213

327 * 200
415 k 484
315 i 394
3% t 333

41 k 87
45* 60

45 f 72
42 k 54

266 k 57(n= 18)
275 f 55(n = 20)
239 & 56(n.23)

235 * 51(n=21)

8055 & 2264(
7806 ~ 2237(
7093 f 2128 (
7115 t 1894 (

4341 * 1605
4342 ~ 1577
4124 f 1724
4023 f 1443

2875 f 1047
2463 t 1108
2305 * 619
2210 k 668

321 * 208
398 A 239
3502 213
333 * 200

459 & 807
370 k 467
285 ~ 228
448 f 372

46* 77
56? 68
45 ~ 59
54& 69

2% A 67(n=
322 k 64(n=
~ ~ 45(n=

284 * 57(n=

10

Nips

33)
?0)
33)
36)

I

1’

I

I

~tinued)



TABLE 1 (cent’d)

PLATELETS, WOMEN
1988
1989
1990
1991

HEMOGLOBIN, MEN
1988
1989
1990
1991

HEMOGLOBIN, WOMEN
1988
1989
1990
1991

318 i 84(n=47)
312 k 68(n =45)
272 ~ 44(n= 44)
no f 55(n = 39)

15.1 t 1.2
14.7 k 1.6
14.8 & 1.5
14.9 t 1.3

13.4 t 1.0
13.4 t 1.0
13.2 t 1.0
13.0 f 1.0

319 f 87(n = 28)
~ f 71(n.~)
272 f 55(n =29)
296 f 71(n= 27)

14.6 f 1.1
14.3 * 1.3
14.0 t 1.4
14.3 t 1.3

13.2 * 1.0 ‘
13.3 * 0.9
13.1 t 1.1
12.8 & 1.4

* Significantly different (p <0.05) from the Comparison Group

Hypothyroidism:
Thyroid hypofunction, either clinical or

biochemical, has been documented as a
consequence of radiation exposure in fourteen
Rongelap individuals (Larsen et al., 1982). In
1983 another exposed person was diagnosed as
being biochemically hypothyroid based on results
of routine th~oid function testing (Adams et al.,
1988). The patient was an asymptomatic 34-year-
old man who had no abnormality on physical
examination of the thyroid. Treatment with
synthroid was started in 1984. This represented
the first case of spontaneous hypothyroidism
diagnosed in the Utirik population. He was 1
year of age at the time of exposure, and, being
from Utirik, no thyroxine suppression had been
subsequently prescribed. An estimate of his total
thyroid radiation dose was 561 cGy (internal =
550 CGY external = 11 cGy). Clinical follow-up
of this patient since 1987 has revealed the
following. At the patient’s request thyroid
function tests were repeated by physicians of the
Health Services of the Marshall Islands while he
presumably was not taking thyroxine. However,
we do not know the assay methodology or
whether the patient in fact, discontinued his
thyroxine, The results were found to be normal.

The conclusion of those physicians w
euthyroid and that the decrease in th
noted by the Brookhaven med
represented self-limited hypothyroid
thyroiditis. However, there was no
preceding hyperthyroid state.

Furthermore, his thyroid functiol
the years were:

1973
1977
1979
1980
1981
1983
1984
1985
1986
1987

1988
1989
1990
1991

Thvroxine
4.8
3.7
6.3

4.7
4.7

5.8

Thvroxine
3.7

0.6
*Normal ranges: Total thyroxi

ug/ml; Thyroid stimulating hormone
3.8 uIU/ml.
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1%~ this patient’s thyroid function tests have
been on the low side of normal and occasionally
overtly low for many years. Transient
hypothyroidism persisting for many years has been
reported with chronic autoimmune thyroiditis
(Takasu et al., 1992). However, the Utirik patient
had no detectable antithyroglobulin or
antimicrosomal antibodies. While the role of
radiation exposure in producing this patient’s
illness is not certain, an argument can be made
for relating the two. Further observation may
document the true nature of the thyroid hormone
fluctuations in this patient. Since an increase in
risk of hypothyroidism might be attributed to
radiation exposures as low as 20 cGy (Maxon et
af., 1977), the patient clearly was at risk for
developing the disorder.

Other laboratory results:

Appendix B also includes results of other tests
that are performed on many or all of the exposed
persons. Several of these tests have been used to
screen for occult malignant disease. Although
there is no general marker for malignancy, the
clinical justification for, and the results of, those
tests are described here.

Serum protein electrophoresis
Multiple myeloma is one of the hematological

malignancies that has been determined to be
inducible by radiation (Cuzick, 1981). This
interpretation is strengthened by findings in
Japanese atomic bomb survivors, although the
effect of radiation was not detectable until about
20 years after exposure (Ichimaru et al., 1982).
The production of a monoclinal protein
detectable by serum electrophoresis often
precedes by years the other clinical manifestations
of multiple myeloma. Although the risk of
myeloma is small, serum protein electrophoresis
is performed on the exposed Marshallese about
every three years in order to detect the early
appearance of a monoclinal protein. If a
monoclinal spike were to be found in a patient’s
serum, it would not necessarily indicate the
presence of myeloma. Conversely, the absence of
such a spike does not rule out myeloma.
Nevertheless, it is used as a screening test, and no
monoclinal proteins were detected during the
1989 serum testing of the Marshallese sera.

IIn common with many populations in opical
regions, the Marshallese have relativel high
globulin levels. This increase is polyclonal, d the
cause is unknown.

Serum calcium
An endocrinological disorder that ha~ been

thought to be associated with both extern 1 and
1311 radiation is hyperparathyr ‘internal idism

(Cohen, et al., 1990; Rosen et al., 1984). A dose-
dependent increase in the incidenc : of
hyperparathyroidism has also been repor ed in
Japanese atomic bomb survivors (Fujiwara et al.,
1990). In all three cited studies, parat ~yroid
adenomas were present in most patients. St me of
the exposed Marshallese received large ra i .iation
doses to the parathyroid gland, as well a high
external doses. Furthermore, the susceptib .ity of
Marshallese to this effect of radiation is un}nown.
Therefore, serum calcium levels are checke c every
three years. No elevated levels were dc :ected
during the 1989 survey.

Serum alpha-fetoprotein
There is a high risk of hepatocellular care noms

in persons who remain persistently positi? e for
hepatitis B surface antigen. The last Brook ~aven
medical program report discussed this disc se in
relation to the exposed Marshallese, fo “ the
prevalence of serologic evidence of hepat tis B
infection in the Marshall Islands is very high
(Adams et al., 1986). In some instances it is
possible to identify hepatocellular carcinoma at an
early stage by testing serum for alpha- fetop stein.
This might permit identification of the tumo “
stage when it is still respectable. Therefo
exposed and unexposed persons who are knc ml to
the medical program to be seropositive for he }atitis
B surface antigen have alpha- fetoprotein evels
performed annually.

Erythrocyte macrocytosis

t

The many causes of macrocytosis include s veral
premalignant and malignant hematologic dis ases.
Therefore, erythrocyte size is. checked an ally.
During the four years covered by this rep t no
unexplained or irreversible macrocytosis was
detected in the exposed population. Those el ated
levels that were found appear to have been e to
nutritional deficiencies (either folic acid or vi amin
B12) or chronically excessive ingestion of alc hoi.
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Serum prolactin
Two pituitary tumors have been identified in the

exposed Marshallese (Adams et al., 1984).
Because other exposed persons might develop
these benign neoplastic lesions, prolactin levels are
performed every two years. Although serum
prolactin elevation is not found in all pituitary
tumors, it is by far the most common hormonal
abnormality and therefore is used as the screening
test for the exposed population. No new or
unexplained elevations were detected for the
present reporting period, but one elderly Utirik
woman still has the slightly elevated level
mentioned in a previous Brookhaven report
(Adarns et al., 1985). A (T scan of the patient’s
sells turcica in 1990 revealed no tumor.

Neoplasms:

Skin cancers
One basal cell carcinoma of the face was

diagnosed in an exposed Rongelap woman in 1986
(Adams et al., 1988). A second person, also in
the Rongelap exposed group, had a basal cell
carcinoma removed in 1991. The development of
two skin cancers some thirty years post-exposure
in a population not considered susceptible to such
lesions raises the possibility that there is some
relation to their 1954 beta radiation exposure.
The specitlc clinical situations are described
below.

Subject No. 1. This 56-year-old Rongelap man
was 18 years of age at the time of his exposure to
fallout from BRAVO. He washed off the debris
within several hours after the fallout ceased. He
sustained fwst-degree burns to his right antecubital
fossa and both feet. These became apparent
severaf weeks after exposure and lasted for several
weeks. He also experienced typical nail
discoloration. One year later on reexamination
healing was complete. Subsequent skin
examinations were unremarkable untif April 1991
when a 1.5 cm lesion with a necrotic center was
noted on his left scapula. An excisional biopsy
was performed and the final pathological diagnosis
was basal cell carcinoma. The tumor extended to
all lines of excision. Therefore, definitive
treatment consisted of a reexcision a few months
later. Subsequent examinations have revealed no
evidence of recurrence.

Subject No. 2. This 70-year-old Ron{ clap woman
was 38 years of age at the time of ex )osure. She
was felt to be one of two patients nest heavily
exposed to external beta radiation. She did not
wash off the fallout debris for a fu 1 24 hours.
Within a few days skin lesions deve oped. The
burns, most first degree, eventually ncluded the
neck, neckline, left hand and wrist, left cheek,
forehead, thorax and groin, lasting .nother few
weeks. There was some hair loss. O e year later
the skin had essentially healed, exce~t that there
was persistent beta-burn scarring on tk : left side of
the neck noted up to 1960. Fmlowup skin
examinations were benign until April 1$86 when two
skin lesions were noted: a 4 mm papul : in the right
supraorbital area and a 7 mm nodule al .terior to the
right ear. Excisional biopsies reveale . both to be
basal cell carcinomas. Reexamination Up to 1992
has revealed no evidence of recurrenc :.

Skin cancer in dark-skinned races as generally
been considered to be rare. Studie in a black
population suggest that skin cancer curs at the
site of old burns or other scars, chro c ulceration
and infection (Oett16, A.G.; Databo- rown, D.D.;
and Fleming I.D. et al.). These cance are usually
squamous cell carcinomas and are vasive and
aggressive (Amonette, R.A. and Kapl n, K.J., and
Fleming I.D. et al.). Basal cell carci omas, when
they do occur, are located in sun-exp ed areas, as
they are in Caucasians. That there s a relative
increase in incidence of skin cancer in lack albinos
or those of mixed race when comp ed to pure
Blacks (Oett16, A,G. and Burns, J.E.) uggests that
melanin is a protective factor. Other hnic groups
have not been extensively studied.

Ionizing radiation from sources other than
sunlight is also known to be a risk ctor in the
induction of skin cancer (Davis, .M., et al;
Walther, R.R. et al.; and Myskowski, P.L. et al.).
Studies of children irradiated for rin orm (Shore,
R.E., et al.; and Ron, E., et al.) and her patients
irradiated for a variety of conditions avis, M. et
al.; Walther, R. et al.; and Myskows i, P. et al.)
show that radiation is associated with n increased
incidence of skin cancer, mostly basal cell tumors,
and generally occurring among Ca asians, but
occasionally in Blacks.

The skin cancer in the Rongelap oman (#2)
occurred in an area that was both sun xposed and
previously injured by beta radiatio . For the
Rongelap man (#1) neither sun nor ta radiation
would have been expected to conv rge on the
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subscapular area .(unless he had been customarily
shirtiess). However, two persons developing skin
ancer out of a radiation-exposed population of 82
(2.5%) is greater than expected if Black
population studies are used for comparison
(Fleming I.D. et al.). Furthermore, there is a
suggestion of a temporal association, for the
cancers occurred 32 and 37 years after exposure.
Therefore, the possibility remains that radiation
exposure did contribute in a direct or indirect way
to the development of basal cell carcinomas in
these two patients.

Thyroid nodules
Only one thyroid nodule was diagnosed in the

exposed population from January 1988 through
December 1991. That nodule occurred in a Utirik
man who had been in utero at the time of
exposure in 1954. The mother was in her third
trimester at the time of exposure, her whole-body
and thyroid-absorbed doses being estimated at 11
and 160 cGy, respectively. The patient’s estimated
dose was, therefore, 11 cGy whole-body and 99
cGy internally to the thyroid, for a total thyroid
dose of 110 cGy. This patient is the first of eight
Utirik persons exposed in utero to develop a
thyroid nodule. (Two of four Rongelap persons
who were in utero at the time of exposure have
also had benign nodules removed). A thyroid
lobectomy was performed at the Clinical Center,
The National Institutes of Health. Histological
review of the surgical material was performed by
the four pathology consultants to the Marshall
Islands Medical Program (see p. 16). Selected
comments from their diagnoses are:

Consultant #1 - “Thyroid nodule of
histologically normal tissue which contains a tiny
focus of occult papillary carcinoma.”

Consultant #2 - “Adenomatous goiter in the
colloid stage.”

Consultant #3 - “Nodule with fibrosis .... No
evidence of cancer.”

Consultant #4 - “Tiny occult sclerosing
papillary carcinoma.”

A summary of this patient’s hospital case is
included in Appendix C. The patient was
returned home on thyroxine suppression.

1Table 2 summarizes the thyroid nodul findings

$
in the exposed Marshallese through 1 1. It
includes the nodule described in the ece@g
paragraph, which is listed under the he ding of
“Occult PapiLlary Carcinoma.” The n r and
types of nodules in the Comparison group e also
listed in Table 2, although the U.S. Dep ent of
Energy-sponsored program for surgical e oration

1
of palpated nodules in this group was con uded in
1985.

THYROID SURGERY FINDIN S,
1964 THROUGH 1991

r
Introduction:

Thyroid nodules and hypofunction am mg the
exposed populations of Rongelap and, to ~ lesser
extent, Utirik are well documented consequ rices of
the BRAVO exposure. A recent reevalu, ,tion of
external and internal radiation exposures I those
populations in all likelihood represents the d :fmitive
quantitative analysis of organ and whc ,e-body
radiation dose stemming from this cata ;trophe
(Lessard et al., 1985). The thyroid dose
particularly close scrutiny because of earl
of extensive thyroid injury and because an i
mechanism of exposure was ingestion of a w -ie~ of
radioiodines, an occurrence without preced :nt and
therefore with unknown consequences.

A final interpretation of the effect of fallout
exposure on the thyroids of the t Xposed
Marshallese has not been possible because of the
protracted evolution of thyroid abnor : Ialities
following radiation exposure. The incid t Jce of
thyroid cancer has been reported to be e .evated
more than 40 years after radiation exposure (Shore
et al., 1985; Schneider et al., 1978) and might
include a lifetime at risk. However, for the ast six
years (1986 through 1991) only one new hyroid
nodule (nonmalignant) has been detected in the
exposed persons. Furthermore, there has be m only
one new nodule diagnosed in the Rongelap g oup in
the past ten years. (There have been two hyroid
surgeries for recurrent benign nodules n the
Rongelap group, but these are not include d in the
statistics that follow). Although occasional r odules
will no doubt continue to be diagnosed, if ‘or no
other reason than that thyroid nodule prel alence
increases naturally with aging, it is possible t at the
recent dearth of cases represents a pause thtis
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TABLE2: Thyroid Nodules Diagnosed at Surgery through 199

Adenomatous Adenomas Papillary Follicular
nodules cancers cancers

Rongelap (67)’ 18 1 5

Ailirrgnae (19) 4 1

Utirii (167) 10 5 4 lC

Comparison (277)b 4 1 2

NOT INCLUDED are the following unoperated (and therefore unconfirmed) nodules: Rongela
-1: Utirik --1: Comparison --5.

INCLUDED are all consensus diagnoses of a panel of consultant pathologists: two differ
detected in one person from Rongelap, one from Ailingnae, and two from Utirik.

Number of persons (including those in utero) who were originally exposed.
: This number includes all persons who have been in the Comparison group since 1957

been seen for many years; others were added as recently as 1976. No thyroid sur;
performed on this group since 1985.

c Equally divided opinion in one case; follicular carcinoma vs. atypical adenoma.
d. Majority opinion in one case; occult papillary carcinoma vs. follicular carcinoma. The

lymphocytic thyroiditis.

characteristic of the type of thyroid injury
sustained by the Marshallese. Two alternative
explanations are 1) the “epidemic” of thyroid
nodule formation is virtually over, and 2) the
recent decrease in nodule incidence is due to
random fluctuation and therefore temporary.
Although time may tell which of the above
explanations is correct, the respite in new cases
provides an opportunity to bring together
information on thyroid nodules collected by the
Marshall Islands Medical Program over almost
three decades and to draw tentative conclusions
on several issues that may be relevant to
inadvertent radiation exposures elsewhere.

Radiation risks to the thyroid:
One aspect of radiation-induced thyroid injury

that has been repeatedly assessed is the dose of
radiation required to induce it. Data available
from the Marshall Islands Medical Program have
been recently summarized (Robbins and Adams,
1988), with the following conclusions:

1)

2)

3)

The risk coefficient for thyroid nod
for their occurrence in the
population, was 8.3 per 106persons
year.

The risk coefficient for thyroid c
per 106 persons, per cGy, per yea]

The contribution of 1311to the thy
dose was relatively small, in the
15%, the remainder being due
radioiodines. Perhaps as a con!
radiation-induced risk for develc
disease in the exposed Marsha
similar to that predicted if the tota
had been from external irradiation

Since the above analysis included a

up to the present, and since the Marsk
dose data have provided no insight i
induced risk of thyroid carcinoma
already available from other source
comment on dose-response and d
disease will be made in this summaq
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HMologie deflnitionx
In interpreting the Brookhaven medical

program data on thyroid nodules the
histopathological classification of thyroid nodules
used by the expert panel of pathologists needs to
be reviewed. This classifkatio~ based on
diagnostic categories recommended by the World
Health Organization (Hedinger and Sobin, 1974)
and mtiled in 1981 by Dr. Donald Paglia of the
Department of Surgical Pathology, University of
Californi& Los Angeles, for the panel’s use, has
been applied to all thyoid specimens obtained at
surgery since the beginning of the program:

Adenomatous nodule: a focal proliferative lesion
consisting of changes typical of adenomatous
goiteq the lesions are hyperplastic and do not
fulfii criteria of true neoplasms.

Adenoma an encapsulated proliferative lesion
with a uniform internal growth pattern and benign
clinical course.

occult Dapillarv carcinoma: a small
nonencapsulated sclerosing carcinoma; considered
to be clinically benign even if associated with
positive regional lymph nodes.

PaDillarv carcinoma: larger, infiltrating carcinom~
usually containing both papillary and follicular
components.

The four pathologists on the panel that review
the Marshallese specimens are: Dr. L.V.
Ackerman, Health Sciences Center, SUNY, Stony
Brook ~, Dr. WA. Meissner, formerly with
New England Deaconess Hospital, Boston, MA;
Dr. A.L. Vickery, Massachusetts General Hospital,
BcMo~ MA; Dr. L.B. Woolner, Mayo Clinic,
Rochester MN. Histologic sections of all
surgically removed thyroid tissue have been
examined by these authorities. Although most
diagnoses have been unanimous, some were
controversial. In the following analysis and
discussion of Marshallese nodules, the “most
neoplastic” diagnosis has been selected when there
has been a split decision, with the “least
neoplastic” being the adenomatous nodule, next
being the adenoma, the third being occult
papillary cancer, and the most neoplastic being the
carcinoma.

Appendix D lists all exposed persons I
had thyroid surgery which confirmed a
lesion.

Thyroid nodules in the Comparison groul
The examination of the Comparison g

been invaluable in interpreting the thyroi
risk data among the exposed population
though they do not constitute an ideal
group, it is not likely that a better co]
population could have been obtained
initiating a formal, prospective research eff
appropriate that the voluntary cooperation
members of this group be gratefully acknc
by all who have relied on the Marshallesf
nodule data to interpret the role of rad
causing thyroid disease. In that the U1
Comparison group comprises persons of F
ancestry and was quite closely age- and
matched when selected in 1957, this group
representative of the exposed Rongelap pc
than any other Marshallese community and
more so than a population of non-Marsha

The development of thyroid nodule:
Comparison population is similar
spontaneous thyroid nodule incidence
elsewhere. Maxon et al. (1977) concluded
rate of development of benign thyroid nod
thyroid carcinomas in western countries i
and O.01% of the population per year, res~
and that the incidence is linear with respec
In 1990 the number of person-years of ob~
of the Comparison group was 10,400. T1
based on the conclusions of Maxon et al. (1’
expected number of thyroid nodules, bex
malignant, would be 8.3, of which 6 or 7 v
benign and 1 or 2 would be carcinomas.* 1
nodular thyroids were detected, of which
benign and 2 were carcinomas (see T
Possible sources of inaccuracy include theft
(l).Only surgically confirmed nodules are i
Therefore, since several unoperated nodu
been diagnosed in the Comparison gr[
“obsened number may underestimate {
number of thyroid nodules. However, the
nodules may have been Iipomas or neuro
example, and therefore appropriately exclu
One of the two occult papillary cm
diagnosed in this group was not detected
surgery. This “nodule” is therefore exclude
the total number of nodules is given as
than 9, as listed in Table 2. (3) 1984 is tl
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year of observation for the purpose of this
calculation because thyroid surgery for the
Comparison group was not offered after 1985.

*In this calculation, to obtain the number of
person-years of observation the individual ages at
the tisrie of the most recent examination were
summe~ with the exclusion of all years
subsequent to thyroid nodule surgery in those
cases where it was performed. To use an extreme
example, if a 60 year-old person was f~st enrolled
in the Comparison group and examined in 1975
and subsequently never appeared for
reexamination, 60 person-years of observation was
calculated. The justitlcation for this approach is
that it is considered unlikely that any clinically
apparent thyroid nodule till spontaneously
disappear. In a recent follow-up study of children
among whom some nodules had been detected
approximately ffieen years previously, only 10
percent of the nodules were no longer palpable
(Rallison et al., 1991).

Factors influencing data interpretation:

It is possible to draw tentative conclusions
relevant to issues of radiation injury to the thyroid
from data available on the exposed populations
alone, thereby avoiding assumptions about the
adequacy of a control group, The data underlying
the following analyses are shown in Appendix D
and grouped and tabulated in Table 3. However,
interpretation of the Marshallese thyroid nodule
data must be done cautiously because of the small
number of observations that were possible. This
is particularly true when the nodules are
subgrouped and analyzed by histologic type. In
additio~ thyroid disease is greatly influenced by
gender, thereby further decreasing sample size for
some analyses, particularly in males. Another
confounding factor, thyroxine suppression, was
initiated in 1%5 in an attempt to inhibit or
prevent the growth of benign and mal@ant
thyroid nod&s. This was prescribed only for the
exposed Rongelap population, for the risk of
nodule development resulting from the much
lower Uti@ exposure was felt to be small at that
time. It therefore becomes difllcult in some
instances to interpret results in which Rongelap
and Utirik data are grouped together. Finally, just
why there were no nodules detected during the
Grst nine years of medical team visits (1955-1%3)

is not clear. Based on the estimi te of nodule
incidence of Maxon et al. (1977) two odules would
have been expected to develop in :he Rongelap
group by 1%3. It is possible, thert Core, that the
absence of nodules in the early years was merely a
consequence of random distribution ]f a relatively
uncommon abnormaMy, particularlys -ace the mean
age of the Rongelap people at the tixre of exposure
was rather low, 27.6 years. Once th{ fust nodules
were detected in 1%3 it became the procedure of
the Marshall Islands Medical Prograr to include in
its medical team a person highly ski. .ed in thyroid
examination, usually an endocrinology it With special
expertise in thyroid disease or a thJ -oid surgeon.
This change in procedure introduces ; possible bias
that is impossible to quantitate.

It is possible that some nodules “u, the exposed
population were naturally occurrin g rather than
radiation-induced. However, as ther ( is no way to
identify which nodules these were, n ) attempt has
been made to correct for their prese ce.

Issues that can he addressed withou
from the Comparison group
1) Is the “epidemic” of thyroid nod

The number of patients und
surgery by year over the duration
Islands Medical Program is shown
same data are shown in Fig. 3b e
are expressed as percent of the
remained susceptible to new nodul
excluding persQns with prior nodules and persons
who had died prior to the year for WIich a percent
was calculated. Clearly the incident e of nodules
which began in the mid-MO’s in the exposed
Rongelap group has greatly, if no completely,
subsided. Their detection spanm d 22 years,
beginning 9 years after exposure. T e nodules in
the Utirik group, on the other ham? had a later
onset and a later apparent decline. Detection of
Utirik nodules has spanned 19 years, beginning 15
years after eqiosure.

In the following discussion the :otal thyroid
absorbed dose in Figures 4-7 represe Its the acute
radiation dose to the thyroid occ~ -ring during
exposure to fallout prior to evacuatio : and time to
development of nodules (years post eq osure) refers
to the interval in years from exposure to the initial
clinical detection of the nodule.

Possibly more appropriate questio s to ask are,
(1) is the epidemic of adenomatous (n mneoplastic)
nodules over, and (2) is the epidemic ~fneoplastic

17



Table 3: Major thyroid nodules types*, total (internal and external) mean thyroi~
dose, and time from exposure (1954) to time of surgery, grouped by age.**

Column A B c D E

Ratio Total Yea
Type of B!!k!l Percent Thyroid Sur
Nodule (n) Cancer of (n) Dose +/-SD +/.

Rong <10 yr Benign (16)*** 16:1 62 3289 + /-1323 14+
(n=26) Cancer (1) 4 2490 15

Adenomatous (16) 62 3289 i- /-1323 14+
nodules

Rong >10 yr Benign (5) 1.25:1 9 856 + /-649 19+
(n=54) Cancer (4) 7 1415+ /-150 20+

Adenomatous (4) 7 970 + /-689 19+
nodules

Utirik c 10 yr Benign (7) 3.5:1 12 509+/-137 28+
(n=57) Cancer (2) 4 526 26

Adenomatous (3) 5 478+ /-178 28+
nodules

Utirik >10 yr Benign (12) 4.0:1 11 198+ /-41 24+
(n= 102) Cancer (3) 3 168+/-6 22+

Adenomatous (7) 7 171+ /-0 23+
nodules

* If two thyroid nodules occurred in the same individual only the “higher grade” nodule was COI
** Ten ~e=s of we is used ~ cut-off for the younger group because Rongelap children below thi$

a mean thyroid-absorbed dose of >2000 cGy and thereby sustained extensive thyroid injury,
influenced nodule type. All others received lower doses. Two in Utero Rongelap children
c 2000 cGy are not included in the table.

*** “Benign” nodules include adenomatous nodules,

nodules over? Inspection of Fig. 4a shows that
the answer to (1) is in the affirmative, at least for
the Rongelap people. No adenomatous nodule
has been found at surgery for 12 years. The
detection of adenomatous nodules spanned 15
years begiming 9 years after exposure. For the
Utirik group, detection spanned 12 years,
beginning 19 years after exposure.

For question (2), the answer is less clear.
Although only 1 neoplastic nodule (a carcinoma)
has been diagnosed in the past 10 years in the

adenomas, and occult papillary carcinomas.

Rongelap population, several have been
the Utirik group during the same period

A striking observation is the virtuall!
percent of neoplastic lesions that have occ
thirty-six years of observation in the tw
groups, being 8 individuals for the 86
persons (9.3’-ZO)and 15 individuals for the
persons (9.0%). Given the great t
between the two groups in total-body an
absorbed radiation
factors, such as the
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1955 1960 1965 1970

(a) ;

‘5 1980 1985 1990
oRongelap =Utirik

(b) j

oRongelap =Utirik

F% 3: Surgically confirmedthyroidnodules,Rongelapand
Utirikexposedpopulation. (a) Surgicalcasesper
Yeac (b) surgical cases per year expressedas
percent of the remainingsusceptiblepopulation,
(remainingindividualsat riskto developtheirfirst
nodule).

at high doses, may have had a great effect of the
ultimate type of nodule that develops, or (2)
lumping of adenomas, occult papillary carcinomas,
and overt carcinomas in one “neoplastic” category
is not valid for this type of analysis. Probably
both explanations are correct to some extent. It
may be that high and low doses of radiation to the
thyroid are equally neoplastigenic but not
carcinogenic.

2) What was the role of gender in nodule
development:

The distribution of various nodule types by
gender (Table 4) shows a female preponderance
for all categories of nodules. This is to be
expected in all but the occult papillary carcinomas.
Published data indicate that in the latter both
genders are affected about equally, although
sometimes there is a male preponderance
(Woolner et al., 196Q Harach et al., 1985;
Sampson et al., 1971).
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TABLE4: Distribution ofthyroid nodule ~e by gender.

Male (%) Female (%) Total

Adenomatous nodules 8 (25) 24 (75) 32

Adenomas 2 (29) 5 (71) 7

Occult papillary
carcinomas 2 (29) 5 (71) 7

Carcinomas 1 (lo) 9 (90) 10
-------- -------------------------------------------------------------------------------------------------------------------

Total 13 (23) 43 (77) 56*

* The total number of nodules exceeds the number of surgeries because four patients had two
nodules.

3) What was the relation of radiation dose to time
of nodule detection?

The strong correlation between higher dose
and earlier nodule development is shown in Fig. 5.
While this graph gives an overview of the
epidemic in relation to dose, it offers little
understanding of the role of the variables that
shaped it.

The predominant nodule type was the
adenomatous nodule, the ratio of these to all
other types being 4:3. Adenomatous nodules are
not neoplastic. Therefore, Fig. 5 predominantly
describes the relation of radiation dose to non-
neoplastic nodular disease. Secondly, the
prominent association of higher radiation dose
with early nodule development is influenced by
age-related variability in susceptibility to thyroid
cancer (NRC BEIR V, 1990) and benign tumors
(Ron et al., 1989; Shore et al., 1985). The mean
age of the Rongelap people at the time of
exposure was 27.6 years, but the range of ages was
0 (there were 4 persons in utero) to >80 years,
and susceptibility would have varied accordingly.

Inferences concerning dose and time to
development of a,denomatous nodules can be
extracted from data on persons exposed at
equivalent ages, thereby controlling for
susceptibility. In Figure 6 the time to
development of nodules is graphed against dose in

children one to six years of age. Three
children were on Utirik (ages: 1, 5, and
The correlation between dose and
development of adenomatous nodules w
significant (r = -0.848; p < 0.001). Altl
number of observations is small, these dal
that the earlier development of adel
nodules was primarily a function of higher
dose to the thyroid, not age. One variabh
not controlled for is thyroxine prophylax
Rongelap children. Prophylaxis was not
until ten years after exposure and after
nodules had been detected. Therefore, tht
thyroid suppression on development o
nodules was not of consideration for th{
years after exposure. In addition al
adenomatous nodules in this group k
identified within five years of initiation of
suppression.

A similar age-controlled analysis for
three nodule types is not useful because
too few observations per group.

4) What was the relation between
development and age at exposure?

The relation of nodule type to dose a]
exposure is shown in Fig. 7a-d. The graph
a similarity in the age- and do!
development of all four nodule types in t
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group. Only adenomas (Fig. 7b) did not develop
in persons exposed beyond their teenage years.
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However, there is a marked disparity among the
four graphs for the Rongelap group. The
occurrence of many adenomatous nodules in the
younger Rongelap population (Fig. 7a) could have
been a function of either age or high radiation
dose, because the thyroid-absorbed dose was
strongly age-dependent. However, none of the
other three nodule types in the Rongelap exposed
group (Fig. 7b-d) show the same preference for
younger ages, although the number of
observations is quite small. It is possible that the
development of adenomas and occult papillary
carcinomas, as well as overt carcinomas, was
limited by thyoid cell injury resulting from the
high radiation dose to the young Rongelap
population. It is ironic that neoplastic nodules in
the Rongelap group were numerically
overshadowed by benign nomeoplastic lesions.
While one might consider this to be, in a sense, a
mitigation of radiation injury, the significant
morbidity of benign thyroid nodules in the
exposed Marshallese has been discussed (Adams
et al., 1988).

5)Did benign nodules antedate carcinomas?
A highly significant correlation for time of

development of benign nodules (either total

benign nodules or adenomatous
thyroid cancers was found using
surgery for the specified groups (Tal
r = 0.99 and p = cO.01). This st]
which is present regardless of agt
thyroxine suppression, supports th
benign lesion does not evolve into a

nor do carcinomas, presumably poss
degree of autonomous growth, mart
clinically any earlier than benign n
al. (1989) also noted a similarity
radiation exposure to tumor
carcinomas, adenomas, and “noduk

6) Was the type of thyroid nod
radiation a function of dose?

It is thought that at thyroid do!
2000 cGy the incidence of carcinor
due to extensive cell death which
capable of becoming neoplastic
although there are reports of undh
thyroid cancer from external irradia[
doses exceeding 3000 cGy (Tucker e
palpable solitary nodules in the ger
the usual ratio of benign to mali]
about 6:1 and in some radiation-ex
can be as high as 3:1 (DeGroo
although the ratio varies considerab
the definitions used. The ratios for
are shown in Table 3, column B.
group where the total thyroid da
small the ratios for persons under 1
3.5:1 and for those who were older
high benign to malignant tumor r
Rongelap chddren who were expose
often years and whose thyroid dose
cGy is consistent with most other
likely explanation is a decrease in
due to extensive cell death or injur
exposure.

What may also be important, ho~
benign to malignant tumor ratio (
those Rongelap individuals with m~
radiation doses (i.e., Rongelap indi
age of 10 years at exposure, who
2000 cGy). Thus, there was a hig
thk group of a detected nodule b
whereas there was a relatively lo~
malignancy in persons whose dose
cGy. This may be relevant in c
making for nodules detected in
populations.
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These findings indicate that up to a point,
perhaps in the range of 1500-2000 cGy, the
greater the radiation dose the greater is the
chance of a detected thyroid nodule being
cancerous.
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7) Did radiation increase the incidence of “occult”
carcinomas?

Occult thyroid carcinomas have been found in
6-36% of routine autopsies in many parts of the
world (Fukunaga and Yatani, 1975; Harach et al.,
19&I), and the prevalence does not increase with
age, in contrast to overt carcinomas and benign
lesions. In 23 unexposed Marshallese undergoing
thyroid surgery under the auspices of the
Brookhaven medical program, 2 (9%) had occult
carcinomas. Reports from the Atomic Bomb

Casualty Commission in Japan indicated t]
thyroid carcinomas were increased by
exposure (Sampson et al., 1969), akhougl
at least one subsequent study from Nag:
found no such increase (Wakabayashi et :
In the exposed Marshallese a similar effect
be present, for based on results of
exploration, 6 of 24 (25%) of Utirik
exposed to radiation (thyroid-absorbe
ranging from 170 to 680 cGy) ha,
carcinomas. However, in the Rongela

22

1
(b)

)0

1
(d)

)n
■

60

occult
Iiation
Iere is
[i that
1983).
ly also
wgical
:rsons
doses
occult
goup,



whose thyroid doses ranged from about 400 to
5200 cGy, only 1 of 28 (4%) had the diagnosis of
occult papillary carcinoma. If only those
Rongelap individuals with doses less than 2000
cGy are analyzed, 1 of 13 (8%) had an occult
carcinoma, and for those receiving over 2000 cGy
the prevalence is O%. Therefore, the high
radiation dose received on Rongelap may have
decreased rather that increased the incidence of
the occult tumors.

But a factor that renders any conclusion of
questionable vaIue is that in many of the surgical
explorations the entire thyroid gland was not
removed and subjected to the close histologic
examination that has been used in most studies on
occult papillary carcinoma prevalence. The
Marshallese data may, therefore, underestimate
the prevalence of these lesions, particularly in the
multinodular adenomatous goiters of the exposed
Rongelap children.

The combined number of occult papillary
carcinomas and overt carcinomas in the Rongelap
and Utirik groups is virtually identical, being 7.o%
in the former and 6.6V0 in the latter:

Rongelap Utirik
Exposed persons 86 167
Occult CA 1 6
Overt CA 5 5

Total CA 6 11
Exposed/Total CA 7.05%0 6.6%

There are proportionally more carcinomas in
the Rongelap group and more occult papillary
carcinomas in the Utirik. One might wonder
whether radiation exposure had the effect of
inducing or hastening a change toward increasing
virulence in the usually benign-acting “occult”
lesions. However, such an interpretation does not
take into account either the limitations on
technique of histological examination of the
thyroid mentioned in the preceding paragraph or
the extensive thyroid injury in those in the
Rongelap group who received more than 2000 cGy
to the thyroid.

8) Did thyroxine suppression decreas : the incidence
of benign and/or malignant nodule ; in radiation-
exposed persons?

Administration of thyroxin for 1~e purpose of
suppression of development of thyr ]id nodules in
Marshallese who had been living o 1 Rongelap at
the time of exposure was initiated n 1%5 shortly
after the first thyroid nodules vere detected
(Conard et al., 1%7). The distributif n of thyroxine,
subsequently extended to include the ie persons who
were on nearby Ailingnae atoll, has ~eencontinued
up to the present, with dose being determined by
the results of yearly tests of thyroid f 1nction. Utirik
patients are not routinely managed with thyroxine
suppression. It is given to them only when clinically
indicated as noted below. Every six months a
supply of tablets is handed out tc each exposed
Rongelap person, whether or nc; that person
appears for examination, and cli Iical decisions
relating to thyroxine use are mad( each year by
endocrinologic consultants who 2zcompany the
medical team during their work i the Marshall
Islands. Thyroxine is also given to , 11 persons who
had thyroid surgery under the a Ispices of the
Marshall Islands Medical Program, v lether exposed
or not, for replacement and suppre:s ion.

The value of suppressive therapy n prevention of
thyroid cancer and benign nodule f rmation is not
clearly determined. Various studie; , for the most
part carried out on persons who ~reviously had
treatment for thyroid nodules, have 1dicated (1) no
nodule suppressive effect (DeGroot :t al., 1983), (2)
no cancer suppressive effect (Cady ~t al., 1983), (3)
no suppression of benign nodules ;Geerdsen and
Frolund, 1984), and (4) a decr~ ase in benign
nodules but not malignant nodules ( ?ogelfeld et al.,
1989). One study found that thyrox ne reduced the
number of recurrences in those whc had previously
undergone therapy for papillary th~roid carcinoma
(Schneider et al., 1986), although :he number of
patients not. given suppressive the apy was small.
The timing of thyroxine prophyla ris may be an
important factor in determining its : ffectiveness; if
started some years after exposure i s value may be
lessened (DeGroot et al., 1983).

Any conclusions derived from tt e results of the
Marshallese program have scient fic limitations.
The Rongelap group has been rea iving thyroxine
suppression since 1%5 but it s known that
compliance with this regimen is po )r, estimated at
no better than 50% (Adams et a ... 1983). The
suppression was not initiated unti 10 years after
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v- The number of persons in the
Rongelap group is small and many were children
at the time of exposure, thereby introducing
sample size and age factor into the analysis.
Fdy, variations in the thyoid-absorbed
radiation dose were primarily dependent on age at
exposure, and therefore extensive destruction of
thyroid tissue with a consequent decrease in risk
of thyroid cancer may have occurred in the
younger individuals (NCRP, 1985).

One inference is extractable from the
Marshallese data by examining the ratios of
benign to malignant nodules (Table 3, column B).
The Utirik populatio~ which received no
thyroxine suppressio~ had ratios of about 3.5:1 in
children less than age ten and 3.71 in older
children and adults, respectively. In the exposed
Utirik group over the age of 10 the number of
carcinomas which developed was 3 and the
number of benign nodules was 11. On the other
hand, in the Rongelap group over the age of 10,
which was receiving thyroxine suppression, the
number of carcinomas that developed was 4 and
the number of benign nodules only 5 with a ratio
of 1.25:1. Based on the number of thyroid cancers
in the Utirik group, the number of benign
Rongelap nodules in those exposed when they
were over 10 years of age should have been about
15. That the relatively low number of benign
nodules in this group was not the result of the
higher radiation dose is seen in the plethora of
benign nodules and the highest ratio of benign to
malignant nodules in Rongelap children under ten
years of age, all of whom received over 2000 cGy.

Thyroxine suppression may have resulted in the
development of fewer benign nodules in the older
population. (See above for the discussion
concerning the limitations of the vdldity of this
interpretation). It is not possible to determine if
thyroxine prevented the development of benign
nodules in Rongelap children under 10 years of
age, in part because 15 of the total of 18
adenomatous nodules in this group had been
detected within five years of starting suppression
therapy and therefore were unlikely to have been
much affected by prophylaxis. The incidence of
thyroid cancer in Rongelap persons over 10 years
of age was 79% and in the comparable Utirik
population persons 4%. The incidence in the
former might have even been higher without
thyroxine suppression but this will never be
proven.

9) Did fetal radiation exposure produce t]
nodules?

It is known that 1311given in pregnam
produce hypothyroidism in the fetus (F~her
1%3). Since the fetal thyroid begins to concc
iodine at about the twelfth week of pregnant
of fetal thyroid injury from radioiodines beg
this time. Those fetuses at the time of expos
BRAVO fallout received both a whole-body d
gamma radiation equal to their mothers’
radloiodine dose to the thyroid which was a fu
of age of gestation, maternal radloiodine dos
the extent of placental transfer of the radiois~
The placenta is not a barrier to iodine tr
(Pisher, 1975).

Twelve persons followed by the Marshall 1,
Medical Program were in utero at the ti]
exposure, four from Rongelap and eight
Utirik. Three of these have now developed th!
nodules: two of the four Rongelap children
one of the seven Utirik children (the eighth pe
in the latter group has never been available
examination). Table 5 summarizes the in t
exposure data. The finding that nodules
benign) have occurred in at least 27 percen
those in utero at exposure is striking particu
since the thyroid doses were not calculated t(
very high in two of the three (Nos. 3 and 8, T
5). None of those irradiated in utero have bec
spontaneously hypothyroid. Since the exte
whole-body dose estimates are probably f,
accurate, it may be that the internalized dose
higher in the three persons with nodules than
estimated. All the external and internal thy
doses calculated by Lessard et al. (1985) \
derived from a variety of data on radiation sou
and conditions, and that report states that
maximum thyroid-absorbed dose could have bee
much as four times the mean values used he]
Alternatively, the fetus may be more suscepl
than the adult to radiogenic thyroid nodules
perhaps even more so’ than the juvenile thy
Among 2,802 Japanese atomic bomb survivors
were in utero at the time of exposure, 16 1
developed cancers that appeared after the age c
years. One of these was a thyroid cancer w
occurred in a person whose gestational age wa
weeks at exposure (Yoshimoto et al., 1988).
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Tab1e5: Thyroid nodules occurring inthose exposed inutero.

ID No. Gestation age Estimated Nodule type
at exposure thyroid dose*

(in weeks) (cGy)

1 23’ 870 Adenomatous nodule

2 24 870

3 10 190 Adenomatous nodule

4 4 190

5 17 270

6 24 110

7 16 270

8 33 110 Occult papillary cancer* *

9 24 110

10 32 110

11 35 110

12 Never examined: gestational age unknown

● Estimated total thyroid-absorbed dose, inchdhg internal and external exposures.

!

●* Dividend opinion among the four consultants on the Pathology panel: occult papillary c cinema (2) vs.
adenomatous goiter (1) vs. nodule with fibrosis (l).

This reports shows that the mortality rate of in the prior ten years and several n
the exposed Marshallese is no different from the have been diagnosed in the Utirik
unexposed population. The exposed population same time period. The increased
.ad the comparison group are too small in of thyroid neoplastic nodules ap
number to determine if there is a statistically present, although probably at a de
significant difference in the incidence of neoplasia
other than that of the thyroid. Ingestion of
radioactive iodines by the exposed population,
including the lesser exposed Utirii group, has
resulted in an evident increased incidence of
thyroid neoplasia even though this group is sm~
as is the comparison population. In the Rongelap
group, one neoplastic nodule has been diagnosed
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APPENDIX A
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APPENDIX B

Individual Marshallese laboratory data collected during 1988 through 1991 medical survey:
Rongelap and Ailingnae; ** = Utirik expose~ *** = comparison group).

Abbreviations:

PID

SEX

AGE

WBc

PMN

BAND

LYMPH

MONO

EOS

BASO

PLT

HCT

RBC

MCV

HGB

TSH

PRL

FBS

HBAIC

RBS

CAL

TPR

——

.

=

.

——

——

=

.

.

=

.

.

.

.

.

.

=

.

=

=

=

——

Brookhaven National Laboratory identification number

1- Male; 2- Female

years

leukocyte count/pi

neutrophil count/pi

band forms/~1

lyxnphocytes/pl

monocytes/pl

eosinophils/pl

basophils/pl

platelet count x 103/~1

percent

erythrocytes X 10 6/#1

mean corpuscular volume

hemoglobin level in g/all

in fl (cu. microns)

thyroid stimulating hormone level in pIU/ml

serum prolactin in rig/ml

fasting blood sugar in mg/dl

glycosylated hemoglobin AIC in percent

random blood sugar in mg/dl

calcium in mg/dl

total protein in g/all

35

(* = eqmsed persons of
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APPENDIX B (CONT’D)

NOTES: Series of 9’s indicate test not performed.
Series of O’sindkate test performed but results below lower limit of detection.
Normal values for the laboratory are
Brookhaven National Laboratory.

those of the U.S. population. Detailed range

36
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THYROID SUMMARY

I

APPENDIX C

This 35 year old male was 8 months in utero at the time of exposure to the fallout from Bra !o. In October 1989 he
was noted to have a thyroid nodule in the right thyroid isthmus. He was referred to the NIH ft r additional evaluation.
Physical examination revealed a right sided inferior thyroid nodule approximately 0.8 cm in dia zeter. The thyroid was
of granular consistency and the remainder of the physical examination was unremarkable. llq “oid f~ction teas were
within normal limits, including a serum TSH. Ultrasound of the neck showed a large nodule. T chnetium thallhun scan

showed a cold nodule in the lower pole of the right thyroid. Fine needle aspiration showed bloo elements, no folliculm
cells were seen. The patient underwent a right thyroid lobectomy on 12/7/89. Pat .ology from the right
hemithyroidectomy showed a 6tix2.5 cm specimen containing a 1 cm hemorrhagic cyst with a ).5 cm papillary growth
within the cyst. Frozen section showed a benign hypertrophic nodule with papillary proliferation and hemorrhage. This
was cor@rmed as a colloid cyst by permanent section. Two foci of micropapillary carcinoma, se xirate from the nodule,
were detected. The patient was placed on suppressive Synthroid and no additional surgery wa performed. Currently
the patient is on Synthroid 0.2 mg. q.d. and is doing well.
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APPENDIXD

This table lists all exposed persons who have had surgery which confumed a thyroid lesion, their a ;es at the time of
surgery, the number of years post-exposure that thyroid surgery was performed, and the thyroid-absor ed radiation dose
in cGy. The code for “Nodule type” ix 1 = adtmomatous nodule; 2 = adenom~ 3 = occult papilla y carcinoma; 4 =
overt carcinoma. In some instances there was a divided opinion as to the pathologic diagnosis for tl e purposes of this
table the “more malignant’ diagnosis has been used (i.e., overt carcinoma > occult papillary carcino na > adenoma >

** represents Utirik individualsadenomatous goiter). * represents Rongelap individual

Age in Sex Age at Years post- Internal External Total Noc de
1954 Surgery exposure dose dose dose Typ :

* 1 M 12 11 5000 190 5190 1

* 2 F m 18 1040 110 1150 1

* 6 F 21 15 2400 190 2590 1

* 3 F 13 10 3500 190 3690 1

* 19 F 34 15 1100 190 1290 4

* 5 M 19 14 2700 190 2890 1

* 7 M 18 11 2300 190 2490 1

* 3 F 13 10 3500 190 3690 1

* 3 M 17 14 3500 190 3690 1

* 2 F 14 12 190 4190 1

* 7 M 22 15 190 2490 1

* 3 F 15 12 3500 190 3690 1

* 30 F 49 19 290 110 400

* 23 F 43 20 290 110 400 L

* 7 F 33 26 600 110 710 1,:

* 1“ M 15 14 5000 190 5190

* 34 F 46 12 290 110 400

* 8 F m 12 224)0 190 2390

* 2a F 39 11 1100 190 1290 t

* 1 F 13 12 5000 190 5190

* 28 F 53 25 1100 190 1290

* 14 F 45 31 1400 190 1590

* 4 F 45 31 1400 190 1590
t- ———
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* 7 F 22 15 190 2490 4

*. 16 F 38 22 1300 190 1490 4

* 12 F 30 18 190 1790 1,2

* 0.7 M 20 19 680 190 870 1

* 0.3 M 25 25 0 190 190 1

** 1 F 28 27 670 11 681 1

** 5 F 30 25 390 11 401 1

** 11 M 33 22 260 11 271 2

** 17 M 47 30 150 11 161 4

** 3 F 24 21 480 11 491 4

** 14 M 44 30 220 11 231 3

** 2 F 32 30 550 11 561 4

** 12 F 32 20 240 11 251 2

** 31 F 56 25 160 11 171 1

** 35 F 57 22 260 11 171 4

** 24 F 49 25 160 11 171 1

** 38 F 64 26’ 160 11 171 1

** 3 F 34 31 480 11 491 3

** 37 F 56 19 160 11 171 1

** 34 F 53 19 160 11 171

** 33 F 58 25 160 11 171 1,

** 52 F 71 19 160 11 171 1

** 6 F 37 31 340 11 351 1

** 18 F 33 15 160 11 171

** 11 M 35 24 260 11 271 2
I** ,3 F 30 27 480 11 491

** 15 F 44 29 200 11 211 3
II** 4 F 36 32 430 11 441 2,-

** 0.9 M 35 34 98 11 109
#
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