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SUMMARY

The authors examined 155 autopsy cases of
Hashimoto’s thyroiditis in the RERF Life Span
Study sample including both A-bomb survivors
and controls in Hiroshima and Nagasaki from
1954-74, Hashimoto’s thyroiditis was classified
into lymphoid, diffuse, and fibrous types and the
following resuits were obtained.

No difference existed for the effects of A-bomb
radiation in the incidence by age at time of
bomb (ATB). The ratio of males to females
did not reveal statistical significance, even though
a reversed ratio was noted in the high dose group.
The differences of thyroid gland weight by
radiation dose or other variants showed no
significant. pattern, even though the smallest
average weight was found in the highest radiation
exposure group. .

Regarding complications in those with
Hashimoto’s thyroiditis, a high prevalence of
ovarian cancer and a low prevalence of stomach
cancer and total cancer were observed. Only
two cases with Hashimoto’s thyroiditis were
complicated with thyroid carcinoma. Among
collagen diseases, the prevalence of rheumatic
fever and rheumatoid arthritis was high.
However, for the incidence of these complicating
diseases no radiation effect was detected.

INTRODUCTION
In 1912 Hashimoto® reported four females with-
diffusely swollen thyroid glands under the name
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of “struma lymphomatosa,” the microscopic
changes of which were characterized by the
infiltration of lymphocytes and oxyphilic change
of follicular epithelium with or without inter-
stitial fibrosis.

disease; anxiety, pituitary overactivity, iodine
deficiency, vitamin deficiency, etc. On the other
hand, the disease has frequently been reported in
association with collagen disease or autoimmune
disease. Now several distinct antibodies have
been identified (antithyroglobulin and anti-
microsomal antibodies} and it is widely believed
that Hashimoto’s thyroiditis must be hsted as
an “autoimmune disease”. s

Previously a relationship between thyroid gland
diseases and exposure to A-bomb radiation was
confirmed only for thyreoid carcinoma, even
though intensive research in thyroid diseases has
been conducted at RERF.SM  Radiation
exposure from fallout in the Marshall Islands and
Nevada, and by radioiodine therapy resulted in
the development of hypothyroidism and
thyroiditis.'*"** However, the effects of A-bomb
radiation on Hashimoto’s thyroiditis and/or the
relation of Hashimoto’s thyroiditis to cancer are
scarcely understood.

The present study attempts to assess the late
effects of A-bomb radiation on the incidence of
Hashimoto’s thyroiditis in the Life Span Study
(LSS) autopsy series, including both A-bomb
survivors and nonexposed controls in Hiroshima
and Nagasaki from 1954-74.'° The study is
chiefly a systematic pathotogic search, including
the classification of the disease and late effects of
radiation of Hashimoto’s thyroiditis and the
relation of Hashimoto’s thyroiditis to cancer,

MATERIALS AND METHODS

Among Hiroshima and Nagasaki cases autopsied
between 1954-74, 112 cases of Hashimoto’s
thyroiditis in Hiroshima and 43 cases in Nagasaki
were found and examined, The thyroid gland
was examined grossly and several tissue blocks
were cut from both lobes. The weight of the
thyroid was abstracted from the autopsy
protocol. The section of thyroid was stained
with hematoxylin and eosin, Masson’s acid
fuchsin, aniline blue trichrome, reticujum fiber,
PAS reaction, Congo red for amyloid, and
Weigert’s stain for elastic fibers. Hashimoto’s
thyroiditis was classified as lymphoid, diffuse,

Since that time research interest.
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or fibrous types according to a classification by
Yagawa.'

The radiation doses for A-bomb survivors were
estimated in rad based on air-dose curves,
shielding effects, and data concerning location,
circumstances, shielding configurations, etc.,
collected from each survivor by trained field
workers.

RESULTS

Pathological Findings in Each Classified Type
Lymphoid Type. There were 71 cases in this
type. No patient could be diagnosed clinically.
Age at death ranged from 35 to 91 years, with an
average of 77.4 years, and most patients were
women, The average weight of the thyroid
gland was 18.8 g.

Microscopically, the basic alteration was a focal
formation of lymphoid follicles in the intervening
lobules andfor stroma and focal change of
follicular epithelia (Figure: 1A). Lymphoid
follicles with germinal centers were noted in a
moderately large number of cases but the
germinal centers were indistinct in 23 cases. The
follicles contained wvarious amounts of colloid
and the follicular epithelium was generally low
cuboidal. . Oxyphilic changes were generally
found only around lymphoid follicles in most
cases, and about half of the oxyphilic-changed
epithelia formed giant cells. Epithelial destruction
and metaplasia was usually less prominent, but
epithelial hyperplasia was often found, even
though these varied in degree. The infiltration of
lymphocytes and plasma cells was noted in the
vicinity of lymphoid follicles. Fibrosis was not
prominent.

Colloid goiter was found in seven cases (9.9%),
follicular adenoma found in nine cases (12.7%),
and oxyphilic cell carcinoma found only in one
case {1.4%) as a complication.

Diffuse Type. Only six cases were found and
these were classified by the same sex ratio.
The average age at death was 80.8 years and the
average weight of thyroid gland was 23.7g. Gross
examination of the gland revealed uniform
enlargement of bilateral lobes with elastic firm
tissue varying from tan-red to yellowish-white
in colar.
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The most outstanding microscopic feature was
the diffuse infiltration of both lymphocytes and
plasma cells throughout the parenchyma, raising
the differential problem of lymphosarcoma
(Figure 1B). However, lymphoid follicles with
germinal centers were noted in all cases.
Interstitial fibrosis was moderately increased and
follicles were not destroyed by diffuse infiltra-
tion, even though most follicles were small to
intermediate in size and of decreased colloid
content. However, there were large follicles
filled with colloid intermingled with small
follicles in some cases., The follicular epithelia
often showed oxyphilic change and epithelial
destruction. Epithelial hyperplasia and meta-
plasia were rarely found. The complications
were one case of colloid goiter (16.6%) and one
case of papillary adenocarcinoma (16.6%).

Fibrous Type. There were 78 cases of this type
and most were women. The age ranged widely
from 15 to 92 with an average of 67.9 years.
The thyroid gland was characterized by diffuse
or nodular, enlarged, pale- or light-brown,
elastic, firm, or rubbery tissue. The average
weight of the thyroid gland was 22.3 g.

Microscopically, a characteristic of this type
was an increase in both interlobular and peri-
lobular fibrous tissue, apparently a lobulation
such as the pattern of portal liver cirrhosis
(Figure 1C,1D). The follicles markedly increased
in number and generally shrank in size and
usually contained little colloid.  Prominent
fibrosis occurring in the stroma enclosed lobules
such as a group of islands separated with a
broad fibrous band. However, such cases showed
slight fibrosis in the intervening lobules. The
prominent and characteristic feature was that
the follicular epithelia led to considerable
variations; they changed into oxyphilic cells
forming giant cells around the lymphoid follicles,
or became hyperplastic and destroyed together
with or separately from the oxyphilic change.

The epithelial metaplasia was rare and was noted
only in seven cases. In some extreme fibrous
cases, all follicular epithelia in an island-like
follicle changed into oxyphilic cells. The
basement membrane of follicular epithelia
became thick but the basement membrane of
oxyphilia was merely thin. Lymphoid follicles
with germinal centers were scattered in the
intervening lobules and throughout the stroma.
The infiltration of lymphocytes and plasma

PipRsEAT H ooy & B AR, EH eI AES N
30y R\ HELUBHAMBOREBERZRETAED, &
D) R EOENIIMEAS > (1B ).
LaL, IR aE+ 20 » A IREREIE 2 H2 3
Bohs, FEAEOEREI S SBETDORE S
ThHN, 30{ FOGSHERPELLTIEOLA,
TEsd Dz 2 0L, #@REstiE kT
WiEishaZ izt hark, L LSBT,
SEVERORGELTwA 20  FARMBLTVS
KEID MR A 5 n . N EROE LU T
Mo E U LREEEEL 2. LEBENE LD
b hice o, HOFER, 794 FBRIRR
TR A7 1 160 (16.6% ), FLEARIREE A7 1 4] (16.6%) T
Hor.

BMER. CZOROLOFBEE Y, KEris ot
Th-o7. EMLISEH» 5 REZ COILTBE ICH 7

N, FEE6T.9 TH - 2. BKIEOFRIE, i
HEAESEHETEALTEY, HAE 2 HNG
T, SEAREC, oIl THEI - L. H
KB OFEHFERI32.3g TH - 7.

HMEREOHE, ZoMokiut, IEME LU
DRSO M T S D, PIIRMETEE 2%
DEHI7ELE L TRODEAAZLTHS (HIC,
1D). o E#HEML, AzsEsfuivizisn
THiANL, AETIC, FEIREALEEATVWED S
o MIEWNIICEUAF L OBMEELR, RoSETT
s ABEO LI IIPEEHATWE LAL,
IOk nBlx, AETSDECIBEEOHMESZ R
BE s, Mg LR MY oE{ELT
WhZETHB. T4HHL, TS5 IEFEEMRIC
FEL T v higElRo BB EMifE & & 5 &,
FEEEltEE-20, b0 L TBEK
EREBOIREIZ L 5 Tk,

rEoftEREhTH, bTFrTHIZELSNLZIZ
TERZV. BEORMIELZZET AETHTE, B
DERaIz BT A EE O AT IR iF MR
FLTWVA. i LEOREBBRELS E-Tuw
A, FEELEOREBEEE 2. AT S0
HEUMBE 2, BPLEET S v REE N
WAL T U Yk BRARO ) Y



RERF TR 15-78

Figure 1 Hashimoto’s thyroiditis: A- Lymphoid type; B- Diffuse type; C-Fibrous type; and D- Extreme
fibrous case, fibrous type.
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TABLE 1 MICROSCOPIC FINDINGS

#1 FHWEATR
Lymphoid Diffuse Fibrous

Interstitium
Fibrosis, interlobular + + it
Fibzosis, interfollicular + + +
Elastosis, interlobular + + i+
Elastosis, perivascular + + +*
Follicles
Number + H+ +HH+
Size ++ -+ +
Content of colloid ++ + +HH+
Change of basement membrane + + +
Epithelial cells
Oxyphitic change ++ -+ 4
Epithelial destruction + ot +
Hyperplasia ++ + +
Metaplasia + + +
Lymphoid follicles
Number i+ bt -
Development of germinal center +H i +
Infiltration
Lymphocytes it bt
Plasma cells + +++t +
Histiocytes +& ++ +

cells was similar to the lymphoid type but some
cases showed severe infiltration in the lobules
similar to the diffuse type. The complications
were six cases of colloid goiter (7.7%), and
seven cases of follicular adenoma (9.0%). The
characteristics of the microscopic alterations are
shown in Table 1.

Statistical Analysis

Incidence of Hashimoto’s Thyroiditis Within the
RERF Autopsy Series by Radiation Dose: The
frequency of Hashimoto’s thyroiditis in the
examined autopsy series increased from 0.20%
in 1956 to 4.98% in 1974. However, when the
numbers were analyzed for four time periods,
three dose levels and the cormresponding numbers
of all other autopsies, the x? tests indicated that
no difference existed between the relative
proportions of cases of Hashimoto’s thyroiditis
for the three dose levels and for other autopsied
persons. This does not necessarily prove that no
radiation effect exists (Table 2).
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TABLE 2 INCIDENCE OF HASHIMOTO’S DISEASE IN THE RERF AUTOPSY
SERIES BY RADIATION DOSE AND CALENDAR YEAR PERIOD

#2

BEFHREANOKFRORES: RERRE & UEE RN

T6S dose in rad

NIC+0 199 100+ NIC+0 1-99 100+
1954-60 1961-63
Hashimoto’s disease 8 0 [t} 13 12 0
Other autopsies 191 199 36 920 698 108
Total autopsies 199 199 36 933 710 108
1966-70 1971-74
Hashimoto’s disease 34 12 5 34 27 8
Other autopsies 718 518 89 311 212 46
Total autopsies 812 530 94 345 239 54

%2 = not significant (P>>.05)

Two cases with unknown dose are not listed #REATHTH 3 2 FEERIFL L.

Lymphoid Type and Other Types by Age ATHS.
Table 3 shows that no association existed
between type and age ATB, after the histologic
grouping had been made,

Lymphoid Type and Other Types by T65 Dose.
As shown in Table 4, both diffuse and fibrous
types do not differ from lymphoid type by
amount of radiation dose.

The Ratio of Males to Females by Type and
Dose. The ratio of males to females (0.42) for
cases with Hashimoto’s thyroiditis in the low
dose group agreed with the widely recognized
ratic in Hashimoto’s thyroiditis, but the ratio for
those with both diffuse and fibrous types in the
high dose group (100+rad) was reversed with a
value of 2.3, although not statistically significant
(Table 5).

Average Thyroid Gland Weight and Number of
Cases by Dose and Type. In Table 6, it appeared
that there was no significant variation of thyroid
gland weight with radiation dose or by type,
even though the smallest average weight was
found in the highest dose group. These values
were also checked for each city separately, with
negative findings,

Principal Diagnosis and Complications in
Hashimeto’s Thyroiditis Cases. In general, most
patients had few subjective symptoms attributable
to the presence of goiter. The most frequent
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TABLE 3 LYMPHOID TYPE VS OTHER TYPES BY AGE ATB
#£3 VY SRBEEEUZOMOR: SRR A5

Age ATB Lympheoid type Other types Total
0-19 1 3 4
2049 35 45 80
50+ 35 36 71
Total 71 84 155

x* = not significant (P>>05)

TABLE 4 LYMPHOID TYPE VS OTHER TYPES BY T65 DOSE
£4 YrARBESLIUZOMOE: T 65N

T65 dose in rad

Type
NIC+H0 199 100+ Total
Lymphoid 46 20 3 69
Other 43 31 10 84
Total 89 51 13 153

x%=not significant (P>>.05)

Two cases with unknown dose are not listed

BAFTUCH B 2HIERIL L

TABLE 5§ RATIO OF MALE TO FEMALE BY T65 DOSE
#5  Hidckh: T 658HLAN

T65 dose in rad

NIC+0 1-99 100+
Type M F Ratio - M F Ratio M F Ratio
" Lymphoid 7 39 .18 6 14 43 1 2 0.5
Other 10 33 .30 9 22 .41 7 3 2.3
Total 7 72 24 15 36 .42 8 5 1.6

12 = not significant (P>>.05)

death  certificate principal diagnoses for
Hashimoto’s thyroiditis cases are listed in Table 7.
The prevalence of atherosclerosis appeared high
among Hashimoto’s thyroiditis cases and that of
cerebral thrombosis low as compared to the
entire autopsy series. The complication of
cancer in those with Hashimoto’s thyroiditis was
observed in eight cases of stomach cancer, six
cases of bronchogenic . cancer, three cases of
breast cancer, and three cases of ovarian cancer.
The respective relative percentages in Hashimota’s
thyroiditis and in the entire autopsy series were
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BifRHEE & B L AR, ERHRNC 5T 2 IREKRK
BEoAHRIIE S, BLROEREIELI
TH 7. i%?l:-T':’é‘J:ii:T»‘fMWﬁﬁJI:iEéb%ﬂf;
HoSiEr, FEeM, ANEMEEEM, B3

B, R IETHYD, FAThOLEBRERC S
B E I RSB B A TSRO K102



RERF TR 15-78

TABLE 6 AVERAGE WEIGHT OF THYROID GLAND BY T65 DOSE AND TY?E,
BOTH CITIES COMBINED .
%6 FEBOTHEL: TeSHmMs & RS, Wilait

T65 dose in rad

Microscopic
type NIC 0 1-99 100+ Unk Total
Lymphoid Number 16 26 17 2 2 63
Average weight 21.9 19.2 16.8 15.5 9.0 18.8
Standard error 5.5 2.5 4.4 4.5 1.0 2.1
Diffuse Number 1 1 3 1 0 6
Average weight 30.0 47.0 16.0 17.0 - 23.7
Standard error - - 3.2 - - 5.4
Fibrous Number 21 19 25 8 0 73
Average weight 29.1 19.6 20.0 18.2 - 22.3
Standard error 4.7 2.9 1.9 2.7 - 1.7

TABLE 7 RELATIVE PERCENTAGE OF PRINCIPAL DIAGNOSES
#7 FZEZEOBMEZT

Relative percentage

Principal diagnosis Number Hashimoto’s Autopsy
disease series
Arteriosclerosis 13 8.4 1.1
Cerebral thrombosis 11 7.1 13.3
Cerebral hemotrhage 9 5.8 3.6
Stomach cancer 8 5.2 10.2
Hypertensive renal disease 7 4.5 -
Bronchial pneumonia 1 4.5 3.0
Subarachnoid hemorrhage 6 3.9 1.7
Bronchogenic cancer 6 3.9 5.0
Chronic ischemic heart disease 5 3.2 4.3
Breast cancer 3 1.9 - 1.0
Ovarian cancer 3 1.2 0.6
Gall bladder 2 1.31 1.01
Total cancer 29 187 331
Rheumatic fever 5 3.2 0.3
Rheumatoid arthritis 4 2.5 0.2

Arteriosclerosis, cerebral thrombosis, and subarachnoid hemorrhage. P<.05)
QOvarian cancer, stomach cancer, and total cancer. E<.05)
Rheumatic fever and rhenmatoid arthritis. (P<<.05)
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5.2 to 10.2, 3.9 t0 5.0, 1.9 to 1.0, and 1.9 to 0.6
as shown in Table 7. The prevalence of ovarian
cancer was significantly higher than that
expected from the data for the whole series and
the prevalence of stomach cancer was significantly
low. Also, total cancer prevalence was low in
comparison with the prevalence overall. The
complication of collagen diseases in those with
Hashimoto’s thyroiditis was noted in one case of
systemic Ilupus erythematosus, four cases of
rheumatoid arthritis, and five cases of rheumatic
fever, The prevalence of rheumatic fever and
rheumatoid arthritis in the Hashimoto’s
thyroiditis cases was higher than that for all
autopsy cases. However, no radiation effect
existed in combined diseases with Hashimoto’s
thyroiditis.

DISCUSSION

Recently, the Hashimoto’s disease research group
in the Japanese Ministry of Welfare proposed
that for a reliable definition of Hashimoto’s
thyroiditis the disease should show the
characteristic by pathomicroscopic examination
and/or a positive precipitin reaction with thyro-
globulin or thyroid extract as antigen.'” The
group also proposed a classification based on two
simple types, disseminated and diffuse, the
former of which accords with lymphoid type and
the latter with diffuse and fibrous types in
our study.’® The most difficult problem facing
the pathologist in the study of this disease has
been the definition of the lymphoid type, which
is a synonym for focal (lymphocytic) thyroiditis,
but there appears to be no proof that a direct
relationship  exists  between  Hashimoto's
thyroiditis and focal (lymphocytic) thyroiditis.
A question is whether or not focal (lymphocytic)
thyroiditis should be placed in a separate category
from Hashimoto’s thyroiditis. Hazard!® suggested
that the type may be an early phase of
Hashimoto’s thyroiditis, and Senhauser®
reported, that titers of antithyroglobulin were
elevated in Hashimoto’s thyroiditis, as well as
in focal (lymphocytic) thyroiditis. Therefore
the examined data in this study were divided
mainly into lymphoid type and other types.

A relationship between disease of the thyroid
gland and radiation effects of the A-bomb had
been confirmed only for thyroid carcinoma.”!
Hollingsworth et al® found chronic thyroiditis
in five patients in the Adult Health Study (AHS)
from 1958-59, who were in the city ATB.

In-
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the Marshall Islands, fallout (*3'I, %, **% and
1351) resulted in the development of thyroid
abnormalities, malignant  disease, benign
adenomatous nodule, and atrophy of the gland
with hypothyroidism.'> In Utah and Nevada,
where there was exposure to fallout radiation in
1950, the observed rates for Hashimoto’s
thyroiditis in boys and girls were 8 and 16 per
1000.'1* Of the 177 children exposed to a
calculated dose of 100 rad or more in Utah and
Arizona six showed thyroid abnormalities.'?

The present analysis did not confirm a relationship
between incidence and/or age ATB and radiation
dose. Only the sex ratio and the weight of the
thyroid gland showed reversed ratio in the high
dose group and the smallest average weight in
the highest dose group. In our material, the
average weight ranged from 9.0 to 47.0g as
shown in Table 6. In general, in those aver 60
years old without thyroid disease the weight of
the thyroid gland was 14.9 + 0.6g in males and
14.5 * 1.0g in females. The average age for each
type ranged from 69.9 to 80.6 years. Generally,
the thyroid weight of 2 healthy personin his 30s
is at its maximum and thereafter declines by an
average of 0.5g in his 50s and 60s. At RERF the
retardation of growth was found only in persons
who were exposed to high doses (100+ rad) and
who were less than 17 years old ATB.?' In the
present study the cases were generally over 20
vears old ATB, so that analysis of the average
weight was not complicated by age adjustment.
Further study is, however, needed to determine
whether  radiation affects the  weight
of the thyroid gland. No evidence had been
found that would indicate histologic features
that were specific to radiation exposure.

Woolner??> found an associated carcinoma in 18
of 605 cases of thyroiditis (about 3%) and
Skillern®® found 3%-12% malignant neoplasms
among cases of Hashimoto’s thyroiditis.
However, only two instances (about 1.3%) of
thyroid carcinoma in cases of Hashimoto’s
thyroiditis were noted in this study so that the
relationship between thyroid carcinoma and
Hashimoto’s thyroiditis remains in gquestion,
even though it is now widely held that the
incidence of thyroid carcinoma is of the same
order as that for leukemia in A-bomb survivors.

The role of thyroid dysfunction or hypo-
thyroidism in breast cancer has been debated and
several studies suggest that patients with
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Hashimoto’s thyroiditis were a high risk
population for breast cancer® The authors
were most interested that prolactin exerted a
greater mammotropic effect in the absence of
thyroid hormones.”® However, the complication
in those with Hashimoto’s thyreoiditis in this
study revealed that there were stafistically
significant high-risks not of accompanied breast
cancer but accompanied ovarian cancer, and
low-risk of gastric cancer. Alsc a low-risk of
total cancer in patients with Hashimoto’s
thyroiditis was statistically demonstrated.
Although a hormonal carcinogenesis in ovarian
cancer is still obscure, the authors must give
thought to reports that estrogen was influential
in iodine utilization and irradiation had no direct
carcinogenic effect on the ovary.?®?7

- In general, overlapping diseases with Hashimoto’s

thyroiditis were listed as rheumatoid arthritis,
systemic lupus  erythematosus, Sjogren’s
syndrome, and myasthenia gravis.* The present
study provided strong statistical evidence of an
association between rheumatic fever and
rheumatoid arthritis and Hashimoto’s thyroiditis.
Several studies report existence of a degree of
serological overlap (thyroid complement fixating
antibodies, nuclear complement fixation,
fluorescent test for antinuclear factors,
rheumatoid factor) greater than might be
expected to occur by chance from control
studies.3?®

Although the pathological and serological overlap
between the ‘“autoimmune diseases” is of
particular relevance to the understanding of the
fundamental phenomena, their role in the
pathogenesis of these disorders is far from clear.
The present study suggested that no late effect
of the A-bomb exists in the prevalence of
complication in patients with Hashimoto’s
thyroiditis.
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