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A report partially based on this paper was presented at the
39th Annual Meeting of the Japanese Cancer Association, 5-7 November 1980, Tokyo (AB 56-80).
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The RERF Technical Reports provide the official bilingual statements required to meet the
needs of Japanese and American staff members, consultants, and advisory groups. The
Technical Report Series is not intended to supplant regular journal publication.
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The Radiation Effects Research Foundation (formerly ABCC) was established in April 1975 as
a private nonprofit Japanese Foundation, supported equally by the Government of Japan
through the Ministry of Health and Welfare, and the Government of the United States through
the National Academy of Sciences under contract with the Department of Energy.
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SUMMARY

In a study of parathyroid tumor among autopsy
cases at RERF in Hiroshima, 16 cases of para-
thyroid adenoma were detected among 4,136
autopsies during 1961-77. Of these, two cases
were giant adenoma (5 c¢m in diameter) ac-
companied by hyperparathyroidism. Both cases
were atomic bomb survivors from Hiroshima.
One was exposed to 55 rad at age 51 and died at
age 71, and the other was exposed to 28 rad at
age 45 and died at age 71. These two cases will
be reported together with a review of the liter-
ature on parathyroid tumors developed following
irradiation on the head and neck.

INTRODUCTION

In 1975, Rosen et al' reported a case of para-
thyroid adenoma, complicated with hyper-
parathyroidism, which developed in a 57-year-old
male who had received X-irradiation of the head
and neck for the treatment of facial hirsutism
40 years ago. Others?™® have also reported
primary hyperparathyroidism or parathyroid
adenoma after irradiation of the head and neck.
A-bomb survivors in Hiroshima and Nagasaki
show a high frequency of cancer in the head and
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neck area, thyroid cancer, and salivary gland
tumors, as well as a high incidence of leukemia,
breast cancer, and lung cancer.®™'® Therefore
tumors of the parathyroid gland, one of the
endocrine glands in the head and neck area, have
also attracted much interest. Thus, using RERF
autopsy cases in Hiroshima a study of the
parathyroid tumors was conducted. Among
4,136 autopsies during 1961-77, 79 cases were
diagnosed as having parathyroid diseases (tumor,
hyperplasia, and cyst), of which 16 were con-
firmed as parathyroid adenoma. Two of these
cases were giant adenoma (5 cm in diameter) and
were A-bomb survivors. These two cases will be
reported here.

Case Report

Case 1 (MF . Autopsy Female,
Born February 1894, aged 51 at the time of the
bomb (ATB).

Exposure History. Exposed inside a Japanese-
type house at 1,400 m from the hypocenter in
Hiroshima with an estimated tentative 1965
radiation dose (T65D), 55 rad.'® No acute
radiation symptoms were reported.

Clinical History. No detailed clinical history
available.  Patient was treated for multiple
arthritis from December 1964 at age 70 until
death in September 1965 at age 71.

Major Autopsy Findings. Gross findings.
Autopsied 19 hours after death. Superficial
observation showed marked emaciation and
strong deformity of the chest due to fracture of
the ribs (Figure 1). Irregular depression and
chondrogenic nodular nests were observed in
many ribs. Marked deformity and fractures were
observed in bilateral femurs, tibias, and fibulas
(Figure 2) and vertebrae. A hyperdermic mass
was palpable at the left anterior neck, but
cervical lymph nodes were not. The mass was
located superior to the left lobe of the thyroid
(5 x 5 cm and 35 g). It had a fibrous capsule
and slightly adhered to the left lobe -of the
thyroid. The surface of the mass was nodular,
and the cut surface was grayish white and slightly
soft, and hemorrhage and necrotic foci were
scattered (Figure 3). No swelling was observed
in the cervical lymph node.

Histological findings. The mass of the left
anterior neck had a fibrous capsule and contained
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Figure 1. Case 1. Thorax at autopsy. Ribs show multiple fractures, and the thorax is
remarkably deformed.
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Figure 2. Case 1. Bilateral lower extremities at autopsy. Fracture and severe deformity are
observed in the femurs, tibias, and fibulas.
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Figure 3. Case 1. Tumors of thyroid and parathyroid. Tumors are located behind the left lobe
of the thyroid and proliferate displacing the thyroid anteriorly.
B43. 4EMIL1. ERIR R U L ANMEOREE. MBI RRBREEOERFICH D, BRI H I
JEHEL A5 WAL T 3.

Figure 4. Case 1. Tumor tissue, low magnification, H & E stain. Tumor proliferates forming
large and small solid nests.
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tumor cells which had proliferated to form large
and small solid nests. The stroma was composed
of fine connective tissue and abundant capillary
vessels (Figure 4). Tumor cells mainly consisted
of polygonal or cylindrical cells having small
elliptic nuclei showing granular chromatin ar-
rangement and eosinophilic and microgranular
cytoplasm; sometimes tumor cells with pale
cytoplasm were scattered (Figure 5). Tumor
cells showed weak atypia with few mitotic
figures. Neither invasion of tumor tissue into
blood vessels or infiltration into the capsule, nor
metastasis to other organs or lymph nodes
were seen.

In the bony tissue which showed fracture and
deformity, severe atrophy of the trabeculae
(Figure 6), and destruction, absorption, and
fibrosis of the bone with proliferation of
osteoclasts (Figure 7) were observed; hemorrhage,
hemosiderin deposition, and chondrogenesis also
were observed. Small foci of calcification were
observed in the lung, stomach, renal pelvis,
ureter, as well as in the mucous membrane and
tunica muscularis propria of the urinary bladder.
Small ulcer scars of several millimeters in
diameter were observed in the anterior wall of the
lesser curvature of the vestibular region of the
stomach, and showed mucosa concentration. A
leiomyoma (0.9 cm) was observed in the uterus,
and the spleen was atrophied to 10 g with
marked fibrosis. Germinal epithelium-invaginat-
ing cysts were observed in the ovaries, and
atrophy was remarkable. Major autopsy
diagnoses are as shown in Table 1. The direct
cause of death was electrolyte imbalance
attributable to hyperparathyroidism caused by
parathyroid adenoma and complicated with
cardiac insufficiency.

Case 2 (MF- Autopsy- Female.

Born April 1900, aged 45 ATB.

Exposure History. Exposed in the corridor of a
Japanese-type house at 1,440 m from the
hypocenter in Hiroshima, with an estimated
T65D of 28 rad. In addition to trauma, she
experienced epilation and pharyngeal and
laryngeal pains as acute radiation symptoms.

Family History. Mother died of stomach cancer
at age 73.

Past Medical History. Not remarkable.
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Figure 5. Case 1. Tumor tissue, high magnification, H & E stain. Most tumor cells have
acidophilic and microgranular cytoplasm.
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Figure 6. Case 1. Vertebrae, low magnification, H & E stain. Severe atrophy of the crest and
fibrosis around the crest are observed.
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TABLE 1. MAJOR AUTOPSY DIAGNOSES (CASE 1, 71-YEAR-OLD FEMALE)
#el. LU BN CREM 1, TR %tE)

1. Parathyroid adenoma (left side, 35 g)
g R RRAT (M 35g )

2. Generalized cystic and fibrous osteodystrophy: bilateral femurs, bilateral tibias, bilateral fibulas,

bilateral ribs, vertebrae

O FEVE N AR HE A 0 L R AE - W ORBRE, AR, AR, I, HET
Fracture and deformity: Bilateral femurs, bilateral tibias, bilateral fibulas, bilateral ribs

B R CER: @AM, W, Wb, A

3. Metastatic calcification: lung, stomach, kidney, urinary bladder, ureter

REGIRTEAS B, WL OF, AL, IR

4. Calculus of urinary tract: renal pelvis, ureter, urinary bladder

IREEHE T B d, RAT, WAk
5. Chronic pyelonephritis

T R R
6. Healed gastric ulcer

T 8

Clinical History. This patient experienced
remarkable loss of body weight, arthralgia,
stiffness and pain of the shoulders, upper
abdominal pains, and pain and numbness of
both lower extremities and forearms at age 52 in
1952. These symptoms were aggravated at age
57, and diagnosed as multiple arthritis at age 60.
When she fell down at this age, she suffered a
bruise on the left anterior chest, and pain
increased. Calcification of the hilar region and
extensive osteoporosis were observed in an X-ray
examination she received at age 63. She
experienced fracture of the right femur at age 65,
and a diagnosis of hypertension was made about
that time. Since then, she had been hospitalized
for medical care, and expired without any
improvement in March 1972 at age 71.

Major Autopsy Findings. Gross findings. An
autopsy was conducted 22 hours after death.
Her height was 124 cm, and body weight was
19 kg. Extreme malnutrition was indicated.
Superficial observation showed fracture of the
right femur. A subcutaneous mass was palpable
in the left anterior neck. The mass with fibrous
capsule (5 x 3 x 2 cm) was located adjacent to
the lower edge of the left lobe of the thyroid,
but there was no adhesion to the surrounding
tissue (Figure 8). The cut surface of the mass
was yellowish red and soft with scattered small
cysts.

Histological findings. The mass with fibrous
capsule was tumor tissue divided by relatively
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Figure 7. Case 1. Ribs, high magnification, H & E stain. Proliferation of osteoclasts and
fibrosis of the bone absorbing site are observed.

@7, L. MR, ik, H&E. B0 8 R ORI O BHEL £ 800 5.

Figure 8 Case 2. Parathyroid tumor. The mass (arrow) adjacent to the lower edge of the left
lobe of the thyroid (the thyroid has already been removed).
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Figure 9. Case 2. Tumor tissue, low magnification, H & E stain. Tumor tissue is composed of
large and small solid nests divided with relatively thick connective tissue. Cord-like arrange-
ments of tumor are seen in part.
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Figure 10. Case 2. Tumor tissue, high magnification, H & E stain. Many tumor cells are cells
resembling main cells, but cells like acidophilic cells are partly mixed.
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TABLE 2. MAJOR AUTOPSY DIAGNOSES (CASE 2, 71-YEAR-OLD FEMALE)
2. ERRIBBZE GER 2, TL& L)

1. Parathyroid adenoma (left side, 5 X 3 X 2 cm)

L AMRRREE (2, K& & 5X3X2em)

2. Generalized cystic and fibrous osteodystrophy: right femur, left rib, left clavicle, vertebrae

USEE BNk A At B S - AR, T,

Fracture: right femur, left rib
s AREE, EE

j‘Eﬁ m ﬁ l'|l

3. Metastatic calcification: renal pelvis, urinary bladder, gallbladder, common bile duct

IR AR . Tk, KA, MAE, FRRAY
4. Acute and chronic pyelonephritis
BUERUBMETERY %
5. Calculus of urinary bladder
T eAs =
6. Hydronephrosis and hydrocele of the ureter
7 BERE B OF BR AF AR

thick connective tissue. The tumor tissue was
mostly composed of large and small solid nests,
but cord-like or duct-like arrangements were
observed in part (Figure 9). Most of the tumor
cells were polygonal cells with small elliptic
nuclei showing sparse chromatin arrangement
and relatively pale cytoplasm, however, tumor
cells with acidophilic cytoplasm were partly
mixed (Figure 10). Tumor cells showed weak
atypia. Mitotic figures, infiltration into capsule,
and metastasis to other organs and lymph nodes
were not observed. Generalized cystic and
fibrous osteodystrophy similar to that of Case 1
was observed in the right femur, left rib, left
clavicle, and vertebrae. Metastatic calcification
was seen in the renal pelvis, urinary bladder,
gallbladder, and common bile duct.  There was
complication of severe acute and chronic
pyelonephritis bilaterally.

The thyroid weighed 5.1 g with atrophy. No
adhesion to the parathyroid tumor was observed.
Thyroid follicles were irregular in size and
shape, and marked fibrosis was observed. There
was a nodule (0.5 cm) in each lobe of the
thyroid, both being adenomatous nodules.
Cystoma in the ovary and two leiomyomas (2 cm)
in the uterus were observed. Major autopsy
diagnoses are as shown in Table 2. In reporting
the direct cause of death, importance was
attached to acute and chronic pyelonephritis
caused by renal pelvis stone attributable to
hyperparathyroidism due to  parathyroid
adenoma.
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DISCUSSION

The first report on parathyroid adenoma follow-
ing X-irradiation was made in 1975 by Rosen
et al.' Tisell et al®> reported in 1976 that 24
(14%) of 170 patients who underwent surgical
therapy for hyperparathyroidism had received
therapeutic radiation of 200-3,000 rad to the
neck for various benign diseases during their
yvouth, They were diagnosed as hyper-
parathyroid 42 years (on the average) after
irradiation. Histological classification of the 24
cases with a history of radiation therapy was as
follows: 19 cases of adenoma, 3 cases of hyper-
plasia, and 1 case with both these abnormalities,
and one unclassifiable which was excluded.
Prinz et al® reported in 1977 that 27 (30%) of 89
patients who underwent surgical operation for
primary hyperparathyroidism had a past history
of irradiation. Of these patients, 13 cases had
adenomas and the remaining 14 cases had
hyperplasia. In 1978, Swelstad et al* reported
eight cases of hyperparathyroidism developing
after irradiation, of whom seven cases had
adenomas and one case had hyperplasia. Russ
et al® reported in 1979 that 19 (26%) of 74
patients who underwent surgical operation for
primary parathyroidism which later revealed to
be parathyroid adenomas had a past history of
X-rradiation to the neck. Irradiation was
experienced at an average age of 16 (range 044
vears) with the adenomas being removed at an
average of 30 years (range 24-47 vyears) after
irradiation.

The two parathyroid adenoma cases reported
here were exposed to 55 rad and 28 rad of
A-bomb radiation in Hiroshima at age 51 and
45, respectively, The exposure dose was not
high, but no cases of giant parathyroid adenoma
complicated with hyperfunction were observed
in the controls (0 rad plus not-in-city group).
These two patients died of hyperparathyroidism
20 and 26 years, respectively, after A-bomb
exposure.

Animal studies show that parathyroid tumors
can be induced by exposure to X-rays.
Investigating whole-body X-rradiation of rats
(one 500 rad exposure and three 350 rad
exposures), Berdjis” observed development of
parathyroid tumors in 8% of the irradiated group,
but none in the nonirradiated group. He has
further reported an increased frequency of
acidophilic cells in the irradiated group while

11
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such cells were not observed in normal rats. In
the above-mentioned report by Russ et al®
acidophilic cells were observed in 50% of
radiation-related human parathyroid adenoma
cases, of which two cases were functional
adenoma having almost 50% acidophilic cells,

The two cases reported here are functional
adenoma. Both showed proliferation of
acidophilic cells, these having been found to
occupy most of the tumor in one of the cases.
This suggests that these parathyroid adenomas
might have been induced by irradiation.

Differentiation, whether the tumor is an adenoma
or carcinoma, is a problem in parathyroid
tumors as in the case of tumors of other
endocrine glands. Schantz and Castleman'®
have given as criterion for histological diagnosis
of parathyroid cancer, a cord-like arrangement of
cells, a thick crest of connective tissue, and
infiltration and metastasis to the capsule and
blood vessels, with special emphasis on mitotic
figures. Since the present two cases showed few
mitoses and no infiltration to the surrounding
tissue, they were diagnosed as adenoma.

There are many reports that parathyroid adenoma
is frequently complicated with malignant
neoplasm of other organs, especially thyroid
cancer,'®® and a high frequency of complica-
tion with nonmalignant thyroid diseases are also
rc.==pcortet:1_24'zs Russ et al® have described that
parathyroid adenoma patients with a history of
irradiation had a higher frequency of thyroid
abnormalities (including thyroid cancer) than
nonirradiated patients. One of the two para-
thyroid adenomas reported here had adeno-
matous nodules in the thyroid. The other
showed a healed gastric ulcer. Hyperpara-
thyroidism is frequently complicated by ulcer of
the digestive organs.?®  Statistics on primary
hyperparathyroidism in Japan for the period
1935-70 show that 26 of 202 clinical cases were
complicated by ulcer of the digestive organs.?”

Two cases of giant parathyroid tumor,
complicated by hyperfunction, which developed
in A-bomb survivors have been reported.
Considering the possibility that parathyroid
tumors may develop following irradiation, it is
necessary to conduct parathyroid hormone tests
and measurements of calcium in serum for
A-bomb survivors with a mass in the neck,
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especially in cases accompanied by arthralgia
and fracture. Arthritis, bone diseases, and kidney
diseases may increase with aging among A-bomb
survivors. So, it is also necessary to make a
differential diagnosis of parathyroid tumors for
patients with such diseases, because parathyroid
tumors appear to have long latent periods
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following irradiation,
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