
&p.1:Abstract A 59-year-old woman who had received co-
balt-60 (60Co) interstitial radiation therapy (total 44 Gy)
in the right bucco-gingival region for inflammatory pseu-
dotumour was found to have metachronous double ma-
lignant neoplasms. Initial osteosarcoma of the right man-
dibular angle and subsequent squamous cell carcinoma
of the right buccal mucosa were identified 28 and 33
years after the radiation, respectively. Since both tu-
mours were located very close to the focus of previous
radiation, the therapy was considered to be responsible
for their genesis. The patient had systemic metastases of
the osteosarcoma.
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Introduction

Since Billroth [3] first described multiple primary malig-
nant neoplasms (MPMN) in 1889, several authors have
proposed different definitions for this condition. The
most widely used of these is that of Warren and Gates
[23], who compiled 1259 cases of MPMN in 1932. Their
diagnostic criteria were as follows: both tumours must be
anatomically and histologically distinct, both must show
clear signs of malignancy, and the possibility of one’s
being a metastasis of the other must be excluded. Al-
though many cases have been reported as MPMN since
then, almost all cases present a combination of epithelial
malignancies; the co-occurrence of epithelial and non-
epithelial malignancies appears to be rare. The simulta-
neous occurrence of two histologically distinct primary
malignancies in the same organ is also extremely rare
[14]. Here we describe a case with double malignant

neoplasms: an osteosarcoma arising in the right mandib-
ular angle and a subsequent squamous cell carcinoma
arising in the right buccal mucosa. This combination is
the first description of double malignant neoplasms asso-
ciated with and possibly caused by previous radiation
therapy. We estimate and discuss the effects of radiation
on the loci at which the two neoplasms developed with
radiation diminishing theories.

Case history

A 21-year-old woman visited a dental clinic in February 1956,
with the chief complaint of swelling and an ulcer formation in her
right buccal mucosa after treatment for marginal periodontitis of
the right maxillary third molar tooth. Although the right maxillary
second and third molar teeth were extracted, the symptoms were
not relieved. In August 1956 she was referred to the Tohoku Uni-
versity Medical Hospital. The first intraoral examination revealed
extreme swelling from the right alveolar tubercle to the buccal
mucosa without ulcer formation. Clinicians suspected a tumour in
the right maxilla, and the mass was excised. The surgically re-
moved material was approximately 13×6 cm in size and 140 g in
weight. Histological examination showed a granulomatous lesion
made up of marked inflammatory cells and cellular fibrosis with-
out atypia, and the lesion was diagnosed as inflammatory pseudo-
tumour (IP). Subsequently, the patient was treated with 60Co inter-
stitial radiation with 5 needles 3 cm in length (2 mCi, single-plane
implants, approximately 3×3 cm in area) for 5 days (total 44 Gy)
at the site, after complete removal of the tumour. During the inter-
stitial radiation therapy, one of the needles was unfortunately ex-
posed at the surface of the mucosa near the radiation area for at
least 1 day, after which it was re-inserted into the original position.

In August 1977, 21 years after the initial episode, the patient
was admitted to the Oral Surgery Department of Tohoku Universi-
ty Dental Hospital with a complaint of a painless mass around the
coronoid process of the mandible to the right temporal muscle. It
was located approximately 2 cm from the centre of the previous
radiation site. The mass was excised, and no follow up radiation
therapy was administered. Histological examination of the mass
showed the infiltration of numerous inflammatory cells, predomi-
nantly lymphocytes, in the degenerating muscle tissue (Fig. 1).
The pathological diagnosis was again IP; the tumour was consid-
ered to be the basically the same tumour as the previous one, and
no evidence of sarcoma was identified.

In October 1984, 28 years after radiation therapy, the patient
became aware of a nodular mass in the right mandibular angle, the
site of which was approximately 3 cm away from perpendicular to
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the square area where the radiation needles had previously been
inserted. The tumour rapidly increased in size, and a computed to-
mography scan demonstrated cortical destruction of the right man-
dibular angle and an associated soft tissue mass (Fig. 2). Unfortu-
nately, systemic bone scintiphotography was not performed at this
time, but the patient had no bone pain in any other sites and had
not shown any other bony abnormalities on physical examination
except for the mandibular bone lesion. The biopsy specimen
showed the proliferation of spindle-shaped or pleomorphic neo-
plastic cells. They had abundant mitotic figures and often multinu-
cleated giant cells with partial but apparent osteoid formation
(Fig. 3). The pathological diagnosis was osteosarcoma arising in
the mandible, and partial right mandibular resection and radical
neck dissection were performed for total removal. The surgical
margins of the resected specimen were free from tumour cells.

An erosive lesion in the right buccal mucosa was noticed with-
in the area of the previous radiation in October 1989, 33 years af-
ter the radiation therapy. Histological examination showed inva-
sive proliferation of well-differentiated squamous cell carcinoma
into the submucosa (Fig. 4a, b), which showed prominent cancer-
ous pearls with stromal desmoplastic reaction. The whole tumour
was surgically resected, and no recurrence of the carcinoma was
present after the surgery.

Subsequently there was a osteosarcoma relapse in the right cer-
vical lymph node in October 1989, and metastatic nodules gradu-
ally increased in systemic organs. The patient died on March 3,
1994, the immediate cause of death being respiratory failure
caused by multiple and massive metastases of the osteosarcoma to
both lungs. Autopsy revealed an exophytic extension with necrosis
of the osteosarcoma 15×10×6 cm in size at the local site of the op-
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Fig. 1 Photomicrograph of the inflammatory pseudotumour. The
tumour consists of infiltrated severely inflammatory cells, pre-
dominantly lymphocytes, and degenerative muscle fibres. Haema-
toxylin-eosin, original magnification ×80&/fig.c:

Fig. 2 An axial view of the computed tomography scan demon-
strates a destructive lesion (arrowhead) in the right mandibular an-
gle and a soft tissue mass&/fig.c:

Fig. 3 Photomicrograph of the osteosarcoma. The tumour cells
are proliferating with numerous osteoid formation. Haematoxylin-
eosin, original magnification ×20&/fig.c:

Fig. 4 a Photomicrograph of squamous cell carcinoma. Invasive
proliferation of well-differentiated squamous cell carcinoma into
the submucosa is seen. Haematoxylin-eosin, original magnifica-
tion ×5. b High-power view. Individual squamous cell carcinoma
cells with moderate stromal reaction. Haematoxylin-eosin, origi-
nal magnification ×100



eration on the right mandible and a right sublingual nodular mass
5 cm in diameter, with continuous invasion to the left side of man-
dibular bone. Metastases of the osteosarcoma were present in the
subcutis of the scalp (several, up to 4 cm in diameter), the thyroid
gland (single, 1 cm in diameter), both lungs (multiple, up to 12 cm
in diameter), the liver (several, up to 1 cm in diameter), both adre-
nal glands (several, up to 1 cm in diameter), both kidneys (several,
up to 2 cm in diameter), the pancreas (involving the whole pancre-
as), the parietal bone (several, up to 2 cm in diameter), the costal
bones (left 5th and right 6th), the ilium (left iliac wing) and the
systemic lymph nodes (peritracheal, periesophageal, peripancreat-
ic, paraaortic, both pulmonary hilar and peritoneal regions). Nei-
ther local recurrence of nor distant metastasis from squamous cell
carcinoma was present.

Discussion

IP is an uncommon nonneoplastic lesion of unknown
cause, which occurs most commonly in the lungs and
liver [8]. IP in the oral and maxillofacial region is rare,
but several IP cases have been reported, in the maxillary
sinus [11, 21], cheek [10], and mandible [25]. Whereas
surgical excision is one of the treatments, radiation ther-
apy is still thought to be effective in patients with recur-
rent or inoperable cases [8, 19]. Although potential side
effects of radiation should be taken into consideration,
especially with young patients, the choice of radiation
therapy in the present case was considered to be reason-
able after removal of the tumour because of the huge
mass of the IP (13×6 cm).

However, the possibility exists that in the present case
the “IP” could have been a very early stage of myositis
ossificans, since several cases of osteosarcoma arising in
myositis ossificans have been reported [1, 9].

Interstitial radiation therapy is now regarded as an ex-
cellent modality for carcinoma of the oral region (espe-
cially the tongue), the organs of the urinary system, the
genital organs and the breast, as a means of delivering a
high dose of radiation to malignant tumours while spar-
ing the surrounding normal tissue [7]. Radiation therapy
can provide a cure rate higher than or comparable to that
obtained with surgery, especially in smaller tumours, and
also offers a greater potential for preservation of the
shape and function of the oral cavity [18]. However, ra-
diation-related complications sometimes occur in soft
tissue or bones. One of the most severe complications af-
ter radiation therapy for tongue cancer is osteoradione-
crosis of the mandible [6]. In addition, in the long term,
there is the possibility of radiation-induced malignant
neoplasms. When there is a sufficient distance between
the radioactive focus and the normal tissue, the radiation
dose to the normal tissue is markedly reduced: to less
than 3% of that to the malignant site within a distance of
approximately 3 cm from the source according to data
reviewed by Quimby [17]. According to this theory, in
the present case it is estimated that the normal site corre-
sponding to mandibular osteosarcoma might have re-
ceived a dose of approximately 1.5 Gy, which would
have the ability to induce secondary neoplasms [22].
Since the site of buccal squamous cell carcinoma was en-

tirely within the previous radiation area, it is evident that
the site had been exposed to almost the same dose as was
measured at the radiation source. Additionally, the 60Co
needle exposure on the mucosa might have played an un-
predictable part in increasing the effect on surrounding
tissue, especially the mandible.

In general, determination of the effects of interstitial
radiation is complicated by several factors, such as the
variation in metabolism of the different isotopes, their
energy spectra, biological half-lives and the distribution
and concentration in particular tissues. However, the in-
terstitial radiation administered to this patient was con-
sidered to be effective at both loci even though the doses
were estimated as low in one neoplasm site. Further-
more, the latency periods in the present case (28 and 33
years, respectively) are sufficiently long intervals for tu-
mourigenesis compared with the “median latency period
(13 years)” recently reported from the Mayo Clinic [5].

The incidence of double neoplasms occuring in one in-
dividual whether synchronously or metachronously is
said to be approximately 1–3 % for all kinds of neo-
plasms [15]. According to a study by Nakamura et al.
[15], in which 52 cases with double malignant neoplasms
associated with the maxillo-facial region were examined
from 1951 to 1978 in Japan, the most frequently seen
combination of tumours developed in the oral cavity mu-
cosa and the alimentary tract (28 cases, 53.8%), especial-
ly the stomach (18 cases, 34.6%). This result may be as-
sociated with the fact that gastrointestinal carcinoma is
one of the most common neoplasms in Japan.

Moertel et al. [13] classified patients with MPMN to-
pographically into those with MPMN of the same tissue
or organ, with multicentric lesions of the same organ or
the same tissue in contiguous organs or in bilaterally
paired organs and those with MPMN of different organs.
They also used a chronologically classification into syn-
chronous (2 or more cancers present at the same time or
within 6 months of the first primary cancers) and me-
tachronous (first malignant neoplasm is followed by a
second one at a later date). Our case was one of tumours
at one site at different times.

Recently, it has been emphasized that the pathogene-
sis of MPMN may be closely associated with genetic
background, and especially with the germline mutation
of p53 in Li-Fraumeni syndrome [24]. However, one of
the criteria of the syndrome (age under 40 years) does
not fit the present case, and the patient had a definite his-
tory of radiation that had the potential to cause malignant
neoplasms [16].

Three cases of bone sarcoma related to the external
radiation were described in 1922 by Beck [2], who noted
the appearance of pleomorphic spindle cell sarcomas in
patients who had undergone radiation for tuberculous ar-
thritis. Osteosarcoma secondary to inadvertent ingestion
of radium-226 was reported soon after by Martland and
Humphries [12]. They pointed out the appearance of os-
teosarcoma in watch dial painters who were in the habit
of putting their brushes in their mouths to get the bristles
to a point.
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In 1948, Cahan et al. [4] proposed criteria for the di-
agnosis of postradiation sarcoma: there must be micro-
scopic or radiographic evidence of a benign initial lesion
or a malignant lesion devoid of osteoblastic activity; sar-
coma must have developed within the radiated field;
there must be a relatively long period of latency (more
than 3 years); and the sarcoma must be confirmed histo-
logically. The initial lesion in the present case was IP,
and the mandibular bone was clinically normal at that
time. Hence, we believe that the present case fulfils these
criteria.

Relatively few studies have been performed of squa-
mous cell carcinomas arising in mucosa associated with
radiation therapy, especially in the oral mucosa [20]. One
reason may be that it is difficult to evaluate whether the
neoplasms are a coincidence or a local recurrence. In the
present case, however, radiation therapy was performed
to tread an IP which was apparently a different kind of
tumour from the subsequent neoplasms.

The present case showed an episode of radiation with
a sufficiently long interval for the formation of both tu-
mours, had a rare coexistence of inflammatory pseudo-
tumour, mandibular osteosarcoma and buccal stratified
squamous cell carcinoma in one individual, and showed
close localization of the two lesions and no evidence of
genetic predisposition, although historical techniques
were the only ones used in investigation. We were able
to follow up the present case for quite a long time in our
institute, with a complete patient history record, which
was especially helpful in detailed evaluations of the
relationship between the radiation therapy and the later
tumours.
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