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Abstract. Radiation-induced carcinosarcoma of the submandibular gland: case report and review of literature.
Radiation-induced carcinosarcoma (RICS) of the head and neck is a very rare and extremely aggressive entity. We
present the case of a 60-year-old man diagnosed with a T2N2cMO squamous cell carcinoma at the right base of the
tongue (BOT). The patient was treated with neoadjuvant chemotherapy and 3D-conformal radiotherapy (3D-CRT) to
the BOT and bilateral neck. He developed left submandibular firmness five years after treatment, initially diagnosed as
radiation-induced fibrosis. The increasing size of the left submandibular mass two years later prompted further imaging,
which showed a 2.2x1.8 cm mass in the left submandibular region in the previously irradiated field. This was diagnosed
as a radiation-induced submandibular gland malignancy. This is the first reported case of a RICS in the submandibular
gland and demonstrates the importance of early workup and evaluation of submandibular gland pathology in a patient

with a history of radiation for a head and neck malignancy.

Case report

In 2004, a 60-year-old man presented with a right
BOT mass diagnosed as a T2N2cMO squamous
cell carcinoma. The patient was treated with
neoadjuvant chemotherapy and 3D-CRT to 6840
cGy to the right BOT and bilateral level II/III lymph
nodes through opposed lateral fields and 4500 cGy
to the low anterior neck bilaterally (Figure 1).

In 2009, five years after the radiation therapy,
the patient began to notice firmness of the left
submandibular gland. An MRI at the time did
not demonstrate a submandibular gland mass.
This was initially diagnosed as radiation-induced
submandibular gland fibrosis and remained stable
on observation. However, in 2011 the patient
noticed this left submandibular mass began to
grow in size. CT neck with contrast revealed a
2.2x1.8cm mass in the left submandibular region
just inside the anterior border of the previously
treated lateral fields with focal disruption of
the mandible cortex, concerning focal invasion
(Figure 2). Fine-needle aspiration (FNA)
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demonstrated poorly differentiated cells, which
was concerning for a malignant neoplasm.

Surgical resection of the left submandibular
mass, left segmental mandibulectomy, left selective
neck dissection and reconstruction with a fibular
free flap demonstrated a grade 2, 2.8x3.8x2.4cm
tumour replacing the majority of the submandibular
gland with extraglandular extension, mandibular
invasion and perineural invasion. Histologic
exam demonstrated a poorly differentiated
fibrotic malignant neoplasm characterized by
marked cellular and nuclear pleomorphism. It was
characterized as a high grade malignant spindle
cell tumour with positive AE1/AE3 and vimentin
immunohistochemical stains, which is consistent
with a carcinosarcoma. The patient was diagnosed
with RICS of the left submandibular gland, arising
in the previously irradiated field. This secondary
tumour was staged as a T4aNOMO RICS of
the submandibular gland. He was treated with
postoperative intensity modulated radiation therapy
(IMRT) to 5940 cGy. The patient remained disease
free for approximately 24 months but developed
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Figure 1

3D-CRT plan to the right base of tongue and bilateral neck in
2004. The right base of tongue and bilateral level II and III
nodes were treated to 6840 cGy and the bilateral low anterior
neck was treated to 4500 cGy.

inoperable local recurrence and died from local
disease four years after diagnosis of his radiation-
induced malignancy (RIM).

Discussion

Background

Radiation therapy has become increasingly
integral to the treatment of many solid tumours.
Approximately 60% of all cancer patients will
receive radiation therapy at some point in their
treatment, either for cure or palliation.! The
carcinogenic properties of radiation are well known
and a second malignancy after radiotherapy is
a growing concern with the increasing number
of long-term cancer survivors and increasing
use of radiotherapy. Radiation-induced sarcoma
(RIS) is an uncommon disease, most commonly
following the treatment of soft tissue neoplasms.
RICSs are a very rare subset of head and neck
malignancies, with only four reported cases.” There
are few documented cases of RICSs; an even
smaller minority of these cases are head and neck
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neoplasms.? A search of Pubmed, Web of Science
and Scopus for “radiation” and “head and neck”
was performed. To our knowledge, this is the first
reported case of a RICS of the submandibular
gland, showing the importance of close evaluation
and workup of any submandibular gland pathology
presenting in a patient with a history of head and
neck radiation, particularly when the irradiated
fields include the submandibular glands.

Radiation Dose

RISs typically occur at the edges of radiotherapy
fields. It is theorized that lower doses at the edge of
the fields may be insufficient to kill all viable cells
but are enough to cause genetic mutations, resulting
in a second malignancy.’ In 1991, Wiklund et al.*
established a relationship between radiation dose
and latency period (the time elapsed between end
of radiation treatment for the primary cancer and
diagnosis of second cancer); in this study, a total
radiation dose of >36 Gy resulted in a median latency
of 7.4 years, whereas a dose of <36 Gy resulted in
a latency of 14 .4 years. As a result, many authors
believe there is a correlation between radiation
dose and the incidence of RIS, but this relationship
has not been well established. Most sarcomas have
been reported to occur after exposure to 5,500 cGy
with the dose ranging from 1,600 to 11,200 cGy.
Radiation doses less than 3000 cGy are unlikely to
result in sarcomatous transformation.’

Latency Period

While many studies report average latency periods,
it is important to note that the increased risk of
developing RIS is lifelong. There is a wide latent
period between initial irradiation and development
of RIS, ranging from three months to 55 years with
an average of about 17 years.?

Criteria for Diagnosis

In 1948, Cahan et al’ first described criteria for
RISs in long bones: (a) proof that the tumour was
not present at the time of radiation, (b) the tumour
arose in the irradiated field, (c) a latency period of
at least five years, and (d) histological proof of a
sarcoma. In 2004, Sale et al.®* modified the criteria
of Cahan et al. and Murray et al. for RIS of the
head and neck (RISHN), which (a) must arise in a
previously radiated field, (b) histologically different
from the original neoplasm, (c) no evidence of
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the RIS at the time of radiation therapy, and (d) a
latency period existed between radiation and the
development of RIS.

Clinical Diagnosis

RIS should be suspected in any patient presenting
with a painful mass or swelling in a previously
irradiated site. These tumours are aggressive and
rapidly fatal mandating careful long-term follow-
up of these patients. The clinical diagnosis of
RISHN can be particularly difficult because of
radiation fibrosis and may result in a misdiagnosis
of chronic sclerosing sialadenitis or Kuttner’s
tumour.” Prompt investigation based on the patient’s
symptoms, including change in the appearance or
pain in the irradiated area, can lead to an earlier
diagnosis. While chronic sialadenitis or salivary
gland fibrosis is a common clinical diagnosis in
patients having received head and neck radiation
therapy, all submandibular gland pathology should

Figure 2

CT scan in 2011 showing the left submandibular carcinosarcoma
arising in the previously irradiated field, with evidence of focal
mandibular invasion of the inner cortex.
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be thoroughly investigated in a patient with a
history of radiation therapy. An MRI may not show
the RIM as in our case, as these lesions can invade
through tissue planes and not present as a discrete
lesion. FDG-PET and PET/CT may allow a more
accurate discrimination of RIS from surrounding
tissue, which was not performed in our case.

Epidemiology

RIS has a bimodal pattern of age distribution at ages
10-19 and a second peak at >50 years. This is in
contrast with the age distribution of patients with de
novo sarcoma, which more frequently occurs in the
third or fourth decade of life. The early peak of RIS
is likely due to survivors of childhood neoplasms
and the second peak is due to survivors of all other
solid tumours treated with radiotherapy.’

RIMs in the head and neck are uncommon,
particularly RISs. Although the true incidence of
RIS is unknown, it is estimated at between 0.03
and 0.8%? Interestingly, Tucker et al* reported an
increased risk of second malignancies in patients
who receive combined chemo-radiation than
radiation alone. When used with radiation therapy,
chemotherapy has been reported to increase the
relative risk of RIS by a factor of 4.7 times.® The
incidence of RISHN will likely increase due to
the increased prevalence of p16 positive tumours.
These patients with HPV-related head and neck
cancers have a significantly longer median survival
than those with HPV-negative cancers (131 vs 20
months) and are generally at a younger age at the
time of diagnosis.’

Prognosis

The prognosis of RIS is poor and is worse than the
usual prognosis for a de novo sarcoma. Patel ef al."
compared the five-year survival rate in patients
with RISHN to patients with de novo sarcoma of
the head and neck. They reported that the five-
year disease-free survival was significantly worse
for RISs (31% vs 54%). They explained the poor
prognosis of RISHN based on a combination of
factors, including difficulty in diagnosis of RISHN,
difficult surgical resections and limited treatment
options. Most studies quote an even poorer outcome
for RISHN in comparison with other RISs. Mark
et al." reported a five-year disease-free survival of
only 8%, but other papers report a higher overall
survival, as high as 38%.
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Carcinosarcomas

Soft tissue sarcomas show great heterogeneity
in histological subtypes, grade and anatomic
location. Carcinosarcoma is a very rare subtype
that is diagnosed by histologic examination
and immunochemistry.! Carcinosarcoma (true
malignant mixed tumour) of the parotid gland is
a very rare tumour composed of both malignant
epithelial cells (carcinomatous) and malignant
mesenchymal (sarcomatous) elements. The most
common malignant epithelial component is
squamous cell carcinoma or adenocarcinoma. The
most common malignant mesenchymal component
is chondrosarcoma, followed by fibrosarcoma,
leiomyosarcoma, osteosarcoma and liposarcoma.
Immunohistochemical staining reveals epithelial
cells positive for cytokeratin and epithelial
membrane antigen, whereas the mesenchymal cells
stain positive for vimentin and S-100."

Management/Treatment

Surgery: Standard treatment for RIS is radical
surgical resection. Surgical management of RISHN
is challenging because of the technical difficulties
in obtaining adequate surgical margins and the poor
healing associated with radiation damaged tissue.”
Positive margins in excision of head and neck RISs
is reported to be common with an incidence of
343%.? However, surgery is the only prognostic
factor for long-term survival.

Radiation: The normal tissues surrounding the
RIS have usually been irradiated to near-tolerance
radiation doses during the initial radiation therapy.
However, re-irradiation with IMRT can be relatively
safe and effective if used properly in patients with
high grade tumours or positive margins."

Should Increasing Incidence of RISs Alter
Treatment?

RISs are a significant complication after
radiotherapy and thus radiation should be used
judiciously when there is a clear benefit.”
Currently, concurrent chemoradiation therapy is
generally considered the standard treatment in
locally advanced head and neck squamous cell
carcinoma. In young patients particularly, one must
be aware of the increased risk of RIMs. Given
the large number of patients who can be cured or
receive palliation with radiation therapy, concern
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about RIS should not be a major factor influencing
treatment decisions in patients with cancer."

Conclusion

In conclusion, RISHN is an uncommon but severe
complication of radiation therapy. Carcinosarcomas
in particular are very rare histologic subtypes of
RISs and carry a worse prognosis. Our case showed
the aggressive nature of RICSs.. Due to the widely
variable latency periods, lifelong monitoring of the
irradiated field is necessary.
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