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Patient: Male, 54-year-old
Final Diagnosis: Sarcoma
Symptoms: Neck mass
Clinical Procedure: -
Specialty: Surgery
Objective: Unusual clinical course

Background: Radiation therapy is critical for treating many solid tumors but increases the risk of secondary malignancies
due to DNA damage. Radiation-associated sarcomas (RAS) occur in 0.03% to 0.8% of irradiated patients, typi-
cally 5 to 20 years after treatment. Undifferentiated pleomorphic sarcoma (UPS) is a common RAS subtype with
poor 5-year survival (12%-14%). Risk rises with doses >50 Gy and is especially concerning in previously irradi-
ated head and neck regions, where surgery is challenging. Germline mutations in DNA repair genes (eg, ATM)
further increase susceptibility.

Case Report: A 54-year-old man treated in 2003 for multifocal medullary thyroid carcinoma (thyroidectomy, bilateral neck
dissection, adjuvant 59.4 Gy radiation) presented 22 years later with a painless neck mass. Imaging showed a
1.9-cm enhancing lesion within the prior radiation field. Excision revealed a 4-cm, FNCLCC grade 3 intramuscu-
lar UPS meeting the modified Cahan criteria for RAS. Immunohistochemistry excluded recurrent thyroid carcino-
ma. Margins were positive, but re-excision and re-irradiation were not feasible. The sarcoma tumor board rec-
ommended close surveillance and germline testing. This case involved high-grade UPS arising 2 decades after
neck irradiation. Compared with sporadic UPS, RAS-associated UPS has worse disease-specific survival (~ 52%
vs 76%) and higher local recurrence (~55% vs 24%), emphasizing the importance and difficulty of achieving
negative margins in previously irradiated fields.

Conclusions: As cancer survival improves, lifelong vigilance for RAS remains essential. New masses in irradiated areas re-
quire prompt evaluation. Multidisciplinary management and consideration of genetic testing are critical, as
treatment options are often limited by prior therapy.
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Case Report

An uncommon thyroid malignancy, medullary thyroid carcino-
ma (MTC) originates from parafollicular C cells responsible for
calcitonin production [1]. Primary treatment typically involves
total thyroidectomy accompanied by central and often bilat-
eral cervical lymph node dissection [2], although complete re-
section may be unachievable in advanced disease. Aggressive
surgical procedures in the cervical region carry significant
morbidity, including recurrent laryngeal nerve injury with vo-
cal cord dysfunction, dysphagia, parathyroid dysfunction, and
injury to adjacent neurovascular structures [1]. When resid-
ual disease or a high risk of locoregional recurrence is pres-
ent, selective use of adjuvant external beam radiation thera-
py (EBRT) may be considered, as supported by the American
Thyroid Association [1]. In such settings, EBRT has been shown
to improve locoregional disease control, with long-term fol-
low-up studies demonstrating substantially higher 10-year re-
gional control rates of 86% with EBRT compared to 52% with
surgery alone [3].

However, despite its benefits, EBRT is associated with late tox-
icities, including secondary malignancies with latency periods
of 7 to 16 years [4-8]. Thyroid cancer survivors face an estimat-
ed 7% risk of second primary malignancy [9], which appears to
increase with higher cumulative radiation exposure (relative
risk 1.03) [4]. RAS develops in 0.03% to 0.8% of irradiated pa-
tients and carries worse overall and disease-specific survival
than sporadic sarcomas, especially in the head and neck region
where surgical management is complex [2,4,6,7,10]. Reported
5-year survival rates in this setting are 24% to 38% [8,11-14].

According to the modified Cahan criteria, RAS refers to a his-
tologically distinct sarcoma that develops within a previously
irradiated field following an adequate latency interval [15-17].
Molecularly, ionizing radiation induces genomic instability and
DNA damage that can contribute to malignant transformation,
frequently involving mutations in RB1, ATM and TP53 [18,19].
Undifferentiated pleomorphic sarcoma (UPS) is the most fre-
quent RAS subtype and is characterized by marked cellular
pleomorphism, absence of lineage-specific differentiation,
and frequent TP53 mutations, distinguishing it from sporad-
ic sarcomas [2,20,21]. Diagnosis is made by exclusion follow-
ing histologic and immunohistochemical evaluation [20,21].

We describe a case of UPS arising in the cervical region near-
ly 2 decades after EBRT administered for MTC in a 54-year-old
man. This case highlights the need for lifelong surveillance fol-
lowing radiation therapy, illustrates the diagnostic and thera-
peutic challenges encountered in previously irradiated tissues,
and raises consideration of potential underlying genetic sus-
ceptibility to radiation-related malignancies.
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A 54-year-old man with a history of MTC diagnosed in 2002
presented in early 2025 with a progressively enlarging right-sid-
ed neck mass (Figure 1). His initial management had consisted
of total thyroidectomy with bilateral neck dissection. This was
followed by adjuvant external beam radiation therapy (EBRT),
which was delivered and completed in April 2003 using a 3D
conformal radiation therapy (3D-CRT) technique, with a total
dose of 59.4 Gy in 33 fractions to the thyroid bed and involved
cervical lymph node regions. Pathology confirmed multifocal
MTC with nodal metastases. Surgical margins were negative,
and the patient remained under biannual surveillance for 22
years with persistently elevated but stable calcitonin levels.

In 2025, rising calcitonin levels (> 110 ng/L) and a right sub-
mandibular mass raised a concern for recurrent MTC. CT imag-
ing revealed a 1.9x 1.1 x 1.5 cm well-demarcated hypodense
lesion inferior to the right submandibular space, inseparable
from the thyrohyoid muscle with mild extracapsular extension
(Figure 1C). No additional disease was identified. Following
multidisciplinary discussion, excisional biopsy was pursued
in the context of a suspected metastatic MTC lymph node.

Intraoperatively, the mass was located between the thyroid
cartilage and hyoid bone, densely adherent to the thyrohy-
oid muscle within a previously operated and irradiated field.
Circumferential resection including muscle was performed
without evidence of invasion into adjacent cartilage or bone.
Postoperative CT demonstrated surgical scarring and fibrosis
without a definite residual mass, although interpretation was
limited by distorted anatomy (Figure 1D).

Histopathology revealed a 4.0-cm, high-grade intramuscular UPS
without lymphoid tissue (Figure 2A). Immunohistochemistry
was positive for vimentin and focally positive for SMA and
desmin, and negative for epithelial and neuroendocrine mark-
ers, excluding recurrent MTC (Figure 2B, 2C). The tumor was
FNCLCC grade 3/3 with < 5% necrosis and positive margins.

Postoperatively, serum calcitonin levels remained persistently
elevated but stable, measuring 108 ng/L 1 month after resec-
tion and 110 ng/L at the most recent follow-up in May 2026.
Importantly, there has been no progressive upward trend over
time. Despite this biochemical abnormality, serial imaging and
histopathologic evaluation have shown no evidence of recurrent
or residual medullary thyroid carcinoma. Immunohistochemical
studies of the resected lesion were negative for neuroendo-
crine differentiation, further excluding metastatic or recurrent
MTC. The etiology of the persistently elevated calcitonin re-
mains unclear. In the absence of radiologic or pathologic cor-
relation, this is considered an unexplained persistent biochem-
ical elevation without structural disease correlate. Continued
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Figure 1. CT imaging showing the progression of neck soft tissue masses. In 2002, a 12-mm nodule was identified in the left thyroid
lobe (A), along with multiple bilateral nodes suggestive of metastases, the largest in the jugulodigastric and right omohyoid
regions measuring 16 mm (B). Images from 2025 after remission reveal a well-defined 1.9 x 1.7 x 1.5 cm lesion inferior to the
right submandibular space, suspected enlarged lymph node with extracapsular extension (C). Postsurgical imaging shows
resection of a right cervical sarcomatous mass between the right hyoid and thyroid cartilages (D).

surveillance has therefore been recommended, as occult mi-
croscopic disease cannot be entirely excluded.

The case was reviewed by the multidisciplinary tumor board,
where re-irradiation was deemed contraindicated due to pri-
or radiation dose exposure. Surgical re-excision was also
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considered excessively morbid given the tumor’s proximity
to the trachea. The agreed-upon management plan was close
surveillance with serial imaging and referral for genetic eval-
uation. Given the patient’s significant family history of malig-
nancy and parental consanguinity, there was concern for an un-
derlying hereditary cancer predisposition syndrome; therefore,
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a comprehensive germline evaluation was performed. The pa-
tient underwent a multigene hereditary cancer predisposition
panel (“Sarcoma Panel with flex testing for medullary thyroid
carcinoma (MTC) and hereditary breast and ovarian cancer
(HBOC) predisposition syndrome”) which analyzed 63 cancer
susceptibility genes, including but not limited to RET, TP53,
RB1, BRCA1, BRCA2, PALB2, CHEK2, and ATM. The results were
negative for pathogenic or likely pathogenic variants. No clini-
cally significant variants of uncertain significance (VUS) were
identified in the final clinical report. Despite the absence of an
identifiable germline mutation, the patient’s strong family his-
tory of diverse malignancies suggests that an underlying he-
reditary predisposition cannot be entirely excluded.

Surveillance MRI of the neck performed in September 2025
demonstrated no evidence of locoregional recurrence at the
site of the previously resected right neck mass and no sus-
picious cervical lymphadenopathy. However, a CT scan of the
chest obtained during the same period revealed bilateral pul-
monary nodules concerning for metastatic disease.

The patient was subsequently referred to Medical Oncology
and systemic therapy options, including immunotherapy and
clinical trial enrollment, were reviewed in multidisciplinary dis-
cussion. Given the diagnosis of metastatic RAS-UPS, the pa-
tient was initiated on palliative doxorubicin administered every
3 weeks. Follow-up PET imaging in April 2026 demonstrated
recurrent disease within the right neck, as well as a mixed
metabolic response of the bilateral pulmonary metastases to
treatment. In light of these findings, the treatment regimen
was subsequently switched to liposomal doxorubin (Caelyx),
which the patient has tolerated well to date. He remains clin-
ically stable and is being closely monitored.

Discussion

Radiation therapy is widely employed as an adjunctive modal-
ity in the management of solid tumors in both curative and
palliative settings and is a key component of multidisciplinary
cancer care. Despite its therapeutic benefits, ionizing radiation
has been associated with delayed toxicities, including the de-
velopment of secondary malignancies driven by radiation-in-
duced DNA damage and disruption of cell-cycle control [22-
24]. With increasing numbers of long-term cancer survivors,
the occurrence of radiation-associated secondary cancers has
become more frequently recognized.

The most common radiation-associated malignancies include
squamous cell carcinoma and sarcoma [13,25-27]. Among ra-
diation-induced sarcomas, undifferentiated pleomorphic sar-
coma (UPS) has been frequently reported and is often asso-
ciated with an aggressive clinical course and less favorable
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outcomes compared with sporadic counterparts [2]. Our case
fulfills established RAS diagnostic criteria, including prior ra-
diation exposure, prolonged latency, development within the
radiation field, and distinct histology. Latency periods typi-
cally range from 8 to 10 years but can be longer [24,28-30].

Although EBRT is not routinely indicated for all MTC cases [1,31],
our patient received adjuvant radiation for multifocal disease
with nodal involvement. The risk of RAS has been shown to
increase with higher cumulative radiation doses, particularly
those exceeding approximately 50 Gy [29,32]. Consistent with
this observation, the sarcoma in our patient developed more
than 2 decades after exposure to a total dose of 59.4 Gy. Similar
cases have been described following high-dose head and neck
radiation [33,34]. Notably, our patient remained disease-free
for more than 2 decades prior to RAS onset.

Clinically, RAS commonly presents as a painless enlarging mass
within an irradiated field. In our case, the diagnostic evalua-
tion was initially influenced by elevated serum calcitonin levels,
which raised concern for recurrence of medullary thyroid carci-
noma. Radiologic imaging demonstrated a well-circumscribed
lesion with local invasion, and definitive diagnosis relied on his-
topathologic examination and immunohistochemical profiling.
The tumor had features consistent with a high-grade UPS and
showed expression of mesenchymal markers, including vimentin,
smooth muscle actin, and desmin. In contrast, markers typically
associated with neuroendocrine differentiation, such as calcito-
nin, chromogranin, cytokeratins, and epithelial membrane anti-
gen, were absent, effectively excluding recurrent MTC (Figure 2).

Management of RAS remains challenging. Complete surgical ex-
cision with histologically negative margins is the most important
determinant of long-term survival in patients with RAS [6,19],
whereas systemic therapy offers limited benefit beyond palli-
ative anthracycline-based regimens. However, achieving clear
margins is often difficult in previously irradiated and surgical-
ly altered anatomical fields. In the present case, the initial re-
section yielded positive margins, and re-excision was not pur-
sued due to the anticipated functional and structural morbidity.
Additional radiation was contraindicated in the setting of pri-
or cumulative dose constraints. The patient was therefore ini-
tially managed with close clinical and radiologic surveillance.
He subsequently developed locoregional recurrence and pul-
monary metastases, prompting initiation of systemic therapy.

Although the patient had a notable family history of malignan-
cy, germline testing was not performed at the time of initial di-
agnosis of medullary thyroid carcinoma, as routine clinical prac-
tice at that time primarily focused on targeted RET mutation
analysis rather than expanded multigene panel testing in the
absence of a defined hereditary syndrome. Genetic evaluation
was subsequently pursued after the diagnosis of RAS, when
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Figure 2. Histopathology of the resected mass. A 4.0-cm
relatively well-circumscribed tumor was excised
(A). The tumor displays a pattern less arrangement
of atypical spindled cells with no identifiable line
of differentiation (B). Immunohistochemical stains
confirm no evidence of thyroid cell differentiation and
no reactivity for calcitonin depicted (C).
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suspicion for an underlying DNA repair defect or hereditary can-
cer predisposition syndrome was increased. Inherited variants
in genes responsible for DNA damage repair, particularly ATM,
are linked to heightened radiosensitivity and an elevated risk
of secondary malignancies [4,35]; therefore, our patient under-
went genetic evaluation to assess for an inherited predisposi-
tion and to guide future surveillance strategies for himself and
family members. While no germline mutations were detected,
the breadth of his family history suggests that an underlying
hereditary predisposition cannot be entirely excluded, particu-
larly in the context of radiation-associated tumorigenesis, which
has been linked to defects in DNA damage repair pathways.

Conclusions

This case demonstrates the importance of long-term surveil-
lance in cancer survivors treated with radiation therapy, par-
ticularly in the head and neck region. It emphasizes the need
for heightened clinical suspicion when new lesions arise within
irradiated fields and illustrates the diagnostic and therapeutic
challenges posed by radiation-associated sarcomas. Because
of their aggressive nature and unfavorable outcomes, partic-
ularly when complete resection is not possible, early recogni-
tion and coordinated multidisciplinary management are crucial.
Reporting such cases contributes to improved awareness of
these uncommon but serious late effects of radiation treatment.
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