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Abstract
Bone metastases from thyroid cancer are mainly rare, while sternal metastases are extremely uncommon.
Bone metastases might be either synchronous or metachronous to primary thyroid cancer. A 60-year-old
male patient presented to our department with a painful, fixed and firm sternal mass. Preoperative imaging
studies, such as neck ultrasound (US) and computed tomography (CT) of the chest, revealed a 6.5 cm nodule
of the right thyroid lobe with high-risk malignancy characteristics and a massive metastatic mass of the

anterior mediastinal, which was extended from the sternal notch to the third intercostal space. The diagnosis
of papillary thyroid carcinoma with sternal metastatic lesions was established. After meticulous discussion
in the multidisciplinary board of our hospital, a total thyroidectomy plus en-bloc resection of this massive
sternal metastasis and adjuvant radioiodine therapy were decided. Eight months postoperatively, no
recurrence has occurred in this patient. R0 resection of isolated bone metastasis of thyroid origin is still an
optimal therapeutic decision for these patients. In cases of sternal metastasis, radical surgical resection with
negative margins, including both resection of the lesion and reconstruction of the chest wall, in order to
successfully maintain the chest wall's stability, is recommended.
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Introduction
Differentiated thyroid cancer (DTC) mainly metastasizes in locoregional lymph nodes and rarely to distant
organs, such as the bone and lung. More specifically, papillary thyroid cancer (PTC) commonly metastasizes
via the lymphatic pathway, whereas follicular thyroid neoplasms through vascular channels. Compared with
PTC, patients with follicular thyroid cancer (FTC) have a higher risk of developing distant metastases and a
higher proportion of cancer-related deaths [1]. The incidence of distant metastasis after the initial treatment
of DTC is between 7% and 23%, while the frequency of patients diagnosed with DTC presenting with distant
metastatic disease as the initial manifestation of cancer ranges from 1% to 9% [2,3].

Bone metastatic tumors from thyroid cancer are diagnosed in 4%-23% of patients, while sternal metastases
are extremely uncommon, and they could be either synchronous or metachronous to primary thyroid cancer
[4]. Bone metastases are associated with poorer survival outcomes in comparison to those with metastases
to cervical lymph nodes [5,6]. Although radioactive iodine (RAI) ablation is the treatment of choice for
distant metastases, bone metastases are not characterized by iodine avidity [5,6]. Therefore, surgical
resection of resectable tumors could be a potential treatment strategy with better oncological outcomes [4].

Here, we present a case of papillary thyroid cancer with synchronous sternal metastasis that was treated
with radical resection of both the primary and metastatic tumors at the same operation.

Case Presentation
A 60-year-old male patient presented to our department with a painful, fixed and firm sternal mass. Three
months earlier, he underwent a T4-T5 discectomy and an en-bloc resection of a symptomatic metastatic
lesion on T4, which was the first sign of a papillary thyroid carcinoma at the time. Histological examination
revealed a metastasis from papillary thyroid carcinoma. Computed tomography (CT) of the chest
demonstrated a 4.7 × 4.6 × 4.5 cm soft tissue mass originating and invading the sternum with a close
relationship to the thyroid gland (Figure 1).
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FIGURE 1: CT revealed a massive 4.7 × 4.6 × 4.5 cm sternal mass.
CT: computed tomography.

Furthermore, a notably large nodule of the right thyroid lobe with an additionally marked deviation of the
trachea. Neck ultrasound (US) revealed a 6.5-cm high-risk malignancy nodule of the right thyroid lobe
(TIRADS 5) and a massive painful metastasis of the sternum. Fine-needle aspiration of the suspicious thyroid
nodule established the diagnosis of DTC, excluding the presence of anaplastic thyroid cancer. His past
medical and family history was unremarkable. Positron emission tomography (PET) CT showed the large
thyroid neoplasm of the right thyroid lobe and an anterior mediastinal mass that was extended from the
sternal notch to the third intercostal space (Figure 2).

FIGURE 2: FDG-PET CT showed the sternal metastasis, which extended
from the sternal notch to the third intercostal space.
FDG: fluorodeoxyglucose, PET: positron emission tomography, CT: computed tomography.

After meticulous evaluation by a multidisciplinary team including endocrinologists, oncologists, and
thoracic and endocrine surgeons, a total thyroidectomy plus en-bloc resection of sternal metastasis
and adjuvant radioiodine therapy was decided. No lymph node metastases were present in the preoperative
evaluation, and no lymph node dissection was performed. The aim of the resection was disease control and
the treatment of severe pain during respiratory movements.

Upon operation, a 20-cm vertical incision was performed from the cricothyroid cartilage to the end of the
sternal lesion. First of all, total thyroidectomy with identification and preservation of both recurrent
laryngeal nerves and both external branches of the superior laryngeal nerves were completed by endocrine
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surgeons. Moreover, exposure of the sternal mass was started by the thoracic surgeons’ team. More precisely,
a meticulous mobilization of the sternal lesion was performed by dissecting and excising the manubrium,
the first, second, and third costal cartilages of the chest wall, plus the medial end of the clavicles bilaterally.
The sternum was cut horizontally at the level of the third costochondral junction and the third ribs. The
chest defect was reconstructed at the surgery by using titanium bars and polypropylene mesh as coverage
(Figure 3).

FIGURE 3: After meticulous en-bloc resection of the sternum and
thyroid gland, the chest defect was reconstructed by using titanium
bars and polypropylene mesh.

The patient's postoperative course was complicated by a mild infection of the upper respiratory tract, which
was successfully treated conservatively with intravenous administration of antibiotics. The rest of his
postoperative course was uneventful, and he was discharged on the 13th postoperative day.
Histopathological examination of the resected specimen revealed the presence of the infiltrative subtype of
the follicular variant of PTC in both thyroid lobes, infiltrating the thyroid capsule in the right side with
capsular invasion. Similarly, the same type of neoplasm was detected in the sternal metastasis. Eight
months postoperatively, the patient remains disease-free and in excellent clinical condition after significant
doses of radioactive iodine (RAI) ablation.

Discussion
Distant metastases from differentiated thyroid neoplasms are described in approximately 25% of
patients [2]. The most frequent sites of distant metastases are the lung and bone, accounting for about 50%
and 18% of total cases, respectively [7]. The proportion of bone metastases in primary DTC ranges from 2%
to almost 15%, whereas sternal metastases have been described in approximately 19% of patients with bone
metastases from DTC [2]. Despite the fact that the 10-year survival rate of patients diagnosed with DTC is
almost 98%, in cases with bone metastases, this rate ranges from 2% to 15% [5].

Several theories have been proposed in the current literature, regarding the mechanism and the pathways of
bone secondary lesions spreading to the skeletous [8]. However, the main pathway of spreading is considered
to be venous circulation and, more precisely, through Batson’s valveless plexus [9]. Batson’s plexus is
connected with the brachiocephalic and superior vena cava, in which the inferior thyroid vein is drained [9].
Moreover, Batson’s plexus is located from the pelvis to the bones and drains the blood via the epidural and
perivertebral veins [10]. On the other hand, other authors have suggested that malignant lesions are
metastasized to the axial skeleton's red marrow because the blood flow is the highest [5]. Furthermore,
arterial, and direct pathways of spread have a less favorable role, while lymphatic spread is a subject of
debate in many studies [8,11].

The primary clinical manifestations of sternal metastases of thyroid neoplasms are pain and fractures [5].
The correlation of clinical suspicion with the appropriate imaging modalities can establish the diagnosis of
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these rare metastatic lesions [5]. US- or CT-guided biopsies may also be performed. Therefore, concerning
the anatomical characteristics of these lesions such as the relation with the locoregional structures and their
extension, the most useful imaging modalities are whole-body nonenhanced CT or magnetic resonance
imaging (MRI) [5]. On the other hand, outcomes from functional imaging such as bone scintigraphy might
not be reliable, as these imaging modalities are associated with common false-positive and false-negative
results [5]. However, while the iodine whole-body scan has a high percentage of specificity and sensitivity, it
is only effective for DTCs [12]. Regarding combined thyroglobulin-positive and iodine-negative cases, single
photon emission CT and PET-CT are more efficient as diagnostic tools [12].

Due to the small number of published cases in the current literature, and the lack of randomized studies,
there is no consensus and guidelines regarding the management of sternal metastases. However, according
to several published studies, R0 resection of isolated bone metastasis of thyroid origin is still an optimal
therapeutic decision for these patients. In cases of sternal metastasis, R0 resection, including both radical
resection of the lesion and the reconstruction of the chest wall, in order to successfully maintain the chest's
stability and prevent the paradoxical motion of the chest, is recommended. The surgical approach to chest
wall reconstruction might include either prosthetic material, such as titanium bars and synthetic mesh, or
myocutaneous flaps [13]. Unresectable tumors might receive efficient doses of RAI by performing a
palliative cytoreductive surgery of the malignant burden. In the study conducted by Haugen et al., surgical
resection and RAI for bone metastases in DTC are independently associated with a better prognosis,
achieving 86.5% and 57.9% in 5- and 10-year survival rates, respectively [14].

In terms of long-term oncological outcomes for patients who underwent radical resection of bone
metastases from DTC, in the multicentric retrospective study conducted by Fragnaud et al., overall survival
for patients who underwent wide resection at 1, 5, 10, and 15 years was 76.2%, 63.6%, 63.6%, and 31.8%,
respectively [15]. This study described much higher overall survival rates in comparison to the studies of
Nakayama et al. and Satcher et al [16,17]. Moreover, Fragnaud et al. demonstrated that R0 and R1 resections
were associated with a better prognosis compared to R2 resection, whereas the overall survival was
extremely higher (82.3% vs 0%) when a resection of isolated bone metastasis was performed in comparison
to patients with multi-metastatic bone lesions [15].

In addition to radical surgery and radioactive iodine (RAI), few other adjuvant therapies have been proposed
for sternal and, in general, bone metastases from DTC. Concerning RAI-resistant metastatic lesions,
chemotherapy unfortunately does not offer beneficial outcomes [18]. Furthermore, for unresectable bone
metastases from DTC or when R0 resection could not be achieved, external beam radiotherapy might be an
additional modality for treating these patients [19]. Nar Demirer et al. described a case of unresectable
sternal metastasis from follicular thyroid carcinoma where external beam radiation therapy (EBRT) was used
as a palliative method in order to decrease the tumor’s size and the symptoms that were associated with
metastatic lesions [18].

Conclusions
In conclusion, although metastatic lesions of the sternum in DTC are a rare entity, several imaging
modalities are reliable in establishing a precise diagnosis. In our case, CT and PET-CT provided all the
necessary data in order to design the appropriate therapeutic plan for our patient. When surgical resection is
feasible and safe, it might be the best approach not only in terms of palliation of symptoms but also for
oncological outcomes for patients with metastatic thyroid neoplasms.
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