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Abstract:

Background: Primary malignant tumors of the clavicle are very rare lesions, which may be easily misdiagnosed or
even undiagnosed and not much can be found in literature about their treatment and prognosis. Among these lesions,
chondrosarcomas percentage is considered 2%-8%, and due to their poor response to chemotherapy and radiotherapy,
surgical excision with wide margins is the mainstay of treatment.

Case presentation: A 53-year-old man, with a large, painless mass on his left supraclavicular space was diagnosed
with grade Il clavicular chondrosarcoma after a needle biopsy. He was treated by surgical resection of the tumor with
wide margins, and reconstruction of the deficit using a fibular autograft and a 3,5mm reconstruction plate. The result
was excellent with adequate shoulder mobility and mild functional deficit of the upper extremity.

Conclusions: Primary malignant lesions of the clavicle are very rare and they often are misdiagnosed or even
undiagnosed. Optimal treatment for these tumors is considered total or partial claviculectomy with satisfying

functional and oncological outcomes.

Key words: clavicle; chondrosarcoma; claviculectomy; reconstruction; osteosarcoma; pathological clavicular

fracture; histologic diagnosis; vascularization

Introduction:

Primary clavicular tumors are rare, consisting of less than 1% of all bone
tumors [1,2]. Most of them are malignant and because of their rarity, there
is low index of suspicion and often are underdiagnosed. The most
common histologic diagnosis of clavicular tumors are myeloma, Ewing
sarcoma, or osteosarcoma [14]. The literature pertaining to their diagnosis
and treatment is poor, including, mostly, case reports and small case series
[3]. Consequently, oncologists have limited experience in the
management of these lesions and there are no standardized guidelines to
follow. The main clinical symptoms are pain and local masses. Moreover,
the pain will be more severe in the setting of a pathological clavicular
fracture [15].

Among these lesions, chondrosarcomas percentage, has been reported in
some studies, between 2% and 8% [4]. Chondrosarcomas comprise
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approximately one-third of all malignant bone tumors and 15% arelocated
in the shoulder girdle [5]. They are more prevalent in adults thanin
children and more common in males and in people older than 40 yearsold.
Their therapeutic outcomes differ by the clinical and histological grade,
but their poor response to chemotherapy and radiation therapy leadto low
5-year survival rates. Surgical excision with wide margins is the mainstay
of treatment for patients with localized disease [6]. Claviculectomy
maintains a high incidence of surgical complications such as vascular
injury, nerve damage and infections [21]. Although satisfying functional
results have been reported after claviculectomywithout reconstruction,
many authors have suggested reconstruction withallograft or autograft, in
order to restore the shape of the shoulder and protect the subclavian
vessels and nerves [14, 21]. The aim of this articleis to analyze the clinical
and imaging features of a patient with a
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malignant clavicular tumor and to report the outcome of the surgical
treatment. A brief review of the literature is also provided.

Case report

A 53-year-old male, with no significant medical history, was referred to
the orthopedic department of our hospital due to a sizeable, painless mass
(Figure 1-A) on his left supraclavicular space. According to the patient,
this mass first appeared ten years ago and had been gradually growing
ever since.

The main complaint of the patient was the rapid growth rate of the mass
during the last few months. Clinical examination revealed elicitation of
mild pain during shoulder movements. Neurovascular disruption was not
recognized. Radiographic evaluation (Figure 1-B) showed a lesion with

(A)
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spotted calcifications arising from the middle third of the clavicle,
disrupting the cortex of the bone and expanding to the surrounding soft
tissues. Initial laboratory data, which included standard biochemical
testing, C-reactive protein and erythrocyte sedimentation rate were within
normal range. Due to the characteristics of the lesion further imaging
examination was performed, which included enhanced CT (Figure 1-C)
and MRI (Figure 1-D). The advanced imaging control helped us to define
the size of the lesion, the disruption of the surrounding soft tissues and the
relation with the neurovascular structures. From the clinical and imaging
work-up a malignant bone tumor was suspected, hence the patient was
subjected to CT-guided needle biopsy. Histological examination of the
samples revealed a Grade Il chondrosarcoma.

Figure 1: Clinical image (A) and radiological findings (B-D). (A) Clinical photograph of the mass. (B) Clavicle X-ray showing the spotted calcifications
lesion. (C) CT-imaging depicting the disruption of the cortical bone. (D) MRI illustrating the extension to the surrounding soft tissues and the relation

of the lesion with vascular structures.

After the establishment of the diagnosis, staging of the disease was
imperative in order to choose an appropriate treatment. Chest CT, upper
and lower abdomen CT and bone scan revealed no metastatic disease.
After a tumor board meeting, operative treatment was decided and we

(A)

proceeded to wide marginal excision of the tumor (Figure 2-A). The bone
deficit of the clavicle was restored using a non-vascularized fibular
autograft (Figure 2-B) of approximately 13cm and was fixated with a
3,5mm reconstruction plate (Figure 2-C).

(B) ()

Figure 2: Intra-operative (A-B) images and post-operative (C) radiograph. (A) The excised chondrosarcoma measuring 13x12x7 cm. (B) The fibular
autograft used for the reconstruction. (C) Clavicle X-ray showing the clavicular reconstruction with a 3,5mm reconstruction titanium plate.

An illustrative surgical diagram is depicted in (Figure 3), (A-L). The
histological analysis of the tumor concluded that it was a clear cell
myoepithelial carcinoma. Chemotherapy and radiation therapy were not
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performed, as these types of treatment have poor effect on
chondrosarcomas.
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(8) AK)

Figure 3: Illustrative surgical diagram. (A) A spindle-shaped incision was performed following the clavicle outline from the sternoclavicular to the
acromioclavicular joint. (B) Circumferential blunt dissection was carefully operated revealing the borders of the tumor. (C) Care was taken not to
disrupt the muscle adhesions of the shoulder girdle. A standby vascular surgeon was required throughout the process. (D-E-F) The clavicle was
osteotomized near the proximal and distal end, and the tumor was excised en bloc along with the middle third of the bone, leaving a gap of
approximately 13cm. (G-H-I) A non-vascularized fibular autograft was harvested from the left lower limb, in order to reconstruct the clavicle deficit.
(J-K) The autograft was fixated using a 3,5mm reconstruction plate. (L) The incision was closed primarily without the need of using a local flap or a
free tissue transfer.

Post-operative rehabilitation was smooth and no complications were follow up there were no signs of the disease or major functional deficits
recognized, except from a superficial infection of the wound. At one year  of the upper extremity (Figure 4).

(A) (B

Figure 4: Clinical and radiological images in 1 year follow-up. (A) Consolidation of the autograft and lack of signs of recurrence. (B-C-D-E) Satisfying
shoulder movement.
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Discussion

Clavicle is an unusual bone with distinctive characteristics. It is the first
bone to ossify and the only long bone that lies on the horizontal axis. It
ossifies through intramembranous ossification, from three ossification
centers: two primary centers (a medial and a lateral) for the body and a
secondary center for the sternal end. It lacks a medullary cavity and it has
poor vascularization [3,4]. According to these characteristics, clavicle is
considered more of a flat bone rather than a long one, and thus, it is an
uncommon site for malignant tumors [3,4].

Primary clavicular tumors and tumorous lesions are uncommon. The
incidence of these tumors is between 0,45% and 1,1% of all bone tumors
and it is the forth site for tumor appearance in thoracic skeleton [3,4]. A
review of primary shoulder tumors (194 cases), published by Cleeman et
al, showed that clavicle was affected only in 6% of the cases [7]. In most
cases, these lesions are more likely to be malignant than benign.
Chondrosarcomas are malignant cartilage-forming tumors, which occur
mainly in pelvis, femur, humerus and scapula [1]. There are various
subtypes of chondrosarcomas, each with different histopathology and
clinical behavior. Most of them are conventional central (75%) and
conventional peripheral (10%), while other types include periosteal (1%
of all CS), dedifferentiated (10% of all CS), mesenchymal (<2% of all
CS) and clear cell (<2% of all CS)(6). Periosteal chondrosarcomas have
the best prognosis while dedifferentiated have the worst [6]. Surgical
resection with wide margins, along with adjuvant chemotherapy, has been
reported to have the best therapeutic results in some studies. Radiation
therapy is ineffective, as chondrogenic-tumors are radioresistant due to
the slow rate of cell proliferation [6,8].

Clavicle is less likely to be the origin of chondrosarcoma [9]. A review of
primary clavicular tumors (206 cases), published by Ren et al, reported
that the incidence of chondrosarcoma was approximately 5% [4]. The
literature pertaining to their treatment is poor, limited only in case reports
and small case series, and as a result, standard guidelines have not been
established. A small review of current bibliography has shown that
surgical resection is commonly accepted in these cases as the optimal
treatment, but it has not been clarified whether the reconstruction or not
of the bone deficit has a significant impact on the functional and
oncological outcome. Nota et al, in their study, reported excellent
functional results after partial scapulectomy or claviculectomy, in 20
cases of primary chondrosarcoma [10]. In an another retrospective
review, Li et al reported very good functional results after total
claviculectomy in 9 cases with primary malignancy [11]. Similar
oncological and functional results have been reported by Krishnan et al
[12] and Radhakrishnan et al [13] in their studies, regarding partial or total
claviculectomy in cases of malignancy. Rossi et al, studying six cases of
clavicular malignant tumors, also advocate partial or complete
cleidectomy, reporting adequate functional results [3]. In another
perspective, Li et al proved that there was no advantage of allograft
reconstruction over no reconstruction in terms of functional outcome,
comparing two group of patients that were submitted to total or subtotal
claviculectomy with or without allograft reconstruction [14].
Furthermore, Liu et al, in another retrospective review including 20
patients, concluded that reconstruction of clavicle defect after excision of
a malignant tumor is not recommended [15]. Although good results after
claviculectomy without reconstruction have been reported others suggest
reconstruction using allografts and vascularized or non-vascularized
autografts [16-19]. There are even reports of using bone cement
prostheses or other novel prostheses in order to maintain the shoulder
contour and functionality, with satisfying results [20,21]. In our case,
partial cleidectomy was performed followed by reconstruction using a
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fibular autograft. The final outcome was excellent and we agree with other
authors that clavicle reconstruction is advisable in order to preserve the
functions of the upper extremity and protect neighboring neurovascular
structures [8].

Conclusions

Clavicular malignant tumors are rare lesions with poor prognosis. Due to
their infrequency, there is low index of suspicion and often these lesions
are misdiagnosed. Resection and reconstruction procedures can be
performed for local tumor control, pain control and good functional
outcomes. Amputation and disarticulation can also be performed in rare
cases. Current literature reports same functional outcomes after
claviculectomy, with vs without reconstruction. This case report
confirmed that partial claviculectomy with reconstruction, using a non-
vascularized fibula autograft, offers good oncological outcomes without
major functional deficits of the upper extremity.
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