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Abstract 
Proximal humerus chondrosarcoma is a rare localization of the common primary malignant cartilaginous tumor. Management is based on 
oncological surgical excision because of the inherent resistance to chemotherapy and radiation therapy. The most important prognostic 
factors with great impact on treatment strategy are histological grading and localization of the tumor. Proximal humerus chondrosarcoma 
carries a slightly better prognosis, especially for the low and moderate grade tumors. We present the case of a young patient with proximal 
humerus chondrosarcoma surgically managed in our Department, with the purpose of underlining the challenges posed by this localization 
for oncological excision and reconstruction but also the importance of histological grading for the treatment algorithm. 
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 Introduction 
Chondrosarcoma is a malignant cartilaginous tumor 

identified by its characteristic histological composition 
based on hyaline cartilage. It is the third most common 
primary malignant bone tumor overall, and the second 
most common primary malignant bone neoplasm of adults, 
after myeloma [1, 2]. Most of the chondrosarcoma cases 
are sporadic but they can also occur because of malignant 
transformation of benign tumors like enchondromas or 
osteochondromas. This malignant transformation ensues on 
solitary, benign lesions or, with a much higher incidence, 
on one of the multiple lesions found in patients with 
Maffucci syndrome or Ollier’s disease; the axial skeleton 
is frequently affected (sternum, pelvis, scapula, or ribs) 
followed by the proximal femur and humerus [3]. The 
epidemiological characteristics of chondrosarcoma are 
the slight male predominance and the highest prevalence 
in patients older than 50 years of age. Pathogenesis of 
chondrosarcoma is not clearly understood with higher and 
higher focus on the importance of genetic factors like 
chromosomal structural abnormalities and transcription 
factors in the development of this pathology. Histopathology 
classifies chondrosarcoma into a conventional type (80–
90% of cases) and non-conventional forms like mesenchymal 
chondrosarcoma, dedifferentiated chondrosarcoma, or 
clear cell chondrosarcoma. The standard microscopic 
examination reveals prolific extracellular cartilaginous 
matrix and atypical, heterogeneous chondrocytes with 
large hyperchromatic nuclei. Areas of myxoid change, 

calcification or necrosis are common findings for 
chondrosarcoma [4, 5]. 

A particularly important feature is the histological 
grading system of chondrosarcoma, which has essential 
prognostic significance and guides the treatment strategy. 
Grade I tumors are characterized by a histological appearance 
resembling enchondroma, with uniform, hyperchromatic 
nuclei, and moderate cellularity. These are considered low-
grade lesions. Grade II tumors have a higher level of nuclear 
atypia and a more aggressive behavior. Grade III lesions 
possess greater nuclear and cellular pleomorphism, with 
frequent mitoses and poorer differentiation. The worst 
prognosis is carried by dedifferentiated chondrosarcoma, 
which is a high-grade neoplasm, with spindled cells, high 
nuclear atypia, and little cartilaginous matrix [6, 7]. 

Clinical presentation is marked by nonspecific 
symptoms like swelling and localized pain, which manifest 
for long periods of time until diagnosis is established. 
Plain radiography is the preferred imaging technique for 
initial diagnosis. It usually reveals lytic bone lesions with 
a high incidence of intralesional calcifications (the so-
called “popcorn pattern”) but also permeating lesions, 
specific for the aggressive forms which can lead to 
pathological fracture [8, 9]. A comprehensive evaluation 
of the primary tumor and possible secondary bone lesions 
is accomplished using computed tomography (CT), which 
can reveal heterogeneous intensification, cortical disruption 
and matrix calcification complemented with magnetic 
resonance imaging (MRI) and scintigraphy. 
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The management is governed by surgery with wide 
excision for intermediate and high-grade lesions, axial 
skeleton tumors, with soft tissue or joint involvement 
[10, 11]. Central, low-grade tumors can be excised by 
curettage and adjuvant, local therapy [phenol, hydrogen 
peroxide, liquid nitrogen, poly(methyl methacrylate) 
(PMMA)] [12, 13]. Chemotherapy has limited use and 
only for high-grade tumors like the dedifferentiated type 
[14]. Radiation therapy can be used for unresectable lesions 
or as adjuvant therapy after surgery for local control of 
recurrence [15]. The most important prognostic factor for 
chondrosarcoma is the histological grade. The five-year 
survival rate ranges from 83% for patients with grade I 
lesions to less than 60% for grade II or III chondrosarcoma, 
and to even lower numbers for the dedifferentiated type 
[16, 17]. 

Aim 

We present the case of a 46-year-old male, diagnosed 
and treated in our Department for a grade II chondro-
sarcoma of the proximal humerus with the scope of 
underlining the particularities of this disease localization 
and the reconstruction challenges generated by it and also 
to emphasize the importance of oncological excision in 
order to ensure a favorable, long-term result. 

 Case presentation 
We report the case of a 46-year-old male who  

was admitted in the Department of Orthopedics and 
Traumatology, University Emergency Hospital of Bucharest, 
Romania, for pain and limited range of motion in his 
right shoulder. No history of trauma or other significant 
medical history was revealed, with a minimum of six 
months of nagging pain described by the patient. He 
managed to control the pain for a short period of time by 
taking non-steroidal anti-inflammatory drugs (NSAIDs) 
before the pain became impervious to medication. No 
family history of malignancy was disclosed by the patient. 
Routine laboratory tests did not reveal any important 
changes except for a mild increase in the erythrocyte 
sedimentation rate (ESR). 

Physical examination documented decreased range 
of motion in the right shoulder joint with mild limitation 
of abduction, painful passive, and a hard, fixed mass of the 
proximal humerus on palpation. No axillary adenopathy 
was accounted for and no neurological symptoms or pulse 
deficit distally. A standard antero-posterior X-ray of the 
shoulder showed a lytic lesion of the proximal humerus, 
with endosteal scalloping and thinned cortices (Figure 1). 
For tumoral extension assessment, we ordered a CT scan 
of the involved proximal limb, thorax, abdomen, and pelvis 
and a bone scintigraphy. 

CT scan revealed a lytic lesion, with a craniocaudal 
dimension of 87 mm and 81 by 70 mm in the transversal 
plane, areas of cortical thinning or cortical breach and 
periosteal reaction (Figure 2). 

 

  
Figure 1 – Proximal humerus 
lytic lesion with metaphyseal 
and epiphyseal involvement. 

Figure 2 – (A and B) CT scan showing proximal diaphyseal and humeral head involvement 
with extensive bone lysis and calcification areas. CT: Computed tomography. 

 

The tumor exerted compression on the adjacent 
infraspinatus muscle tendon, long head of biceps and 
anterior deltoid. Furthermore, minimally invasion of the 
articular space but no axillary, brachial arterial branches or 
brachial plexus involvement were detected. A bone scan 
using Technetium-99m–Hydroxymethylene diphosphonate 
(99mTc–HDP) with a dosage of 629 MBq/5032 mSv was 
performed, which revealed intense fixation in the proximal 
humerus, involving the proximal diaphysis, metaphysis, 
and humeral head (Figure 3). 

The comprehensive imagistic and clinical evaluation 
did not reveal any secondary lesions. An incisional biopsy 
centered on the tumor was performed and the tissue sample 
was sent for histopathology and immunohistochemistry 
analysis. The reports showed a diagnosis of grade II 
conventional chondrosarcoma with positive S100 protein 
inside the cells and actin in the blood vessels (Figures 4–6). 
Also, the Ki67 proliferation immunomarker was positive 
with an index of 10%. 

 
Figure 3 – (A–C) Technetium-99m bone scan showing 
intense fixation in the right proximal humerus. 
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Figure 4 – Moderate-grade (grade 2) conventional 
chondrosarcoma demonstrating increased cellularity, 
binucleation and multinucleation, and an increased 
nuclear-to-cytoplasmic ratio. A lobular arrangement is 
noted with stroma between the lacunar spaces and few 
non-neoplastic dystrophic calcifications. HE staining, 
×100. HE: Hematoxylin–Eosin. 

Figure 5 – Tumor necrosis and hemorrhagic areas in a 
grade 2 chondrosarcoma. HE staining, ×100. 

 

 
Figure 6 – High power magnification showing atypical 
tumor cells. Most nuclei are larger, irregular. Note the 
intracytoplasmic hyaline globule (commonly found in 
well and moderately differentiated chondrosarcoma). 
HE staining, ×400. 

A clear-cut indication for a limb salvage procedure 
with surgical removal of the tumor and reconstruction was 
established, to which the patient was initially resistant, 
against medical advice, delaying the surgery by four 
months. During the delay, the patient reported that he 
attempted different homeopathic therapies with questionable 
effects on the disease progression. At the time of surgery, 
we could clearly establish a progression of the bone lysis 
on plain X-rays, which prompts the question on the 
influence of the surgery delay combined with the alternative 
therapies experimented by the patient (Figure 7). The CT 
scans were repeated before surgery for a comprehensive 
evaluation of the disease extension. 

According to established treatment protocol, a wide 
excision of the tumor was planned for and executed using 
an extended deltopectoral approach, with the patient in 
beach-chair position, under general anesthesia. By careful 
dissection, removal of the proximal humerus was 

performed with the distal cut-off point at 8 cm below the 
surgical neck, which unfortunately forced us to disrupt  
a limited part of the deltoid insertion on the humeral 
diaphysis. Meticulous dissection was executed, making 
sure that the resection limits are negative at the histo-
pathology examination. The reconstruction method employed 
was a partial humeral arthroplasty using Neer-type 
prosthesis with a monobloc, cemented humeral stem 
(Figure 8). The acknowledged difficulty of proximal 
humeral reconstruction in restoring the rotator cuff 
function was tackled by careful approximation using 
nonabsorbable sutures of the remaining subscapularis 
muscle to the deltoid muscle and also fixation of the 
external rotator muscles to the implant metaphysis, in the 
specially designed area, which acts as a greater humeral 
tuberosity (Figure 9). Further soft tissue reconstruction 
and hemostasis were performed followed by layered 
wound closure with closed suction drainage. 

The immediate postoperative course of the patient was 
uneventful, with hospital discharge at seven days after 
surgery. Rehabilitation was started during the hospital 
stay by passive joint mobilization and the upper limb 
was put in a shoulder sling immobilizer as part of the 
postoperative protocol after all surgical procedures that 
aim at joint stability restoration trough soft tissue healing. 
This can help avoid any kind of mechanical complications 
of the reconstruction while allowing a fair progress of 
the rehabilitation protocol [18–20]. No radiation therapy 
or chemotherapy were implemented after surgery. Histo-
pathology results of the resected tissue showed the same 
grading compared to initial diagnosis, with all resection 
margins negative for tumoral involvement. The functional 
results were poor, with the patient failing to recover much 
of the shoulder active movement but with fair joint 
stability and good pain control. The rotational mobility 
was greatly affected, and abduction limited to only 30º. 
The oncological results are sustainable with one-year 
disease-free at this moment and no other type of compli-
cations, according to Henderson classification [21]. 
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Figure 7 – Preoperative X-ray  

at four months after biopsy  
showing progression of the  

bone lytic lesion. 

Figure 8 – Postoperative X-ray showing 
proximal humerus reconstruction with  

Neer-type prosthesis. 

Figure 9 – Intraoperative image  
showing the approximation of  
the external rotators and long  
head of biceps at the implant 

metaphyseal area. 

 
 Discussions 
Proximal humerus localization accounts for a small 

percentage out of the total number of chondrosarcoma 
cases, and there is a small number of papers about this 
tumor group [22]. As chondrosarcoma presents with 
resistance to chemotherapy and radiation therapy achieved 
through multiple genetic and molecular mechanisms, 
surgery remains the pillar of treatment [23–25]. The 
advancements in medical imaging, implant design and 
surgical techniques have allowed limb sparing procedures 
for most patients, avoiding the mutilating scapulohumeral 
disarticulation, which was the favored treatment option in 
the past. Brachial plexus or axillary vascular structures 
involvement remain the leading findings that can motivate 
a disarticulation procedure nowadays [26–28]. 

Although chondrosarcoma of the proximal humerus 
has a better oncological prognosis than other localizations 
of the same disease, histological grading remains the main 
predictive factor for outcome. There is a great variety of 
reconstruction techniques which can be employed after 
tumor resection of the proximal humerus, using: osteo-
articular allograft, free or vascularized peroneal autograft, 
endoprosthesis or allograft–prosthesis composite (APC). 
Presently, there is no consensus on which reconstruction 
method yields the best results, with the reverse shoulder 
arthroplasty being implied as an advisable technique for 
obtaining superior functional results [29–31]. The main 
objectives after proximal humeral reconstruction, in terms 
of good functionality are recovery of joint mobility (active 
and passive) and stability. The complex anatomy of the 
shoulder region coupled with all these factors assigns  
a high level of difficulty for the proximal humerus 
reconstruction surgery. 

The management strategy of our case was based on 
these principles and adapted to the particularities of the 
situation. We had the concern that the delay in treatment 
caused by the patient and the unknown effects of 
alternative therapies administered during that time could 
have increased the histological grading of the tumor. This 
consideration was based mainly on changed imagistic 

appearance at the time of surgery compared to the moment 
of biopsy, which suggested a fast, local progression of 
the tumor. The observed changes were a slight increase 
in size, bone destruction and soft tissue involvement but 
also an escalation of pain, causing severe restriction of 
movement. All these factors coupled with histological 
grading and the joint involvement, observed on the CT 
scan suggested that the necessary wide resection will 
probably require a great soft tissue sacrifice and direct us 
from a Malawer type I, intra-articular proximal humeral 
resection to a type V extra-articular proximal humeral 
and glenoid resection with devastating functional effects 
[32]. After thorough consultation with the patient and 
with the multidisciplinary team (pathologist, oncologist, 
plastic surgeon, vascular surgeon, and rehabilitation 
specialist), we decided that we will choose the IA resection 
type if no gross, macroscopic invasion of the joint space 
is detected during surgery. 

The surgical excision was performed according to 
this strategy with preservation of the glenoid and most of 
the deltoid insertion. Because of the need for oncological 
resection, the insertions of the rotator cuff, latissimus 
dorsi, teres major, pectoralis major, long head of the 
biceps and the axillary nerve had to be sacrificed, making 
a wrapping reconstruction of the rotator cuff impossible 
[33]. The histopathology examination reported the same 
grading for the excised tumor (grade II chondrosarcoma) 
and the resection margins were declared negative. A 
predictable level of joint dysfunction resulted after surgery 
with important limitation of active abduction to a 
maximum of 30º and almost impossible active rotational 
mobility. Pain control and joint stability was maintained 
through all the postoperative period along with good 
oncological result. Despite the impaired functional result, 
we expect that the favorable oncological outcome and 
humeral reconstruction will endure as predicted by the 
histological grade and localization of the treated chondro-
sarcoma [34]. No disease recurrence or other complica-
tions emerged until present time and continuous follow 
up of the patient is being undertaken. 
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According to our experience, the challenging mana-
gement of proximal humerus chondrosarcoma stands 
out, stemming from the delicate balance that have to be 
maintained between the extensive resection dictated by 
oncological principles and the need for preservation of the 
intricate shoulder anatomy and complex reconstruction 
procedures in order to achieve limb preservation and,  
if possible, a good functional result. The possibility of 
dissimilar histopathological grade between the final 
resection piece and biopsy sample analysis makes the 
treatment even more complicated sometimes. This prompts 
for development of new treatment strategies to improve 
the management of chondrosarcoma, in general, and  
for proximal humerus localization. Promising research 
is currently directed towards the elucidation of the 
mechanisms for chemotherapy and radiation therapy 
resistance and development of targeted therapies with 
synergistic effect with the conventional options [35]. 

 Conclusions 
The contemporary management of chondrosarcoma 

in founded on oncological surgical excision due to its 
resistance to radiation and chemotherapy. Proximal humerus 
chondrosarcomas have a slightly better prognosis compared 
to other disease localizations but with added challenges for 
surgical management. The actual treatment strategy involves 
limb saving procedures, with complex reconstruction 
techniques employed after oncological resection, which 
carries the risk for specific complications. Improvement 
of reconstruction techniques and overall chondrosarcoma 
management is required, with the final goal of better 
oncological and functional results. 
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