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Abstract: Low-grade central osteosarcoma is a rare subtype of tumor with low-grade malignancy. 

Currently, wide resection with negative resection margin is the standard treatment for this disease. 

The role of neoadjuvant chemotherapy in low-grade central osteosarcoma was controversial and 

was mostly considered for tumors containing high-grade focal areas. Local tumor recurrences 

often exhibited a tumor with higher histologic grade or differentiation with the potential for 

metastases. In low-grade central osteosarcoma, timely wide resection after definite diagnosis can 

result in 5-year survival for almost 90%. However, the relatively nonspecific radiological and 

pathological findings make diagnosis very difficult. MDM2 and CDK4 are specific and provide 

sensitive markers for the diagnosis of low-grade central osteosarcoma, helping to differentiate 

low-grade central osteosarcoma from some benign lesions, including fibrous dysplasia, bone 

giant cell tumor, and chondrosarcoma. Here, we report the case of a 19-year-old woman with  

low-grade central osteosarcoma located at the proximal humerus. The affected site was rare, but 

the sensitive biomarkers CDK4 and MDM2 were positive. The patient recovered well after wide 

tumor resection following a proximal humerus endoprosthesis replacement. Our case highlighted 

the management strategies in low-grade central osteosarcoma. Being familiar with radiographic 

features, understanding the biological characteristics, and mastering diagnostic biomarkers 

can help oncologists avoid embarrassing situations in treatment when this rare tumor is highly 

suspected, even when located at an uncommon site. The discussion in this report focuses on 

radiographic and pathological features, advances of biomarkers that help in differential diagnosis, 

and current treatment options in low-grade central osteosarcoma.

Keywords: low-grade central osteosarcoma, proximal humerus, differential diagnosis, wide 

resection, MDM2, CDK4

Introduction
Low-grade central osteosarcoma (LGCOS) was firstly described as an “intraosseous 

well-differentiated osteosarcoma” by Unni et al.1 The tumor is rare and accounts for 

less than 2% of all osteosarcomas.2 There is a strong predilection for the long bones, 

particularly the distal femur and proximal tibia which are involved in more than half 

of the cases.3 Other affected sites include the rib, skull, ankle, and mandible, with a 

few individual cases documented in the literature.4–7 Unlike the majority of osteosar-

comas, LGCOS is less aggressive, has limited metastatic potential, and a relatively 

good prognosis.1 However, local tumor recurrences are very often found to exhibit a 

higher histologic grade tumor or differentiation, with the potential for metastases.8,9 

Wide resection with a negative margin is recognized as the standard treatment for 

LGCOS currently. Although relatively rare, the high differentiation and relatively low 

malignancy of this tumor contribute to an extremely high rate of initial misdiagnoses, 

especially presenting similarly as fibrous dysplasia, and sometimes as giant cell tumor 
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and chondrosarcoma in its clinical manifestation.10 If the 

diagnosis of an LGCOS is highly suspected but cannot be 

established according to its radiologic findings, even when 

a biopsy suggests a benign lesion, a richer biopsy sample 

or immunohistochemical staining is helpful for diagnosis.11 

Here, we describe a rare case of primary LGCOS affecting the 

proximal humerus in a young female who finally underwent 

tumor en bloc resection followed by prosthetic reconstruc-

tion. The location of the tumor in our patient was uncommon, 

but the patient recovered well after our definite diagnosis and 

timely treatment. We reviewed the literature and discussed 

the differential radiographic diagnosis, diagnostic markers, 

and appropriate treatment options for this rare entity.

Case presentation
A 19-year-old woman was admitted to our department with 

a chief complaint of left shoulder pain for 11 months. She 

had suffered a fall when skating 20 days earlier, leading 

to exacerbation of pain following activity. She was trans-

ferred from a local hospital, and the X-ray revealed a lytic 

destruction in her left proximal humerus with a suspected 

pathological fracture at the humeral neck. Chondrosarcoma 

was suspected on pathological diagnosis after fine-needle 

aspiration. However, she refused treatment at her local 

hospital and was transferred to our department for further 

treatment. There was a slight swelling over her left upper 

arm without any erythema. A slight activity restriction was 

detected on physical examination. Then, a shoulder–elbow 

belt was used to temporarily fix her affected arm.

Plain radiographs in our hospital showed a lytic, expan-

sible lesion with a sclerotic margin in the proximal humerus 

(Figure 1). The following radiographic examinations includ-

ing computed tomography (CT), magnetic resonance imaging 

(MRI), and bone scan were performed. CT images revealed 

there was predominantly lytic mixed with coarse trabecula-

tion and densely sclerotic slight cortical destruction in the 

tumor (Figure 1). MRI showed that the lesion presented low 

signals on T1-sequence, and mixed signals on T2-sequence, 

images with a slight enhancement (Figure 2). An increased 

nuclear uptake at the destruction area was found on bone scan 

(Figure 3). Cancer markers including CEA, AFP, CA-125, 

and CA199 were all normal. CT of chest indicated there was 

no lung metastasis.

Open biopsy was undertaken and pathological examina-

tion showed a spindle cell tumor of low-grade malignancy. 

Then, proximal humerus tumor en bloc resection followed by 

modular prosthetic replacement was carried out. The opera-

tion was performed with the patient under general anesthesia 

in a lateral position. The length of the tumor segment was 

5.4 cm, and the resection length was 7.5 cm so that there 

was a 2 cm-tumor-negative margin (Figure 4). The attach-

ments of the latissimus dorsi and teres major on the humerus 

were severed to remove the tumor. The rotator cuff and  

axillary nerve were not affected by tumor. The bone defect 

present after tumor resection was reconstructed using a 

modular proximal humerus endoprosthesis (cement type; 

Chunglizhengda Medical Instruments Co., Beijing, People’s 

Republic of China). Then, the rotator cuff was sutured to 

the head of the prosthesis with 2–0 non-absorbable sutures 

(Ethibond* Excel, Polyester Suture, Green Braided, Johnson & 

Johnson, USA) to improve the stability of the shoulder joint. 

Muscles and soft tissues were reconstructed in situ. No mesh 

Figure 1 X-ray and CT images of the patient. (A) Preoperative X-ray of this patient showed that there was lytic destruction within the left proximal humerus, mixed with 
coarse trabeculation and sclerotic margin; (B) Cross section of the CT image showed cortical destruction without periosteal reaction; (C) CT image showed a lytic lesion 
with sclerotic margin (arrow); and (D) CT image showed coarse trabeculation within the lesion.
Abbreviation: CT, computed tomography.
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Figure 2 MRI images of this patient. (A) The lesion presented low signal on T1 sequence; (B) the lesion presented a relatively high signal than the adjacent muscle but a 
weaker signal than liquid on T2-sequencing images; (C) coronal section of the MRI image showed the lesion presented mixed signals on T2 sequence; and (D) a cross-section 
of the MRI image on T1 sequencing reveals a lesion with a slight enhancement.

was used during the operation. The final pathological diag-

nosis was LGCOS with strong CDK4 and SMA positivity 

and focal mild MDM2 positivity on immumohistochemical 

staining (Figure 5). The distal operated edge of the humerus 

was pathologically confirmed to be tumor negative. Olympus 

cellSens Entry (Version 510, OLYMPUS CORPORATION) 

was used to analysis the positive integrated optical density 

(IOD); the values of CDK4 was 0.32, SMA was 0.24, and 

MDM2 was 0.01, respectively.

The patient recovered well and was discharged 5 days 

after the surgery. She did not receive further chemotherapy 

and was closely followed-up postoperatively. Imaging studies 

were focused on tumor recurrence and the stability of the 

prosthetic implant. Up to the time of writing, 12 months after 

the surgery, the patient was capable of all activities of daily 

living needed for self-care and the MSTS (Musculoskeletal 

Tumor Society) score was 25.0. There were no signs of tumor 

recurrence and the positioning of the prosthetic remains good, 

with no dislocation, loosening, or fracture. Moreover, the 

follow-up is being continued.

Written informed consent with regard to publication of 

this case report and accompanying images was obtained 

from the patient.

Discussion
Thus far, only 11 cases of LGCOS located at the proximal 

humerus have been documented in the English literature, 

including two cases arising secondarily from other lesions 

(Table 1).3,10,12,13 The patient in our study was a 19-year-old 

woman with an 11-month history of pain in her shoulder. 
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There is no gender predilection for LGCOS, and patients are 

usually affected in the third or early fourth decade of life. 

They frequently have a long history of nonspecific symptoms, 

the most common being pain and a slow-growing mass.14

Diagnosing LGCOS remains challenging due to the rela-

tively nonspecific radiological findings. The rate of misdiag-

nosis of LGCOS surprisingly reached 50%.10 Andresen et al 

identified four radiographic patterns of LGCOS: First, lytic 

with varying amounts of thick and coarse trabeculation; 

Second, predominantly lytic with few thin, incomplete tra-

becula; Third, densely sclerotic; and, fourth, mixed lytic and 

sclerotic.15 The case in our study presented as mainly lytic 

with trabeculation and sclerotic in CT images, revealing that 

our case includes all four radiographic patterns (Figure 1). 

Figure 4 Postoperative images of this patient. (A and B) show the tumor specimen. The tumor arose within the medullary cavity of the proximal humerus and there is 
a sclerotic margin that separates the tumor from the normal medullary structures (red arrow); (C) Postoperative X-ray showed the location of the prosthesis was good, 
without dislocation.

Figure 3 Bone scan showed the lesion had nuclear tracer uptake.
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Aggressive features in the present case, including cortical 

destruction, soft-tissue extension, and periosteal reaction, 

may be lacking in a patient with LGCOS. Overall, the 

case in our study presented benign-appearing, but focally 

aggressive, tumor features including cortical destruction and 

slight soft-tissue extension. In most cases, LGCOS mimics 

fibrous dysplasia.16,17 However, the radiographic differential 

diagnoses of our case during the initial diagnosis period 

were aneurysmal bone cyst, chondrosarcoma, and giant 

cell tumor of the bone. X-rays of giant cell tumors in long 

bones usually show an expansile, often lobulated, area of 

osteolysis with a narrow zone of transition. There is little 

or no evidence of matrix calcification within the tumor and 

relatively little trabeculation in lytic lesions.18 Aneurysmal 

bone cyst arises in the under-30 age group and presents with 

pain and swelling. Aneurysmal bone cyst is often eccentri-

cally located in the metaphysis of a long bone, including in 

the proximal humerus, adjacent to the non-fused physeal 

growth plate. Moreover, there is an expansile lytic lesion 

with a thin sclerotic margin within the tumor.19 However, 

the lack of nuclear uptake on bone scan and obvious long T1 

and long T2 signals on MRI can distinguish the aneurysmal 

bone cyst from LGCOS in our case. In chondrosarcoma, 

plain radiograph demonstrates a predominantly lytic lesion 

that involves the metaphysis and proximal diaphysis, but 

contains multiple areas of chondroid matrix mineralization, 

which was lacking in our case.20

Another problem with LGCOS is the difficulty in estab-

lishing a definite pathological diagnosis. Any difficult or 

non-diagnostic biopsies of solitary bone lesions should be 

referred to specialist tumor units for a second opinion. Several 

biological markers have been investigated to distinguish 

LGCOS from some benign diseases, such as osteonectin, 

c-fos, and ezrin, but none of these markers have been shown 

to be useful. AgNOR and MIB-1 have been reported to be 

helpful in distinguishing fibrous dysplasia from low-grade 

Figure 5 Pathological images of the tumor. (A) Hyperchromatic fibroblast-like cells with mild nuclear atypia and occasional mitotic activity on H&E staining (×200, 
scale bar 50 μm); focal osteoid production (red arrow) was present within the moderately cellular fibroblastic stroma; (B) shows strong positive staining for SMA on 
immumohistochemical staining (×200, scale bar 50 μm); (C) shows strong CDK4 positivity of the tumor on immumohistochemical staining (×200, scale bar 50 μm); (D) shows 
focal weak MDM2 positive on immumohistochemical staining (×200, scale bar 50 μm).
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osteosarcomas.21 The pathological images showed strong 

CDK4-positive and weak focal MDM2-positive staining on 

immunohistochemical analysis. Positive immunohistochemi-

cal staining for CDK4 or MDM2 may be used as a diagnostic 

marker, although negative immunostaining cannot rule out 

this tumor. Dujardin et al figured out that immunohistochemi-

cal expression of MDM2 and CDK4 is specific and provides 

sensitive markers for the diagnosis of low-grade osteosar-

comas, helping to differentiate LGCOS from benign fibrous 

lesions, particularly in cases with atypical radioclinical 

manifestation.22 MDM2 alterations might be involved in 

the tumorigenesis of LGCOS.23 CDK4 expression may be 

associated with the clinical features of LGCOS. Fifty percent 

of the tumors showed diffuse immunohistochemical staining 

for CDK4. Among them, 75% of CDK4-positive tumors pre-

sented as lytic lesions on a plain radiograph. Moreover, 33% 

of tumors showing a sclerotic pattern on a plain radiograph 

were positive for CDK4.24 Yoshida et al reported that MDM2 

and CDK4 were positive, based on immunohistochemical 

labeling, in 70% and 87% of low-grade osteosarcomas, 

respectively. The combination of the two markers thus shows 

100% sensitivity and 97.5% specificity for the diagnosis 

of low-grade osteosarcoma.13 Mutational analysis may be 

another additional helpful parameter in individual cases for 

the differential diagnosis of fibrous dysplasia and LGCOS, as 

GNAS mutations that are highly specific for fibrous dysplasia 

and rarely occur in low-grade osteosarcomas.25 In addition, 

there was a low prevalence of Gsα gene mutations in LGCOS 

in contrast to monostotic fibrous dysplasia.26

The patient in our study underwent wide tumor resec-

tion followed by modular prosthetic reconstruction without 

postoperative chemotherapy. The tumor may recur to be a 

higher-grade disease with a tendency for distant metastasis. 

In the Mayo Clinic series, 15% of recurrences appeared as 

a conventional osteosarcoma with poor prognosis.27 There 

is agreement that wide resection is the only accepted treat-

ment of LGCOS. Under this circumstance, the prognosis 

of this rare but low-grade malignant tumor was excellent, 

with 90% overall survival at 5 years.2 Intralesional excision 

alone leads to a poorer prognosis. Therefore, wide tumor 

resection with a negative margin was necessary, even after 

intralesional excision.

The role of chemotherapy in LGCOS is controversial. 

In fact, high-grade foci (grade 3 according to Broder’s 

Table 1 Previous cases of LGCOS located at the proximal humerus

Case Age/
gender

Primary 
(Y/N)

Histotype Previous 
diagnosis

Initial 
treatment

Recurrence/
metastasis 
(months after 
surgery)

Chemotherapy 
(Y/N)

Follow-up 
(months 
after 
surgery)

References

1 17/F Secondary 
from infarction

NR NR Wide resection NR NR NED (48) Endo et al12

2 39/M Y Fibroblastic 
(fibrous 
dysplasia-like)

NR Wide resection Lung metastasis (13) Y DOD (39) Righi et al3

3 34/F Y Fibroblastic NR Wide resection NR N NED (120) Righi et al3

4 44/M Y Fibroblastic NR Wide resection Y NED (56) Righi et al3

5 32/F Y Fibroblastic NR Wide resection NR N NED (109) Righi et al3

6 28/M Y Fibroblastic 
(fibrous 
dysplasia-like)

NR Wide resection Thoracic vertebra 
metastasis (51)

N NED (57) Righi et al3

7 38/F Y Fibroblastic 
(fibrous 
dysplasia-like)

NR Wide resection NR Y NED (134) Righi et al3

8 59/M Y Fibroblastic NR Wide resection Lung metastasis (37) Y NED (137) Righi et al3

9 24/M Y Osteoblastic Wide resection NR Y NED (65) Righi et al3

10 32/F Y NR NR Wide resection NR Y NED (12) Yoshida et al13

11 37/M Secondary NR Giant cell 
tumor

Curettage Local recurrence 
with high-grade 
malignancy areas 
(9), then wide 
resection followed 
by prosthetic 
replacement was 
performed

Y NED (212) Malhas et al10

Abbreviations: F, female; M, male; Y, yes; N, no; NED, no evidence of disease; DOD, died of the disease; NR, not reported.
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grading system) are sometimes detected in LGCOS (grade 1 

and 2). According to the clinical series outcome reported 

by Righi et al, in 20 cases of low-grade osteosarcoma with 

high-grade foci (grade 3) in less than 50% of the tumor, nine 

cases did not receive adjuvant chemotherapy, with only one 

death attributed to unrelated causes. In the other 13 cases of 

low-grade osteosarcoma with high-grade foci (grade 3) in 

more than 50% of the tumor, 12 patients received adjuvant 

chemotherapy: two had recurrence, four developed multiple 

lung metastases, and three succumbed to the disease. There-

fore, patients with a diagnosis of LGCOS where the high-

grade (grade 3) component is less than 50% of the resected 

specimen may not require chemotherapy, achieving good 

prognosis by means of en bloc resection only.3

Conclusion
LGCOS is, indeed, a rare tumor with radiological and 

pathological features indicating benign lesion. Wide tumor 

resection with negative margin was the standard treatment for 

this disease. Timely treatment is undertaken on the premise 

of accurate and definite diagnosis, but the relatively nonspe-

cific radiological and pathological findings make diagnosis 

very difficult. CDK4 or MDM2 may be used as diagnostic 

immunohistochemical markers. This study highlights the 

importance of mastering radiographic features, understand-

ing the biological characteristics, and being familiar with 

diagnostic biomarkers of LGCOS when this rare tumor is 

highly suspected, even when located at an uncommon site 

in the body.
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