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Abstract

We report a case of a 32 year-old male, admitted for a lytic lesion of the distal femur. One month after the first X-ray, clinical and imaging deterioration was evident. Open biopsy revealed fibrous dysplasia. Three months later, the lytic lesion had spread to the whole distal third of the femur reaching the articular cartilage. The malignant clinical and imaging features necessitated excision of the lesion and reconstruction with a custom-made total knee arthroplasty. Intra-operatively, no obvious soft tissue infiltration was evident. Nevertheless, an excision of the distal 15.5 cm of the femur including 3.0 cm of the surrounding muscles was finally performed. The histological examination of the excised specimen revealed central low-grade osteosarcoma. Based on the morphological features of the excised tumor, allied to the clinical findings, the diagnosis of low-grade central osteosarcoma was finally made although characters of a fibrous dysplasia were apparent. Central low-grade osteosarcoma is a rare, well-differentiated sub-type of osteosarcoma, with clinical, imaging, and histological features similar to benign tumours. Thus, initial misdiagnosis is usual with the condition commonly mistaken for fibrous dysplasia. Central low-grade osteosarcoma is usually treated with surgery alone, with rare cases of distal metastases. However, regional recurrence is quite frequent after close margin excision.
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Core tip: We report a case of a 32 year-old male, admitted for a lytic lesion of the distal femur. Although open biopsy suggested fibrous dysplasia, clinical and radiological evaluation indicated malignancy. Histological examination of the excised specimen revealed central low-grade osteosarcoma. Central low-grade osteosarcoma is a rare, well-differentiated, sub-type of osteosarcoma, with clinical, imaging, and histological features in keeping with benign tumours. Thus, initial misdiagnosis is common, typically being mistaken for fibrous dysplasia. Central low-grade osteosarcoma is usually treated with surgery in isolation, with rare cases of distal metastases. However, regional recurrence is quite frequent after close margin excision.
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INTRODUCTION

Low-grade central osteosarcoma (LGCO) is a rare well-differentiated sub-type of osteosarcoma[1]. It is first described by Unni et al[2] who reported 27 patients with an “Intraosseous well-differentiated osteosarcoma”. Since then, only a few cases of LGCO have been reported being variously described as “well-differentiated intramedullary osteosarcoma”, “low grade intraosseous osteosarcoma”, “central osteosarcoma of low-grade malignancy”, or ” low-grade endosteal osteosarcoma”[2-5].

LGCO usually presents in the third decade of life, with an almost equal male to female ratio[2,3,6,7]. It represents less than 2% of all osteosarcomas[8]. Metaepiphyseal region of the long bones is usually affected, while distal femur and proximal tibia are involved in more than half of the cases and long bones in over 80%[2,3,6]. Its high differentiation and relatively low malignancy contribute to an extremely high rate of initial misdiagnoses, typically masquerading as fibrous dysplasia.

CASE REPORT

A 32 year-old male attended our institute complaining of pain and swelling of his left knee over a period of 3 to 4 mo. Clinical examination revealed a solid expansion of the distal femur with no signs of effusion or inflammation. Plain X-rays showed a lytic lesion occupying the distal third of the femur including the medial and lateral condyle, reaching the subchondral area of the knee joint (Figure 1A). Computed tomography (CT) and magnetic resonance imaging (MRI) (Figure 1B and C) confirmed the lytic characters of the lesion which was found to spread mainly intramedullary, without expansion beyond the joint. Low signal was seen in T1-weight images and intermediate in STIR with areas of cortical interruption and periosteal reaction. Soft tissue infiltration was also evident focally. The patient was initially discharged and advised to avoid weight bearing with close observation. 

One month later, X-ray images revealed deterioration of the characteristics of the lesion, with more obvious lysis of the distal femur (Figure 2). Thick and coarse trabeculation had become apparent, while cortical perforation was found especially to the anterior cortex. Meanwhile, an methylene diphosphonate bone scan was highlighted an increased uptake at the distal femur at the lesion area, with no further cephalic or distal expansion. No other spots of increased uptake were apparent in the rest of the skeleton. CT scan of the thoracic cavity and abdomen was also negative for metastasis. 
Open biopsy was performed obtaining bone specimens from the outer lateral condyle with 3 cm × 2 cm × 1 cm total dimensions. The tissue specimen consisted of multiple tan-grey fragments with a bony texture. Microscopic examination revealed a lesion consisting of fibrous and osseous components, in variable amounts in all sections. The fibrous stroma was composed of spindle-shaped cells without features of malignancy. Non-stress oriented trabeculae of immature bone without osteoblastic rimming, as well as haphazardly shaped trabeculae (“alphabet soup”) were also observed. The morphologic features were consistent with fibrous dysplasia.

However, the wide extent of the tumour and the involvement of both the femoral condyles and the subchondral area were considered to increase the risk of a pathological fracture or total joint surface depression. Moreover, the clear evidence of deterioration on the images allied to the signs of cortical perforation with focal soft tissue infiltration increased the clinical suspicion of malignancy.  Therefore, despite the benign histological diagnosis, a wide excision of the upper femur (involving tumor removal with a margin of at least 3 cm of normal tissue) was undertaken followed by a hinged custom-made total knee arthroplasty (Howmedica Modular Resection System, Stryker Howmedica Osteonics, Inc). 

Readmission of the patient for the arthroplasty procedure three months after the first admission, revealed a severely affected bone radiographically (Figure 3). Lysis of the distal femur with elimination of the bone trabeculation was accompanied by a compressive fracture of the metaphysis (Figures 3A, 4A). Severe pain was provoked even with partial weight bearing, while clinical examination revealed paradox mobility of the distal femur. A new MRI was performed. In contrast to the plain X-rays, the MRI showed similar findings to the previous image, with no evidence of wider extension of the lesion. However, a high signal to the STIR-weight images revealed an increased oedema of the surrounding muscles, probably due to a haematoma secondary to the fracture (Figure 3B).

Intra-operatively, no obvious soft tissue infiltration was evident. Nevertheless, an excision of the distal 15.5 cm of the femur including 3.0 cm of the surrounding muscles was finally performed (Figure 4A and B). 
Macroscopically, a large well-demarcated, grey-white mass with a firm and gritty texture, measuring 15.5 cm × 5.0 cm was excised and sent for histological evaluation. The tumor arose within the medullary cavity and extended from the cartilage surface to within 3 cm distance from the excision line (Figure 4A and B). The cartilage had a chondral lesion (Outerbridge grade I) with no signs of infiltration. The mass breached the cortex without infiltrating the overlying soft tissue. Microscopically, a hypocellular neoplasm with an infiltrative pattern of growth was observed. The stroma consisted of collagen-producing spindle cells with slight cytologic atypia and occasional mitotic figures. MIB-1 was expressed in less than 10% of the tumor cells. Upon careful microscopic examination of multiple sections, focal osteoid production was noted. The latter was eosinophilic, curvilinear, with small nubs, abortive lacunae formation and atypical neoplastic cells. There was no osteoblastic rimming. Based on the morphological features described allied to the clinical findings, the diagnosis of low-grade central osteosarcoma was made although characters of a fibrous dysplasia were apparent (Figure 5). Postoperatively, although the lesion was excised with healthy margin, preventive radiation of 60 Gy was finally delivered to the site.

After 7 years follow-up, the patient was apparently disease-free with no signs of implant mobility. Bone–scan imaging has performed annually following the surgery, with no signs of metastasis. The patient’s overall condition is very good with no ambulatory problems. However, there are frequent recurrences of subcutaneous and skin infection at the distal femur (a potential side-effect of radiotherapy secondary to the operation).  This responded to antibiotics, requiring intravenous administration on two occasions. Limited range of motion to full extension and 40 degrees of flexion has developed postoperatively. This has responded well to physiotherapy including continuous passive motion assistance.

DISCUSSION
Since the first description of the low-grade central osteosarcoma, only a few case reports and fewer case series have been published in the literature[2,3,8-10]. The very low incidence of LGCO means that identifying the condition based on either the clinical, imaging or histological features of this tumour is complex. Moreover, the minimal cytological atypia, with the very low mitotic activity usually resembles more benign tumours. Differentiation from other conditions particularly fibrous dysplasia is complicated. Other conditions resembling this LGCO include ossifying or non-ossifying fibroma, aneurysmal bone cyst, or chondromyxoid fibroma or even malignant tumours such as parosteal osteosarcoma[3-5,10-23].

The clinical presentation on LGCO is heterogeneous usually manifesting as long-standing pain ranging from months to even several years before medical consultation is sought[8,24-26]. Mass, swelling or pathological fractures are rarely observed at the first admission[15].

There is also a highly variable radiographic appearance in LGCO[2,3,8,15,20]. The condition usually appears as a large medullary tumour often with trabeculation and sclerosis, with no periosteal new bone formation or soft tissue extension; it is thus easily mistaken for a benign lesion[8,10]. However, a potential cortical interruption due to localized destruction and soft tissue mass are the most typical radiographic findings leading to diagnosis[3,4,11]. It is believed that careful evaluation usually reveals at least a small region showing with cortical perforation, soft tissue shadows, or calcification, as well as periosteal reaction that should strengthen a suspicion of malignancy[6-8,15]. Nevertheless, 27 of the 90 patients in the Andresen et al[3] series show no aggressive features on the x-ray that could lead to a diagnosis of malignancy. 

Andresen et al[3] described four radiographic patterns; a lytic with varying amounts of thick and coarse trabeculation, a predominantly lytic with few thin and incomplete trabecula, a densely sclerotic, and a mixed lytic and sclerotic subtype. It seems that radiographic appearance of a LGCO may evolve over a period of time. Our patient first appeared with a lytic lesion with varying trabeculation (Figure 1), while one month later it had altered into a mixed lytic and sclerotic lesion (Figure 2). The final image three months after the initial diagnosis was, however, clearly suggestive of the predominantly lytic pattern (Figure 3).

LGCO with sclerosis and lysis juxtaposed on the X-ray predisposes to a high incidence of misdiagnosis as this pattern is considered to radiographically mimic fibrous dysplasia in its morphology and matrix pattern[3]. The lesion usually extends to the end of the affected long bone, as found in 25 of 59 cases of Andersen series[3]. It usually reaches the subchondral bone without affecting the articular cartilage, as was also seen in the present case.

Although biopsy usually leads to the diagnosis, in the case of LGCO histology may be misleading, as arose in the present case. Inwards describes three main histological patterns of bone production, classifying the LGCO into three types: the fibrous dysplasia-like, the parosteal osteosarcoma-like and the desmoid-like[15]. In the fibrous dysplasia-like pattern, irregularly shaped spicules of woven bone are found even mimicking the classic ”Chinese letters” pattern of fibrous dysplasia[10]. In that case misdiagnosis is likely and only further biopsy or radiographic findings may prevent it. The other two patterns also have histological features typically resembling parosteal osteosarcoma or desmoids tumour.

Seemingly benign features from either the clinical examination or the imaging or histological evaluation commonly lead to a misdiagnosis of LGCO. Choong et al[8] report a series of 20 cases of LGCO, 9 of each were initially misdiagnosed; one as chondrosarcoma while the other eight as benign lesions including fibrous dysplasia (3), nonossifying fibroma (2), fibroma (1), chondromyxoid fibroma (1) and simple bone cyst. Other tumours have also been diagnosed instead of LGCO, such as giant cell tumours, aneurysmal bone cysts, chondromyxoid fibromas, parosteal osteosarcomas or a malignant lymphoma[2,6,7,11,25].

There is agreement in the literature that wide excision is the only accepted treatment of LGCO, providing a very good prognosis. Wide excision is almost never followed by recurrence[6-8]. On the other hand, there is high incidence of local recurrence after inadequate surgical margins as with local excision of the tumour; this situation is highly likely to present with greater soft tissue and bony involvement. Recurrences are very often found to exhibit a higher histologic grade or dedifferentiation with the potential for metastases[14,15,27] . In the Mayo clinic series a 15% of the recurrences appeared as conventional osteosarcoma with poor prognosis[6]. Unni et al[2] report a high risk of transformation to conventional osteosarcoma if the lesion is initially treated only with curettage.

Choong et al[8] also report that an intralesional resection in 12 patients was associated with local recurrence to all of them. Four of the 12 recurrences were of a higher grade (25%), and 3 of these patients died of their disease. One was histologically undifferentiated. The time of the recurrence varies with a median period of 3 years, ranging from 3 months to even 14 years as found in one patient. Kurt et al[6] report two patients with initial diagnosis of fibrous dysplasia and long term recurrence following initial treatment with curettage. Both these patients eventually developed high-grade osteosarcoma 15 and 20 years after their initial curettage.

Distal metastases are rarely found from a LGCO but are more in keeping with a high-grade conventional osteosarcoma. Time of appearance varies with reported recurrence ranging from some months to several years after diagnosis[6,8]. Metastases can be pulmonary, osseous or to the lymph nodes[8]. It is the metastatic tumour from the higher-grade recurrence that can lead to death in patients with a low-grade central osteosarcoma[6,8,15]. 

A local recurrence with a higher clinical grade or signs of dedifferentiation, even if no metastases are apparent, is the only indication for adjuvant chemotherapy[6,8,11]. More aggressive forms of treatment such as amputation should not be required nowadays, with rare exceptions such as in the case of a diffuse tumor dedifferentiated to a high grade conventional osteosarcoma[8]. Radiotherapy is not generally mentioned in the literature as a treatment option for LGCO. However, in our case it was used due to the wide extension of the tumor in order to ensure the sterilization of the excision borders. It is nonetheless agreed that the treatment of low-grade central osteosarcoma is en-bloc resection with wide surgical margins, supported by the few published reports of prolonged follow-up.

LGCO is a rarely-encountered malignant tumour of the bones. Histologically it is a subtype of osteosarcoma, though with a much more favourable clinical outcome if treated appropriately. The typically late first diagnosis and the increased size of the initially found tumour, apparent with the low rate of recurrence or metastases, indicate its relatively benign progression. Nevertheless, its similarity to benign tumours and especially to fibrous dysplasia makes LGCO an insidious tumour, very often misdiagnosed and thus undertreated. The fibrous dysplasia-like histological pattern and the mixed lytic and sclerotic radiological pattern of LGCO are more likely to resemble fibrous dysplasia leading to misdiagnosis. An in-depth understanding of the histological features and its correlation to radiological and also clinical findings is instrumental in correct diagnosis. 

Despite the extremely high incidence of misdiagnosis of a LGCO, very few specific diagnostic features have been described. However, lasting recent years there has been significant progress in identifying tools that will help the attending physician to correctly diagnose the type of lesion raising suspicion of its potential malignancy. Heat shock proteins (HSPs) for instance are known to overexpress in several tumours, and the HSP27 and HSP70 subtypes seem to allow discrimination between conventional and low-grade central osteosarcoma[28]. More interestingly, advances in immunohistochemistry and the understanding of chromosomal expression in sarcomas through the CDK4 and MDM2 proteins can facilitate safe differential diagnosis of a benign fibrous or fibro-osseous lesion rather than a low-grade osteosarcoma with its attendant requirement for appropriate surgical treatment[29,30]. Yoshida et al[29] report a very high percentage of sensitivity and specificity for the determination of low-grade osteosarcoma.

   Nevertheless, detailed knowledge of the behaviour of this tumour remains the cornerstone of early diagnosis and appropriate treatment. A high level of suspicion should be held for any lesion in the metaepiphyseal region of a long bone with radiological findings suggesting malignancy, even in the presence of a benign histological diagnosis. In this instance LGCO should still be definitively excluded[3].

Additionally, the incidence of late recurrence or metastases, even up to 20 years after the excision of the tumour, makes long-term follow up important in order to ensure a long-term survival. 
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Figure 1 Imaging of the lesion at the patient admission. A: Lytic lesion of the distal femur is seen on radiographs; B: Computed tomography scan of distal femur showing the erosion of the bone with focal cortical destruction; C: T1-weighted magnetic resonance imaging demonstrating the extent of the lesion with areas of cortical destruction and periostic reaction. 
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Figure 2 Radiograph at 1 mo follow up. More obvious lysis of the distal femur comparatively to the initial image. Thick and coarse trabeculation is obviously apparent. Cortical breech is clearly found especially to the anterior cortex.
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Figure 3 Imaging at three months after the first admission. A: Elimination of the bone trabeculation is accompanied by a compressive fracture of the metaphysic; B: Magnetic resonance imaging shows no signs of wider extension of the lesion. STIR-weight images reveal an increased oedema of the surrounding muscles.
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Figure 4 Open biopsy was performed obtaining bone specimens from the outer lateral condyle with 3 cm × 2 cm × 1 cm total dimensions. A: Excised specimen of the distal 15.5 cm of the femur. Compressive fracture of the posterior cortex (arrows); B: The tumor arose within the medullary cavity and extended from the cartilage surface to 3 cm distance from the excision line. The mass clearly breaches the cortex (arrow); C: Hinged custom made total knee arthroplasty (Howmedica Modular Resection System, Stryker Howmedica Osteonics, Inc).
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Figure 5 Microscopic features throughout the tumor. A: Areas with characteristic irregularly shaped bony spicules, surrounded by hypocellular spindle cell stroma,  resembling fibrous dysplasia (HE × 200); B: Focal osteoid production (arrow) within the moderately cellular fibroblastic stroma (HE × 400); C: Occasional mitotic figures were identified (arrow), (HE × 400).
[14]

