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ABSTRACT 

Osteopetrosis comprises a rare, heterogeneous group of heritable conditions 

that are characterized by a defect in bone resorption by osteoclasts. We 

report the case of a 53-year-old woman with previously undiagnosed 

osteopetrosis who presented with a pathologic proximal humeral fracture 

secondary to pleomorphic sarcoma, which is previously undescribed in the 

English literature. Management of the primary lesion necessitated ablative 

surgery, but the malignancy nonetheless was associated with rapidly 

progressive metastatic disease. 

 

 
 

CASE REPORT 
 

 

 

 

 

 

 

A 53-year-old woman with a past medical history of 

delayed development, hypothyroidism, and hyperlipidemia 

presented to the Emergency Department with shoulder pain 

and immobility. Radiographs showed a displaced pathologic 

fracture through a solitary lytic lesion of the proximal humerus 

characterized by irregular cortical destruction and lack of 

mineralized matrix.  There was no periosteal reaction or soft 

tissue mass.  The lesion was superimposed on a pattern of 

diffuse symmetric osseous sclerosis involving the entire 

visualized axial and peripheral skeleton (Figures 1 and 2).   

Magnetic resonance imaging (MRI) of the lower extremities 

demonstrated low intramedullary signal suggesting 

osteopetrosis, the autosomal dominant variant [1] (Figure 3). 

A shoulder MRI confirmed the presence of a destructive mass 

centered in the humeral metaphysis with extension into the 

epiphysis.  The lesion returned low signal on T1-weighted 

images and high signal on short-tau inversion recovery (STIR) 

images.  Peripheral enhancement surrounded a large central 

non-enhancing area as well as the adjacent periosteum. 

Technetium-99m (99mTc)-diphosphonate bone scintigraphy 

demonstrated diffusely increased uptake throughout the axial 

and appendicular skeleton, with decreased renal activity, 

consistent with a “skeletal superscan”. Additional uptake was 

noted in the fractured proximal humerus, where there was a 

photopenic central region (Figure 4).  The provisional 

diagnosis was an aggressive primary osseous sarcoma or 

solitary metastasis involving the humerus in a patient with 

osteopetrosis.  Additional consideration was given to the 

possibility that a lytic metastasis could be superimposed on 

diffuse osteoblastic metastases.  However, the smooth, 

symmetric diffuse sclerosis favored the diagnosis of 

osteopetrosis.  

 

An incisional biopsy demonstrated a high grade 

undifferentiated pleomorphic sarcoma (UPS) of bone. A 

metastatic workup was negative for additional lesions. After 

considering the difficulty of achieving successful limb salvage 

reconstruction in an osteopetrotic humeral medullary canal, 
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and the likelihood of local recurrence in light of the pathologic 

fracture, the patient’s parents decided to have her undergo a 

forequarter amputation for definitive local control, without the 

need for additional adjuvant radiation or chemotherapy. The 

patient was developmentally delayed and unable to fully 

participate in medical decision-making.  

 

Final pathology revealed a 5.5 cm diameter, grade 3 

tumor characterized by sheets of pleomorphic cells with 

marked nuclear atypia and mitotic activity including atypical 

forms (Figure 5). The tumor developed in the bone and spread 

to the soft tissues without involvement of the glenohumeral 

joint. No obvious line of differentiation was evident on routine 

hematoxylin and eosin sections, and no skeletal matrix 

production by tumor cells was observed. 

Immunohistochemical testing revealed positivity for CD68 

and negativity for keratin, epithelial membrane antigen, 

desmin, S100, and smooth muscle actin.  Based on the 

morphologic and immunophenotypic findings, a diagnosis of 

undifferentiated pleomorphic sarcoma (UPS) was rendered. 

Osteopetrotic bone was also observed, exemplified by 

thickened, dense cortices and bony trabeculae, with no 

indication of a medullary cavity (Figure 6). Surgical margins 

were negative. 

 

The patient did well initially, however, a chest computed 

tomography (CT) scan performed 3 months postoperatively 

showed numerous large pulmonary nodules (Figure 7). The 

patient became wheelchair bound, developed widespread 

progression, and succumbed to her disease 5 months after the 

surgery. 

 

 

 

 

 

Etiology & Demographics: 

Osteopetrosis is a heterogenous collection of hereditary 

diseases with three commonly described variants.  The more 

common, autosomal dominant and often phenotypically 

benign mutation, which has an incidence of 1:20,000 [2], is 

associated with a normal life expectancy.  The more 

aggressive (autosomal recessive) variant has an incidence in 

the general population of 1:250,000 [2] and usually presents 

early in life with widespread systemic manifestations. 

Symptoms in infants include a characteristic heavy head with 

frontal bossing and blindness. The defects in osteoclast 

function and bone resorption inhibit normal organ 

development in bony cavities [3]. This can also lead to fatal 

infections such as pneumonia, and osteomyelitis complicated 

by septicaemia [2]. The X-linked recessive form is extremely 

rare, with only a few cases described in the literature. This 

type of osteopetrosis is also associated with lymphedema, 

ectodermal dysplasia, and immunodeficiency syndrome (OL-

EDA-ID) [4].  

 

The primary genetic defects in these patients often relate 

to abnormalities in osteoclast-specific membrane proteins 

involved in ion transport [5]. The deficiency in osteoclast 

functioning has also been found to be linked with a mutation 

of the macrophage colony stimulating factor (M-CSF) gene 

[6]. Other genetic malfunctions create deficiencies in the 

proton pump, chloride channel, and osteopetrosis associated 

transmembrane protein 1 (OSTM1), which also diminishes the 

effectiveness of osteoclasts [3]. The majority of these genes 

are linked to the control of osteoclast pH [2]. 

 

UPS (formerly malignant fibrous histiocytoma, MFH) is 

one of the most common soft tissue sarcomas, but it is rare as 

a form of primary bone tumor [7-9]. The incidence of UPS of 

bone increases with age, with the median age of incidence 

around 65 years [8]. The most common type of UPS is 

storiform-pleomorphic, although other variants include giant 

cell, inflammatory, and myxoid [8, 10]. This sarcoma is 

usually found in the extremities and trunk, particularly the 

femur17. Rare cases of UPS have been observed in the 

calcaneus and patella [9, 11].UPS associated with multiple 

primary sites, neurofibromatosis, and chronic osteomyelitis 

have been reported [8, 12, 13].  

 

 

Clinical & Imaging Findings: 

Clinically, severely affected individuals often present 

with anemia, cranial neuropathies, and fracture deformities. 

Osteomyelitis of the jaw may occur secondary to poor 

dentition. The more common benign form of osteopetrosis is 

associated with characteristic diffuse increased sclerosis in the 

axial and peripheral skeleton with an increased incidence of 

fractures. These patients often present later in life and as they 

progress in age, increase their risk for developing an 

underlying malignancy.   

   

Tumors involving the bone in patients with osteopetrosis 

are extremely rare.  To our knowledge, this case is the only 

report in the English literature of sarcomatous transformation 

of osteopetrosis. Lopes described a similar occurrence in the 

Belgian literature in 1952 [14].  No reports of osteopetrosis 

patients having osseous metastases exist.  Fadda et al. 

discussed a young patient with osteopetrosis and small cell 

lung carcinoma, but without bone metastases [15]. This paper 

stressed the unusual age of the lung cancer patient and the 

importance of careful titration of chemotherapeutic agents in 

this population due to their limited bone marrow reserve.  Due 

to the rare nature of osteopetrosis, it is unknown if the overall 

decreased marrow space decreases the incidence of osseous 

metastases. 

   

Some authors have highlighted the potential effect of 

osteopetrosis on various bone marrow elements and/or the 

immune system, including case reports describing patients 

with osteopetrosis and peripheral T-cell lymphoma; 

esophageal adenocarcinoma and secondary hypersplenism; 

and acute myeloid leukemia in a child [16-18]. Finally, Toren 

et al. noted the similarities between osteopetrosis and juvenile 

chronic myeloid leukemia [19].  

 

Other authors have investigated osteopetrosis patients 

who had specific osseous lesions that were ultimately 

determined to be non-malignant, including a lytic rib 

abnormality confirmed histologically to be a benign post-

traumatic hemorrhagic bone cyst, and a case of osteopetrosis 

mimicking osteosarcoma [20, 21].  

DISCUSSION 
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UPS of bone can present as pain and swelling of the 

affected extremity, prompting an x-ray to confirm the presence 

of an aggressive lesion. UPS is rare, accounting for only 0.8-1 

new cases/100,000 patients/year, with a slight male 

predominance [22, 23]. Older patients, usually 50-70 years old 

[22], are more likely to be affected but UPS can occur at any 

age. While most patients have no risk factors, prior radiation 

and certain tumor predisposition syndromes have been known 

to be precipitating factors [24-26].  

 

While most UPS occurs in the soft tissue and may appear 

similar to other aggressive soft tissue processes, when UPS is 

centered in the bone, it more closely resembles destructive 

osseous lesions such as osteosarcoma, Ewing’s sarcoma, or 

metastatic carcinoma. UPS of bone can present as a large 

lucent lesion with cortical destruction, a permeative “moth 

eaten” appearance, and ill-defined margins on radiographs and 

CT.  Magnetic resonance imaging (MRI) may demonstrate 

increase T2 signal and heterogeneous enhancement of the 

mass. T1 signal is low to iso intense but may be variable in the 

presence of internal hemorrhage. 

 

Increased uptake is present on bone scintigraphy, which 

can be central or peripheral. In a patient with generally 

increased tracer uptake, which is common in osteopetrosis, 

mild central uptake could make the lesion indistinguishable 

from the adjacent bone. Alternatively, if there is only 

peripheral uptake at the site of the tumor, the primary lesion 

could appear as a central focus of photopenia. Radiographic 

skeletal surveys may thus be a complimentary modality to 

bone scintigraphy in screening for osseous lesions in patients 

with osteopetrosis.       

 

Patients with osteopetrosis can exhibit many different 

clinical manifestations. However, this is the first reported case 

in the English literature of a UPS involving the appendicular 

skeleton in osteopetrosis. This case demonstrates the 

possibility of UPS of bone arising concurrently with 

osteopetrosis. Due to the rarity of this condition, it is unclear 

whether osteopetrosis is a pre-malignant condition, as only a 

few case reports have described the co-occurrence of this 

disease and a malignancy, and no case reports of patients with 

osseous metastases have been reported. The importance of 

careful clinical and radiologic follow-up, including standard 

skeletal surveys, is exemplified with this case, as bone lesions 

can be masked by underlying osteopetrosis on scintigraphic 

imaging. 

 

 

Treatment & Prognosis: 

Treatment of UPS of bone involves a multimodality 

approach, often including chemotherapy and wide surgical 

excision. Radiation therapy is generally reserved for cases of 

positive surgical margins [27]. Most UPS occurs as a soft 

tissue sarcoma, and, despite aggressive treatment, the 

diagnosis is associated with a poor prognosis, with a 

metastatic rate of 50% [28]; local recurrence rates ranging 

from 10-30% over a 5 year period depending on tumor 

histology, grade, and surgical margins [29-33]; and 5-year and 

10-year overall survival rates of 60% and 48%, respectively 

[34]. Some important positive prognostic indicators are 

negative surgical margins and radiation therapy [32]. Factors 

that may suggest poor outcomes include advanced patient age 

and larger tumor size, with lesions greater than 5 cm being 

associated with tumor recurrence [35]. 

 

 

Differential Diagnosis: 

UPS is a diagnosis of exclusion which describes a 

heterogeneous group of malignant mesenchymal tumors 

characterized by morphologic pleomorphism without specific 

features that would enable classification within the group of 

pleomorphic sarcomas. While imaging can also be nonspecific 

[36], these lesions may resemble other aggressive osseous 

lesions such as osteosarcoma, Ewing’s sarcoma, or metastatic 

carcinoma. The pathologic differential includes other 

pleomorphic sarcomas (leiomyosarcoma, rhabdomyosarcoma, 

osteosarcoma), so-called “dedifferentiated” sarcomas 

(liposarcoma, chondrosarcoma) as well as sarcomatoid 

carcinoma and melanoma). Patient history may be useful as 

UPS has a male preponderance, is more common in older 

adults, and is the most common postradiation sarcoma [22, 24-

26]. UPS also exhibits a predilection for the extremities (most 

commonly seen in the femur), which accounts for the majority 

of cases [37]. Involvement of the abdominal viscera is rare; 

therefore, this presentation would suggest a different 

diagnosis. 

 

 

 

 

 

Primary bone malignancies such as undifferentiated 

pleomorphic sarcoma (UPS) are rare, but can occur in patients 

with osteopetrosis. Careful clinical and radiologic follow-up 

with standard skeletal surveys and advanced imaging 

techniques such as magnetic resonance imaging (MRI) and 

computed tomography (CT) are important since osseous 

lesions can be masked by underlying osteopetrosis on 

scintigraphic imaging. 
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Figure 1: 53-year-old woman with previously undiagnosed osteopetrosis who presented with a pathologic proximal humeral 

fracture secondary to pleomorphic sarcoma.  

 

Findings: Anteroposterior radiographs of left shoulder in (a) internal rotation (b) external rotation and (c) scapular Y view. (a), 

(b), & (c) Radiographs of the left shoulder show a displaced pathologic fracture (arrows) at the surgical neck of the humerus. The 

fracture extends through an expansile lytic lesion with ill defined borders characterized by irregular cortical destruction. The 

lesion is superimposed on a pattern of diffuse symmetric osseous sclerosis involving the visualized skeleton, compatible with 

osteopetrosis. 

 

Technique: 70 kVp x 10 mAs 
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Figure 2: 53 year old woman with previously undiagnosed osteopetrosis who presented with a pathologic proximal humeral 

fracture secondary to pleomorphic sarcoma.  

 

Findings: Anteroposterior radiographs of the (a) chest and (b) pelvis. (c) Axial CT image of the pelvis. (d) Sagittal CT scan of the 

spine. (a), (b), (c), & (d) Radiographs and CT scan demonstrating diffuse symmetric osseous sclerosis involving the entire 

visualized axial and peripheral skeleton. Also again seen (*) , in image 2a is a pathologic fracture through a solitary lytic lesion of 

the proximal humerus characterized by irregular cortical destruction and lack of mineralized matrix.  

 

Technique: Chest radiograph anterioposterior (a) 110 kVp and 4 mAs. Anteroposterior radiograph of the pelvis (b) 80 kVp and 

20 mAs in supine position. Contrast enhanced CT with axial (c) and sagittal (d) reformats, GE Discovery CT (General Electric, 

Milwaukee, WI) 120 kV and 40 mAs with 5 mm slice thickness, 100cc Omnipaque 300. 

 
 

Figure 3: 53 year old woman with previously undiagnosed osteopetrosis who presented with a pathologic proximal humeral 

fracture secondary to pleomorphic sarcoma.  

 

Findings: (a) Coronal T1-weighted, (b) Coronal STIR, and (c) Post contrast coronal T1 fat saturated MRI of the left femur 

demonstrate primarily low intramedullary signal on all sequences corresponding to the diffuse sclerosis with a few scattered areas 

of bone marrow suggesting the autosomal dominant type of osteopetrosis. No abnormal enhancement is present on post contrast 

images. 

 

Technique: 3T Signa (General Electric, Milwaukee, WI) (a) Coronal T1, TR 600, TE 16, slice thickness 6 mm (b) Coronal STIR, 

TR 3500, TE 55, slice thickness 6 mm, (c) Coronal T1 fat saturated post contrast MRI, 20 cc gadodiamide (Omniscan, General 

Electric, Milwaukee, WI), TR 600, TE 16, slice thickness 6 mm 

 



 

Radiology Case. 2020 Jul; 14(7):1-9 

Musculoskeletal 
Radiology: 

Pleomorphic Sarcoma in a Patient with Osteopetrosis McGill et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

     

w
w

w
.R

ad
io

lo
g

y
C

ases.co
m

 

7 

 
 

Figure 4: 53 year old woman with previously undiagnosed osteopetrosis who presented with a pathologic proximal humeral 

fracture secondary to pleomorphic sarcoma.  

 

Findings: The upper body left anterior oblique (a) and full body anterior (b) bone scan images show diffusely increased uptake 

(arrows) throughout the skeleton with decreased renal activity consistent with a superscan.  Increased uptake with a photopenic 

central region (*) is noted within the left proximal humerus corresponding with the site of the lesion seen on radiographs.  

 

Technique: Whole body bone scan. Images were obtained 3 hours after intravenous administration of 22 mCi of Tc99m MDP. 

 

 

 

 

 

 
 

Figure 5: 53 year old woman with previously undiagnosed 

osteopetrosis who presented with a pathologic proximal 

humeral fracture secondary to pleomorphic sarcoma.  

 

Hematoxylin and eosin stained section of undifferentiated 

pleomorphic sarcoma (UPS) showed bizarre, atypical cells 

wwith atypical mitosis (arrow) and necrosis (top of image). 

Original magnification 200X. 

 

 

 

 

 

 

 
 

Figure 6: 53 year old woman with previously undiagnosed 

osteopetrosis who presented with a pathologic proximal 

humeral fracture secondary to pleomorphic sarcoma.  

 

Osteopetrosis was observed in the uninvolved bone as 

replacement of the medullary cavity by dense cortical bone. 

Original magnification 20X. 
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Entity Undifferentiated pleomorphic sarcoma of bone 

Etiology Mesenchymal cells without a specific line of differentiation 

Clinical Presentation Pain and swelling of the extremity 

Incidence 0.8-1 new case per 100,000 per year 

Gender Ratio Slight male preponderance  

Age Predilection 50-70 years old, but can occur at any age 

Risk Factors 
Most patients have no risk factors, but it can occur in the setting of prior radiation or with tumor 

predisposition syndromes  

Treatment  Surgery (wide margins), +/- Chemotherapy, +/- adjuvant radiation therapy 

Prognosis 
Overall poor, at least 10-30% local recurrence in 5 years, 50% overall metastatic rate, 38% 

metastatic rate post treatment, 5-year and 10-year survival rates 60% and 48% respectively 

Imaging Findings 

Radiographs/CT scan: large lucent aggressive osseous lesion with cortical destruction 

MRI: large osseous mass iso/low heterogeneous signal on T1 and iso to high heterogeneous 

signal on T2 weighted images with heterogeneous enhancement 
 

Table 1: Summary table for undifferentiated pleomorphic sarcoma of bone. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 (left): 53 year old woman with previously 

undiagnosed osteopetrosis who presented with a pathologic 

proximal humeral fracture secondary to pleomorphic sarcoma.  

 

Findings: Axial CT image of the upper chest demonstrate a 

spiculated mass in the superior aspect of the right upper lobe 

(arrow) and a large pretracheal lymph node (*) consistent with 

metastatic disease. 

 

Technique: Axial chest CT, GE Discovery CT (General 

Electric, Milwaukee, WI), 120 kV and 40 mAs with 5 mm 

slice thickness. 
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Diagnosis General X-ray/CT MRI  

Undifferentiated 

pleomorphic 

sarcoma 

of bone 

Aggressive osseous mass 

within extremities, femur is 

most common location, 

possible metastatic disease 

Aggressive osseous lesion, 

moth eaten appearance 

T1: Heterogeneous Iso/low signal, variable 

signal with hemorrhage 

T2: Heterogeneous Iso/high signal 

Heterogeneous enhancement 

Ewing’s Sarcoma 

Younger patients, nonspecific 

pain, lower extremities and 

pelvis 

Variable, laminated 

periosteal reaction (onion 

skinning), sclerosis 

T1: Iso/mild hyperintense signal 

T2: Heterogeneous hyperintense with 

possible low signal striations (hair on end) 

Heterogeneous prominent enhancement 

Osteosarcoma 

 

Primary: younger patients, 

metadiaphysis of long bones  

Secondary: elderly, wide 

distribution, multiple 

associated conditions (ex. 

Paget’s, bone infarct, prior 

radiation etc.…) 

Aggressive osseous lesion, 

wide zone of transition, 

elevation of periosteum 

(Codman triangle), 

aggressive periosteal 

reaction (sunburst pattern), 

fluffy/cloud-like matrix 

T1: Iso signal of soft tissue, low signal of 

mineralized components, variable signal 

hemorrhage 

T2: High signal soft tissue/nonmineralized 

components, high signal peritumoral 

edema 

Enhancement of solid components 

Metastatic 

Carcinoma 

Usually follows distribution of 

red marrow (vertebrae, pelvis, 

femur, humerus etc.…), 

characteristics may vary based 

on underlying malignancy 

Lucent lesion, usually, 

typically less periosteal 

reaction than primary bone 

tumor 

T1: Variable low signal 

T2: Variable high signal 

Variable enhancement 

 

Table 2: Differential diagnosis table for undifferentiated pleomorphic sarcoma of bone to radiographic mimics. 

 

 

 

 

 

 

 

 

CT = Computed Tomography 

M-CSF = Macrophage Colony Stimulating Factor 

MFH = Malignant Fibrous Histiocytoma 

MRI = Magnetic Resonance Imaging 

OL-EDA-ID = Osteopetrosis associated with Lymphedema, 

Ectodermal Dysplasia, And Immunodeficiency Syndrome 

OSTM1 = Osteopetrosis associated Transmembrane Protein 1 

STIR = Short-tau inversion recovery 

UPS = Undifferentiated Pleomorphic Sarcoma 

 

 

 

 
 

bone scintigraphy; humerus; malignant fibrous histiocytoma; 

osteopetrosis; undifferentiated pleomorphic sarcoma of bone 
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