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ABSTRACT 

 Background and Aims: A group of osteogenic bone tumors can be diagnostically challenging at 

the histopathological level. These include aggressive osteoblastoma and osteoblastoma-like 

osteosarcoma. This study aimed at assessing the utility of Ki-67 labeling index in the differentiation 

between these types of neoplasms. Methods: A total of 39 patients were enrolled in this study, 

including 9 osteoblastomas (6 conventional and 3 aggressive types) and 30 osteosarcomas (20 high 

grade and 10 low grade). Immunohistochemical staining using Ki-67 antibody was done. Ki-67 

labeling index was calculated and statistically compared between the different groups of tumors. 

Results: There was gradual significant increase (p<0.05) in Ki-67 labeling index from osteoblastomas, 

through low grade osteosarcomas, to high grade osteosarcomas. There was also significant difference 

(p<0.001) in proliferation index between aggressive osteoblastoma and low-grade osteosarcoma. 

Conclusion: Our results suggest that estimation of the proliferation index may help in the distinction 

between aggressive osteoblastomas and osteoblastoma-like osteosarcoma. However, careful 

interpretation of the clinical, radiological and histopathological features remains essential to reach 

proper diagnosis. 
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INTRODUCTION 

Osteogenic bone tumors include osteoid 

osteoma, osteoblastoma, and osteosarcoma. 

Osteoid osteoma is a benign osteoblastic tumor, 

characterized by a well-demarcated core with a 

typical size of less than 1 cm surrounded by a 

zone of reactive bone formation (Deng, Ding et 

al. 2015).  It is usually easily diagnosed 

clinically and radiologically (Cakar, Esenyel et 

al. 2015). Osteoblastoma is an uncommon bone 

forming tumor that accounts for about 1% of all 

primary bone tumors (Pandiar, P et al. 2014). It 

has a predilection for males in their teens and 

young adulthood. Microscopically, the tumor is 

identical to osteoid osteoma; both tumor types 

show rich vascularization, irregular osteoid with 

osteoblasts and often osteoclast-type 

multinucleated giant cells (Pandiar, P et al. 

2014). Differentiation between the two tumor 

types is based mainly on the size (Nord, Nilsson 

et al. 2013; Singh, Das et al. 2013). Osteoid 

osteoma has a limited growth potential and 

seldom exceeds 1 cm in largest diameter. In 

contrast, lesions larger than 2 cm are considered 

to be osteoblastomas (Nord, Nilsson et al. 

2013). Osteoblastoma typically shows a non-

infiltrative growth pattern and when resected 

with free margins recurrences are uncommon 

and the prognosis is excellent (Singh, Das et al. 

2013). However, there is a group of osteoblastic 

tumors that can be diagnostically challenging at 

the histopathological level. These tumors have 

been referred to as aggressive or epithelioid 

osteoblastoma (Singh, Das et al. 2013). This 

variant of osteoblastoma is composed of large 

plump osteoblasts, with bizarre hyperchromatic 

nuclei and prominent nucleoli. It demonstrates 

locally invasive growth with a high rate of 

recurrence but no metastatic potential 

(Harrington, Accurso et al. 2011).  

On the other hand, osteosarcoma is the 

commonest, non-hematopoietic, malignant 

primary tumor of bone (Klein and Siegal 2006). 

It occurs most frequently in young adults and 

adolescents(Dai, Huang et al. 2015). It is a high 

grade neoplasm with rapid growth and early 

metastasis (Dai, Huang et al. 2015).  A rare 

subtype of osteosarcoma exists, so-called 

osteoblastoma-like osteosarcoma, which shares 

some morphological features with 

osteoblastoma, but clinically behaves like 

conventional high-grade osteosarcoma (Nord, 

Nilsson et al. 2013). It has to be recognized by 

the pathologist to achieve proper treatment 

which is wide surgical procedure. Differential 

diagnosis may be very difficult or even 

impossible on a small biopsy (Lucas 2010). 

The Ki-67 antigen is a protein present in 

the nuclei of cells in active phases of cell cycle 

(G1, S, G2 and M phases). It is not expressed in 

quiescent or resting cells in the G0 phase, in 

which many proteins involved in proliferation 

are degraded (Alimohamadi, Ownagh et al. 

2014). Ki-67 can be used to assess the growth 
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fraction (number of cells in cell cycle) of 

normal, reactive, and neoplastic tissue (van 

Oijen, Medema et al. 1998). The percentage of 

Ki-67 positive cells (Ki-67 labeling index) is 

usually low in benign lesions but increases in 

malignant tumors. High Ki-67 labeling index is 

an excellent marker to recognize rapidly 

proliferating cells that would indicate 

malignancy and might affect recurrence rate and 

survival (Skjulsvik, Mork et al. 2014).  

 

The accurate differentiation between 

osteoblastomas and osteosarcomas is of clinical 

importance because prognosis and treatment of 

the two tumor forms differ. Up to date, no single 

immunohistochemical stain could differentiate 

between osteoblastoma and osteosarcoma with 

certainty. This study was designed to study the 

Ki-67 labeling index of osteoblastomas and 

osteosarcomas, and to asses its utility in the 

differentiation between these tumors.  

PATIENTS AND METHODS 

This study included excisional and 

incisional biopsies sent to the Pathology 

Laboratories from the Orthopedic Departments 

of Sohag and Assiut Universities Hospitals 

through the period from January 2003 to June 

2014. Cases include 9 osteoblastomas and 30 

osteosarcomas; 27 osteoblastic osteosarcomas, 

two chondroblastic and one fibroblastic 

osteosarcoma.  

H&E staining:  

Five-micron tissue sections were prepared 

from the formalin-fixed, paraffin-embedded 

tissues, stained with Hematoxylin and Eosin 

(H&E) and examined using light microscope. 

Aggressive variant of osteoblastomas was 

separated using the criteria mentioned by Lucas 

(Lucas 2010). Histological subtypes of 

osteosarcomas were defined as osteoblastic, 

chondroblastic, or fibroblastic. Grading of 

osteosarcomas was classified using a 

predetermined 2-tiered system, adopted from 

previously reported systems (Kirpensteijn, Kik 

et al. 2002).  

Immunohistochemistry:  
Immunostaining using peroxidase-

labelled strepavidin-biotin technique to detect 

Ki-67 was done for all cases. The following 

primary antibody was used: Rabbit polyclonal 

antibody against human Ki-67 gene product 

(Catalogue # RB-9043-P0 (0.1ml)), LAB 

VISION corporation)  

Staining procedure:  

Five-micron tissue sections mounted on 

Poly-Lysine coated slides, deparaffinized and 

rehydrated. Endogenous peroxidase activity was 

blocked using peroxidase blocking reagent 

(Catalogue # TP-012-HD, LabVision 

Corporation). Unmask the antigen sites by 

immersing the slides in sufficient amounts of 

antigen retrieval solution (10 mmol sodium 

citrate buffer, pH 6.0) was done. Sections were 

microwaved for 10-15 minutes (min), allowed 

to cool down for 20 min, washed in distilled 

water, then in phosphate buffered saline (PBS, 

pH 6.0). Tissue sections were incubated in 

normal goat serum to block nonspecific 

interactions.  

Tissue sections were incubated overnight 

at 4 C° with 1/150 Ki-67 antibody in a humid 

chamber. The resulting immune-complex was 

detected by a universal staining kit (Catalogue # 

TP-012-HD, LabVision Corporation). Tissue 

sections were treated with biotinylated goat 

anti-polyvalent, and then peroxidase-labelled 

streptavidin was applied for 10-15 min at room 

temperature, rinsed in PBS, incubated with 14-

diaminobenzidine and 0.06% H2O2 for 5 min 

and counter-stained in Myer’s Hematoxylin. 

Tissue sections were washed in tap water, 

dehydrated in alcohol, cleared in xylene, left to 

dry, then mounted with Canada balsam, and 

cover slipped. 

 

Positive controls: Positive control slides were 

prepared from previously diagnosed breast 

carcinoma for detection of Ki-67 staining. 

Negative controls: Negative control was done 

by omitting the primary antibody from the 

staining procedure. The positive and negative 

controls were consistently immunoreactive and 

lacking reactivity. These findings therefore 

confirm the validity of our staining results. 

Evaluation of immunostaining:  
For quantitative evaluation of Ki-67 

immunoreactivity, the number of Ki-67 positive 

nuclei in relation to the total number of tumor 

cells was counted in three different high power 

fields, and the average was calculated. The Ki-

67 labeling index was defined as the ratio of Ki-

67 positive nuclei to the total number of tumor 

cells, and was expressed as a 

percentage (Skjulsvik, Mork et al. 2014). 

Statistical analysis:  
Results were statistically analyzed using 

Statistical Package for Social Sciences (SPSS) 

for windows. ANOVA (Analysis of Variance) 

was used to assess the statistical significance of 
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the difference in Ki-67 labeling index between 

different types of osteoblastomas and 

osteosarcomas.  

RESULTS 

Clinical features 

The study group consisted of 39 patients, 

including 27/39(69%) males and 12/39(31%) 

females, ranging in age from 10 to 58 years. 

Patients were presented with a swelling or mass 

and/or an osteolytic bone lesion.  

H&E staining:  

Examination of H&E stained sections obtained 

from the lesions (30 osteosarcomas, and 9 

osteoblastomas) revealed the presence of 

marked nuclear pleomorphism and 

hyperchromatism in 90% of osteosarcomas. 

Mitotic activity was prominent, with abnormal 

mitoses in 73%, and moderate to large areas of 

necrosis in 47% of osteosarcomas (Figure 4A). 

Cases of osteosarcoma were classified as 27 

osteoblastic osteosarcomas (20 high grade and 7 

low grade), two chondroblastic and one 

fibroblastic osteosarcoma. 

On the other hand, cases of conventional 

osteoblastoma (6 cases) showed mild to 

moderate pleomorphism with minimal or no 

hyperchromatism. However, three cases of 

osteoblasatoma showed large hyperchromatic 

nuclei with occasional prominent nucleoli and 

were classified as aggressive osteoblastomas 

(Figures 2A and 3A&B).  

Immunohistochemical features 

Ki-67 expression 

The Ki-67 labeling index (proliferation 

index) of the 9 cases of osteoblastoma ranged 

from 1% to 58%, with a mean of 11.1%. Cases 

of aggressive osteoblastoma (3 cases) showed a 

mean Ki-67 labeling index of 10%. Ki-67 

labeling index of the 30 cases ofosteosarcoma 

ranged from 44% to 90%, with a mean of 

69.6%. The 10 cases of low grade osteosarcoma 

(including two chondroblastic and one 

fibroblastic ones) showed a mean Ki-67 labeling 

index of 58.8%, whereas the mean Ki-67- 

labeling index of the 20 cases of high grade 

osteosarcoma was 74.9% (Table 1 & figure 1). 

There was a steady significant increase (p<0.05) 

in the Ki-67 labeling index from osteoblastoma, 

through low-grade osteosarcoma, to high-grade 

osteosarcoma. There was also significant 

difference (p<0.001) in proliferation index 

between aggressive osteoblastoma and low-

grade osteosarcoma (Table 1). 

 

 

Table 1: Ki-67 labeling index in 

osteosarcoma and in osteoblastoma 

 
Aggressive 

Osteoblastoma 

n = 3 

Low grade 

Osteosarcoma 

n = 10 

High grade 

Osteosarcoma 

n = 20 

Mean 

Labeling 

index (± SD) 

 

 

10 (± 11.5) 

 

58.8 (± 8.5) 

 

74.9 (± 10.9) 

         p<0.05 
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Figure 1: Bar chart showing the Proliferation 

index (Ki-67 labeling index) in 

osteoblastomas and osteosarcomas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Conventional osteoblastoma 

stained by H&E (A) and Ki-67 antibody (B-

D), showing very low (B&C) and moderate 

(D) proliferative activity (X400). 

 
Figure 3: Aggressive osteoblastoma stained by H&E 

(A&B) and Ki-67 antibody (C&D), showing very low 

(C) and moderate (D) proliferative activity (X400). 
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Figure 4: Osteosarcoma stained by H&E (A) 

and Ki-67 antibody (C-F), showing high 

proliferative activity (Manification is X400 

except for B: X200). 

DISCUSSION 

It is often difficult to distinguish 

aggressive osteoblastoma from osteosarcoma by 

routine histopathological procedures alone 

(Pandiar, P et al. 2014). Unlike osteoblastoma, 

osteosarcomas generally show intense cellular 

pleomorphism, atypism, extensive areas of 

necrosis and atypical mitoses. The presence of 

destructive permeation is the most helpful 

finding in distinguishing osteoblastoma from 

osteosarcoma (Mayer 1967). Nevertheless, the 

differential diagnosis is sometimes impossible 

with insufficient material for example, from a 

needle biopsy and may be impossible even with 

adequate tissue samples. Although clinico-

radiological findings are sometimes helpful, 

appropriate immunohistochemical markers are 

still not available for the differential diagnosis 

of the two tumor forms (Hosono, Yamaguchi et 

al. 2007). In this study, we investigated the 

proliferative index (Ki-67 labeling index) in 

osteoblastomas and osteosarcomas, and we 

assessed its utility in the differential diagnosis 

between them. 

Our study showed a mean Ki-67 labeling 

index of 10% in cases of aggressive 

osteoblastoma. In agreement of our result, D, 

Agarwal et al. (2014) found a Ki-67 labeling 

index of 7% in aggressive osteoblastoma. 

Regarding osteosarcomas, Peng et al. (2002) & 

Ohta et al. (2004) reported Ki-67 labeling index 

in osteosarcomas of 35.5% and 29.5%, 

respectively. The Ki-67 labeling index in 

recurrent osteosarcoma in the former study 

(Peng, Qiu et al. 2002) was 81.8%, which was 

significantly higher than that in the primary 

tumor. They also reported that Ki-67 labeling 

index was 66.7% in osteosarcoma with lung 

metastasis, which was significantly higher than 

that in osteosarcoma without lung metastasis. 

In the current study, the mean Ki-67 

labeling index was 58.8% in low grade 

osteosarcomas (including the two 

chondroblastic and the one fibroblastic ones) 

and 74.9%  in high grade osteosarcomas which 

was higher than previously reported by the prior 

studies (Peng, Qiu et al. 2002; Ohta, Sakai et al. 

2004). However, in agreement with our study, 

Davies et al. (2012) reported a Ki-67 labeling 

index of 58% in osteosarcoma  (Davies, Heeb et 

al. 2012). Other studies reported moderate to 

high Ki-67 expression in osteosarcoma nuclei 

(Bianchi, Artico et al. 2013) (Wijesundera, 

Izawa et al. 2013). 

Current study showed gradual significant 

increase (p<0.01) in the mean Ki-67 labeling 

index from osteoblastomas, to low grade 

osteosarcomas (including the two 

chondroblastic and the one fibroblastic ones), to 

high grade osteosarcomas. This is in agreement 

with Stenzel et al., (1996), Okada et al., (2000), 

Gallagher et al. (2012) and Liu et al. (2014) who 

reported a significantly higher rate of 

proliferation among high grade osteosarcomas 

in comparison to low-grade osteosarcomas and 

other benign intraosseous bone tumors. This 

suggests that Ki-67 labeling index may be very 

useful in the distinction between high-grade and 

low-grade osteosarcomas.  

Many studies reported that high Ki-67 

labeling index is associated with parameters of 

poor prognosis. Liu et al. (2014) reported high 

level of Ki-67 expression in high stage 

osteosarcomas. Stefanou et al. (1998) reported 

that Ki-67 expression was correlated with 

reduced survival (p<0.05) higher mortality 

(P<0.000). Oliveira et al.(2007) reported that 

proliferating cell nuclear antigen labeling index 

(PCNA-LI) which is closely correlated to Ki-67 

labeling index may be a useful predictor of 

recurrence. Oda et al. (2006) reported that Ki-67 

expression in the primary site may have 

predictive value for the osteosarcoma patients, 

who developed lung metastasis. These reports 

and our findings suggest that Ki-67 

overexpression could be used as a prognostic 

molecular marker in osteosarcoma patients.  
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However Park & Park (1995) reported 

that expression of Ki-67 was not correlated with 

clinical or pathological parameters in 

osteosarcoma. In addition, Jong et al. (2000) 

found that the proliferative index did not appear 

to predict either disease-free or overall survival 

and did not appear to be of prognostic 

significance for high grade osteosarcomas. 

In contrast to Oliveira et al. (2007) who 

found that atypical osteoblastoma as an entity, 

had proliferation cell nuclear antigen (PCNA) 

immuno-expression closer to that of 

osteosarcoma than of classical osteoblastoma, 

we found significant difference in Ki-67 

labeling index between aggressive 

osteoblastomas and low grade osteosarcomas 

(p<0.05).  However, distinguishing low-grade 

osteosarcomas from osteoblastomas by 

determining only the rate of proliferation was 

not possible as no definite cut-off values have 

been established for the various histological 

parameters, and the diagnosis remains highly 

dependent on clinical, radiological and 

histopathological features.  

Our results suggest that estimation of the 

proliferation index may help in the distinction 

between problematic cases of osteoblastomas 

and osteosarcomas, such as aggressive 

osteoblastomas and osteoblastoma-like 

osteosarcoma. However, careful interpretation 

of the clinical, radiological and 

histopathological features remains essential to 

reach proper diagnosis. Larger studies are 

highly recommended to confirm our results, and 

to correlate Ki-67 labeling index with other 

clinico-pathological parameters. 
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