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Osteosarcoma (OSA) is the second most common primary ma-
lignant bone tumor after multiple myeloma. Although the overall 
worldwide incidence of OSA among primary bone tumors is 4 to 
5 per million population, the incidence in India is 4.7% to 11.6% 
of all childhood malignancies [1,2].

The diagnosis of OSA involves clinicopathological and radio-
logical correlation. Immunohistochemistry (IHC) can be used 
as an adjunct to histology where the diagnosis is challenging, 
especially in small biopsies. Various immunohistochemical 
markers such as osteocalcin, osteonectin, murine double minute 
2, and cyclin-dependent kinase 4 have been studied in the past 
to diagnose OSA, but not used routinely. A few other non-spe-
cific antigens expressed in OSA include S100, actin, smooth 
muscle actin, neuron-specific enolase, and CD99 [3]. One recent 
study found strong and diffuse YJ5 immunohistochemical ex-
pression in benign and malignant bone tumors with osteoblastic 
lineage [4]. Aberration in the Wnt signaling pathway contributes 

to the tumorigenesis of many bone and soft tissue sarcomas by 
disrupting osteoblast function and bone homeostasis. Wntless 
(WLS) is an upstream protein in the Wnt pathway, and anti-
Wntless/anti-GPR 177 mouse monoclonal antibody (clone: YJ5) 
is specific to human WLS and therefore can be used as an immu-
nohistochemical marker of Wnt pathway abnormality in osteogen-
ic bone tumors. In their study of immunohistochemical staining, 
the primary antibody used was YJ5 (EMD Millipore, Burlington, 
MA, USA), a commercially available mouse monoclonal anti-
body. 

SATB2 is a chromatin remodelling gene located on chromo-
some 2q33.1 [5]. Special AT-rich sequence-binding protein 2 
(SATB2) is a nuclear matrix protein that binds to nuclear ma-
trix attachment regions and is involved in transcription regula-
tion and chromatin remodelling [6]. SATB2 is expressed in os-
teoblasts mainly in the newly formed bone at sites of mandibular 
bone defects. It is found to orchestrate the expression of certain 
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osteogenic transcription factors and matrix proteins, thereby 
playing a vital role in osteoblastogenesis [7].

Conner and Hornick [8] studied the expression of SATB2 in 
OSA and other bone and soft tissue tumors and evaluated its diag-
nostic capability. They concluded that SATB2 is a marker of os-
teoblastic differentiation in benign and malignant mesenchymal 
tumors. In addition, they inferred that SATB2 has the potential 
to be a helpful adjunct in specific settings like distinguishing 
hyalinized collagen from osteoid [8].

Although a few south-east Asian studies have acknowledged 
SATB2 as a potential adjunct for the diagnosis of OSA [9], to 
our knowledge, this is the first study that has aimed to assess the 
immunohistochemical expression of SATB2 in OSA and compare 
it with other primary bone and soft tissue tumors in this region. 
We have evaluated the diagnostic capability of SATB2 and have 
also correlated its expression in OSA with relevant histological 
features.

MATERIALS AND METHODS

This study is retrospective and was carried out in the Depart-
ment of Pathology, Christian Medical College Vellore, Tamil 
Nadu, India. The study used archived stained and mounted hema-
toxylin and eosin (H&E) slides and formalin-fixed paraffin-em-
bedded (FFPE) blocks of all small biopsies diagnosed as OSA, 
before chemotherapy, and selected cases diagnosed as non-osteo-
genic soft tissue and bone tumors on small biopsies and resection 
specimens, over 2 years. 

Ultimately, 95 cases of OSA and 100 cases of non-osteogenic 
soft tissue and bone tumors were included. Of the 95 cases of OSA, 
eight cases (8.4%) had undergone decalcification, 38 cases (40.0%) 
had undergone mild decalcification and 49 (52%) did not undergo 
decalcification at the time of processing. Of the 100 non-osteo-

genic tumors, 18 cases (18.0%) had undergone decalcification, 
17 cases (17.0%) had undergone mild decalcification and 65 
(65.0%) did not undergo decalcification at the time of processing.

Of the 100 cases in the non-osteogenic tumors group (Table 
1), 59 were bone tumors, and 41 were soft tissue tumors.

Relevant clinical and radiological data were retrieved from 
electronic medical records and pathology reports and comprised 
age, sex, radiological location, radiological tumor size, staging 
(Enneking staging), metastasis, history of radiation exposure, or 
Paget’s disease. The elevated serum levels of alkaline phospha-
tase (ALP) and lactate dehydrogenase (LDH) were noted when 
available. 

The slides were reviewed for histology and grading by two pa-
thologists (A.J.P. and S.M.). The 8th edition of the American Joint 
Committee on Cancer and International Union Against Cancer 
staging system for bone tumors includes a 3-grade system but 
effectively collapses into high grade and low grade. Conventional 
OSA is considered grade 3 (high-grade) sarcoma. Since our assess-
ment of the grade of the tumor was on small biopsy specimens, 
those cases in which the degree of atypia was insufficient for the 
diagnosis of grade 3 (high grade) were classified as grade 2 (inter-
mediate grade). However, for treatment purposes, the tumors in-
cluded in the intermediate histological grade were considered as 
a high grade for biological grading.

A representative FFPE block from each specimen was chosen 
for analysis by IHC after H&E examination. The primary SATB2 
antibody (rabbit monoclonal antibody, clone EPNCIR30A, Ab-
cam, Cambridge, UK) was used in all cases with a dilution of 
1:100. Colonic epithelium served as the positive control. IHC 
assays were performed on a VENTANA BenchMark XT auto-
stainer (Tucson, AZ, USA) according to the manufacturer’s in-
structions. We analyzed SATB2 expression on the entire 4 μm tis-
sue sections of the representative FFPE block. 

SATB2 expression was assessed in neoplastic cells. Neoplastic 
cells of OSA are spindle to polygonal with moderate to markedly 
pleomorphic nuclei and conspicuous nucleoli. Nuclear staining in 
the tumor cells was considered positive staining. Nuclear staining of 
osteoblasts and osteocytes was not considered positive. Faint non-
specific staining of stromal cells was also considered negative.

In the non-osteogenic tumors, immunoreactivity was interpret-
ed as positive or negative based on the nuclear staining in the neo-
plastic cells of that tumor.

SATB2 expression proportion score was assessed as the per-
centage of positive nuclear expression on tumor cells. SATB2 
proportion score was graded as 0, no staining; 1+, < 5% ; 2+, 
5%–25%; 3+, 26%–50%, 4+, 51%–75%; and 5+, 76%–

Table 1. Non-osteogenic bone and soft tissue tumors

Bone tumors (n = 59) Soft tissue tumors (n = 41)

Aneurysmal bone cyst (18) Leiomyosarcoma (9)
Giant cell tumor (13) Synovial sarcoma (7)
Chondrosarcoma (8) Undifferentiated pleomorphic sarcoma (6)
Ewing sarcoma (6) Fibromatosis (5)
Chondroblastoma (5) Liposarcoma (3)
Fibrous dysplasia (4) Malignant peripheral nerve sheath      
Adamantinoma (2) tumor (3)  
Mesenchymal chondrosarcoma (2) Rhabdomyosarcoma (3)
Poorly differentiated round cell Clear cell sarcoma of soft tissue (2)

sarcoma (1) Epithelioid sarcoma (1)
Extraskeletal myxoid chondrosarcoma (1)

 Angiosarcoma (1)
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100% [8] and staining intensity was recorded as weak, moder-
ate and strong (Fig 1). For the purpose of analysis, cases with no 
SATB2 staining (proportion score 0) were considered SATB2 
negative and the cases with any proportion of SATB2 staining 
(proportion scores 1+ to 5+) were considered SATB2 positive. 
The staining intensities were also observed and recorded in all 
the cases, with no definite intensity cutoff [10]. 

The study data were summarized using descriptive statistics. 
Data was entered using EpiData ver. 3.1 and statistical analysis 
was carried out using SPSS software ver. 17 (SPSS Inc., Chicago, 
IL, USA). In all the statistical analyses a p-value of < .05 was 
considered to be statistically significant. The sensitivity, specificity, 
positive predictive value, and negative predictive value were calcu-
lated.

RESULTS

The study group included 95 OSA cases and 100 non-osteo-
genic primary bone and soft tissue tumors. In the OSA cases, 
there was a male predominance (75.8%), the mean was 18.0 

years (range, 6 to 65 years), and 58% were under the age of 20 
years. The most common site was the femur (49.5%) followed 
by the tibia (28.4%). Radiologically, the most common loca-
tion was meta-diaphyseal (62.1%) with a mean size of 12 cm, 
and the majority were Enneking staging IIB (61%). Of the 95 
cases, 29 had metastasis at presentation. Two cases had a history 
of Paget’s disease, 42% of cases had elevated ALP levels, and 20% 
had elevated LDH levels.

The most common histological subtype (Fig. 2) observed in 
our study was osteoblastic (64.2%) followed by chondroblastic 
(30.5%). Other subtypes were giant cell-rich (2.1%), fibroblas-
tic (2.1%), and telangiectatic (1.1%). The most common cell 
morphology observed was spindle cells, along with polygonal and 
bizarre cells (30.5%). The presence of osteoid was found in 88.4% 
of the OSA cases, and 78.9% of cases had high-grade morphology.

SATB2 expression in OSA cases

Of the 95 cases of OSA, 88 (92.6%) showed nuclear positivity 
for SATB2 in the neoplastic cells with a median staining propor-
tion score of 4+ (Table 2). These 88 cases included 57 osteoblastic 

Fig. 1. Special AT-rich sequence-binding protein 2 (SATB2) immunostaining in neoplastic cells in conventional osteosarcoma. (A) Fibroblastic 
osteosarcoma, 1+ strong SATB2 in spindle cells. (B) Chondroblastic osteosarcoma, 2+ weak SATB2 in malignant chondrocytes. (C) Osteo-
blastic osteosarcoma, 3+ moderate SATB2 in spindle cells. (D) Telangiectatic osteosarcoma, 4+ strong SATB2 in spindle cells. (E) Osteoblastic 
osteosarcoma, 5+ strong SATB2 in spindle cells. (F) Chondroblastic osteosarcoma, negative for SATB2 in chondrocytes and spindle cells.
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cases, 26 chondroblastic cases, both of the fibroblastic and giant 
cell-rich cases, and one telangiectatic case.

In 27/95 of the OSA cases, the staining was 4+. On further 
analysis, 20/61 cases of the osteoblastic subtype and 7/29 cases of 
the chondroblastic subtype showed SATB2 positivity in osteo-
blastic/fibroblastic differentiation and showed limited staining 
in chondroblastic differentiation. Two fibroblastic OSA, one case of 
telangiectatic OSA and two cases of giant cell-rich OSA showed 
SATB2 positive staining in the tumor cells but were negative in 
the osteoclast-type giant cells. 

On analyzing the intensity of the staining, a strong intensity 
of SATB2 staining was seen in 45 (51.1%) OSA cases (Table 3), 
comprising 29 osteoblastic cases, 12 chondroblastic cases, one fi-

broblastic case, both giant cell-rich cases, and the one telangiec-
tatic case. However, interpretation of intensity is too subjective to 
be used in routine practice with a definite cutoff.

The clinical, biochemical, radiological, and histological param-

Fig. 2. Histological subtypes of osteosarcoma: (A) osteoblastic osteosarcoma, (B) chondroblastic osteosarcoma, (C) fibroblastic osteosarco-
ma, (D) giant cell-rich osteosarcoma, and (E) telangiectatic osteosarcoma.

Table 2.  SATB2 staining proportion scores among the various histological subtypes of OSA

Histological subtype SATB2 negative SATB2 1+ SATB2 2+ SATB2 3+ SATB2 4+ SATB2 5+

Osteoblastic (n = 61) 4 (6.5) 4 (6.5)   8 (13.1) 7 (11.5) 18 (29.5) 20 (32.8)
Chondroblastic (n = 29)   3 (10.4)   5 (17.2) 2 (6.9) 6 (20.7)   7 (24.1)   6 (20.7)
Fibroblastic (n = 2) 0   1 (50.0) 0 0   1 (50.0) 0
Telangiectatic (n = 1) 0 0 0 0  1 (100) 0
Giant cell rich (n = 2) 0 0 0 0   1 (50.0)   1 (50.0)

Values are presented as number (%).
SATB2, special AT-rich sequence-binding protein 2; OSA, osteosarcoma.

Table 3.  SATB2 intensity of staining among the various histologi-
cal subtypes of OSA

Histological subtype SATB2 strong SATB2 moderate SATB2 weak 

Osteoblastic (n = 57) 29 (50.9) 14 (24.5) 14 (24.5) 
Chondroblastic (n = 26) 12 (46.2) 11 (42.3)   3 (10.5) 
Fibroblastic (n = 2)   1 (50.0) 0   1 (50.0) 
Telangiectatic (n = 1)   1 (100) 0 0 
Giant cell rich (n = 2)   2 (100) 0 0 

Values are presented as number (%).
SATB2, special AT-rich sequence-binding protein 2; OSA, osteosarcoma.
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eters did not correlate with the SATB2 expression indicated by 
IHC, as depicted in Table 4.

SATB2 expression in non-osteogenic tumors

Of the 59 bone tumors, 37 cases (62.7%) were positive and 
22 cases (37.3%) were negative for SATB2, and of the 41 soft tis-
sue tumors, 13 cases (31.7%) were positive and 28 cases (68.3%) 
were negative for SATB2. The proportion and intensity of 
SATB2 in non-osteogenic tumors are detailed in Tables 5 and 6.

Non-osteogenic bone tumors

All 13 cases of giant cell tumor (GCT) were positive for SATB2 
in the neoplastic mononuclear cells and all four cases of fibrous 
dysplasia were positive for SATB2 in the bland fibroblastic spin-
dle cells. Thirteen out of 18 cases of aneurysmal bone cyst (ABC) 
were positive for SATB2 in the bland spindle-shaped cells. Four 
out of five cases of chondroblastoma were positive for SATB2 in 
the chondroblasts. Two out of eight cases of chondrosarcoma 
showed positive staining in the neoplastic chondrocytes. One 
case of adamantinoma was negative and one case showed posi-
tive staining in both mesenchymal and epithelial components. 
All six cases of Ewing sarcoma, two cases of mesenchymal chon-
drosarcoma, and one case of poorly differentiated round cell tu-
mor were negative for SATB2. 

In 12/13 cases of GCT, all four cases of fibrous dysplasia, two 
cases of chondroblastoma and one case of adamantinoma showed 
a strong intensity of staining. Seven out of 18 cases of ABC  
showed moderate staining. Two cases of chondroblastoma showed 
weak staining (Fig. 3).

Non-osteogenic soft tissue tumors

Two of the five cases of desmoid fibromatosis, two of nine cas-
es of leiomyosarcoma, one case of epithelioid sarcoma (proven by 
loss of INI-1 immunohistochemistry staining), one out of six 
cases of undifferentiated pleomorphic sarcoma, one out of three 
cases of malignant peripheral nerve sheath tumors (MPNST), one 
embryonal subtype out of three rhabdomyosarcomas (RMS) and 
one (positive for SYT-SSX1 translocation by polymerase chain 
reaction) of the six synovial sarcoma cases showed positive stain-
ing in neoplastic cells. All the three cases of well-differentiated 
liposarcoma, the one case of extraskeletal myxoid chondrosarcoma, 
and the two cases of clear cell sarcoma of soft tissue were negative 
for SATB2. 

One case of angiosarcoma and one case of epithelioid sarcoma 
showed strong staining. Two cases of leiomyosarcoma and one 
case each of MPNST, RMS, and synovial sarcoma showed mod-

Table 4. Comparison of SATB2 expression in OSA cases with clini-
cal, radiological, and histological parameters.

Parameter
SATB2 
positive

SATB2 
negative

p-
value

Age (yr) >.99
< 20 51 (58.0) 4 (57.1)
≥ 20 37 (42.0) 3 (42.9)

Sex >.99
Male 66 (75.0) 6 (85.7)
Female 22 (25.0) 1 (14.3)

Site .203
Femur and tibia 67 (76.1) 7 (100)
Fibula, humerus, pelvis and others 21 (23.9) 0

Radiological location >.99
Metaphyseal and diaphyseal 55 (63.2) 4 (57.1)
Others 33 (37.5) 3 (42.9)

Radiological size (cm) .425
< 20 82 (93.2) 6 (87.5)
≥ 20 6 (6.8) 1 (14.3)

Enneking staging .433
Stage III 26 (29.9) 3 (42.9)
Stage IB and IIB 62 (70.5) 4 (57.1)

Histological subtype .684
Osteoblastic and

chondroblastic
83 (94.3) 7 (100)

Fibroblastic, telangiectatic and giant cell rich 5 (5.7) 0
Cell morphology .698

Spindle and polygonal and spindle, 
  polygonal and bizarre

46 (52.9) 4 (57.1)

Others 42 (47.1) 3 (42.9)
Cartilage .684

Absent 59 (67) 4 (57.1)
Present 29 (33) 3 (42.9)

Osteoid .590
Present 78 (88.6) 6 (85.7)
Absent 10 (11.4) 1 (14.3)

Cellularity .763
Mild 12 (13.6) 1 (14.3)
Moderate  66 (75.0) 6 (85.7)
Marked 10 (11.4) 0�

Pleomorphism .770
Mild 3 (3.4) 0�
Moderate 53 (60.2) 5 (71.4)
Severe 32 (36.4) 2 (28.6)

Mitosis .413
0–5/10 hpf 53 (60.2) 4 (57.1)
6–9/10 hpf 22 (25) 3 (42.9)
≥ 10/10 hpf 13 (14.8) 0

Necrosis >.99
Yes 45 (51.1) 4 (57.1)
No 43 (48.9) 3 (42.9)

Grade .673
Intermediate (conventional OSA) 19 (21.6) 1 (14.3)
High (conventional OSA) 69 (78.4) 6 (85.7)

Elevated ALP .782
Yes 36 (40.9) 4 (57.1)
No 33 (37.5) 2 ( 28.6)
Not available 19 (21.6) 1 (14.3)

SATB2, special AT-rich sequence-binding protein 2; OSA, osteosarcoma; 
ALP, alkaline phosphatase.
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erate staining. All the three cases of desmoid fibromatosis, two 
cases of leiomyosarcoma and one case of undifferentiated pleo-
morphic sarcoma showed weak staining (Fig. 4).

SATB2 as a diagnostic test

The diagnostic capability of SATB2 IHC for OSA compared 
to non-osteogenic bone and soft tissue tumors was calculated. 

The sensitivity of SATB2 as a diagnostic test was 92.6% (95% 
confidence interval, 85.4% to 97.0%). The specificity was 50.0% 
(95% confidence interval, 39.8% to 60.2%). The positive predic-
tive was 63.8% (95% confidence interval, 55.2% to 71.8%). The 
negative predictive value was 87.7% (95% confidence interval, 
76.3% to 94.9%). Hence, in our study, we found that SATB2 as 
a diagnostic marker is highly sensitive with a good negative pre-
dictive value.

DISCUSSION

Differentiating OSA from non-osteogenic bone and soft tissue 
tumors is crucial as neo-adjuvant chemotherapy and surgical 
management are significantly different between OSA and other 
malignant tumors [11]. OSA is a great histological mimicker 
and causes diagnostic challenges, especially in small tissue biop-
sies [9]. The diagnostic difficulties are especially pertinent in le-
sions in very young children where bone lymphomas form a major 
differential diagnosis and in unusual lesions such as a post-radi-
ation tumor. The diagnosis is relatively straightforward in the 

Table 5.  Proportion of SATB2 expression among various non-osteogenic tumors

Tumor SATB2 negative 1+ 2+ 3+ 4+ 5+

Bone tumor
Aneurysmal bone cyst (n = 18)   5 2 2   8 1 -
Giant cell tumor (n = 13) - 1   2 2   8
Chondrosarcoma (n = 8)   6 - 2 - - -
Ewing sarcoma (n = 6)   6 - - - - -
Chondroblastoma (n = 5)   1 2 -   1 1 -
Fibrous dysplasia (n = 4) - - - - 2   2
Adamantinoma (n = 2)   1 - - - -   1
Mesenchymal chondrosarcoma (n = 2)   2 - - - - -
Poorly differentiated round cell sarcoma (n = 1) 1 - - - - -
Total (n = 59) 22 5 4 11 6 11

Soft tissue tumor
Leiomyosarcoma (n = 9)   5 1 2   1 - -
Synovial sarcoma (n = 7)   6 - - - 1 -
Undifferentiated pleomorphic sarcoma (n = 6)   5 - - 1 - -
Fibromatosis (n = 5)   2 - 1   2 - -
Liposarcoma (n = 3)   3 - - - - -
Malignant peripheral nerve sheath tumor (n = 3)   2 - -   1 - -
Rhabdomyosarcoma (n = 3)   2 - 1 - - -
Clear cell sarcoma of soft tissue (n = 2)   2 - - - - -
Epithelioid sarcoma (n = 1) - - - - 1 -
Extraskeletal myxoid chondrosarcoma (n = 1)   1 - - - - -
Angiosarcoma (n = 1) - 1
Total (n = 41) 28 2 4   5 2 -

SATB2, special AT-rich sequence-binding protein 2.

Table 6.  SATB2 intensity of staining in non-osteogenic tumors

Tumor Strong Moderate Weak

Bone tumor
Giant cell tumor (n = 13) 12 1 -
Aneurysmal bone cyst (n = 13)   5 7 1
Chondroblastoma (n = 4)   2 - 2
Fibrous dysplasia (n = 4)   4 - -
Chondrosarcoma (n = 2) - - 2
Adamantinoma (n = 1)   1 - -
Total 24 8 5

Soft tissue tumor
Leiomyosarcoma (n = 4) - 2 2
Fibromatosis (n = 3) - - 3
Angiosarcoma (n = 1)   1 - -
Epithelioid sarcoma (n = 1)   1 - -
Undifferentiated pleomorphic sarcoma (n = 1) - - 1
Malignant peripheral nerve sheath tumor (n = 1) 1 -
Rhabdomyosarcoma (n = 1) - 1 -
Synovial sarcoma (n = 1) - 1 -
Total 2 5 6

SATB2, special AT-rich sequence-binding protein 2.
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Fig. 3. Special AT-rich sequence-binding protein 2 (SATB2) immunostaining in non-osteogenic bone tumors. (A, B) Aneurysmal bone cyst, 
3+ strong SATB2. (C, D) Giant cell tumor, 4+ strong SATB2. (E, F) Chondroblastoma 3+ strong SATB2. (G, H) Fibrous dysplasia, 5+ strong 
SATB2. (I, J) Chondrosarcoma, 1+ weak SATB2. (K, L) Adamantinoma, 4+ strong SATB2.
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Fig. 4. Special AT-rich sequence-binding protein 2 (SATB2) immunostaining in non-osteogenic soft tissue tumors. (A, B) Undifferentiated 
pleomorphic sarcoma, 2+ weak SATB2. (C, D) Fibromatosis, 3+ weak SATB2. (E, F) Malignant peripheral nerve sheath tumor, 3+ moderate 
SATB2. (G, H) Intermediate grade leiomyosarcoma, 3+ moderate SATB2. (I, J) Synovial sarcoma, 4+ moderate SATB2.



https://jpatholtm.org/ https://doi.org/10.4132/jptm.2022.07.11

278     •  Milton S et al.

presence of neoplastic osteoid, but in the following circumstances 
can pose challenges: (1) primary bone tumors with scant or absent 
osteoid formation; (2) differentiating osteoid from hyalinised 
collagen; (3) sclerosing stromal tissue or reactive bone; (4) small 
cell OSA mimicking other small round cell malignancies of the 
bone; (5) low-grade OSA that can mimic fibrous dysplasia; (6) dif-
ferentiating extraskeletal OSA from other primary soft tissue tu-
mors; (7) the identification of giant cell-rich OSA vs. other giant 
cell-rich tumors; (8) bizarre tumor cell morphology and heter-
ologous differentiation; (9) metastatic spindle cell sarcoma in 
the lung with no osteoid; and (10) sampling error in terms of the 
biopsy under-representing the diagnostically important compo-
nents of the tumor. In such cases, IHC can be used as an adjunct 
to histological diagnosis, especially to rule out OSA in cases where 
osteoid is not present. 

In our study, 92.6% of OSA cases were positive for SATB2. 
The median score of OSA staining was 4+. 

Of the 7/95 (7.4%) OSA cases that were negative for SATB2, 
six cases showed osteoid, and three cases showed the presence of 
cartilage. However, three of these cases had undergone decalcifi-
cation while processing, which may have affected the SATB2 
immunoreactivity. The radiology of two of these cases was sug-
gestive of OSA while the radiology of four cases was only reported 
as suggestive of primary bone tumor. Only one case was followed 
by resection, which proved the diagnosis of OSA. In a study by 
Davis and Horvai [10], three out of 48 cases (6.2% cases) were 
negative for SATB2. In another study by Machado et al. [12], four 
out of 42 cases (9.6% cases) were negative for SATB2.

Of the 59 non-osteogenic bone tumors, 62.7% were positive 
for SATB2 and of the 41 soft tissue tumors, 31.7% were positive 
for SATB2.

The majority of GCT cases were strongly positive for SATB2 
in our study. This finding is consistent with those of previous 
studies, where the authors explain that stromal cells may be either 
immature proliferating osteogenic elements or specialized osteo-
blast-like cells that fail to show neoplastic features but can in-
duce the differentiation of osteoclast precursors [13-15]. In our 
study, all four cases of fibrous dysplasia were strongly positive for 
SATB2 and had a staining score of 4+ and 5+ in two cases, each 
in the spindle cells. This is in keeping with the study by Conner 
and Hornick [8]. In a study by Grad-Akrish et al. [16], all cases 
of fibro-osseous lesions of the jaw (n=42) including nine fibrous 
dysplasia showed diffuse staining patterns in the spindle cells 
and the staining intensity was moderate or strong in 96% of the 
intra-osseous fibro-osseous lesions included in the study. However, 
they observed that SATB2 showed only weak and focal expres-

sion in the spindle cells adjacent to reactive bone tissue (periosteal 
bone reaction). In fibrous dysplastic bone, the increased expres-
sion of cAMP by the mutated lesional cells is associated with 
abnormal osteoblast differentiation and the formation of defec-
tive bone, characterized by changes in the bone matrix organi-
zation and in mineralization [17]. Most of the cases of aneurys-
mal bone cysts in our study were positive for SATB2. This is in 
contrast to the study by Conner et al. where all five cases of ABC 
were negative for SATB2. We hypothesize that it is because of 
the osteoblast lineage associated with cadherin-11 rearrange-
ment [18]. SATB2 was positive in ABC in our study. However, 
further studies are needed to validate this hypothesis and to de-
termine the exact cause of SATB2 expression in ABC. 

In our study, most cases of chondroblastoma were weak to 
strongly positive for SATB2, which is in keeping with the study by 
Conner and Hornick [8]. Some authors have proposed that these 
tumors can produce osteoid, lack collagen type II expression, and 
isocitrate dehydrogenase mutations [19]. In the present study, 
two cases of grade 2 chondrosarcoma showed a weak positivity 
for SATB2, while five cases of grade 1 and one case of grade 2 
chondrosarcoma were negative for SATB2. In comparison, 7/29 
cases of chondroblastic OSA showed a staining proportion of 4+ 
in the areas with osteoblastic differentiation and showed limited 
staining in areas with chondroblastic differentiation. In a study 
by Conner and Hornick [8], all 10 cases of conventional chon-
drosarcoma were negative for SATB2 while 8/11 dedifferentiat-
ed chondrosarcoma were positive for SATB2 because of heterol-
ogous osteoblastic differentiation. In another study [12], of the 
14/31 cases of conventional chondrosarcoma, the staining was 
more frequent and intense in grade 3 chondrosarcoma and un-
common in chondrosarcoma grade 1. The occasional weak posi-
tivity observed in undifferentiated pleomorphic sarcoma in our 
study is similar to that of Conner and Hornick [8], which could 
possibly represent foci of early osteoblastic differentiation. 

In our study, the sensitivity of SATB2 was 92.6% with a neg-
ative predictive value of 87.7% and a specificity of 50.0%. These 
observations are similar to those of Davis and Horvai [10] who 
while evaluating the expression of SATB2 in 48 pre-treated OSA 
biopsies and 36 non-osteogenic bone sarcomas, showed a sensitivity 
of 94% and a specificity of 55%. The stronger intensity staining 
they observed in OSA was very similar to our results. However, 
due to the high subjectivity in the interpretation of intensity [10], 
statistical analysis of intensity was not attempted. 

To the best of our knowledge, this is the first southeast Asian 
study that aimed to assess the immunohistochemical expression 
of SATB2 in OSA while also comparing it with non-osteogenic 
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primary bone and soft tissue tumors. 
However, there are a few limitations to our study. Of the 

7/95 cases of OSA that were negative for SATB2, only one had a 
subsequent resection and was reported as OSA. Also, 3/7 SATB2 
negative OSA cases had undergone decalcification while pro-
cessing which may have affected SATB2 immunoreactivity. In ad-
dition, though there were 100 cases in the comparison arm, the 
number of cases of each histological subtype was small.

While SATB2 is a highly sensitive marker due to the high 
negative predictive value, it lacks specificity owing to the immu-
nopositivity observed in various non-osteogenic bone and soft 
tissue tumors such as giant cell tumors, fibrous dysplasia, aneu-
rysmal bone cysts, chondroblastoma, chondrosarcoma, adaman-
tinoma, desmoid fibromatosis, leiomyosarcoma, epithelioid sar-
coma, undifferentiated pleomorphic sarcoma, malignant 
peripheral nerve sheath tumors, rhabdomyosarcoma, and synovi-
al sarcoma.

The high negative predictive value of 87.7% makes SATB2 a 
useful negative marker for a rule-out test. In small biopsies, SATB2 
serves as a valuable adjunct in the appropriate clinical setting. 
However, in view of the low specificity, its expression needs to 
be correlated clinicoradiologically, especially in the absence of 
detectable osteoid matrix in a small biopsy. 
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