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7Histopathology of Sacral Tumors 
and Pseudotumors

Marilyn M. Bui, Yi Ding, Evita Henderson Jackson, 
and Angelo Paolo Dei Tos

The sacrum is composed of bone, cartilage, soft mesenchymal tissue, bone marrow, 
and notochordal remnants, which give rise to tumors or pseudotumors. Tumors of 
the sacrum include primary and metastatic/systemic origin. The primary tumors 
consist of malignant and benign entities. Systemic diseases include metastases and 
hematopoietic malignancies such as lymphoma, multiple myeloma, or plasmacy-
toma. The incidence of sacral tumors and pseudotumors at the Rizzoli institute is 
described in the epidemiology chapter of this book. Personal communication with 
Dr. Xiaohui Niu, Professor and Chair of the Department of Orthopedic Oncology 
Surgery of the Jishuitan (JST) Hospital in Beijing, China, the largest and a premier 
Orthopedic Oncology hospital in China, also confirms the most frequently occur-
ring sacral tumors (Table 7.1). This data is retrieved from the JST epidemiology 
website of musculoskeletal tumors (www.sarcoma-jst.net) based on a collection of 
18, 419 cases [1]. In this chapter, the histopathology as well as pertinent ancillary 
diagnostic, prognostic, and predictive information of these common tumors and 
pseudotumors will be discussed.
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7.1	 �Malignant Tumors

Malignant tumors include primary sarcoma, primary hematopoietic malignancy, 
and metastatic diseases. Primary sarcoma may derive from bone or soft tissue. The 
histological type of a primary bone sarcoma is often indicative of the tumor grade. 
The most common bone sarcomas are of high-grade malignancy. Soft tissue sar-
coma occurring in sacrum is rare. Histological type and grade predict tumor behav-
ior. The Federation Nationale des Cenres de Lutte Contre Le (FNCLCC) grading 
system is well accepted.

Table 7.1  Frequency of sacral tumor and pseudotumors (JST data)

Diagnosis Cases

Primary malignant tumors

    Chordoma 172

    Undifferentiated high-grade pleomorphic sarcoma 27

    Chondrosarcoma 18

    Ewing Sarcoma 12

    Small blue round cell tumor 9

    Osteosarcoma 11

    Malignant peripheral nerve sheath tumor 3

    Fibrosarcoma of bone 2

    Malignancy in giant cell tumor of bone 2

    Angiosarcoma 1

Subtotal 257

Benign lesions

    Giant cell tumor of bone 124

    Schwannoma/neurofibroma 75

    Aneurysmal bone cyst 8

    Bone cyst 9

    Osteoblastoma 5

    Paraganglioma 5

    Hemangioma 4

    Desmoplastic fibroma of bone 2

    Fibrous dysplasia 2

    Angiomatosis, Langerhans cell histiocytosis, Lipoma, Myopericytoma, 
Osteochondroma, Osteoid osteoma

6

Subtotal 240

Systemic diseases

    Metastatic disease 84

    Plasma cell myeloma 13

    Primary non-Hodgkin lymphoma of bone 8

Subtotal 105

Total 602

M.M. Bui et al.
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7.1.1	 �Chordoma

Chordoma is the most common primary malignancy occurring in sacrum arising 
from notochordal rests [2]. Although it is mainly located in the base of the skull, 
29.2–60% of chordomas occur in the sacrococcygeal region [3, 4]. It is usually a 
slow-growing and low-grade tumor, but metastatic disease is seen more frequently 
in sacral chordomas than in skull base chordomas [5].

Grossly, the tumor has an expansile, lobulated structure with cortical invasion. 
The cut surface is gelatinous with chondroid texture (Fig. 7.1). By definition, chor-
doma is a malignant tumor showing notochordal differentiation [3]. Notochordal dif-
ferentiation is exhibited by epithelioid cells arranged in nests or cords with clear or 
eosinophilic cytoplasm; some have vacuolated “bubbly” cytoplasm, so called “phys-
aliphorous cells.” The tumor cells are separated by fibrous septa, which give rise to 
the lobulated appearance and are embedded in abundant extracellular myxoid matrix. 
In a low-grade tumor, the nuclei are small with coarse chromatin. In a high-grade 
tumor, the nuclei may become larger, pleomorphic and with greater mitotic activity.

Most of the chordomas are designated as chordomas, not otherwise specified 
(NOS) [3]. Chondroid chordoma is a rare variant which contains hyaline cartilage 
component. Its behavior is similar to chordoma, NOS, but it may be confused as 
chondrosarcoma morphologically. Brachyury is a specific immunohistochemical 
diagnostic marker for chordoma [6]. Nuclear immunoreactivity to Brachyury is 
seen in chordoma but not in chondrosarcoma, and is therefore extremely helpful in 
the differential diagnosis. Figure 7.2 shows the histological and immunohistochem-
ical features of a chordoma. In practice, we prefer to use the more specific monoclo-
nal antibody of brachyury than the polyclonal to prevent false positivity; we also 

Fig. 7.1  Gross image of a sacral chordoma
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Fig. 7.2  Microscopic images of a chordoma. (a) HE digitalized whole slide image. (b) HE ×200. 
(c) HE ×600. (d) Brachyury stain ×200

a

b
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d

Fig. 7.2  (continued)
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prefer to use non-decalcified specimen for brachyury testing to prevent false nega-
tivity. Other traditional helpful positive diagnostic immunohistochemical markers 
for chordoma include keratin, epithelial membrane antigen, and S-100 protein. New 
markers such as loss of PTEN and loss of INI-1 expression have recently been 
found in chordoma [7, 8]. Dedifferentiated chordoma is a high-grade and biphasic 
tumor which consists of a high-grade undifferentiated spindle cell sarcoma or osteo-
sarcoma in association to chordoma, NOS [3]. Recognizing the conventional chor-
doma component is the key to this diagnosis because the dedifferentiated component 
does not express the diagnostic markers described here.

7.1.2	 �Chondrosarcoma

Chondrosarcoma is a locally aggressive malignant tumor that produces cartilaginous 
matrix [3]. There are four histological variants of chondrosarcoma: conventional, 
dedifferentiated, mesenchymal, and clear cell (Table 7.2). The histological grade is 
the single most important prognostic factor of conventional chondrosarcoma. 
Chondrosarcoma can be classified on the basis of its location in the bone. Central 
chondrosarcomas are located in the medullary cavity, peripheral chondrosarcomas 
arise from the surface of the bone, and periosteal (juxtacortical) chondrosarcomas 
arise from the surface of the bone and the periosteum [3]. According to its origin, a 
primary chondrosarcoma arises de novo, and secondary chondrosarcoma is a result 
of malignant transformation of an enchondroma (central) or osteochondroma 
(peripheral). All types can affect the pelvic bones, including the sacrum; however, 
peripheral secondary chondrosarcoma is seen more commonly in younger patients 
than in central primary chondrosarcoma, which predominantly affects patients more 
than 50 years of age [9]. The majority of the conventional and dedifferentiated chon-
drosarcomas exhibits somatic mutations of the isocitrate dehydrogenase genes 1 
and 2 (IDH1 and IDH2) [10]. However, this finding is absent in mesenchymal and 
clear cell chondrosarcoma indicating their different pathogenesis. The presence of 
(IDH1 and IDH2) mutation can be used to differentiate a chondroblastic 

Table 7.2  Characteristics of histological variants of chondrosarcoma

Tumor type Component Prognosis

Conventional Chondrosarcoma Depends on 
gradeGrade I

Grade II

Grade III

Dedifferentiated Low-grade conventional chondrosarcoma plus high-
grade dedifferentiated sarcoma or osteosarcoma

Poor

Mesenchymal Low-grade conventional chondrosarcoma plus poorly 
differentiated malignant small round cells

Poor

Clear cell Clear cells or chondroblastoma-like cells Depends on 
gradeNote: Usually occurs in the ends of long bones; patients 

younger than conventional

M.M. Bui et al.
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osteosarcoma when it is deemed necessary. These molecular findings also warrant 
further investigation for their role as potential therapeutic targets [11].

As shown in Fig. 7.3, conventional chondrosarcomas grossly have the cut surface 
of hyaline cartilage with irregularly lobular appearance. Myxoid, cystic, and calci-
fication changes can be seen. Microscopically, the distinction between enchon-
droma and grade I chondrosarcoma can be challenging due to overlapping 
morphological features. A generally accepted minimum diagnostic criteria for 
chondrosarcoma include hypercellularity, permeation of the host bone, absence of 
host bone encasement, open chromatin, mucoid matrix, and older patient (age >45 
years) [3]. After establishing a diagnosis of chondrosarcoma, the next step is to 
grade the tumor using the following histological features: cellularity, nuclear size, 
degree of hyperchromasia, and mitoses. The grade I chondrosarcoma has similar 
nuclear features of enchondroma, except the architectural changes as described 
above. Grade III chondrosarcoma exhibits high cellularity, markedly enlarged 
nuclei, pleomorphic nuclei with nucleoli, and frequent mitoses compared to grade 
II chondrosarcoma. Tumor grade is the single most important prognostic factor of 
chondrosarcoma [9, 12]. When a chondrosarcoma has a spectrum of histology from 
grade I to grade III, it is a good practice to report the percentage of the high-grade 
component which predicts a worse prognosis. Figure 7.4 is the histological illustra-
tion of chondrosarcoma of various grades and dedifferentiated chondrosarcoma.

7.1.3	 �Ewing Sarcoma

Ewing sarcoma is a high-grade malignancy with small, round tumor cells harboring 
pathognomonic molecular signatures [3]. Approximately 85% of the Ewing sar-
coma harbors a somatic chromosomal translocation t(11;22)(q24;q12) which rear-
range EWSR1 gene to fuse with FLI1 gene [13]. The fusion protein EWSR1-FLI1 is 
an oncoprotein and is responsible for the pathogenesis of Ewing sarcoma [14, 15]. 

Fig. 7.3  Gross image of a sacral chondrosarcoma

7  Histopathology of Sacral Tumors and Pseudotumors
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Fig. 7.4  Microscopic images of chondrosarcoma. (a) Chondrosarcoma invasion of bone. HE ×40. 
(b) Grade I chondrosarcoma. (c) Grade II. HE ×200. (d) Grade III. (e) Dedifferentiated chondro-
sarcoma. HE ×400

a

b
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Fig. 7.4  (continued)
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e

Fig. 7.4  (continued)

The EWSR1 gene also has many other fusion partners such as the ERG gene [13]. 
Molecular testing for the signature gene and products are useful in confirming the 
diagnosis [16, 17]. While reverse transcription polymerase chain reaction (RT-PCR) 
may confirm the presence of EWSR1-FLI1 or EWSR1-ERG fusion products, spe-
cific for Ewing sarcoma, the detection of rearrangement of EWSR1 gene by fluores-
cence in situ hybridization (FISH) is not specific, because other sarcomas may 
harbor EWSR1 gene rearrangements [3].

Primary Ewing sarcoma of the spine including sacrum is uncommon (only 
3–10%); while metastatic disease from extraspinal Ewing sarcoma is more frequent. 
The sacral ala is the most common site for primary Ewing sarcoma of the spine [18, 
19]. The prognosis is worse for sacrococcygeal Ewing sarcoma than for extraspinal 
Ewing sarcoma, usually due to larger tumor size at presentation because of delayed 
clinical presentation [20].

Grossly, the tumor has tan-grey cut surface with no bone or cartilaginous matrix. 
Necrosis and hemorrhage can be seen. In a classic Ewing sarcoma, the tumor is com-
posed of small round cells with scant cytoplasm and round nuclei arranged in a 
vaguely lobular pattern or completely dyscohesive. This latter appearance resembles 
lymphoma. However, the cytoplasm of Ewing sarcoma appears clear and contains 
glycogen, which stains positively with periodic acid-Schiff (PAS). Ewing sarcoma 
also lacks the lymphoglandular bodies which represent cytoplasmic debris of lym-
phoma cells. In an atypical Ewing sarcoma, the tumor cells are larger with more pleo-
morphic nuclei and prominent nucleoli [3]. Neuroectodermal differentiation can be 

M.M. Bui et al.
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Fig. 7.5  Ewing sarcoma. (a) HE ×200. (b) HE ×400. (c) CD99+ ×400. (d) FLI1+ ×400. (e) FISH 
×1000 showing LSI EWSR1 (22q12) break-apart probe showing EWSR1 rearrangement

a

b

seen with tumor cells forming rosette-like structures. Immunohistochemical stain pat-
tern of Ewing sarcoma includes positive vimentin, CD99 (membranous staining pat-
tern), Keratin (aberrantly expressed in 30% cases), neuroendocrine markers, FLI-1 
and, rarely, ERG) [13, 21, 22]. A histological, immunohistochemical and molecular 
illustration of Ewing sarcoma is in Fig. 7.5.

7  Histopathology of Sacral Tumors and Pseudotumors
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Fig. 7.5  (continued)
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7.1.4	 �Osteosarcoma

Patients with primary lumbosacral osteosarcoma are older at presentation and com-
monly males [20]. Secondary sacral osteosarcoma occurs in patients with previous 
radiation treatment or a history of Paget’s disease. Elderly patients with polyostotic 
Paget’s disease are most at risk for sarcomatous degeneration [2].

According to its location in the bone, central osteosarcoma is located in the med-
ullary cavity, and peripheral osteosarcoma arises from the surface of the bone [23]. 
The characteristic of primary central osteosarcoma and surface osteosarcoma are 
summarized in Tables 7.3 and 7.4. Surface/peripheral osteosarcoma very rarely 
affects the flat bone.

e

Fig. 7.5  (continued)

Table 7.3  Characteristics of histological variants of primary central osteosarcoma

Tumor type Component Prognosis

Conventional High-grade sarcoma with osteoid formation High-grade tumor. Subtype 
does not differ in prognosis 
and therapy

Osteoblastic (76–80%) (Fig. 7.6a)

Chondroblastic (10–13%) (Fig. 7.6b)

Fibroblastic (10%)

Telangiectatic High-grade osteosarcoma with characteristic 
blood lakes and spaces

Similar to conventional type

Giant cell rich High-grade osteosarcoma with abundant 
osteoclast-like giant cells (Fig. 7.6c)

Similar to conventional type

Small cell High-grade osteosarcoma with characteristic 
small tumor cells (Fig. 7.6d)

Slightly worse prognosis 
than conventional type

Low-grade 
central

Low-grade osteosarcoma Excellent prognosis

Note: Distinguish from fibrous dysplasia by 
permeation of the host bone and soft tissue 
extension; amplification of MDM2 gene

7  Histopathology of Sacral Tumors and Pseudotumors
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Table 7.4  Characteristics of histological variants of primary peripheral osteosarcoma

Tumor type Component Prognosis

Parosteal 
(Juxtacortical 
osteosarcoma)

Low-grade Excellent

Spindle cells with mild to moderate atypia, 
well-formed bone trabeculae arranged in parallel 
pattern, and associated benign cartilaginous 
differentiation

Note: Amplification of MDM2 gene

Periosteal 
(Juxtacortical 
chondroblastic 
osteosarcoma)

Intermediate-grade Better prognosis 
than conventional 
osteosarcoma

Predominantly atypical cartilage admixed with 
intermediate-grade osteosarcoma

High-grade 
surface 
osteosarcoma

High-grade osteosarcoma of the surface Similar to 
conventional typeNote: The tumor is predominantly outside the 

bone; similar variants seen in conventional 
osteosarcoma

High-grade osteosarcoma is treated with neoadjuvant chemotherapy. The path-
ological evaluation of the therapy response is critically important for assessment 
of prognosis. Osteosarcomas with more than 90% tumor necrosis (less than 10% 
viable tumor cells) are considered good responders and have better overall and 
disease-free survival [24]. A generally accepted method of sampling osteosarcoma 
includes cross-sectioning the central and largest slice of the tumor. The slice is 
further divided into 1 cm × 1 cm slices and prepared for microscopic examination. 
Therapy-induced changes include tumor necrosis, pleomorphic changes, cystic 
changes, fibrosis, etc. However, only the percentage of tumor necrosis character-
ized by pyknotic, fragmented, or lysed tumor nuclei, which is reversely related to 
the percentage of viable tumor cells, is accepted as an independent prognostic 
factor [25].

7.1.5	 �Undifferentiated Pleomorphic Sarcoma

Undifferentiated pleomorphic sarcoma (UPS) is a group of high-grade tumors that 
have no identifiable line of differentiation when analyzed by current technologies, 
and therefore represents a diagnosis of exclusion. Figure 7.7 shows a gross image of 
a sacral undifferentiated sarcoma. UPS histology is variable and may show several 
morphologic patterns from storiform areas composed of spindle cells to areas com-
posed of large, pleomorphic neoplastic cells with marked nuclear atypia [3, 26]. 
Mitotic activity is prominent with atypical mitotic figures.

M.M. Bui et al.
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Fig. 7.6  Osteosarcoma. (a) Osteoblastic osteosarcoma. (b) Chondroblastic osteosarcoma. (c) 
Giant cell rich osteosarcoma. (d) Small cell osteosarcoma

a

b
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Fig. 7.6  (continued)
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7.1.6	 �Metastatic/Systemic Malignancy

Metastatic disease from epithelial malignancies is the most common secondary 
malignancy of the sacrum [2]. The primary sites include lung, breast, prostate, kid-
ney, head and neck, and gastrointestinal tract. Melanoma is also a common culprit 
of metastasis [27]. The most common hematopoietic malignancies of the sacrum are 
non-Hodgkin lymphoma and multiple myeloma or plasmacytoma. These diseases 
may be either primary of bone or secondary involvement of the bone in dissemi-
nated disease. Our institutional review of primary bone lymphoma (PBL) consisted 
of 70 patients [28, 29]. PBL cases were included in this cohort using the 2013 WHO 
criteria for bone/soft tissue tumors [3], as disease was restricted to bone and adja-
cent soft tissue with or without regional nodes at the time of the diagnosis. Bone 
lymphoma with distant bone marrow involvement as the only other site of extrano-
dal disease was also included. We found that PBL occurs in sacrum less frequently 
than extremities, but diffuse large B-cell lymphoma is the most common variant of 
lymphoma.

When a primary tumor is present, the diagnosis of metastatic disease is achieved 
by comparing the histology of sacral lesion with the primary disease. However, 
when a primary site unknown histomorphology in conjunction with pertinent ancil-
lary testing including immunohistochemistry, flow cytometry and molecular testing 
are used to render a definitive diagnosis.

Fig. 7.7  A gross image of 
undifferentiated sarcoma

7  Histopathology of Sacral Tumors and Pseudotumors
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7.1.7	 �Rare Primary Sacral Sarcomas

The following malignant tumors have occasionally been reported occurring in 
sacrum [3, 30–32] (see Table 7.5).

7.2	 �Benign Tumors

7.2.1	 �Giant Cell Tumor of Bone

Giant cell tumor of bone (GCTB) is a benign but locally aggressive tumor. The 
tumor is composed of numerous characteristic giant cells which are large and osteo-
clast-like. These cells are impressive morphologically; however, they are the back-
ground cells reactive to the true neoplastic cells which are primitive mesenchymal 
stromal cells. The neoplastic cells are mononuclear and express receptor activator 
for NF-κB ligand (RANKL), the master regulator of osteoclast differentiation. 
Macrophages and osteoclasts express RANK.  The interaction between the 

Table 7.5  Rare primary sarcomas of sacrum

Tumor type Definition
Histology and 
immunophenotype Prognosis

Undifferentiated/
unclassified 
sarcoma

High-grade 
malignancy 
showing no 
identifiable 
specific lineage 
of differentiation

Pleomorphic, spindle cell, 
round cell, epithelial cell

Limited data

No consistent finding

Angiosarcoma Aggressive 
malignancy with 
endothelial 
differentiation

Epithelial, spindle Poor prognosis 
associated with high 
grade, presence of 
macronucleolus, older 
age, large size, 
increased mitoses, 
and high Ki-67 index

Express vascular markers 
(CD34, CD31, ERG, and 
FLI1)

Fibrosarcoma Intermediate- to 
High-grade 
fibroblastic 
spindle cell 
malignancy

Less pleomorphic than 
undifferentiated pleomorphic 
sarcoma

Depend on age, tumor 
site, grade, and stage

Rare report of slerosing 
epithelioid fibrosarcoma

No consistent finding

Malignant solitary 
fibrous tumor

Malignant 
variant of 
solitary fibrous 
tumor

Large tumor size, infiltrative 
margin, hypercellularity, 
nuclear pleomorphism, tumor 
necrosis, and high mitotic 
activity (>4/10 HPF)

Depend on age, tumor 
site, grade, and stage

Express STAT6 (nuclear), 
CD34, CD99, and Bcl-2

M.M. Bui et al.
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neoplastic mononuclear stromal cells and macrophages/osteoclasts by a RANKL-
dependent mechanism via the stimulation of macrophage-colony stimulation factor 
(MCSF) results in neoplastic proliferation and induces osteoclast formation. During 
this process, tumor-associated macrophage-like osteoclast precursors, which are 
also mononuclear cells, are recruited by tumoral stromal cells to participate in 
osteoclast differentiation and activation. Because osteoclast formation is the major 
consequence of GCTB, inhibition of osteoclast formation and activity is the key 
therapeutic approach. For example, bisphosphonate inhibits osteoclast-mediated 
resorption of bone/osteolysis and anti-RANKL antibody targets the RANKL-
dependent mechanism of GCTB formation.

Osteoprotegerin (OPG) is a soluble decoy receptor that is produced by osteo-
blasts to inhibit osteoclast differentiation through its binding to RANKL, which 
prevents RANK binding. OPG expression reflects a protective mechanism of the 
skeleton to compensate increased bone resorption. Bone remodeling is mainly con-
trolled by the balance of RANKL/OPG.  Osteoprotegerin ligand (OPGL), also 
named receptor activator of RANKL, is also expressed in the stroma-like tumor 
cells of GCTB. The ratio of OPGL/OPG by tumor cells may contribute to the degree 
of osteoclastogenesis and bone resorption [33].

Although giant cell tumors of the bone (GCTB) within the vertebrae are rare 
(2.7–6.5% of all GCTB), the sacrum may be the most common spinal site for this 
lesion [34–36]. In a collaborative study with Beijing Jishuitan Hospital, we found 
that GCTB has significant higher incidences than the Mayo Clinic group [37]. JST 
group also published an article described two GCTBs of sacrum with pulmonary 
metastasis [38].

Grossly, the tumor is red-brown with hemorrhage (Fig. 7.8). Yellow areas reflect 
lipid laden macrophage rich areas. Histologically (Fig. 7.9) the tumor is composed 
of numerous giant cells with multinucleation and scattered mononuclear cells that 
are round or spindle. Lipid laden or hemosiderin laden macrophages are also 

Fig. 7.8  A gross image of a sacral giant cell tumor

7  Histopathology of Sacral Tumors and Pseudotumors
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present. The tumor is mainly solid and may contain cystic areas. Secondary aneu-
rysmal bone cyst component is seen in 10% of GCTB. The tumor may be mitoti-
cally active; however, a benign giant cell tumor typically does not have atypical 
mitosis or significant nuclear atypia. The latter is associated with a malignant trans-
formation of GCTB. One diagnostic pitfall is to avoid misdiagnosing an osteosar-
coma when a pathological fracture is in association with a malignant giant cell 
tumor.

7.2.2	 �Benign Neurogenic Tumor

Benign neurogenic tumors occur in paraspinal or presacral locations. Sacral schwan-
nomas or neurofibromas grow within the sacral canal and only rarely expand 
through the anterior sacral foramina into the presacral space [39]. Schwannoma 
(Fig. 7.10) consists of well-differentiated Schwann cells, is usually encapsulated 
and cut surfaces have a pink, white, or yellow appearance. Classic histology 
(Fig. 7.11a, b) shows a pattern of alternating Antoni A (cellular areas of spindle cells 
with occasional palisading) and Antoni B (loose myxoid areas with scattered spin-
dle cells and thick-walled, hyalinized vessels) areas. Degenerative changes such as 
cyst formation, calcification, hemorrhage, and hyalinization may be present, 

Fig. 7.9  Microscopic images of giant cell tumor

M.M. Bui et al.
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especially if the tumor has been there for a long duration. Ancient schwannoma is 
characterized by Schwann cells with large and hyperchromatic nuclei, the manifes-
tation of degenerative change. Schwannomas with increased cellularity and occa-
sional mitoses are referred to as cellular schwannomas, a variant of schwannoma. 
These variants of schwannoma behave similar to conventional schwannomas. 
Immunohistochemically, schwannomas express strongly and diffusely S-100 pro-
tein as well as SOX10, a new marker of neural crest differentiation [40]. 
Neurofibroma, originating from sacral nerve roots, is composed of Schwann cells, 
perineurial-like cells, fibroblasts, and axons and are associated with a myxoid or 
fibrous stroma.

Malignant transformation can occur, often seen in the setting of neurofibromato-
sis type 1. Differentiation of benign and malignant neoplasms can be difficult, but 
increased size, rapid growth, infiltrative border, necrosis, increased cellularity, and 
increased mitotic activity with atypical mitosis favor malignancy. Cellular schwan-
noma can be misdiagnosed as malignant peripheral nerve sheath tumor (MPNST) 
(Fig.  7.11c). Morphologic features distinguishing cellular schwannoma from 
MPNST are the presence of perivascular accentuation of cellularity, tumor hernia-
tion into vascular lumens, presence of necrosis, and loss of expression of H3K27me 
[41].

Other rare neurogenic tumors include sacral ependymomas that arise from epen-
dymal cells of the terminal filum, expand the sacral canal, and are usually of the 
myxopapillary type. Sacral meningiomas are even more rare than sacral ependymo-
mas and schwannomas and arise within the sacral canal. Neuroblastoma is derived 
from embryonic neural crest tissue and clinically manifests in infancy. 
Ganglioneuroma is originated from sympathetic ganglion cells [39]. Ependymomas 
and meningioma have both benign and malignant variants.

Fig. 7.10  A gross image of a sacral schwannoma

7  Histopathology of Sacral Tumors and Pseudotumors
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Fig. 7.11  Microscopic images of neurogenic tumors. (a) Schwannoma ×200 Antoni A. (b) 
Schwannoma ×200 Antoni B. (c) Malignant peripheral nerve sheath tumor

a

b
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7.2.3	 �Aneurysmal Bone Cyst

Aneurysmal bone cyst (ABC) is a benign tumor. Grossly it is well defined and com-
posed of blood-filled pseudocystic spaces. The cysts lack specific cell-lining and 
consist of a wall of spindle cells with scattered osteoclast-type multinucleated giant 
cells. The neoplastic cells are spindle shaped and indistinguishable from reactive 
fibroblasts and myofibroblasts. However, the tumor cells show USP6 rearrange-
ment in 70% of ABC [42]. The spindle cells are bland. Mitoses may be frequent 
without atypical forms. Reactive woven bone may be seen with osteoblastic 
rimming.

c
Fig. 7.11  (continued)

7  Histopathology of Sacral Tumors and Pseudotumors
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7.2.4	 �Other Rare Benign Primary Intraosseous Sacral Lesions

Although the true incidence has not been established, the lesions listed here 
(Table  7.6) rarely occur in sacrum. The diagnosis is mainly based by histologic 
examination with clinicoradiological correlations. Ancillary testing is not widely 
used for diagnosis. The ancillary testing described in Table 7.6 are mostly for aca-
demic interest except for fibrous dysplasia and Langerhans cell histiocytosis.

7.2.5	 �Sacrococcygeal Teratoma

Sacrococcygeal teratoma is a germ cell tumor and the most common sacral tumor in 
neonates, although it is very rare in adults [39]. These tumors are composed of mul-
tiple tissues foreign to the tissue in which they arise, which usually include skin, 
teeth, central nervous system tissue, and respiratory and alimentary mucosa. Mature 
teratoma (dermoid cyst) is benign and most common. Struma ovarii is a rare form 
of mature teratoma that contains mostly benign thyroid tissue. Immature teratoma is 

Table 7.6  Rare benign primary intraosseous sacral lesions

Name Nature Histology

Ancillary 
testing for 
diagnosis

Chondroblastoma Neoplastic Round to polygonal chondroblasts 
with round to ovoid nucleus exhibit 
longitudinal grooves and well-
defined cytoplasmic borders. Well. 
“Chicken wire” calcifications and 
multinucleated osteoclast-like giant 
cells are seen

S-100 protein 
and SOX9 
expression by 
IHC

Chondromyxoid 
fibroma

Neoplastic A lobular pattern with cellular 
stellate or spindle cells at the 
periphery and less cellular center 
with myxoid or chondromyxoid 
matrix. Multinucleated osteoclast-
like giant cells, hyaline cartilage and 
calcification are seen

S-100 protein 
and SOX9 
expression by 
IHC

Osteochondroma Neoplastic Perichondrium, cartilage, and bone None

Osteoid osteoma Neoplastic Nidus consisting of a combination of 
osteoid and woven bone surrounded 
by osteoblasts. The nidus is vascular 
rich with the appearance of 
granulation tissue. The nidus is 
surrounded by sclerotic bone

Runx2 and 
Osterix

Osteoblastoma Neoplastic Similar features as seen in osteoid 
osteoma

None

Fibrous dysplasia Neoplastic Bland spindle fibroblastic cells 
admixed with irregular bony spicules 
without osteoblastic rimming

GNAS mutation
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Table 7.6  (continued)

Name Nature Histology

Ancillary 
testing for 
diagnosis

Langerhans cell 
histocytosis/
eosinophilic 
granuloma

Likely 
neoplastic

Langerhans cells are specialized 
histiocytes with nuclear grooves 
(reniform nuclei), which are 
admixed with inflammatory cells 
including prominent eosinophilia

CD1a, CD207/
Langerin, and 
CD45 
expression by 
IHC

Paget disease Nonneoplastic 
metabolic 
disorder of 
bone 
remodeling 
susceptible to 
deformities 
and fractures; 
increased risk 
to primary 
bone 
malignancy

Increase in osteoclastic resorption 
and secondary bone formation 
resulting in a disorganized and 
fragile lamellar bone mosaic pattern

None

Monostotic or 
polyostotic

Simple bone cyst Nonneoplastic Unilocular cysts of bone with a 
fibrous membrane lining. The cyst 
contains serous or serosanguineous 
fluid

None

uncommon which differs from mature teratoma by the presence of immature tissue 
and exhibits malignant clinical behavior.

7.2.6	 �Developmental Lesions

Sacral meningocele is a cerebrospinal fluid-filled protrusion of the meninges 
through a defect in the sacrum [39]. Benign sacral meningeal cysts are frequent 
coincidental findings in the radiological examination of the sacrum, and their patho-
genesis is poorly understood.

7.2.7	 �Intraoperative Pathologic Evaluation of Bone 
and Soft Tissue Lesions

Intraoperative pathologic diagnosis of bone and soft tissue lesions is an important 
yet challenging tool in clinical musculoskeletal oncology practice. Indications for 
frozen section include making a diagnosis, evaluating margin status, determining 
tumor extent/spread, and obtaining an adequate sample for permanent section and 
diagnosis. Frozen section pathological evaluation provides real-time guidance to 
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therapeutic intervention. In our practice, intraoperative cytology is used as an 
adjunct to frozen section. This approach has proven useful to enhance the accuracy 
of diagnosing bone and soft tissue lesion [43, 44], including sacral lesions.
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