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Abstract
We report a unique case of a malignant peripheral nerve sheath tumor with glandular differentiation arising in the
tibial epiphysis of a 30 year old woman with no other significant medical history. Extensive histochemical and
immunohistochemical analysis showed the epithelium lining the glands to exhibit gastrointestinal and neuroendocrine
differentiation. The patient’s clinical course had been one of multiple recurrences and distant metastases, almost
exclusively of the spindle cell component of this biphasic neoplasm, culminating in the patient’s demise. The differential
diagnosis is discussed along with ancillary studies helpful in elucidating the appropriate diagnosis when confronted with a
biphasic neoplasm exhibiting unequivocal glandular differentiation.
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1 Introduction
Primary intraosseous malignant peripheral nerve sheath tumors (MPNST) are rare, and the majority of these arise in the
jaw [1, 2]. While many MPNST tumors are recognizable on morphological grounds, they can also be highly variable in
histologic image, and sometimes indistinguishable from other mesenchymal neoplasms. The presence of heterologous
elements in tumors exhibiting nerve sheath differentiation has been well-documented, often in the form of benign or
malignant islands of cartilage or bone and less commonly skeletal muscle [3]. The most notable example of the latter being
the so-called “triton tumor” which combines peripheral nerve sheath tumor with rhabdomyosarcomatous differentiation.
In the following report, we discuss the case of a malignant triton tumor arising in the tibia of a young individual.
Epithelial differentiation in nerve sheath tumors, although less common, has long been reported [4, 5], but is uniformly
confined to soft tissue. We report a case of MPNST with glandular elements presenting as a primary lesion in the bone. As
one can imagine, MPNST with glands may be mistaken for metastatic adenocarcinoma, a diagnostic pitfall that one can
learn from this extremely challenging case, especially on frozen section. Among sarcomas, synovial sarcoma is also famed
for showing epithelial differentiation. The distinction of these two tumors from each other can be particularly difficult and
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often requires attention to subtle histologic details and the use of a battery of immunohistochemical stains. The
histogenesis of glandular elements in a mesenchymal tumor is a controversial issue and has been discussed in other
publications [3-5]. The most plausible theory seems to be that of divergent differentiation of a pluripotent mesenchymal cell.

2 Case report
The patient was a 30 year old female who presented with pain in the region of the left knee. The patient was previously
healthy and had no history of neurofibromatosis. Physical examination was unremarkable. Radiologic evaluation of the
left knee showed an epiphyseal-based lytic lesion involving the left medial tibial condyle which was felt to represent a
giant cell tumor of bone (see Figure 1). There was no soft tissue involvement. An incisional biopsy was performed and a
diagnosis of metastatic adenocarcinoma from an occult primary was rendered. Clinical work-up, including computerized
tomography of the chest, abdomen, and pelvis, was negative. Despite radiation therapy, the tibial lesion progressed, and
eight months later an en-bloc resection was performed with a resulting diagnosis of low grade spindle cell malignancy.
The glandular component, which had been conspicuous in the first biopsy, was essentially absent at this point.

Figure 1. Radiograph of the left knee showing an
epiphyseal/metaphyseal lytic lesion involving the left
medial tibial condyle
Subsequently, the patient had a second recurrence which warranted an above the knee amputation. The clinical course
afterwards included osseous metastasis to the 8th rib treated by resection followed by sarcoma based chemotherapy. The
patient eventually developed spinal cord metastasis, not amenable to resection. She died with disease five years after the
initial diagnosis.
Microscopic examination of the original biopsy showed complete destruction of the normal bony architecture by
infiltrating atypical mucinous glands surrounded by a low grade spindle cell proliferation composed of mildly
pleomorphic cells with wavy “buckled” nuclei and pink eosinophilic cytoplasm. This was initially interpreted as a brisk
desmoplastic response. A second cell population was identified composed of solid nests of cells with more ovoid nuclei,
minimal cytoplasm and a stippled chromatin pattern suggestive of neuroendocrine differentiation. The recurrences, on the
other hand, were composed of almost exclusively the spindle cell component. Hemorrhage and necrosis were not
prominent features. A rare gland was identified in the first recurrence, while the second recurrence lacked epithelial
differentiation despite extensive sectioning. A mucicarmine stain highlighted both luminal and cytoplasmic mucin in the
original biopsy (see Figure 2).
Immunohistochemical analysis of the original tumor showed the glandular component to be strongly immunoreactive with
antibodies directed against cytokeratin (AE1/AE3), low molecular weight cytokeratin and cytokeratin 20. The second
population of smaller “neuroendocrine-like” cells was positive for cytokeratin (AE1/3) and chromogranin. Both epithelial
components showed negative staining for cytokeratin 7, S100 protein, CD57, HMB45, EMA and CD99. This phenotype
was in contrast to that observed in the spindle cell component in the same tumor, as well as the recurrences. The spindle
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cells were immunoreactive with antibodies directed against vimentin, CD57 and S100 protein. The staining with the latter
two markers was focal and distributed throughout the lesion while vimentin staining was diffuse and rather intense. The
spindle cells were uniformly negative for all the cytokeratins and EMA. They were also negative for HMB45, smooth
muscle actin, muscle specific actin, and CD99 (see Figure 3).

Figure 2. Morphologic features of the tumor. A. Low
power view showing a glandular tumor infiltrating
mesenchymal tissue (4×). B. Mucinous glands showing
goblet-cell differentiation (40×). C. Solid nests of
neuroendocrine- appearing cells (20×). D. mucicarmine
stain highlighting both intra- and extra-cytoplasmic
mucin (40×). E. Focal residual bone trabeculae (10×). F.
Spindle cell component showing buckled wavy nuclei
(20×). G and H. low and high power views of metastatic
tumor showing a pure spindle cell neoplasm with a vague
storiform pattern (4× and 20×, respectively). All except
D are hematoxylin and eosin; D, mucicarmine stain.

Figure 3. Immunohistochemical stains. A.
cytokeratin 20 stain highlighting glandular
component (10×). B. Chromogranin stain is
positive in the neuroendocrine component (10×).
C and D. low and high power views of the S100
stain showing only focal positivity (4× and 20×
respectively).

3 Discussion
Peripheral nerve sheath tumors exhibiting glandular differentiation have long been reported in soft tissue. The first report
dates back to 1892 by Garre who described a case of peripheral nerve tumor with epithelial glands arising in a patient with
neurofibromatosis. This report was accompanied by camera lucida drawings showing a spindly tumor with a woven
pattern containing numerous glands (as reported by Woodruff et al.) [5]. Scattered individual cases have been reported
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since with a large percentage of the work being performed by Woodruff and associates [5-8]. He first reported a series of
five such neoplasms in 1976, with subsequent studies showing the presence of neuroendocrine differentiation within the
glandular component, and the subtyping of the glandular epithelium as intestinal [9, 10]. In fact, more than one author has
shown that the glandular epithelium was positive for regulatory peptides and amines such as somatostatin, serotonin,
pancreatic polypeptide and gastrin [10, 11]. The intestinal differentiation was supported by ultrastructural findings of a
polarized epithelium with tight junctions, glycocalyx, R-bodies and luminal microvilli with core rootlets [4, 11].
MPNST with glands is very rare in the appendicular skeleton. Cases of glandular MPNST have been reported in the spine,
but they all seem to have an extra-osseous component [12], hence they are believed to arise in the spinal roots with
secondary bone involvement. The differential diagnosis of MPNST with glandular differentiation includes metastatic
adenocarcinoma with an exuberant desmoplastic response, metastatic malignant mixed Mullerian tumor and other
sarcomas with glandular differentiation such as synovial sarcoma. Occurring in bone, one would also have to add
Adamantinoma to the list. Metastatic carcinomas can usually be excluded based on clinical grounds and an extensive
clinical work up. In Adamantinoma, the epithelial component usually resembles ameloblastic epithelium, does not show
intestinal differentiation, and the stroma lacks the S100 protein reactivity.
The distinction between synovial sarcoma and MPNST with glandular elements can be difficult, and has been discussed in
more than one publication [11, 13]. Both are spindle cell sarcomas with epithelial differentiation, and neither one has a
distinct immunohistochemical profile. For example, S100 protein and CD57 which are commonly associated with
peripheral nerve sheath tumors can also be positive in a subset of synovial sarcomas [14]. Morphologic characteristics that
have been described as being useful include a sharp distinction between the stromal and the glandular components, goblet
cell formation and intra-cytoplasmic mucin in MPNST but not in synovial sarcoma [5, 8, 10, 11]. Immunohistochemically, the
spindle cells in MPNST do not express epithelial markers, while the spindle cells in synovial sarcoma frequently show
evidence of epithelial differentiation, including cytokeratin and EMA [14]. With the advent of cytokeratins 7 and 20, it has
been shown that synovial sarcomas express cytokeratin 7 and not cytokeratin 20, while the opposite is true for the
glandular elements in MPNST [14]. The glands in MPNST are also positive for CEA, a finding uncommonly seen in
synovial sarcoma [11].
Chromogranin expression can be utilized as a helpful adjunct, as MPNST with glandular elements frequently contain both
single cells and small clusters that recapitulate the neuroendocrine cells of the intestine [11]. The vast majority of synovial
sarcomas show positive staining with CD99, while MPNST is rarely positive for this marker [10]. A newly described
antibody (TLE1) is positive in the majority of synovial sarcoma cases, but only rarely in MPNST [15]. Lastly, with the
increasing availability of molecular testing on paraffin embedded tissue, it is possible to test for the t(X;18) translocation
which has been shown to be positive in up to 90% of cases of synovial sarcoma [13].
In the vast majority of the previously reported cases of MPNST with glandular differentiation, the glandular epithelium
has been described as benign, with only a few reports of malignant glandular epithelium [7, 8]. Christensen and Woodruff
noticed that the degree of atypia of the glandular epithelium did not correlate with the degree of atypia in the spindle
cells [11]. It is generally thought that MPNST with glandular differentiation behaves in a similar fashion to those without
glands. In fact, when these tumors metastasize, the metastases are mostly composed of the spindle cell component, as seen
in our case. It is the grade of the spindle cell component that is more important in this regard [3, 5, 6, 9]. Woodruff reported a
mean survival of two years and 79% of patients eventually dying with disease [8].
In summary, MPNST should be considered in the differential diagnosis of a biphasic neoplasm composed of spindle cells
and glandular elements, especially in bone and soft tissue. The differential diagnosis includes synovial sarcoma, as well as
metastatic adenocarcinoma with the latter being a particular diagnostic pitfall if appropriate attention is not given to the
spindle cell component. A battery of immunohistochemical stains in conjunction with thorough histologic examination
can be used to help confirm the diagnosis.
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