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Abstract

Information on the heterogeneity of phosphaturic mesenchymal tumor, a rare entity associated with tumor-induced
osteomalacia, is limited. In this retrospective analysis of 222 phosphaturic mesenchymal tumors, 22 cases exhibited mixed
mesenchymal and epithelial elements, which we propose to term “phosphaturic mesenchymal tumor, mixed epithelial, and
connective tissue type.” Phosphaturic mesenchymal tumor of the mixed epithelial and connective tissue type showed a
distinctive and significant male predominance (male:female =2.67:1), with most patients diagnosed at <40 years old.
Moreover, all tumors were mainly located in the alveolar bone with focal invasion into surrounding soft tissue and oral
mucosa, which could be detected preoperatively by oral examination. The mesenchymal component, composed of spindled
cells resembling fibroblasts or myofibroblasts arranged in a storiform or fascicular pattern, exhibited a less prominent
vasculature and lower cellularity than the typical phosphaturic mesenchymal tumor (mixed connective tissue type). The
epithelial component was typically haphazardly and diffusely distributed throughout the tumor, forming small, irregular
nests resembling odontogenic epithelial nests. All cases were immunoreactive for fibroblast growth factor-23, somatostatin
receptor 2A, and NSE in both components. Mostly also demonstrated positive staining for CD99 (21/22, 96%), CD56 (16/
22, 73%), Bcl-2 (21/22, 96%), and D2-40 (19/22, 86%) in one or both components. S100 was positive in both components in
one of seven cases. Interestingly, immunoreactivity was typically stronger and more diffuse in the epithelial than in the
paired mesenchymal components. The mesenchymal component was also diffusely positive for CD68 (17/17, 100%) and
showed variable focal staining for SMA (15/22, 68%) and CD34 (9/19, 47 %). These results indicate that phosphaturic
mesenchymal tumor of the mixed epithelial and connective tissue type has distinctive clinicopathological characteristics and
a polyimmunophenotypic profile.

Introduction

Tumor-induced osteomalacia, also known as oncogenic
osteomalacia, is a rare paraneoplastic syndrome char-
acterized by abnormal phosphate and vitamin D metabo-
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systemic bone demineralization. Elevated or inappropri-
ately normal plasma FGF23, inappropriately normal or
low 1,25-dihydroxy vitamin D, hypophosphatemia, and
resistance to vitamin D supplementation are the bio-
chemical hallmarks of the disorder. Osteomalacia-
associated tumors are often small and difficult to locate,
with an average period of 5 years between time of sus-
pecting tumor-induced osteomalacia to identification of
the tumor [4, 5]. Most patients can be cured with complete
tumor resection.

It is widely accepted that tumor-induced osteomalacia-
associated tumors are generally of mesenchymal origin
[6, 7]. These mesenchymal tumors are histologically
polymorphous and have been diagnosed as giant cell
tumors, hemangiopericytomas, non-ossifying fibromas,
fibrosarcomas, osteosarcomas, osteoblastomas, chondro-
blastomas, chondrosarcomas, sclerosing hemangiomas,
angiofibromas, angiolipomas, or other mesenchymal
tumors [3, 7, 8]. There is limited information of this rare
entity in the literature regarding its morphological diver-
sity. In 1987, Weidner and Santa Cruz [7] coined the term
“phosphaturic mesenchymal tumor” and categorized these
mesenchymal tumors into four distinct morphological
subtypes: (1) phosphaturic mesenchymal tumor, mixed
connective tissue type; (2) phosphaturic mesenchymal
tumor, osteoblastoma-like; (3) phosphaturic mesenchymal
tumor, non-ossifying fibroma-like; and (4) phosphaturic
mesenchymal tumor, ossifying fibroma-like. Another
landmark study in 2004 analyzed 32 cases of tumor-
induced osteomalacia-associated mesenchymal tumors
with a comprehensive review of 106 cases in the literature
and concluded that most tumors, both in their series and in
the literature, were a single entity (phosphaturic
mesenchymal tumor, mixed connective tissue type) with a
wide histological spectrum. The remaining 20% of cases
consisted of other mesenchymal tumors such as
hemangiopericytomas, giant cell tumors of the bone,
osteosarcomas, sclerosing hemangiomas, and angiolipo-
mas [3]. However, no other well-clarified variants other
than the mixed connective tissue type have been revealed
so far.

In the present study, we retrieved phosphaturic
mesenchymal tumor cases diagnosed at our hospital (the
largest series so far) and found a distinct clinicopathological
variant of phosphaturic mesenchymal tumor exclusively
involving alveolar bone. This variant, which we have pro-
posed to term ‘“phosphaturic mesenchymal tumor, mixed
epithelial, and connective tissue type,” histologically con-
sisted of both epithelial and mesenchymal elements. We
further investigated its clinicopathological characteristics
and immunohistochemical profiles and conducted a review
of the literature.
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Materials and methods
Case retrieval

We retrospectively identified 222 cases of mesenchymal
tumors with clinical and laboratory evidence of phosphaturic
mesenchymal tumor from the surgical pathology files of
Peking Union Medical College Hospital. Patients had been
seen between January 2004 and August 2017. A histological
review was performed independently by two experienced
pathologists (HW and DZ). Finally, 22 cases were histologi-
cally subclassified as ‘“phosphaturic mesenchymal tumor,
mixed epithelial, and connective tissue type,” which exhibited
mixed epithelial and mesenchymal elements. The histo-
pathological findings for all 22 cases (including epithelium
distribution, matrix type and quality, perivascular myxoid
change, “grungy” calcifications, slate-gray crystals, multi-
nucleated giant cells, hemangiopericytoma-like vessels, cel-
lularity, nuclear grade, mitotic figures/10 high-powered fields)
were thoroughly reviewed, and the two pathologists reached
consensus. The study was approved by Peking Union Medical
College Hospital’s institutional review board, and was exempt
from patient written informed consent due to its retrospective
nature.

Clinical information review

We collected age, sex, tumor location, and clinical and
biochemical features of the 222 phosphaturic mesenchymal
tumors from patient medical records. Data on pre-biopsy
duration of osteomalacia, radiological findings, tumor size,
date of surgery, surgical procedures, time until return to
normal phosphatemia after tumor resection, primary diag-
nosis, and follow-up information for the 22 patients with
phosphaturic mesenchymal tumor of the mixed epithelial
and connective tissue type were also obtained.

Immunohistochemistry

Archival formalin-fixed, paraffin-embedded tumor tissues
were available for all 22 phosphaturic mesenchymal tumors
of the mixed epithelial and connective tissue type. Immu-
nohistochemical staining was performed using the EnVision
system (DAKO, Glostrup, Denmark). Briefly, serial 5-um-
thick sections were cut from formalin-fixed, paraffin-
embedded tumor blocks, dewaxed in xylene, rehydrated
through sequential changes of alcohol, and then antigen
retrieved. After the tissue sections were washed with
phosphate-buffered saline, they were incubated with fresh
3% hydrogen peroxide for 20 min at room temperature. The
sections were then blocked with 20% goat serum for 30 min
and incubated with primary antibodies, including
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Table 1 Anatomical site distribution of 222 PMTs

Sites Number (%)
Total 222 (100)
Extremities 115 (52)
Femur 43 (19)
Thigh soft tissue 15 (7)
Foot 18 (8)
Other 39 (18))
Head and Neck 70 (32)
Sinonasal area 29 (13)
Maxilla 11 (5)
Mandible 19 9)
Other 11 (5)
Trunk 18 (8)
Spine 7 (3)
Pelvis 11 (5)
Retroperitoneum 1 (0)

somatostatin receptor 2A (SSTR2A) (UMBI, 1:50 dilution;
Abcam, Cambridge, UK), FGF23 (polyclonal, 1:1250
dilution; Abcam), CD99 (12E7, predilution; Dako), AE1/
AE3 (AE1/AE3, predilution; Dako), vimentin (V9, 1:50
dilution; Dako), CD34 (QBEnd/10, 1:50 dilution; Dako),
D2-40 (1:50 dilution; Dako), SMA (1A4,1:50 dilution;
Dako), Bcl-2 (100/D5, 1:50 dilution; Dako), CD56 (1B6,
predilution; Leica Biosystems, New Castle, UK), S100
(polyclonal, predilution; Leica), synaptophysin (27G12,
predilution; Leica) and Ki-67 (UMABI107, predilution;
ZsBio, Beijing, China) for 2h. The sections were then
incubated with a polymer horseradish peroxidase secondary
antibody (Dako). Immunostaining was then developed with
3,3’-diaminobenzidine. Positive immunoreactivity was
nuclear and cytoplasmic for S100, nuclear for Ki-67, and
cytoplasmic for other antigens. The immunostaining was
scored as negative (<5% tumor cells positive), focally
positive (5-59% of tumor cells positive), or diffusely
positive (250% of tumor cells positive); however, Ki-67
proliferation index was recorded as the percentage of tumor
cells with Ki-67-positive nuclear immunostaining. The
sections were assessed independently by two experienced
pathologists (HW and DZ). The scoring for each section
was determined by consensus.

Literature review

A comprehensive, retrospective review of the English lan-
guage literature from 1972 to 2016 was carried out using
PubMed. The following keywords were used: oncogenic
osteomalacia, tumor-induced osteomalacia, phosphaturic
mesenchymal tumor, head and neck, mandible, maxilla,
paranasal sinus, sinonasal, nasopharyngeal, oral, and

intracranial. Cases outside the head and neck or with no
clinical or laboratory evidence of tumor-induced osteoma-
lacia were excluded.

Results
Clinical findings

The anatomical site distribution of the 222 phosphaturic
mesenchymal tumors is summarized in Table 1. More than
half (52%) of the 222 phosphaturic mesenchymal tumors
had involvement of extremities, with the femur (19%) most
often involved, followed by foot and thigh soft tissue.
Besides extremities, head and neck was the second most
commonly involved site, accounting for 32% of all phos-
phaturic mesenchymal tumors. Among head and neck
phosphaturic mesenchymal tumors, the tumors were most
often located in the sinonasal area (13%), followed by the
mandible (9%) and the maxilla (5%). Rarer sites included
trunk, pelvis, and spine. Retroperitoneum phosphaturic
mesenchymal tumors were extremely rare. Most interest-
ingly, after careful radiological and pathological review, we
identified 22 phosphaturic mesenchymal tumors of the
mixed epithelial and connective tissue type, with all invol-
ving the maxilla (10 cases) and the mandible (12 cases)
(Table 2). More specifically, all were located mainly at the
alveolar bone (Fig. 1).

For purposes of comparing analysis, phosphaturic
mesenchymal tumors were further subclassified into three
anatomic and morphologic subgroups: non-head and neck
phosphaturic mesenchymal tumors, head and neck phos-
phaturic mesenchymal tumors (mixed epithelial and con-
nective tissue type), and head and neck phosphaturic
mesenchymal tumors (others). Table 3 summarizes the age
and sex of all phosphaturic mesenchymal tumors and those
within the subgroups. Compared with that shown in the
other two subgroups, phosphaturic mesenchymal tumor of
the mixed epithelial and connective tissue type showed a
significant male predominance (male: female =2.67:1).
Moreover, in contrast to the other two groups, most patients
with phosphaturic mesenchymal tumor of the mixed epi-
thelial and connective tissue type were diagnosed at age <40
years.

All 22 patients with phosphaturic mesenchymal tumor of
the mixed epithelial and connective tissue type presented
with bone pain and muscle weakness with hypopho-
sphatemia, high alkaline phosphatase levels, and inappro-
priately normal or low 1,25-dihydroxy vitamin D. A pre-
biopsy presence of osteomalacia was shown in all cases,
with duration ranging from 1 to 18 years (Table 2). It is
worth noting that all tumors could be detected by oral
physical examination preoperatively due to gingival and
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Table 2 (continued)

Follow-up

Original diagnosis

Time for normal phosphatemia
after tumor resection (days)

Size Duration of

Location

Age (year)/

S

Patient

osteomalacia (years)

(cm)

eX

number

ANED 3 years, normal

phosphatemia

Phosphaturic mesenchymal tumor with
odontogenic epithelial component

24

Right maxilla

32/M

17

ANED 3 years, normal

phosphatemia

Phosphaturic mesenchymal tumor with
odontogenic epithelial component

2.4

Right

41/M

18

mandible
Right

ANED 24 months,

Phosphaturic mesenchymal tumor with
odontogenic epithelial component

2.2

22/M

19

normal phosphatemia
ANED 22 months,

mandible

Phosphaturic mesenchymal tumor with
odontogenic epithelial component

1.8

31/M Right maxilla

20

normal phosphatemia

Limited follow-up time

(<2 months)

Phosphaturic mesenchymal tumor with
odontogenic epithelial component

11

2.6

51/M Left mandible

21

Limited follow-up time

(<2 months)

Phosphaturic mesenchymal tumor with
odontogenic epithelial component

2.0

Right

75/M

22

mandible

NA not applicable, ANED alive with no evidence of disease, AWD alive with disease

Fig. 1 ®Ga-DOTA TATE-PET/CT was performed to locate possible
tumor-induced osteomalacia in a 22-year-old man who presented with
bone pain for 3 years. The maximum intensity projection (MIP) image
(right lower) revealed a small focus of elevated activity with stan-
dardized uptake value (SUVmax) of 8.24 in the right mandible. On
axial view of the PET (right lower), CT (right lower), and fusion
images (right lower), this activity was located in the alveolar bone. The
images were suggestive of a causative tumor, which was subsequently
histologically confirmed as phosphaturic mesenchymal tumor of the
mixed epithelial and connective tissue type after tumor resection

Table 3 Summary of age and sex distribution of different
phosphaturic mesenchymal tumor subgroups

Parameter Total Non-head Head and neck
and neck - —
Mixed epithelial and ~ Others
connective tissue type
Age range 13-75 13-74 15-75 19-68
(years)
Mean age 43.1 434 37.0 449
Median age 440 440 33.0 43.5
240 years, no. 139 32 8 99
<40 years, no. 83 16 14 53
Sex
Male 122 87 16 19
Female 100 65 6 29
Male: 1.22:1 1.34:1 2.67:1 0.66:1
female
ratio

alveolar bone swelling and tooth loosening. In some cases,
the mass could also be identified by patients themselves
before or simultaneously with the presence of osteomalacia
symptoms. Nuclear imaging was performed in 20/22 cases.
The tumors were successfully located by octreotide
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scanning in 9 cases, whereas 8Ga-DOTA-TATE-PET/CT
revealed tumors in the other 11 cases with negative or false-
positive octreotide scans. The tumors measured between 1.4
and 6.0 cm at greatest dimension (median 2.05 cm). Nine-
teen patients underwent (wide) local tumor resection and
tooth extraction, and two patients received subtotal hemi-
maxillectomy. Patient 2 (Table 2) underwent partial tumor
resection seven times from 1997 to 2017. The tumors were
primarily diagnosed as odontogenic fibroma, giant cell
reparative granuloma, myofibroblastic tumor, or phospha-
turic mesenchymal tumor of the mixed connective tissue
type/phosphaturic mesenchymal tumor with odontogenic
epithelial component. Phosphatemia returned to normal
within 1 week after tumor resection in all cases except for
patient 2, who underwent partial resection.

Follow-up information

Among 21 patients with complete resection, 17 had follow-
up information of more than 2 months (range 4 months to 9
years; median 24 months). All 17 patients were alive with
no evidence of disease and normal phosphatemia at last
follow-up (Table 2). Patient 2, who received repeated partial
tumor resection since 1997, was still alive with disease at
the last follow-up (June 2017), and nuclear imaging sug-
gested multiple sites of involvement.

Histopathological characteristics

At low-power magnification, the tumors infiltrated and
destroyed the trabecular meshwork with focal invasion into
surrounding soft tissue and oral mucosa in all phosphaturic
mesenchymal tumors of the mixed epithelial and connective
tissue type, although most cases appeared relatively well
circumscribed (Fig. 2a).

Phosphaturic mesenchymal tumor of the mixed epithelial
and connective tissue type was histologically characterized
by an admixture of neoplastic epithelial and mesenchymal
elements and typically showed lower -cellularity than
phosphaturic mesenchymal tumor of the mixed connective
tissue type. The mesenchymal component was composed of
spindle cells that usually arranged in a fascicular or
whorled, storiform pattern (Fig. 2b). When we compared
the round, stellate to spindle primitive mesenchymal cells
with the small round to oval nuclei in typical phosphaturic
mesenchymal tumor (mixed connective tissue type), the
neoplastic mesenchymal cells and nuclei in phosphaturic
mesenchymal tumor mixed of the epithelial and connective
tissue type usually demonstrated a more elongated and
spindled morphology, resembling fibroblasts or myofibro-
blasts (Fig. 2c). The epithelial component was typically
haphazardly and diffusely distributed throughout the tumor,
forming small, irregular nests that resembled odontogenic
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epithelial nests, whereas a localized distribution of epithelial
nests was found in four cases. The neoplastic epithelial cells
had eosinophilic and/or clear cytoplasm, the epithelial
nuclei were evenly distributed and not polarized, and stel-
late reticulum was not present in epithelial nests (Fig. 2d—f).
Due to the somewhat indistinct epithelial-mesenchymal
boundary and relatively ill-defined cell borders, the small
epithelial nests might be overlooked or misinterpreted as
multinucleated giant cells (Fig. 2d—f).

Tumor cells of both components were cytologically
bland with normochromatic, small nuclei and inconspicuous
nucleoli (Fig. 2d—f). Generally, we observed a low nuclear
grade, and nuclear pleomorphism was absent or minimal.
Mitotic figures were absent to rare (0 or 1/10 high-powered
fields) in 16 cases, with 4 or 5/10 high-powered fields in the
6 other cases. Necrosis was absent in all cases (Table 4).

Focal osteoid matrix was observed in the great majority
of cases (18/22) (Fig. 3a), whereas myxoid matrix and
perivascular myxoid change was only detected in 3/22 and
2/22 cases, respectively. Eight of 22 showed “grungy”
calcification (Fig. 3b). Slate-gray crystals were found in one
case (Fig. 3c). Osteoclast-like giant cells were detected
focally in areas of hemorrhages in 6/22 cases (Fig. 3d).

Phosphaturic mesenchymal tumors of the mixed epithe-
lial and connective tissue type typically had a less promi-
nent vasculature than those of the mixed connective tissue
type. Focal hemangiopericytoma-like “staghorn” branching
patterns of blood vessels were observed in 10/22 cases,
whereas another case demonstrated schwannoma-like peri-
vascular hyalinization (Fig. 3e, f). Dilated thin-walled ves-
sels were found at the lesion periphery and in the space
between trabecular bone adjacent to the lesion in 11/22
cases (Fig. 3g).

In the four cases with focal epithelia, the neoplastic
mesenchymal component showed a higher cellularity and
somewhat “patternless” pattern with elaborate intrinsic
microvasculature, and the tumor cells became less spindle-
shaped, more closely resembling those seen in typical
phosphaturic mesenchymal tumor (mixed connective tissue
type) (Fig. 3h). One of these four cases was from a patient
who received repeated tumor resection from 1997 to 2017
(patient 2 in Table 2). There was a diminution in the
quantity of the epithelial component in the series of speci-
mens obtained from this patient, and the epithelial compo-
nent finally disappeared since 2011. Moreover, focal areas
with significant nuclear atypia and high mitotic activity
(>20/10 high-powered fields) were observed in the latest
specimen (Fig. 3i), suggestive of malignant transformation.

Immunohistochemical findings

Immunohistochemical results of 22 phosphaturic mesench-
ymal tumors of the mixed epithelial and connective tissue
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Fig. 2 Phosphaturic mesenchymal tumor of the mixed epithelial and
connective tissue type was histologically characterized by an admix-
ture of neoplastic epithelial and mesenchymal elements with less
prominent vasculature and lower cellularity than typical phosphaturic
mesenchymal tumor (mixed connective tissue type). a At low-power
magnification, the tumor infiltrated and destroyed the trabecular
meshwork with focal invasion into surrounding mucosa. b The
mesenchymal component was composed of spindle cells arranged in a
fascicular or whorled, storiform pattern. ¢ The neoplastic mesenchymal
cells demonstrated an elongated and spindled morphology, resembling

type are summarized in Table 5. The epithelial and
mesenchymal components showed strong diffuse AE1/AE3
and vimentin positivity, respectively (Fig. 4a, b). Both
components in all cases were immunoreactive for FGF23,
SSTR2A, and NSE (Fig. 4c—e). Most of our cases also
demonstrated positive staining for CD99 (21/22, 96%),
CD56 (16/22, 73%), Bcl-2 (21/22, 96%), and D2-40 (19/22,
86%) in either one or both components (Fig. 4f—i). S100
was positive in both components in one of seven cases.
Interestingly, immunoreactivity (shown with markers
FGF23, NSE, CD99, CD56, Bcl-2, D2-40, and S100) was
typically stronger and more diffuse in the epithelial com-
ponents than in the paired connective tissue components.
CD68 was diffusely positive with variable intensity in the
connective tissue components in all cases (Fig. 4j). A
variable focal positive staining for SMA (15/22, 68%) and
CD34 (9/19, 47%) was also observed in the mesenchymal
components (Fig. 4k, 1). All cases were negative for desmin
(0/22) and synaptophysin (0/6).

The Ki-67 proliferation index of primary tumor ranged
from <1 to 10%. The case from the patient who required
repeated resection (patient 2 in Table 2), the Ki-67 labeling
index increased from <1 to 25% during tumor progression.

Literature review

Our literature review focused on head and neck phosphaturic
mesenchymal tumor. We identified 80 tumor-induced

fibroblasts or myofibroblasts. The epithelial component was typically
haphazardly and diffusely distributed throughout the tumor, forming
small, irregular nests (b, ¢). The neoplastic epithelial cells had mod-
erate eosinophilic (d) or clear cytoplasm (e) with uniform, small, round
to oval nuclei and inconspicuous nucleoli, resembling odontogenic
epithelium. The small epithelial nests could be overlooked or mis-
interpreted as multinucleated giant cells (f). d—f The epithelial nuclei
were centrally located, evenly distributed, and not polarized. The black
arrows indicate the epithelial nests

osteomalacia-associated mesenchymal tumors of the head
and neck reported between 1972 and 2016 (Supplementary
Table 1) [3, 4, 4, 8-70]. As expected, the sinonasal area was
most often involved (44 cases, 55%). Other locations inclu-
ded the mandible (10 cases; 13%) and maxilla (4 cases; 5%).

Among the cases involving the mandible or maxilla, six
cases seemed to fit our proposed definition of “phosphaturic
mesenchymal tumor, mixed epithelial, and connective tissue
type” (Table 6) [5, 28, 70-73]. The alveolus was involved
in six of these cases, with a significant male predominance
(5:1) and a median age of 42 years. Although an odonto-
genic epithelial component with a similar histology to our
cases was identified by the authors in 3/6 cases (one case
with focally distributed epithelium), these were considered
as non-tumorous odontogenic epithelium or the epithelial
component of an ameloblastic tumor, and the patients pri-
marily received a diagnosis of phosphaturic mesenchymal
tumor (mixed connective tissue type) or ameloblastic
fibrosarcoma [5, 71, 73]. In the other three cases, the epi-
thelial nests had probably been misinterpreted as giant cells
according to their original figures and descriptions; there-
fore, the patients primarily received diagnoses of giant cell
tumor, giant cell granuloma, and phosphaturic mesenchy-
mal tumor (mixed connective tissue type), respectively
[28, 70, 72]. We noticed that most cases showed a pro-
liferation of spindle cells arranged in fascicles, which was
similar to our cases. Interestingly, in the relapsed case,
although the recurrent tumors were morphologically similar
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Table 4 Histopathological characteristics

of 22 phosphaturic

mesenchymal tumors of the mixed epithelial and connective tissue

type
Parameter No. of patients (%)
Total 22 (100)
Epithelium distribution

Focal 4 (18)

Diffuse 18 (82)
Matrix

Chondroid 0 (0)

Myxoid 3 (14)

Osteoid 18 (82)

Not present 4 (18)
Perivascular myxoid change 209
“Grungy” calcification 8 (36)
Slate-gray crystals 1(5)
Osteoclast-like cell 6 (27)
HPC-like vessels 10 (46)
Peripheral dilated thin-walled vessels 11 (50)
Necrosis 0 (0)
Cellularity

Low—intermediate 22 (100)

High 0O
Nuclear grade

Low 21 (96)

Intermediate 1(5)

High 0 (0)
Mitotic activity

0-1/10 high-powered fields 16 (73)

2-5/10 high-powered fields 6 (27)

>5/10 high-powered fields 0 (0)

to the original tumors, there was a diminution in the
quantity of the epithelial component and finally the recur-
rent and lung-metastasized tumors were composed solely of
the neoplastic spindle cells [73], indicative of a malignant
transformation.

There were also six other cases involving the mandible or
maxilla (patients 8, 17, 21, 22, 70, and 73 in Table 6) that
may have also fit the proposed criteria of “phosphaturic
mesenchymal tumor, mixed epithelial, and connective tissue
type” [16, 23, 27, 28, 66, 68]. All six of these cases had or
were highly suspicious for alveolus involvement with a
significant male predominance (5:1) and a median age of 33
years. Fascicular or storiform spindle cell proliferation with
osteoid production was observed in three cases that had
been diagnosed as ossifying fibroma-like phosphaturic
mesenchymal tumor or ossifying fibroma [16, 28, 68].
Epithelial rests had been revealed in another case. Two
cases, which had insufficient data for analysis, were pri-
marily diagnosed as fibrosarcoma and central giant cell
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granuloma, respectively [23, 66]. The other one case was
originally described as “chronic inflammatory tissue with
fibrosis and epithelial rests.” [27]

The remaining 68 head and neck cases showed a sig-
nificant female predominance (male:female = 0.48:1), with
69% (47/68) of patients diagnosed at age >40 years (median
age of 48.5 years).

Discussion

According to previous reports, phosphaturic mesenchymal
tumors have been reported in a wide variety of locations,
most commonly involve the extremities and head and neck
region, and are commonly diagnosed in the fourth to fifth
decades of life with no age or sex predilection [51, 74]. Our
single institution series also confirmed that the most com-
monly involved site of phosphaturic mesenchymal tumors is
the lower extremities (particularly the femur), followed by
the head and neck. Most cases occur in adults over 40 years,
with a median age of 44 years and a slight predominance in
men (male:female ratio = 1.22:1). Consistent with previous
studies [32, 68, 75], our study also revealed that, for head
and neck phosphaturic mesenchymal tumors, the mandible
and maxilla are the second most commonly affected sites
after the sinonasal cavity. Most importantly, we found that
most phosphaturic mesenchymal tumors (22/30) in the
mandible and maxilla had mixed epithelial and mesenchy-
mal elements and exclusively involved the alveolar bone,
which prompted our proposed designation of a new variant
of phosphaturic mesenchymal tumor, namely “phosphaturic
mesenchymal tumor, mixed epithelial, and connective tissue
type.” Our literatures review unveiled six cases that fit
nicely with the proposed new variant, with all involving the
alveolar bone. We also found that the other six of eight
remaining phosphaturic mesenchymal tumors in the mand-
ible and maxilla from the literature could not be excluded
from the possibility of the new variant. Compared with
phosphaturic mesenchymal tumors outside the head and
neck and other head and neck phosphaturic mesenchymal
tumors, the proposed new variant demonstrated a remark-
ably different age and sex distribution. Most patients who fit
the criteria for the proposed new variant are diagnosed at an
age of <40 years and are predominantly males. In contrast,
other head and neck phosphaturic mesenchymal tumors are
predominantly female, with most patients diagnosed at an
age of 240 years both in our series and in the literature.
Phosphaturic mesenchymal tumors are often small, slow
growing, and deeply located; therefore, these tumors may
be missed by routine clinical examination [32]. However,
all cases of the new variant in our study could be detected
by clinical intraoral examination or even first discovered by
patients themselves due to their relatively superficial
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Fig. 3 a Focal osteoid matrix was commonly appreciated histologi-
cally. “Grungy” calcification (b) and slate-gray crystals (¢) could also
be observed. d Osteoclast-like giant cells were detected focally in areas
of hemorrhages. Focal hemangiopericytoma-like “staghorn” branching
pattern of blood vessels were observed in approximately half cases (e),
whereas one case demonstrated schwannoma-like perivascular hyali-
nization (f). g dilated thin-walled vessels were commonly found in the
space between trabecular bones adjacent to the lesion. h In cases with

location. Therefore, when tumor-induced osteomalacia are
suspected, it is critical for clinicians to have a high index of
suspicion for this variant of phosphaturic mesenchymal
tumor. Careful review of previous related medical history
and including periodontal and oral examinations into clin-
ical routine workup, especially in younger male patients,
could lead to earlier detection, prompt treatment by com-
plete resection, and ultimately disease eradication.

The histological heterogeneity, the great histological
diversity, and the rarity of tumor-induced osteomalacia-
associated connective tissue tumors have often led to their
misdiagnoses or the patient given a purely descriptive
diagnoses [3, 51]. In addition to Weidner and Santa Cruz [7]
first using the term phosphaturic mesenchymal tumor to
describe these tumors, they also coined the term “phos-
phaturic mesenchymal tumor, mixed connective tissue
type” to refer to a morphologically distinct entity of phos-
phaturic mesenchymal tumor. With an improved recogni-
tion of the histological spectrum, Folpe et al. [3] further
confirmed in 2004 that most phosphaturic mesenchymal
tumors are of a single histopathological entity (mixed

) ‘*?Tas*g 5
‘ Ny

» ;l’l&:‘éﬂ-\
focal epithelia, the neoplastic mesenchymal component showed a
higher cellularity, a somewhat “patternless” pattern, and an elaborate
intrinsic microvasculature, resembling those seen in typical phospha-
turic mesenchymal tumor (mixed connective tissue type). i Focal areas
with neoplastic cells showing enlarged hyperchromatic nuclei, obvious
nucleoli, significant nuclear atypia and frequent mitotic figures (>20/

10 high-powered fields) were observed in the latest specimen from the
cases who underwent repeated resection

connective tissue type), which is most fundamentally
characterized by highly vascular proliferation of spindled to
stellate neoplastic cells with a distinctive “smudgy” matrix.
Prominent hemangiopericytoma-like vasculature and
numerous osteoclast-like giant cells are also common
findings in the mixed connective tissue type.

Besides the mixed connective tissue type, some other
variants of phosphaturic mesenchymal tumors have also
been reported. Three other variants (osteoblastoma-like,
non-ossifying fibroma-like, and ossifying fibroma-like)
have been proposed by Weidner and Santa Cruz [7]. Folpe
et al. [3] also revealed that four cases did not resemble
phosphaturic mesenchymal tumor of the mixed connective
tissue type but were reminiscent of sinonasal hemangio-
pericytoma (two cases), conventional hemangiopericytoma
(one cases), and sclerosing osteosarcoma (one cases).
Sinonasal hemangiopericytoma-like tumors and osteo-
sarcomas have also been reported to be associated with
osteomalacia by other studies [16, 56, 62, 76, 77]. Recently,
Agaimy et al. [78] revealed that phosphaturic mesenchymal
tumors could highly resemble chondromyxoid fibromas,
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Table 5 Immunohistochemical results of 22 phosphaturic
mesenchymal tumors of the mixed epithelial and connective tissue

type

Total, no. of Epithelium, no.
patients (%) of patients (%)

Mesenchyma, no.
of patients (%)

AE1/AE3 22/22 (100) 22/22 (100) 0/22 (0)
Vimentin 22/22 (100) 0/22 (0) 22/22 (100)
FGF23 22/22 (100) 22/22 (100) 22/22 (100)
SSTR2A 22/22 (100) 22/22 (100) 22/22 (100)
NSE 22/22 (100) 22/22 (100) 22/22 (100)
D2-40 21/22 (96)  21/22 (96) 7/22 (32)
CD99 16/22 (73)  16/22 (73) 13/22 (59)
CD56 21/22 (96)  21/22 (96) 19/22 (86)
Bcl-2 19/22 (86)  19/22 (86) 11/22 (50)
S100 1/7 (14) 177 (14) 1/7 (14)
Synaptophysin  0/6 (0) 0/6 (0) 0/6 (0)
CD68 17/17 (100) 3/17 (18) 17/17 (100)
SMA 15/22 (68)  0/22 (0) 15/22 (68)
Desmin 0/20 (0) 0/20 (0) 0/20 (0)
CD34 9/19 (47) 0/19 (0) 9/19 (47%)
Ki-67 index

<1% 15/22 (68)  22/22 (100) 12/22 (100)
2-5% 6/22 (27) 0/22 (0) 6/22 (27)
>5% 1722 (5) 0/22 (0) 1/22 (5)

hemangio-/glomangiopericytomas with giant cells, angio-
myolipomas, or reparative giant cell granulomas. However,
the clinicopathological and immunohistochemical features
of these variants except the mixed connective tissue type
were not well clarified and accepted, mainly because of
their rarity, the lack of distinct clinicopathological features,
the polymorphous histological appearance, and the inter-
observer variability. Interestingly, it has been proposed that
sinonasal phosphaturic mesenchymal tumor is generally
similar in appearance and most reminiscent of sinonasal
hemangiopericytoma and may be a rare variant of phos-
phaturic mesenchymal tumor with peculiar histological
features differing from phosphaturic mesenchymal tumor of
the mixed connective tissue type arising in soft tissue or
bone [3, 56]. The relation between histology and tumor
location in phosphaturic mesenchymal tumor needs to be
further explored.

Herein, we proposed a new variant of phosphaturic
mesenchymal tumor arising from alveolar bone, termed
“phosphaturic mesenchymal tumor, mixed epithelial, and
connective tissue type.” It is histologically characterized by
a mixed proliferation of epithelial nests resembling odon-
togenic epithelium and spindled mesenchymal cells arran-
ged in a fascicular or storiform pattern with or without
osteoid matrix and could be distinguished from typical
phosphaturic mesenchymal tumor (mixed connective tissue
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type). Besides the presence of an epithelial component,
mesenchymal cells of the new variant resemble fibroblasts,
or myofibroblasts, with tissue arranged in a fascicular or
storiform pattern having less prominent vasculature and
lower cellularity, whereas phosphaturic mesenchymal
tumors of the mixed connective tissue type contain large
numbers of small capillaries and typically consist of pri-
mitive mesenchymal cells with a higher cellularity and a
more patternless growth pattern. Moreover, although focal
osteoid matrix are found in most cases of the new variant,
both “grungy” calcification and osteoclast-like giant cells
are not common findings, and the latter have been usually
only found in areas of hemorrhage. Myxoid matrix and
perivascular myxoid changes are rare. Other features typical
of phosphaturic mesenchymal tumors of the mixed con-
nective tissue type including intralesional fat and micro-
cystic change have not been observed.

Immunohistochemically, both components in all cases
presented here demonstrated diffusely positive staining for
FGF23 and SSTR2A. However, as previously reported,
both FGF23 and SSTR2A are highly sensitive but not
specific for the diagnosis of phosphaturic mesenchymal
tumor; therefore, negative staining for the two markers
could be used to rule out phosphaturic mesenchymal tumor
[79-81]. The immunohistochemical application of the two
markers might be further limited by antibody availability
[80, 82]. Other methods have also been developed to detect
FGF23 to confirm the diagnosis of phosphaturic mesench-
ymal tumor, including molecular tests for serum FGF23 by
enzyme-linked immunosorbent assay or tumor FGF23
expression by reverse transcription-polymerase chain reac-
tion, Western blot, or in situ hybridization [42, 83—-85]. It
has been reported that targeted venous sampling for FGF23
might be helpful in localizing occult phosphaturic
mesenchymal tumor [83, 86]. The presence of somatostatin
receptors on phosphaturic mesenchymal tumor has made
nuclear imaging using radiolabeled analogs of somatostatin
particularly useful in the detection of occult phosphaturic
mesenchymal tumor that are not readily seen on conven-
tional computed tomography or magnetic resonance ima-
ging [86]. To support this, immunohistochemistry for
SSTR2A has been shown to correlate with positivity by
8Ga-DOTA-TATE-PET/CT [87, 88]. According to our
new variant cases, both ®Ga-DOTA-TATE-PET/CT and
octreotide scanning were helpful in identifying occult
tumors, but ®*Ga-DOTA-TATE-PET/CT appeared more
sensitive and specific than the latter.

Not surprisingly, the epithelial nests that are easily mis-
interpreted or ignored on hematoxylin and eosin-stained
slides can be revealed by AE1/AE3 staining, whereas the
mesenchymal cells are positive for vimentin staining. We
also found that NSE, CD99, CD56, Bcl-2, and D2-40 were
positive in all or almost all phosphaturic mesenchymal
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Fig. 4 The epithelial and mesenchymal components showed strong
and diffuse positivity for AE1/AE3 (a) and vimentin (b), respectively.
Both components in all cases were immunoreactive for FGF23 (c),
SSTR2A (d), and NSE (e). A dot-like perinuclear FGF23 staining as
previously reported was only seen in the neoplastic mesenchymal
cells. Most cases also demonstrated positive staining for CD99 (f),
CD56 (g), Bcl-2 (h), and D2-40 (i) in both components, and

tumor of the mixed epithelial and connective tissue type.
More interestingly, the epithelial component usually
demonstrated a stronger and/or more diffuse staining for
FGF23, NSE, CD99, CD56, Bcl-2, and D2-40 than the
paired mesenchymal component. Our results indicated that
the mesenchymal and epithelial components of the new
variant shared a similar immunohistochemical profile, fur-
ther supporting the neoplastic nature of the epithelial
component and suggesting that the two components are of
the same origin. Although none of these markers is both
highly sensitive and highly specific, the typical poly-
immunophenotypic pattern (AE1/AE3, vimentin, SSTR2A,
FGF23, NSE, CD99, CD56, Bcl-2, and D2-40) is distinctive
and valuable for the differential diagnosis of phosphaturic

immunoreactivity with the markers (FGF23, NSE, CD99, CD56, Bcl-
2, and D2-40) was typically stronger and more diffuse in the epithelial
component than in paired connective tissue components. All cases
showed diffuse positivity for CD68 (j). Focal positive staining for
SMA (k) and CD34 (1) was also observed in the mesenchymal com-
ponents in some cases

mesenchymal tumor of the mixed epithelial and connective
tissue type from its histological mimickers. Consistent with
this, the use of CD56 has been recommended when phos-
phaturic mesenchymal tumors are suspected, and a recent
study has revealed consistent coexpression of SATB2,
SSTR2A, ERG, and CD56 in phosphaturic mesenchymal
tumors [78, 82]. As far as we know, the value of NSE,
CD99, Bcl-2, and D2-40 has not been explored in phos-
phaturic mesenchymal tumors before. Our study further
expanded the immunophenotypic spectrum of phosphaturic
mesenchymal tumors with AE1/AE3, NSE, CD99, Bcl-2,
and D2-40.

Although phosphaturic mesenchymal tumors have been
reported to be occasionally positive for SMA and negative
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for S100, CD68, desmin, and CD34 [63, 67, 68],
mesenchymal markers has not been well clarified in phos-
phaturic mesenchymal tumors. The mesenchymal compo-
nents in phosphaturic mesenchymal tumor of the mixed
epithelial and connective tissue type showed consistent
diffuse staining for CD68 and variable focal staining for
SMA, CD34, and S100, which should be kept in mind to
avoid misdiagnosis such as fibrohistiocytic tumor, myofi-
broblastic tumor, solitary fibrous tumor, and tumor of neural
origin. Based on our own data, other variants of phospha-
turic mesenchymal tumors showed a similar immunohisto-
chemical pattern to the mesenchymal components of our
proposed new variant (data not shown). We speculate that
the polyimmunophenotypic pattern in phosphaturic
mesenchymal tumors might be attributed to the multi-
directional differentiation potential of tumor cells, which
might also underlay the broad histological heterogeneity of
phosphaturic mesenchymal tumors. The presence of odon-
togenic epithelium in the new variant further supported the
multidirectional differentiation potential of phosphaturic
mesenchymal tumor, and suggested that the multipotent
differentiation might be site-specific under certain circum-
stances. In consistent with this, sinonasal phosphaturic
mesenchymal tumor had also been reported to show pecu-
liar histological features differing from phosphaturic
mesenchymal tumor of the mixed connective tissue type of
soft tissue or bone [3, 56].

It is important to differentiate phosphaturic mesenchymal
tumor of the mixed epithelial and connective tissue type
from other histological mimickers due to differences in
treatment and prognosis. Osteoid matrix production in a
background of a spindle cell proliferation in phosphaturic
mesenchymal tumor of the mixed epithelial and connective
tissue type is reminiscent of ossifying fibromas and osteo-
sarcoma. However, the characteristic location and the pre-
sence of epithelial components support the diagnosis of this
new variant. Moreover, tumor cells in phosphaturic
mesenchymal tumor of the mixed epithelial and connective
tissue type typically lack cytological atypia and have few
mitotic figures compared with osteosarcoma. Actually, all
three phosphaturic mesenchymal tumor cases that had been
diagnosed as ossifying fibroma-like phosphaturic
mesenchymal tumor or ossifying fibroma in the literature
[16, 28, 68] were highly suspicious for alveolus involve-
ment and could not be excluded from the possibility of
phosphaturic mesenchymal tumor of the mixed epithelial
and connective tissue type. The relation between phospha-
turic mesenchymal tumor of the mixed epithelial and con-
nective tissue type and the so-called “ossifying fibroma-like
variant of phosphaturic mesenchymal tumor” proposed by
Weidner and Santa Cruz needs further clarification. Giant
cell lesions (including giant cell tumors and giant cell
granulomas) are also important consideration in differential

diagnosis. The epithelial nests in phosphaturic mesenchy-
mal tumor of the mixed epithelial and connective tissue type
may have been misinterpreted as giant cells in the literature
and thus originally diagnosed as giant cell tumors or giant
cell granulomas [28, 70, 72]. Similarly, one of our new
variant cases was primarily diagnosed as giant cell repara-
tive granuloma. The most useful histological features in
making this distinction include the uniformity of nuclear
distribution of the epithelia and the presence of epithelial
cells with clear cytoplasm in phosphaturic mesenchymal
tumor of the mixed epithelial and connective tissue type.
Tumors with both mesenchymal and odontogenic epithelial
components including odontogenic fibromas/fibrosarcomas
and ameloblastic fibromas/fibrosarcomas are also con-
siderations in the differential diagnosis. Odontogenic
fibroma histologically consists of a collagenous stroma with
a uniform distribution of fibroblasts and a variable odon-
togenic epithelial component. However, these epithelial
nests are often localized and seldom numerous. Moreover,
odontogenic fibroma had no capability of invasion, whereas
focal invasion into surrounding soft tissue and oral mucosa
is always seen in phosphaturic mesenchymal tumor of the
mixed epithelial and connective tissue type. In ameloblastic
fibroma, odontogenic epithelial nests are larger, exhibit
peripheral cell palisading and reverse nuclear polarization,
and may show a central area of stellate reticulum, which are
not present in phosphaturic mesenchymal tumor of the
mixed epithelial and connective tissue type. Synovial sar-
coma might also show biphasic differentiation. However,
the epithelial component in biphasic synovial sarcoma is
quite distinct from that in phosphaturic mesenchymal tumor
of the mixed epithelial and connective tissue type and may
form glands, tubules, or papillae. Moreover, synovial sar-
coma has more pronounced cytological atypia and mitotic
activity and higher nucleus-to-cytoplasm ratio. Other dif-
ferential diagnoses that should be considered include
sinonasal-type hemangiopericytoma, fibrohistiocytic tumor,
myofibroblastic tumor, and solitary fibrous tumor, due to
fascicular or storiform spindle cell proliferation, staghorn
vessels, and CD68/SMA/CD34 expression. In addition to
use of histology, characteristic clinical features, laboratory
chemistry results, and immunohistochemistry profiles are
equally critical to confirming the final diagnosis of phos-
phaturic mesenchymal tumor of the mixed epithelial and
connective tissue type.

As with other variants of phosphaturic mesenchymal
tumor, despite local invasion of surrounding tissues, phos-
phaturic mesenchymal tumor of the mixed epithelial and
connective tissue type is usually benign, as shown in our
series and in the literature. Most patients are cured with
complete resection, and there is an immediate and dramatic
clinical and biochemical improvement after tumor resection.
However, multiple local recurrence and metastasis have also
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been reported [73]. It is worth noting that phosphaturic
mesenchymal tumor of the mixed epithelial and connective
tissue type may demonstrate a diminution or even dis-
appearance of the epithelial component during tumor pro-
gression, recurrence, and metastasis, and malignant
transformations with significant nuclear atypia and high
mitotic activity may occur, which would likely lead to a
diagnosis of fibrosarcoma or osteosarcoma without know-
ing the medical history. Given that the correlation between
histology and clinical behavior of phosphaturic mesenchy-
mal tumor including the mixed epithelial and connective
tissue type has not been well established, postoperative
clinical, and laboratory follow-up is mandatory.

In summary, our proposed new variant, phosphaturic
mesenchymal tumor arising from alveolar bone, termed
“phosphaturic mesenchymal tumor, mixed epithelial, and
connective tissue type,” is histologically characterized by an
admixture of an epithelial component resembling odonto-
genic epithelium and mesenchymal spindle cells arranged in
a fascicular or storiform pattern that show less prominent
vasculature and lower cellularity than typical phosphaturic
mesenchymal tumor (mixed connective tissue type). We
found that phosphaturic mesenchymal tumor of the mixed
epithelial and connective tissue type shows a poly-
immunophenotypic profile. When tumor-induced osteoma-
lacia is suspected, clinicians should consider this rare variant
of phosphaturic mesenchymal tumor, and periodontal
examinations should be included into clinical routine
workup, especially in younger male patients. Early detection
and complete resection of the tumor will cure the disease.
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