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Abstract: Oncogenic osteomalacia (OO) is a rare paraneoplastic
syndrome of osteomalacia due to phosphate wasting. The phosphatu-
ric mesenchymal tumor (mixed connective tissue variant) (PMT-
MCT) is an extremely rare, distinctive tumor that is frequently asso-
ciated with OO. Despite its association with OO, many PMTMCTs go
unrecognized because they are erroneously diagnosed as other mes-
enchymal tumors. Expression of fibroblast growth factor-23 (FGF-
23), a recently described protein putatively implicated in renal tubular

phosphate loss, has been shown in a small number of mesenchymal
tumors with known OO. The clinicopathological features of 32 mes-
enchymal tumors either with known OO (29) or with features sugges-
tive of PMTMCT (3) were studied. Immunohistochemistry for cyto-
keratin, S-100, actin, desmin, CD34, and FGF-23 was performed. The
patients (13 male, 19 female) ranged from 9 to 80 years in age (median
53 years). A long history of OO was common. The cases had been
originally diagnosed as PMTMCT (15), hemangiopericytoma (HPC)
(3), osteosarcoma (3), giant cell tumor (2), and other (9). The tumors
occurred in a variety of soft tissue (21) and bone sites (11) and ranged
from 1.7 to 14 cm. Twenty-four cases were classic PMTMCT with
low cellularity, myxoid change, bland spindled cells, distinctive
“grungy” calcified matrix, fat, HPC-like vessels, microcysts, hemor-
rhage, osteoclasts, and an incomplete rim of membranous ossifica-
tion. Four of these benign-appearing PMTMCTs contained osteoid-
like matrix. Three other PMTMCTs were hypercellular and cytologi-
cally atypical and were considered malignant. The 3 cases without
known OO were histologically identical to the typical PMTMCT.
Four cases did not resemble PMTMCT: 2 sinonasal HPC, 1 conven-
tional HPC, and 1 sclerosing osteosarcoma. Three cases expressed
actin; all other markers were negative. Expression of FGF-23 was
seen in 17 of 21 cases by immunohistochemistry and in 2 of 2 cases by
RT-PCR. Follow-up (25 cases, 6-348 months) indicated the follow-
ing: 21 alive with no evidence of disease and with normal serum
chemistry, 4 alive with disease (1 malignant PMTMCT with lung me-
tastases). We conclude that most cases of mesenchymal tumor-
associated OO, both in the present series and in the reported literature,
are due to PMTMCT. Improved recognition of their histologic spec-
trum, including the presence of bone or osteoid-like matrix in other-
wise typical cases and the existence of malignant forms, should allow
distinction from other mesenchymal tumors. Recognition of
PMTMCT is critical, as complete resection cures intractable OO. Im-
munohistochemistry and RT-PCR for FGF-23 confirm the role of this
protein in PMTMCT-associated OO.
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Osteomalacia, a metabolic bone disorder resulting from in-
adequate mineralization of osteoid in mature bone, has a

remarkably diverse etiology, ranging from rare inborn errors
of metabolism, such as autosomal dominant hypophospha-
temic rickets and X-linked hypophosphatemic rickets, to more
common processes, such as chronic renal disease. One of the
most unusual types of osteomalacia is oncogenic (or more
properly, oncogenous) osteomalacia (OO), in which systemic
bone demineralization is caused by, and may be cured by re-
section of a neoplasm.87 OO is characterized clinically by bone
pain and fractures, renal phosphate wasting, hypophosphate-
mia, decreased serum 1,25-dihydroxyvitamin D3 levels, and
resistance to vitamin D supplementation.

McCance is traditionally credited with reporting the first
case of OO, although he did not recognize his patient’s femoral
tumor as the cause of her osteomalacia.50 Prader et al were the
first to recognize a neoplasm as the cause of osteomalacia, in their
1957 report of a putative giant cell reparative granuloma of the
rib.72 Subsequently, more than 100 cases of OO have been re-
ported, almost always in the context of case reports or very small
series.2–4,6–10,12,14–16,18–22,24–26,28–34,37,38,41–46,49–57,59–69,

71–79,82–90,92–107,109,110 The overwhelming majority of cases of
OO are associated with soft tissue or bone neoplasms, although
a small number of cases of OO have been reported in associa-
tion with syndromes such as neurofibromatosis-138 and Mc-
Cune-Albright syndrome,46,108 and in patients with carcino-
mas.17,53,55 It has been shown that OO-associated mesenchy-
mal tumors overexpress fibroblast growth factor-23 (FGF-23),
a recently described protein capable of inhibiting renal tubular
epithelial phosphate transport,1 and this is now thought to be
the mechanism underlying most cases of OO.91

Although the overwhelming majority of OO-associated
mesenchymal tumors have been reported as simply “garden
variety” soft tissue and bone tumors of various types (eg, hem-
angiopericytoma, hemangioma, giant cell tumor, osteoblas-
toma), it has been recognized by certain investigators that
many of these tumors are, in fact, quite distinctive, when care-
fully evaluated. Indeed, as early as 1972, Evans and Azzo-
pardi, in reviewing the cases previously reported under a vari-
ety of diagnoses by Prader et al,72 Salassa et al,85 and Castle-
man and McNeeley,13 as well as one of their own, noted “that
they may all consist of a similar cell type.”25 This seminal ob-
servation was nearly simultaneously echoed by Olefsky et al,
who compared their own case to those of Salassa et al and
Castleman et al, and noted them to be “distinctive, recogniz-
able and similar and…not previously…classified.”65 How-
ever, it was not until the landmark 1987 study of Weidner and
Santa Cruz that the term “phosphaturic mesenchymal tumor,
mixed connective tissue variant” (PMTMCT) was coined to
describe these unique lesions, characterized by a distinctive
admixture of spindled cells, osteoclast-like giant cells, micro-
cysts, prominent blood vessels, cartilage-like matrix, and
metaplastic

bone. 103 It should be emphasized that Weidner and Santa
Cruz103 specifically used the term “PMTMCT” to refer to a
morphologically distinct entity, and were not using it in a
purely descriptive manner.

Despite the important contribution of Weidner and Santa
Cruz103 to our understanding of OO-associated mesenchymal
tumors, a review of reported cases of OO since 1987 strongly
suggests that most pathologists and clinicians remain unaware
of PMTMCT as a distinct clinicopathological entity. Indeed, a
recent review article of OO, published in 2000, does not men-
tion the term “PMTMCT.”97 For this reason, we undertook a
clinicopathological and immunohistochemical study of a large
number of OO-associated soft tissue and bone tumors, with the
goal of more completely describing the histopathologic and
immunophenotypic spectrum of these lesions, including ex-
pression of FGF-23. Additionally, we identified a small group
of lesions with histologic features of PMTMCT, but without
known OO. We also comprehensively reviewed those cases of
OO published in the English language literature, paying par-
ticular attention to the microscopic descriptions and published
photomicrographs of the reported tumors.

METHODS
Twenty-nine cases of mesenchymal tumors known to be

associated with OO were retrieved from the personal consul-
tation archives and the institutional files of the authors. Three
of these cases have been previously reported.2,78,112 Three ad-
ditional cases in which the histologic features were felt to be
essentially identical to those of PMTMCT but where a history
of OO was unavailable were also included.

All cases were initially reviewed and classified by one of
us (A.L.F.) without knowledge of the original diagnosis. Sec-
tions from all cases were then circulated to another experi-
enced soft tissue and bone pathologist (J.C.F.-S.), who also
independently classified the cases. These two pathologists
then reached consensus diagnoses for all cases. Five cases
without clinical histories of OO were felt not to show histo-
logic features of PMTMCT and were excluded. The clinical
history of one additional case, an undifferentiated pleomorphic
sarcoma, was judged on further review to be inconsistent with
OO and this case was also excluded.

The 32 cases were reviewed with respect to patient age
and sex, tumor location and size, the pre-biopsy duration of
osteomalacia, the presence of hypophosphatemia and hyper-
phosphaturia (referred to as “typical laboratory findings”), the
findings of any metabolic bone biopsies, type and quality of
matrix, intralesional fat, vascular pattern, perivascular myoid
change, fibrohistiocytic areas (nonossifying fibroma-like), os-
teoclast-like giant cells, aneurysmal bone cyst-like areas, mi-
crocystic change, mitotic figures/10 high powered fields
(HPF), chondroblastoma-like cells, cellularity, nuclear atypia,
necrosis, “grungy” or flocculent calcifications, and woven
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bone. Follow-up information was obtained from the submit-
ting pathologists and clinicians.

In those cases with available blocks or unstained sec-
tions, immunohistochemical studies for pan-cytokeratin
(AE1/AE3, 1:50, Dako Corp., Carpinteria, CA), desmin (D33,
prediluted, Ventana Medical Systems, Tucson, AZ), S-100
protein (polyclonal, 1:800, Dako), smooth muscle actin (1A4,
1:160, Dako), CD34 (QBEND 10, 1:320, Dako Corp.), and
FGF-23 (polyclonal, 1:100, Dr. Michael Econs, Indiana Uni-
versity) were performed. All except one of the cases immuno-
stained for FGF-23 had known phosphaturia. Sections were
deparaffinized and rehydrated. Epitope retrieval was per-
formed in citrate buffer (pH 6) using an electric pressure
cooker, for 5 minutes at 120°C with cooling for 10 minutes
before immunostaining. All tissues were then exposed to 3%
hydrogen peroxide for 5 minutes, primary antibody for 25 min-
utes, biotinylated secondary linking antibody for 25 minutes,
streptavidin enzyme complex for 25 minutes, diaminobenzi-
dine as chromogen for 5 minutes, and hematoxylin as counter-
stain for 1 minute. These incubations were performed at room
temperature; between incubations, sections were washed with
Tris-buffered saline buffer.

The immunostaining was scored as negative (<5% of
cells positive), 1+ (5–25% cells positive), 2+ (26-50% posi-
tive), or 3+ (>50% positive). Immunoreactivity for all antigens
was cytoplasmic except S-100 protein, which showed both
nuclear and cytoplasmic reactivity. As the specificity of the
FGF-23 polyclonal antibody has not been evaluated in forma-
lin-fixed, paraffin-embedded sections, sections from 6 cases of
hemangiopericytoma (HPC)/solitary fibrous tumor without a
history of OO were also immunostained with this antibody, as
controls.

For 2 cases (case nos. 4 and 16), frozen tissue was avail-
able for reverse transcriptase polymerase chain reaction (RT-
PCR) analysis of FGF-23 gene expression. The methods and
the primer sets for this procedure have been reported in detail
elsewhere.11

RESULTS

Clinical Findings
The clinicopathologic features of the 32 cases are de-

tailed in Table 1. For purposes of analysis, the cases were di-
vided into those occurring in soft tissue (n = 18), bone (n = 9),
sinuses (n = 2), and those cases for which a clinical history of
osteomalacia was not available (n = 3). The 18 soft tissue cases
occurred in 7 men and 11 women, who ranged in age from 25
to 77 years (median 54 years). A history of long-standing os-
teomalacia and phosphaturia was present in all cases, ranging
from 9 months to >20 years in duration. A bone biopsy, show-
ing osteomalacia, had been performed in 5 of 18 cases. The
tumors measured between 1.7 and 14 cm in greatest dimension
(median 5.6 cm) and arose in both superficial and deep soft

tissue, most commonly in the thigh (5 cases) and foot (4 cases),
but also in the hand, flank, hip, groin, back, arm, deltoid, lower
leg, and abdominal wall (1 case each). Previous diagnoses for
these cases included PMTMCT (11 cases), “sarcoma,” mesen-
chymal chondrosarcoma, spindle cell lipoma, sclerosing hem-
angioma, “mesenchymal tumor,” HPC with osteoclast-like gi-
ant cells, and tenosynovial giant cell tumor (1 case each). Our
suggested revised diagnoses for these cases were PMTMCT
(16 cases), malignant PMTMCT (1 case), and HPC with os-
teoclast-like giant cells (1 case). Follow-up information, avail-
able for 16 cases (range 0.5-29 years, mean 6.6 years, median
3.5 years) showed all patients to be alive with no evidence of
disease (ANED) and normal serum and urine chemistry val-
ues. One patient is awaiting definitive resection of his tumor as
of the time of this report.

The 9 intraosseous cases occurred in 3 men and 6
women, ranging in age from 9 to 61 years (median 39 years).
The tumor size ranged between 2 and 4 cm in 4 cases and was
not stated in the remaining 5 cases. Locations included the fe-
mur (2 cases), sacrum, phalanx, metacarpal, iliac crest, C1 ver-
tebra, mandible, and tibia (1 case each). A clinical history of
long-standing osteomalacia and hyperphosphaturia was pres-
ent in all 9 cases (duration 1-13 years) and 3 patients also had
metabolic bone biopsies, showing osteomalacia. Previous di-
agnoses for these cases included PMTMCT (2 cases), osteo-
sarcoma (3 cases), atypical enchondroma, atypical giant cell
tumor of bone, HPC, and “benign mesenchymal tumor” (1 case
each). Our suggested revised diagnoses for these cases in-
cluded PMTMCT (5 cases), malignant PMTMCT (2 cases),
and osteosarcoma and atypical enchondroma (1 case each).
Follow-up information, available for 8 cases (range 2-11 years,
mean 4.6 years, median 3.5 years) showed 6 patients to be
ANED with normal serum and urine chemistry values (5 pa-
tients with PMTMCT and one with an atypical enchondroma)
and one patient to be free of tumor and with normalized chem-
istry, but with acute leukemia (the patient with osteosarcoma).
Of the 2 patients with malignant PMTMCT, both have unre-
sectable local recurrences, one has lung and skeletal metasta-
ses, and both have abnormal chemistry values.

The 2 tumors involving the craniofacial sinuses occurred
in the ethmoid and ethmoid/sphenoid sinuses of 46- and 21-
year-old men, respectively. Both patients had clinical evidence
of osteomalacia for >2 years; neither had a metabolic bone bi-
opsy. These cases had been previously diagnosed as HPC and
“perivascular myoid cell tumor”; our suggested diagnosis for
both cases was a variant of a sinonasal HPC-like tumor. Both
patients are ANED with normalized chemistry values, at 12
years and 2 years of follow-up, respectively.

The 3 cases that did not have a clinical history of osteo-
malacia but were judged to be histologically essentially iden-
tical to PMTMCT occurred in the ischium of an 80-year-old
man (case no. 30), the soft tissue of the leg of a 62-year-old
man (case no. 31), and the pelvic soft tissue of a 48-year-old
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TABLE 1. Clinical Features and Diagnoses

Location Age (yr)/Sex Location Size (cm) Duration of Osteomalacia

Soft tissue
1 41F Foot 4 12 years

2 43F Thigh 5.2 9 months

3 73M Hip 7.5 Unknown
4 56M Groin 3.5 2 years

5 53F Foot 2.5 Several years
6 25F Thigh 12 1 year
7 54M Back 3.8 Unknown
8 71F Forearm Unknown 5 months
9 62F Thigh 3.5 3 years

10 53M Leg and calf 10 20 years

11 54M Foot Unknown 5 years
12 47F Deltoid Unknown 12 years
13 61F Hand 12 6 years

14 65F Foot 10 2 years

15 37M Thigh 1.7 9 months

16 53F Thigh 2 Long-standing

17 77F Abdominal wall 6 Long-standing

18 46M Flank 14 Long-standing

Intraosseous
19 14M Sacrum 3.5 1 year

20 54F 4th finger Small 5–6 years

21 60F Left femur 2.5 3 years
22 32F C1 vertebra Unknown 4 years

23 61F Metacarpal Unknown Unknown
24 59M Right femur Unknown 2 years

25 39M Iliac crest Unknown 13 years

26 9F Mandible 2 2 years
27 27F Tibia 4 Uncertain
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TABLE 1. Continued

Follow-up Original Diagnosis Revised Diagnosis Comments

Recurred at 10 years, resected 2
years later. ANED, normal
chemistry

PMTMCT PMTMCT

ANED 1 year, normal chemistry Sarcoma with vascular
immunophenotype

PMTMCT Tumor identified only with
octreotide scan

ANED 9 years Spindle cell lipoma PMTMCT
ANED 12 months, normal

chemistry
PMTMCT PMTMCT FGF-23 positive by RT-PCR; tumor

identified only with octreotide
scan

ANED 6 months, normal chemistry PMTMCT PMTMCT
Unknown PMTMCT PMTMCT
ANED 1 year, normal chemistry PMTMCT PMTMCT
ANED 3 years, normal chemistry Sclerosing hemangioma PMTMCT
ANED 11 months, normal

chemistry
PMTMCT Malignant PMTMCT

Recurred at 4 years, reexcised;
ANED 9 years, normal chemistry.

PMTMCT PMTMCT

Pending resection PMTMCT PMTMCT
ANED 29 years, normal chemistry Mesenchymal tumor PMTMCT
ANED 4 years, normal chemistry Giant cell tumor of tendon

sheath
PMTMCT

ANED 14 years, normal chemistry;
foot was amputated

PMTMCT PMTMCT

ANED 2 years, normal chemistry Hemangiopericytoma with
osteoclast-like giant cells

Hemangiopericytoma with
osteoclast-like giant cells

ANED 13 months, normal
chemistry

PMTMCT PMTMCT FGF-23 positive by RT-PCR

ANED 13 months, normal
chemistry

PMTMCT PMTMCT

ANED 7 years, normal chemistry Mesenchymal
chondrosarcoma

PMTMCT Reported by Zura 1999 as
“mesenchymal chondrosarcoma”

No evidence of recurrence; received
neo-adjuvant chemotherapy; now
with acute leukemia

Sclerosing osteosarcoma Sclerosing osteosarcoma Reported in NEJM CPC 2001-29

ANED 3 years, normal chemistry Atypical enchondroma Enchondroma with cytologic
atypia

ANED 4 years, normal chemistry Low-grade osteosarcoma PMTMCT
Normal chemistry after initial

resection; unresectable recurrence
at 2 years; received radiotherapy;
AWD and abnormal chemistry at
3 years

PMTMCT Malignant PMTMCT

Lost to follow-up Atypical giant cell tumor PMTMCT
ANED 13 years, normal chemistry;

received adjuvant radiotherapy
Hemangiopericytoma PMTMCT

ANED 3 years, normal chemistry;
received chemotherapy

Osteosarcoma PMTMCT

ANED 5 years, normal chemistry PMTMCT PMTMCT Reported by Reyes-Mugica 2000
Persistent hypophosphatemia,

unresectable local recurrence,
lung and bone metastases at 4
years

Benign mesenchymal tumor Malignant PMTMCT
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woman (case no. 32). In 2 cases, the original diagnosis was that
of a mesenchymal tumor with features of PMTMCT. Case no.
31 was reported elsewhere as a “chondroblastoma of soft
parts.”35 Case no. 30 subsequently underwent a resection of his
tumor at another hospital, where the diagnosis of an “osteosar-
coma” was made (slides not made available for review). Case
no. 31 had an aggressive local recurrence, necessitating below-
knee amputation, and is ANED 4 years later. Case no. 32 was
lost to follow-up.

Histopathological Findings
The relative frequency of the evaluated histopathologi-

cal features in the 32 cases is summarized in Table 2. The his-
topathologic features of the 27 cases judged to be PMTMCT or
malignant PMTMCT were similar from case to case, and in
both soft tissue and bone. A prototypical PMTMCT is illus-
trated in Figure 1. The neoplastic cells were usually spindled to
stellate in shape, with normochromatic, small nuclei, and in-
distinct nucleoli. In occasional cases, the cells were more
rounded or “glomoid” in appearance. In the great majority of
cases, the nuclear grade was low, with only a small number of
cases showing moderate nuclear enlargement and variability.
Those few cases judged to have high nuclear grade showed
prominent nuclear enlargement, coarse chromatin, and bizarre
nuclear shapes. Mitotic activity was usually absent or very low
(<1/10 HPF). Cellularity was usually quite low, with occa-
sional cases showing focal areas of moderate cellularity. Al-
though most cases appeared relatively well circumscribed at
low-power magnification, infiltration of surrounding connec-
tive tissues was present in all cases, including entirely benign-
appearing ones (Fig. 2). Cases considered histologically ma-

lignant showed at least focal areas of high cellularity, high
nuclear grade, and mitotic activity of >5/10 HPF and re-
sembled an undifferentiated spindle cell sarcoma (malignant
fibrous histiocytoma or fibrosarcoma-like).

The various matrices produced by PMTMCT are illus-
trated in Figure 3. The cells of PMTMCT were typically em-
bedded within a myxoid to myxochondroid matrix, which pro-
gressively hyalinized and showed distinctive “grungy” or floc-
culent calcification. Microcystic change, creating a “sieve-
like” or “net-like” appearance, was common. In areas the
matrix closely resembled chondroid or osteoid. Osteoid-like
matrix was seen in both in soft tissue and bone tumors and was
typically associated with cytologically bland cells. A frequent
finding, particularly in those cases with abundant calcified ma-
trix, was the presence of numerous osteoclast-like giant cells
and an adjacent proliferation of plump spindled cells arranged
in a storiform or fascicular pattern, reminiscent of giant cell
tumor of bone with a prominent fibrohistiocytic reaction. In a
subset of cases, these giant cell and fibrohistiocytic areas were
juxtaposed to large, blood-filled lakes. More than 50% of soft
tissue PMTMCT also showed a partial shell of woven bone. A
small number of cases contained clusters of “chondroblast-
like” cells, characterized by eosinophilic cytoplasm, eccentri-
cally placed nuclei, and nuclear folds and grooves. A variable
amount of mature fat was frequently present and appeared to
represent adipocytic differentiation by the neoplastic cells.

A very prominent feature of PMTMCT was its elaborate
intrinsic microvasculature, as illustrated in Figure 4. The ves-
sels in these tumors ranged from purely capillary-sized in some
cases to thicker walled and hyalinized in others (HPC-like). An
admixture of vascular patterns was common. However, the

TABLE 1. Continued

Location Age (yr)/Sex Location Size (cm) Duration of Osteomalacia

Craniofacial sinuses
28 46M Ethmoid sinus 5 3 years

29 21M Ethmoid/sphenoid sinuses Unknown 2 years

Without known phosphaturia
30 80M Ischium 5 Unknown

31 62M Leg 4 No clinical history of
osteomalacia or
phosphaturia

32 48F Pelvic bone Unknown Unknown
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uniformly distributed, “staghorn” branching pattern of thick-
walled, hyalinized blood vessels seen in soft tissue HPC
was not a feature of any case. In a subset of cases, perivascu-
lar myoid change, similar to that seen in myofibroma, was
present.

The cases from the craniofacial sinuses were generally
similar in appearance, and somewhat different from those aris-
ing in soft tissue or bone. Both tumors consisted of low to at
most focally moderately cellular proliferations of bland, round
to oval cells, with focal areas of myoid-appearing spindled
cells (Fig. 5A). These cells were arranged around an elaborate,
thick-walled vasculature. One case showed focal adipocytic
differentiation, but other features typical of PMTMCT (eg,
matrix, osteoclasts) were not present in either case. The ap-
pearance of these two tumors was most reminiscent of a variant
of a sinonasal HPC.

One soft tissue and 2 intraosseous tumors did not show
convincing features of PMTMCT. The tumor arising in
soft tissue (case no. 15) closely resembled a conventional
HPC/solitary fibrous tumor, with the exception of small
aggregates of osteoclast-like giant cells (Fig. 5B). One of
the bone cases (case no. 20) appeared to be a classic enchon-
droma with some nuclear enlargement and occasional bi-
nucleated chondrocytes (Fig. 5C). The prechemotherapy bi-
opsy of the other bone case (case no. 19) showed large amounts
of lace-like, partially mineralized bone lined by round to
spindled cells and rare osteoclasts (Fig. 5D). Although a
branching vascular pattern was focally present, the tumor was
felt to be a sclerosing osteosarcoma. The postchemotherapy
resection showed extensive necrosis with acellular neoplastic
bone.

RT-PCR Findings
In 2 cases, total tumor RNA was reverse transcribed and

the cDNA amplified with primers in the 3� untranslated region
of FGF-23. In both cases, a 303-bp band representing FGF-23
was present in the tumor lane but not in the control lane (Fig.
6A, B).

Immunohistochemical Findings
Three of 12 cases, including 1 of the craniofacial sinus

cases, were focally positive (1+) for smooth muscle-specific
actin. All cases were negative for CD34 (0 of 17), S-100 pro-
tein (0 of 17), desmin (0 of 14), and cytokeratin (0 of 13).
Granular, cytoplasmic staining with the FGF-23 polyclonal
antibody was seen in 16 of 20 OO-associated cases (3+ in 6, 2+
in 6, 1+ in 4) and in 3 of 6 HPC/solitary fibrous tumors without
known phosphaturia (2+ in 1, 1+ in 2) (Fig. 6C, D). Sections
from 1 of the 3 PMTMCT without known phosphaturia were
available for study; this case showed 1+ immunoreactivity.
Staining of the extracellular matrix was also present in the OO-
associated cases. No immunoreactivity was noted in non-
neoplastic skeletal muscle, smooth muscle, or fat, although
granular staining was also seen in osteoclasts and endothelial
cells, possibly representing unblocked endogenous peroxi-
dases.

DISCUSSION
Although as early as 1972 investigators such as Evans

and Azzopardi25 and Olefsky et al65 appreciated that OO-
associated mesenchymal tumors were in most cases histologi-
cally distinctive and unlike any other known mesenchymal tu-

TABLE 1. Continued

Follow-up Original Diagnosis Revised Diagnosis Comments

Recurred 1 year after original
surgery, reexcised; ANED 12
years, normal chemistry

Hemangiopericytoma Probable variant of sinonasal
hemangiopericytoma-like
tumor

ANED 2 years, normal chemistry Perivascular myoid tumor Probable variant of sinonasal
hemangiopericytoma-like
tumor

Alive with disease 12 months Mesenchymal tumor with
features of PMTMCT

Probable PMTMCT Resected at a second institution and
diagnosed as osteosarcoma; slides
not made available for review

Aggressive local recurrence 6
months after surgery, resulting in
BKA; ANED 4 years later

“Chondroblastoma of soft
parts”

Probable PMTMCT Reported by Granados 2003 as
“chondroblastoma of soft parts”

ANED 6 years, normal chemistry Mesenchymal tumor with
features of PMTMCT

Probable PMTMCT Case from foreign country; patient
lost to follow-up and no clinical
history available
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mor, this concept does not appear to have been widely em-
braced in the following years. This is reflected in the wide
variety of diagnoses given in the roughly 20 cases reported
between 1972 and 1987, including hemangiopericytoma, giant
cell tumor of bone, sclerosing hemangioma, and angioli-
poma.3,4,6,10,19,20,22,26,30,33,47,48,59,69,80,82,83,90,95,98,102,105,110

In 1987, as noted above, Weidner and Santa Cruz103 published
the first comprehensive study of OO-associated mesenchymal
tumors and coined the term “phosphaturic mesenchymal tu-
mor, mixed connective tissue variant.” As part of this seminal
series, those cases previously published under a variety of di-
agnoses19,26,33,85,102,105 were re-reviewed and reclassified as
PMTMCT. Additionally, Weidner and Santa Cruz103 reclassi-
fied those cases previously reported by others10,30,110 as osteo-

blastoma-like PMT, the cases reported by others6,70 as nonos-
sifying fibroma-like PMT, and the case of Nomura as an ossi-
fying fibroma-like PMT.59

Despite the efforts of Weidner and Santa Cruz,103 how-
ever, the concept that most OO-associated mesenchymal tu-
mors might in fact represent a single histopathological entity
appears subsequently to have been largely misunderstood, ig-
nored, or unknown by most pathologists and clinicians. This
statement is supported, we think, by the data collected in Table
3. This table details the clinical and pathologic features, re-
ported diagnoses, and our suggested revised diagnoses for
nearly all previously published cases of OO-associated mes-
enchymal tumors in the English language literature (109
cases). This table specifically does not include cases of OO

TABLE 2. Histopathological Features

Feature
Soft Tissue

Cases (N = 18) (%)
Bone Cases
(N = 9) (%)

Cases Without Known
Phosphaturia
(N = 3) (%)

Matrix quality
Chondroid-like 12 (67) 3 (33) 2 (67)
Myxoid 4 (22) 2 (22) 1 (33)
Osteoid-like 2 (11) 4 (44) 0 (0)
Not present 1 (6) 0 (0) 0 (0)

“Grungy” calcification 14 (78) 3 (33) 3 (100)
Peripheral woven bone shell 11 (61) 0 (0) 0 (0)
Intralesional fat 8 (47) 0 (0) 1 (33)
Blood vessels

HPC-like 11 (65) 6 (67) 1 (33)
Capillary sized 7 (39) 1 (11) 2 (67)
Not prominent 0 (0) 2 (22) 0 (0)

Perivascular myoid change 7 (39) 2 (22) 0 (0)
Microcystic change 9 (50) 1 (11) 2 (67)
Fibrohistiocytic reaction 4 (22) 0 (0) 1 (33)
Osteoclasts 12 (67) 5 (56) 2 (67)
Aneurysmal bone cyst-like change 3 (17) 2 (22) 1 (33)
Chondroblast-like cells 3 (17) 4 (44) 2 (67)
Cellularity

Low 13 (76) 5 (56) 3 (100)
Moderate 3 (17) 4 (44) 0 (0)
High 2 (12) 0 (0) 0 (0)

Nuclear grade
Low 15 (83) 6 (67) 3 (100)
Intermediate 1 (6) 3 (33) 0 (0)
High 2 (12) 0 (0) 0 (0)

Necrosis 1 (9) 0 (0) 0 (0)
Mitotic activity

0–1/10 HPF 13 (72) 9 (100) 3 (100)
2–5/10 HPF 1 (6) 0 (0) 0 (0)
>5/10 HPF 4 (22) 0 (0) 0 (0)
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that have been reported in association with syndromes such as
neurofibromatosis type 1,38 McCune Albright syndrome,46,108

polyostotic fibrous dysplasia,68 or epidermal nevus syn-

drome.5 Similarly, cases of OO reported in association with
disseminated carcinomas are not included in this re-
view.17,53,55

FIGURE 1. PMTMCTs typically have a variegated appearance, which may account for their misdiagnosis as various other mes-
enchymal neoplasms. However, as illustrated by this prototypical PMTMCT (case no. 4), they are most fundamentally composed
of small, bland, spindled cells that produce a distinctive smudgy matrix, with a well-developed capillary network (A). This matrix
calcifies in an unusual flocculent or “grungy” pattern (B), and this calcified matrix often provokes an osteoclast-rich reaction (C).
A subset of cases also show a prominent fibrohistiocytic reaction and woven bone production (D).
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It is apparent from this review that the great majority of
these (principally) case reports appeared in non-pathology
journals, where the nature of the actual neoplasm appears to
have been of far less concern than the manner of therapy or the
clinical outcome. In many of these reports, it is impossible to
independently assess the rendered diagnosis, owing to the ab-
sence of any microscopic description or photomicrograph. It is
also apparent that a substantial number of previous cases have
been reported either with purely descriptive diagnoses (eg,
“benign vascular tumor containing numerous giant cells…”),
with diagnoses widely acknowledged as potential “diagnostic
wastebaskets” (eg, hemangiopericytoma), or with somewhat
dubious diagnoses (eg, nasal angiofibroma in an older
woman). Significantly, >30 of these cases have been re-
reviewed by other authors in the context of previous series
of OO-associated mesenchymal tumors and reclassified as
PMTMCT.25,65,68,103 Lastly, although these tumors have been
reported under many different names, the provided micro-
scopic descriptions and photomicrographs of many of these
cases are remarkably similar in their depiction of highly vas-
cular neoplasms with numerous osteoclasts and calcified ma-
trix. As indicated in Table 3, our careful review of the reports
of these 109 cases suggests that 75 (69%) are, in our opinion,
best considered PMTMCT, variants of PMT (eg, osteoblas-

toma-like), or probable PMTMCT. Of the remaining cases, 7
appear to be bone fide examples of other tumor types, such as
osteosarcoma, and there are insufficient data for evaluation in
the remaining 27 cases. Although we certainly acknowledge
that there could be differences in opinion over the classifica-
tion of individual cases, it appears to us incontrovertible that
unrecognized PMTMCTs account for a significant preponder-
ance of cases of OO.

In this series, we regarded three PMTMCTs as histologi-
cally malignant, on the basis of at least focal areas of high
nuclear grade, high cellularity, and elevated mitotic activity
(Fig. 7). Follow-up in these 3 cases (case nos. 9, 22, and 27)
showed 1 patient to have had multiple systemic metastases and
an aggressive local recurrence, 1 patient to have an unresect-
able local recurrence in the skull, and one patient to be disease
free. Histologically malignant PMTMCTs are extremely rare,
with only two reported examples, both of which metasta-
sized.62,103 There are also 4 cases reported under other names
that we think are most likely histologically malignant
PMTMCT.36,47,68,80

Although it seems likely that the great majority of cases
of OO are caused by a single entity, PMTMCTs are clearly not
the only mesenchymal tumors that may cause OO. In the cur-
rent series, both of the craniofacial sinus lesions lacked typical

FIGURE 2. An infiltrative growth pattern is commonly seen in otherwise benign-appearing PMTMCTs of both bone and soft tissue.
At low power, this bone tumor infiltrates among preexisting bony trabeculae (A). Although this growth pattern suggests a
malignant tumor, higher power examination shows the tumor to be a typical PMTMCT (B).

Folpe et al Am J Surg Pathol • Volume 28, Number 1, January 2004

10 © 2003 Lippincott Williams & Wilkins



features of PMTMCT and, instead, more closely resembled
sinonasal HPC.27 Study of additional OO-associated mesen-
chymal tumors from the craniofacial sinuses will be necessary
to determine whether our finding is a chance occurrence or

truly evidence that OO-associated tumors in this location are
different from those in soft tissue and bones. Three other cases
in the present series were also not classifiable as PMTMCT: a
sclerosing osteosarcoma, a cytologically atypical enchon-

FIGURE 3. Matrix production in PMTMCT. The most common matrix seen in PMTMCT has a smudgy eosinophilic quality, with
patchy, basophilic calcification (A). In subsets of cases, however, the matrix may resemble chondroid (B) or osteoid (C), prompt-
ing consideration of either a chondroblastic or osteoblastic neoplasm. A partial shell of woven bone is also present in >60% of soft
tissue PMTMCT (D).
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droma, and an HPC with osteoclast-like giant cells. This scle-
rosing osteosarcoma has been previously reported,2 and we are
aware of 3 other well-documented osteosarcomas with
OO.37,39,68 Other well-documented cases of OO have been re-

ported in association with apparently believable hemangiomas
of bone20 and sinonasal HPC.63

We are uncertain why none of the cases in the present
series corresponded to the osteoblastoma-like, nonossifying fi-

FIGURE 4. Vasculature in PMTMCT. PMTMCTs most commonly contain large numbers of small capillaries (A). In some cases,
however, the vessels may be of thicker caliber (B) and mimic those seen in hemangiopericytoma/solitary fibrous tumor (C). Less
commonly, the nested arrangement of the tumor cells around small capillaries suggests a neuroendocrine neoplasm, such as
paraganglioma (D).
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broma-like or ossifying fibroma-like variants of PMT, as de-
scribed by Weidner and Santa Cruz.103 This may reflect the
rarity of these unusual variants of PMTMCT. Alternatively,

there may be interobserver variability in the subclassification
of PMT, such that an individual case could be classified as
either a PMTMCT or another variant, depending on the rela-

FIGURE 5. Not all phosphaturia-associated mesenchymal tumors in this study were PMTMCTs. The two sinonasal tumors con-
sisted of small, myoid-appearing cells arranged around small vessels, and lacked the distinctive matrix seen in all PMTMCTs (A).
Three other cases were histologically typical hemangiopericytoma/solitary fibrous tumor (B), enchondroma (C), and sclerosing
osteosarcoma (D), respectively.
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tive weight one assigned to certain histologic features, such as
the spindled cells and matrix, or osteoid and bone.

It is likely that the rarity of PMTMCTs and their poly-
morphous histologic appearance account in large part for their
frequent misdiagnosis. Although the prominent HPC-like vas-
culature and numerous osteoclast-like giant cells often found

in PMTMCTs have been emphasized as critical to its diagno-
sis, this seems to us to miss the essence of this neoplasm.
PMTMCT is, we think, most fundamentally characterized by a
highly vascular proliferation of bland, spindled to stellate cells,
which produce an unusual “smudgy” matrix. It is these
spindled cells that appear to express FGF-23 by immunohisto-

FIGURE 6. Expression of FGF-23 in PMTMCT, shown by RT-PCR in case no. 16 (A and B) and by immunohistochemistry in case
no. 9 (C and D).
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TABLE 3. Reported Cases of Oncogenic Osteomalacia-Associated Mesenchymal Tumors in the English Language Literature
(109 Cases)

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

McCance
1947 (50)

15F Femur Hyaline matrix,
osteoid,
calcifications,
highly cellular
and vascular
tissue with
osteoclasts

ANED Did not recognize
the tumor as the
cause of the
vitamin D
resistant
osteomalacia/
rickets

“Degenerating
osteoid”

PMTMCT

Prader 1959
(72)

11F Rib Description not
available in
English

ANED Case reviewed by
Evans and
Azzopardi—felt
to be identical to
their case and not
GCRP

Giant cell
reparative
granuloma

Probable
PMTMCT

Salassa 1970
(85)

38M Groin Not given ANED, normal
chemistry

Slides reviewed by
Olefsky 1972 and
Weidner
1987—reinterpreted
as PMTMCT

Sclerosing
hemangioma
with bone
formation

PMTMCT

30M Thigh Not given ANED, normal
chemistry

Slides reviewed b
Olefsky 1972 and
and Weidner
1987—reinterpreted
as PMTMCT

Sclerosing
hemangioma

PMTMCT

Evans and
Azzopardi
1972 (25)

45F Femur Highly vascular
with many
osteoclasts,
myxoid

AWD, abnormal
chemistry

Also reviewed cases
reported by
Prader 1959,
McCance 1974
and Howard
1965—regarded
all as similar to
reported case

Unusual type of
primary bone
tumor

PMTMCT

Olefsky
1972 (65)

40M Pharynx Typical
PMTMCT

ANED,
hyperparathyroid

Also reviewed cases
reported by
Salassa 1970 and
NEJM case
record 38-1965—
reclassified all as
PMTMCT

Ossifying
mesenchymal
tumor

PMTMCT

Linovitz
1976 (47)

36M Soft tissue near
knee

HPC-like areas
merging with
osteoid

Dead of other
causes at 6
months

Hemangioperi-
cytoma

Probable
PMTMCT

54M Soft tissue near
knee

Provided
illustration of
recurrent tumor
shows a
pleomorphic
sarcoma,
without features
of
angiosarcoma

ANED, normal
chemistry

Diagnosed
initially as
sclerosing
hemangioma
with bone
formation;
recurrence
diagnosed as
angiosarcoma

Probable
PMTMCT,
histologically
malignant in
recurrence

Drezner
1977 (22)

42F Iliac crest Fibroblastic
proliferation
with many
osteoclastic
giant cells

Recurred at 7
years—no
further
follow-up

Giant cell tumor Insufficient data
for analysis
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TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

Yoshikawa
1977
(110)

18M Metacarpal Fibrous tissue
with irregular
osteoid
deposition and
osteoclasts

ANED, normal
chemistry

Reviewed by
Weidner
1987—reclassified
as PMT,
osteoblastoma-like

Osteoblastoma PMT,
osteoblastoma-
like

18F Humerus Fibrous tissue
with irregular
osteoid
deposition and
osteoclasts, also
foamy
histiocytes

ANED, normal
chemistry

Reviewed by
Weidner
1987—reclassified
as PMT,
osteoblastoma-like

Osteoblastoma PMT,
osteoblastoma-
like

Daniels
1979 (20)

34M Iliac crest Typical
hemangioma

ANED, normal
chemistry

Sclerosing
hemangioma

Hemangioma of
bone

Parker 1981
(69)

15M Radius Not provided ANED, normal
chemistry

Tumor of
“fibroblast cell
type”

Insufficient data
for analysis

Linsey 1982
(48)

54F Nasopharynx Uniform small
spindled cells,
giant cells,
many small
blood vessels,
small bone
islands

ANED, normal
chemistry

Nasal
angiofibroma

PMTMCT

Agus 1983
(4)

56F Foot Not provided ANED, normal
chemistry

Lesion is described
as small and
barely palpable
yet patient was
treated with BKA

Sclerosing
hemangioma

Insufficient data
for analysis

Ryan 1984
(82)

60M Popliteal fossa Spindled and
round cells
arranged in
sheets, many
osteoclasts

AWD, abnormal
chemistry

Giant cell tumor
of soft tissue

PMTMCT

Shenker and
Grekin
1984

55M Neck Admixture of fat,
small blood
vessels and
osteoid-like
material

ANED, normal
chemistry

Angiolipoma PMTMCT

Firth 1985
(26)

44M Femur Not provided Recurred at 3
years,
amputated; lung
metastases
resected at 4
and 6 years;
ANED at 14
years.

Reviewed by
Weidner
1987—reclassified
as malignant
PMTMCT

Diagnosed
initially as
chondroblastoma,
amputation and
lung metastases
diagnosed as
“atypical but
resembled
malignant
chondrosarcoma”

Malignant
PMTMCT

Ryan 1986 45F Forearm HPC-like areas
with osteoclasts
and metaplastic
bone

ANED, normal
chemistry

Hemangioperi-
cytoma

Probable
PMTMCT

Cotton 1986
(19) and
Cai 1994
(12, 18)

48F Soft tissue near
knee

Highly vascular,
loose fibrous
tissue, fat,
myxoid change

Recurred 18 years
after initial
surgery;
postoperatively
ANED

Case reported
originally by
Cotton and
re-reported by
Cai; reviewed by
Weidner
1987—reclassified
as PMTMCT

Angiofibroma or
sclerosing
hemangioma

PMTMCT
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TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

Gitelis
1986 (33)

44F Forearm Provided
illustration are
consistent with
a hemangio-
pericytoma of
usual type

ANED, normal
chemistry

Reviewed by
Weidner
1987—reclassified
as PMTMCT

Hemangioperi-
cytoma

PMTMCT

Rico 1986
(80)

31M Thigh Moderately
pleomorphic
spindled cells,
osteoid like
matrix,
osteoclasts

ANED, normal
chemistry

“Giant cell
fibrous
malignant
histiocytoma”

PMTMCT,
possibly
histologically
malignant

McClure
and Smith
1987 (51)

60F Femur HPC-like areas,
osteoclasts,
mature bone

Re-excised after
recurrence;
ANED with
normal
chemistry

Hemangioperi-
cytoma

Probable
PMTMCT

Reid 1987
(76)

57F Ankle Poorly developed,
partically
calcified
cartilage,
osteoclasts,
fibrovascular
stroma

ANED, normal
chemistry

Mixed
mesenchymal
tumor

PMTMCT

Prowse
1987 (73)

73M Semitendinosis
tendon

Sheets of rounded
cells with
histiocytic and
fibroblastic
features and
numerous
osteoclasts,
unmineralized
bone

ANED, normal
chemistry

Tenosynovial
giant cell
tumor, diffuse
type

Probable
PMTMCT

Am J
Med. CPC
1987 (3)

61M Deltoid Highly vascular
tumor
containing
numerous giant
cells, cartilage
and bone

Not given Diagnosed
initially as
sclerosing
hemangioma,
recurrence
diagnosed as
“benign
vascular tumor
containing
numerous giant
cells, cartilage
and bone”

PMTMCT

Weidner
and Santa
Cruz 1987
(103)

34M Groin Typical
PMTMCT

ANED, normal
chemistry

Reported by Salassa
1970 as
“sclerosing
hemangioma with
focal bone”

PMTMCT PMTMCT

27F Thigh Typical
PMTMCT

ANED, normal
chemistry

Reported by Salassa
1970 as
“sclerosing
hemangioma”

PMTMCT PMTMCT

35F Maxillary sinus Typical
PMTMCT

ANED, normal
chemistry

Reported by
Weidner 1985 as
“primitive
mesenchymal
tumor”

PMTMCT PMTMCT

Am J Surg Pathol • Volume 28, Number 1, January 2004 Phosphaturic Mesenchymal Tumors

© 2003 Lippincott Williams & Wilkins 17



TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

33M Hand Typical
PMTMCT

ANED, normal
chemistry

Reported by
Weidner 1985 as
“soft parts
chondroma-like
with giant cells”

PMTMCT PMTMCT

63F Ulna Typial PMTMCT ANED, normal
chemistry

Reported by
Weidner 1985 as
“osteocartilaginous
mesenchymal
tumor”

PMTMCT PMTMCT

45F Soft tissue near
knee

Typical
PMTMCT

ANED, normal
chemistry

Reported by Cotton
1986 and Cai 1994
as “benign
angiofibroma”

PMTMCT PMTMCT

44F Forearm Typical
PMTMCT

ANED, normal
chemistry

Reported by Gitelis
1986 as
“hemangioperi-
cytoma”

PMTMCT PMTMCT

44M Femur Typical
PMTMCT

Lung metastases
at 4 and 6
years, AWD at
12 years

Reported by Firth
1985 as
“chondro-
blastoma” and
“chondro-
sarcoma”

PMTMCT PMTMCT

61M Deltoid Typical
PMTMCT

ANED, normal
chemistry

Reported by Taylor
1988 as “benign
mesenchymal
neoplasm”

PMTMCT PMTMCT

57M Ankle Typical
PMTMCT

ANED, normal
chemistry

PMTMCT PMTMCT

13M Metacarpal Vascular,
fibroblastic
tissue with
irregular
osteoid,
osteoclasts and
foamy
histiocytes

ANED, normal
chemistry

Reported by
Yoshikawa 1977
as “osteo-
blastoma”

PMT,
osteoblastoma-
like

PMT,
osteoblastoma-
like

13F Humerus Vascular,
fibroblastic
tissue with
irregular
osteoid,
osteoclasts and
foamy
histiocytes

ANED, normal
chemistry

Reported by
Yoshikawa 1977
as “osteo-
blastoma”

PMT,
osteoblastoma-
like

PMT,
osteoblastoma-
like

24F Tibia Vascular,
fibroblastic
tissue with
irregular
osteoid,
osteoclasts and
foamy
histiocytes

ANED, normal
chemistry

Reported by
Fukumoto 1979
as “osteoid with
osteoblasts”

PMT,
osteoblastoma-
like

PMT,
osteoblastoma-
like

18M Sacrum Vascular,
fibroblastic
tissue with
irregular
osteoid,
osteoclasts and
foamy
histiocytes

ANED, normal
chemistry

Reported by Boriani
1978 as
“osteoblastoma”

PMT,
osteoblastoma-
like

PMT,
osteoblastoma-
like
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TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

7.5M Radius Spindled cells in
storiform pattern,
osteoclasts and
hemorrhage,
minimal
vascularity

ANED, normal
chemistry

Reported by Pollack
1973 as
“non-ossifying
fibroma”

PMT,
nonossifying
fibroma-like

PMT,
nonossifying
fibroma-like

13F Femur Spindled cells,
storiform,
osteoclasts and
hemorrhage,
minimal
vascularity

ANED, normal
chemistry

Reported by Asnes
1981 as
“non-ossifying
fibroma”

PMT,
nonossifying
fibroma-like

PMT,
nonossifying
fibroma-like

27M Mandible Spindled cells in
storiform
pattern,
osteoclasts and
osteoid,
moderate
vascularity

Recurred at 1.5
months,
subsequently
ANED, normal
chemistry

Reported by
Nomura 1981 as
“osteosarcoma”

PMT, ossifying
fibroma-like

PMT, ossifying
fibroma-like

Sparagana
1987 (94)

19M Tibia Not given ANED, normal
chemistry

Nonossifying
fibroma

Insufficient data
for analysis

53M Calvarium Very cellular,
spindle-shaped
cells arranged
in bands, few
mitoses

ANED, normal
chemistry

Diagnosed
initially as
angiosarcoma,
second
resection
diagnosed as
low-grade
fibrosarcoma

Insufficient data
for analysis

Taylor 1988
(99)

57M Deltoid Admixture of
spindled cells,
hemangioma-like
regions,
osteoclasts,
chondroid-like
calcified matrix

ANED, normal
chemistry

Reviewed by
Weidner 1987
(prior to
publication)—
classified as
PMTMCT

Initially diagnosed
as sclerosing
hemangioma,
second
resection
diagnosed as
“mixed
mesencymal
tumor”

PMTMCT

Papotti 1988
(66)

62M Soft tissue near
knee

Microcystic, bland
spindled cells,
granular
eosinophilic
material, many
vessels

ANED, normal
chemistry

“HPC-like/micro-
cystic”

PMTMCT

24F Thigh Cartilage-like
nodules,
myxoid stroma,
bland stellate
cells,
microcysts,
osteoclasts

ANED, normal
chemistry

“Chondroid/giant
cell tumor”

PMTMCT

38F Nasal cavity Microcystic, bland
spindled cells,
granular
eosinophilic
material, many
HPC-like
vessels

ANED, normal
chemistry

“HPC-like/micro-
cystic”

PMTMCT
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TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

Nuovo 1989
(60)

9M Femur HPC-like areas
with prominent
bone and osteoid
deposition

ANED, normal
chemistry

Also reported by
Chalew
1996-cultured tumor
cells implanted in
mice resulted in
hypophosphatemia

Hemangioperi-
cytoma

Probable
PMTMCT

56F Soft tissue of foot Admixture of
small and large
vessels, hyalinized
areas, nodular
acellular
basophilic matrix
similar to cartilage

ANED, normal
chemistry

Tenosynovial
hemangioendo-
thelioma, benign

PMTMCT

13F Femur Fibroblastic cells
with storiform
pattern, scattered
giant cells,
unusually
prominent
vascular pattern

ANED, normal
chemistry

Highly vascular
nonossifying
fiborma

Nonossifying
fibroma

Cheng 1989
(15)

49F Navicula Pleomorphic
spindled cells,
osteoclasts,
myxoid areas,
chondroid-like
matrix, osteoid

Amputation
subsequently
ANED, normal
chemistry

Reviewed by Park
1994—reclassified
as PMTMCT

Osteosarcoma PMTMCT

McGuire
1989 (52)

34F Thigh Uniform, small
mesencymal cells,
eosinophilic
matrix, numerous
small blood
vessels

ANED, normal
chemistry

Provided
illustrations very
similar to cases in
the present series

“Benign
undifferentiated
soft tissue tumor
of mesenchymal
origin”

PMTMCT

Nitzan 1989
(58)

34M Maxilla “Fibrosarcoma
with few mitoses”

ANED, normal
chemistry

Tumor implanted
into nude mice
caused
phosphaturia; cell
media also inhibited
renal tubular
phosphate
reabsorption

Fibrosarcoma Insufficient data
of analysis

Uchida 1991
(101)

36F Fibula Typical
PMTMCT

ANED, normal
chemistry

Ossifying
mesenchymal
tumor

PMTMCT

Stone 1992
(96)

33F Extradural T3-4 Osteoclasts,
spindle cells,
tumor giant cells,
prominent
thin-walled
vessels;
IHC-focally
synaptophysin
positive

ANED, normal
chemistry

Neuroendocrine
tumor

PMTMCT,
possibly
histologically
malignant

Harvey 1992
(36)

32F Thyroid Pleomorphic
sarcoma,
numerous
vascular channels,
cystic spaces,
chondroid,
osteoid-like
matrix

Multiple
aggressive
recurrences, AWD
and abnormal
chemistry at last
follow-up

Mesenchymal
chondrosarcoma

Malignant
PMTMCT
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TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

Park 1994
(68)

41F Ilium Reported as
typical giant cell
tumor

Not available Giant cell tumor Insufficient data
for analysis

23F Femur Reported as
typical
nonossifying
fibroma

ANED Reported as
“nonossifying
fibroma” by Nuovo
1989

Nonossifying
fibroma

Insufficient data
for analysis

46M Ischium HPC-like areas
with lattice like
calcification
and/or spotty
punctate
calcification

Not availble Reported by Firth
1985

Hemangioperi-
cytoma

PMTMCT

14F Tibia Reported as
typical
chondroblastoma

ANED Chondroblastoma Insufficient data
for analysis

31M Fibula Pleomorphic
sarcoma with
HPC-like areas,
osteoclasts,
punctate to
heavy
calcification

ANED Malignant fibrous
histiocytoma

PMTMCT,
histologically
malignant

55F Navicula Typical
PMTMCT

ANED Previously reported
as “osteosarcoma”
by Cheng 1989

PMTMCT PMTMCT

27M Rib Reported as
typical fibrous
dysplasia

Not available Fibrous dysplasia Insufficient data
for analysis

58M Femur HPC-like areas
with lattice like
calcification
and/or spotty
punctate
calcification

ANED Reported by
Schultze 1989

Hemangioperi-
cytoma

PMTMCT

76F Humerus HPC-like areas
with lattice like
calcification
and/or spotty
punctate
calcification

ANED Hemangioperi-
cytoma

PMTMCT

13M Tibia Reported as
typical
chondromyxoid
fibroma

ANED Chondromyxoid
fibroma

Insufficient data
for analysis

48M Femur Typical
PMTMCT

ANED Previously reported
as “atypical
fibrous
histiocytoma” by
Linovitz 1976

PMTMCT PMTMCT

33M Rib Reported as
typical
hemangioma

Not available Multiple
hemangiomas

Insufficient data
for analysis

7M Tibia Reported as
fibroblastic
osteosarcoma

ANED Osteosarcoma Insufficient data
for analysis
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TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

Cehreli 1994
(14)

46M Femur Admixture of
spindled cells,
hemangioma-like
regions,
osteoclasts,
chondroid-like
calcified matrix

ANED, normal
chemistry

Mesenchymal
tumor

PMTMCT

Ben-Baruch
1994 (9)

62F Pelvic Provided figures
show spindle cell
neoplasm with
tumor giant cells
and occasional
nuclear palisading

ANED, normal
chemistry

Patient also had
NF-1

Schwannoma Insufficient data
for analysis

Yu 1995
(111)

58F Second cervical
vertebra

“Spindle cell
neoplasm
consistent with a
phosphaturic
mesenchymal
tumor”

AWD, abnormal
chemistry

PMTMCT PMTMCT

Wilkins
1995
(107)

55M Maxillary sinus HPC-like
neuroendocrine
marker
negative, EM;
rare granules

ANED, normal
chemistry

Conditioned media
inhibited
phosphate
reabsorption in
renal tubular cells

Paraganglioma Sinonasal
HPC-like tumor

Schapira
1995 (87)

24M Lung and chest
wall

Admixture of
spindled cells,
hemangioma-like
regions,
osteoclasts,
chondroid-like
calcified matrix

ANED, normal
chemistry

“Phosphaturic
mesencymal
lung tumor”

PMTMCT

Avila 1996
(7)

38M Femur Not provided ANED, normal
chemistry

“Hypercellular
hemangioma of
bone”

Insufficient data
for analysis

48M Mandible Not provided ANED, normal
chemistry

“Chronic
inflammatory
tissue with
fibrosis and
epithelial rests”

Insufficient data
for analysis

Tsujimura
1996
(100)

54M Mediastinum Spindled cells,
osteoclasts, fat,
woven bone,
microcysts,
many vessels

ANED, normal
chemistry

PMTMCT PMTMCT

David 1996
(21)

60F Meninges Typical
PMTMCT

ANED, normal
chemistry

PMTMCT PMTMCT

Yang 1997
(109)

31F Perimandular soft
tissue

Bland spindled
cells, prominent
vascularity, and
scattered
calcification
and bone

ANED, normal
chemistry

PMTMCT PMTMCT

Gonzalez
Compta
1998 (34)

69F Ethmoid sinus Typical
PMTMCT

Dead surgical
complications

Table of nasal cases PMTMCT PMTMCT

Ohta 1998
(64)

67M Rib Provided figure
shows
PMTMCT

ANED, normal
chemistry

PMTMCT PMTMCT
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TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

Zura 1999
(112)

46M Flank Spindled cells,
chondroid-like
matrix, many
osteoclasts

ANED, normal
chemistry

Included in present
series-case no. 18

Mesenchymal
condrosarcoma

PMTMCT

Baronfsky
1999 (8)

72F Acetabulum Not provided ANED, normal
chemistry

Hemangioperi-
cytoma

Insufficient data
for analysis

Fukumoto
1999 (29)

46M Femur Not provided ANED, normal
chemistry

“Mixed tumor
composed of
hemangioperi-
cytoma and
non-ossifying
fibroma”

PMT,
nonossifying
fibroma-like

Hasegawa
1999 (37)

9M Tibia Spindled, minimal
pleomorphism,
lace-like osteoid,
osteoclasts,
cementoid bodies,
permeative
growth

ANED, normal
chemistry

Intracortical
osteosarcoma

Osteosarcoma

Nguyen
1999 (57)

55M Leg Hypervascular,
abundant
osteoid
production and
calcification

Not given Mesenchymal
tumor

PMTMCT

Ohashi 1999
(63)

43M Maxillary sinus Round cells with
dilated vascular
spaces

ANED, normal
chemistry

Hemangioperi-
cytoma-like
tumor

Sinonasal
hemangioperi-
cytoma

Clunie 2000
(16)

48F Shoulder Not provided ANED, normal
chemistry

Originally
diagnosed as
cystic
lymphangioma;
resection
diagnosed as
sclerosing
hemangioma

Insufficient data
for analysis

60F Ethmoid sinus Not provided Died of colon
carcinoma;
persistent
abnormal
chemistry

Hemangioperi-
cytoma

Insufficient data
for analysis

59F Perineum Not provided AWD, abnormal
chemistry

Hemangioperi-
cytoma

Insufficient data
for analysis

Reyes-Mugica
2000 (78)

9F Soft tissue near
mandible

Typical
PMTMCT

ANED, normal
chemistry

Conditioned media
inhibited
phosphate
reabsorption in
renal tubular
cells; included in
present series

PMTMCT PMTMCT

4F Tibia Spindle cell lesion
arranged in
fascicles
surrounding
small bony
spicules

ANED, normal
chemistry

Conditioned media
inhibited
phosphate
reabsorption in
renal tubular cells

PMT,
nonossifying
fibroma-like

PMT,
nonossifying
fibroma-like

Huang 2000
(39)

39F Scapula Not provided Multiple lung
metastases,
terminally ill 2
years after
presentation

Osteosarcoma Insufficient data
for analysis
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TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

Sandhu 2000
(86)

46M Ethmoid sinus Published figure
resembles HPC

ANED, normal
chemistry

Hemangioperi-
cytoma

Hemangioperi-
cytoma

NEJM Case
29-2001
(2)

14M Sacrum Sclerosing
osteosarcoma

ANED, normal
chemistry

Included in present
series

Osteosarcoma Sclerosing
osteosarcoma

John 2001
(42)

54F Maxillary sinus “Characteristic
schwann cell
nuclear
palisading”

ANED, normal
chemistry

Known to produce
FGF-23 and PHEX
by northern blot

Malignant
schwannoma

Insufficient data
for analysis

Seufert 2001
(89)

50M Thigh Slit-like vessels,
pericytic tumor
cells

ANED, normal
chemistry

Positive for FGF-23
by RT-PCR

Hemangioperi-
cytoma

Insufficient data
for analysis

Park 2001
(67)

56F Foot Not provided ANED, normal
chemistry

Slides reviewed by
one of us
(ALF)—show
classic PMTMCT

Chondromyxoid
fibroma of soft
tissue

PMTMCT

Sakamoto
2001 (84)

47F Buttock Polygonal and
round cells,
microcystic
areas, fat,
HPC-like areas,
osseous
metaplasia and
calcifications

ANED, normal
chemistry

Glomangioperi-
cytoma

PMTMCT

Ogose 2001
(62)

45F Fibula Typical
PMTMCT in
primary lesion;
recurrent
tumors showed
mixture of
PMTMCT and
pleomorphic
sarcoma

Dead of disease;
metastases to
retroperitoneum

PMTMCT with
progression to
malignant
PMTMCT

PMTMCT with
progression to
malignant
PMTMCT

Rhee 2001
(79)

40M Femur “Primitive spindle
cells with
prominent
vascularity”

ANED, normal
chemistry

Not given Insufficient data
for analysis

Kawai 2001
(14)

53F Nose HPC-like areas,
osteoclasts,
cartilage and
bone-like
matrix

ANED, normal
chemistry

Hemangioperi-
cytoma-like
tumor

PMTMCT

Nelson 2001
(56)

26M Thigh Not provided ANED, normal
chemistry

Conditioned media
inhibited
phosphate
reabsorption in
renal tubular cells

“Angiodysplasia” Insufficient data
for analysis

Reis-Filho
2002 (77)

36F Foot Typical
PMTMCT

ANED, normal
chemistry

PMTMCT PMTMCT

Moran 2002
(54)

56M Pubic symphysis Not provided ANED, normal
chemistry

Mesenchymal
tumor

Insufficient data
for analysis

Garcia 2002
(31)

46M Humerus “Mesenchymal
tumor,
consistent with
a phosphaturic
mass”

AWD, abnormal
chemistry

Mesenchymal
tumor

Insufficient data
for analysis
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chemistry and presumably are responsible for the characteris-
tic systemic disease. This matrix then calcifies in the distinc-
tive “grungy” or flocculent fashion seen in the majority of our
cases and may resemble primitive cartilage or chondroid. Al-
though the relationship between FGF-23 expression and calci-
fication is not clear, it is known that PMTMCTs produce high
levels of matrix extracellular phosphoglycoprotein (MEPE), a
recently described protein encoded by a gene that maps to a
cluster of genes important in the mineralization of bone-
dentin, such as OPN, DMP1, and BMP3.81 It is likely that lo-
cally high levels of MEPE as well as other bone matrix proteins
overexpressed in PMTMCT40 are responsible for this charac-
teristic calcified matrix. This calcified matrix in turn appears to
serve as a stimulus for the recruitment of osteoclasts, occasion-
ally provokes a fibrohistiocytic reaction and/or aneurysmal
bone cyst-like changes, and may undergo osseous metaplasia
at the periphery of the mass. Figure 1 illustrates this proposed
model for the histologic progression of PMTMCT.

It has been recognized since the 1959 publication of
Prader et al that mesenchymal tumor-associated osteomalacia
is resistant to high-dose vitamin D therapy (vitamin D-resistant
rickets) and that complete tumor resection results in a dramatic
reversal of the hypophosphatemia and hyperphosphaturia, and
often striking improvement in skeletal mineralization.72,87 In a
number of cases, conditioned media from OO-associated mes-
enchymal tumors have been shown to reduce renal tubular
phosphate reabsorption,58,78,107 and implantation of tumors
into nude mice has resulted in subsequent phosphaturia.22,58

These observations have led to the proposal that these tumors
secrete a circulating phosphaturic factor, termed “phosphato-
nin.”23 More recently, it has been shown by Shimada et al that
fibroblast growth factor-23, a gene known to be mutated in
autosomal dominant hypophosphatemic rickets,1 is overex-
pressed by PMTMCT and that implantation of FGF-23 over-
expressing Chinese hamster ovary cells in mice resulted in a
marked decrease in bone mineralization.91 FGF-23 may be de-
graded by PHEX, a membrane bound endopeptidase mutated
in X-linked hypophosphatemia, and it has been suggested that
OO-associated mesenchymal tumors may produce enough

FGF-23 to overwhelm native PHEX levels.11 The normal role
of FGF-23 and the normal cell in which it is produced remain
obscure. Our finding of FGF-23 gene expression by RT-PCR
in both tested PMTMCT and FGF-23 protein expression
by immunohistochemistry in the great majority of tested
PMTMCTs provides additional support for these hypotheses.

An interesting and potentially controversial aspect of the
present study is our inclusion of 3 cases with histologic fea-
tures identical to PMTMCT, but without known OO (Fig. 8).
For 2 of these cases (case nos. 30 and 31), there is no clinical
evidence of osteomalacia or phosphaturia, with good docu-
mentation (as noted above, we were unable to obtain detailed
clinical information for case no. 32). Experienced soft tissue
and bone pathologists, however, originally considered the di-
agnosis of PMTMCT for all 3 of these lesions, and they were
accepted into the series only after independent review by 2 of
us (A.L.F. and J.C.F.-S.). Conceivably, one might argue that
the histopathological features of PMTMCT are not sufficiently
specific to allow its recognition as an entity, in the absence of
known OO. However, one of us (A.L.F.) has on two separate
occasions, in the absence of a known history of osteomalacia,
suggested the diagnosis of PMTMCT; in both cases, subse-
quent clinical examination revealed hyperphosphaturic osteo-
malacia. Given that PMTMCT is, we think, a morphologically
definable histopathologic entity, we can see no reason why
nonphosphaturic variants should not exist. Possibly these are
tumors that either secrete inactive FGF-23 or insufficient FGF-
23, tumors that secrete MEPE but not FGF-23, or tumors that
occur in patients who are able to compensate in other ways for
the increased FGF-23 secretion. Regrettably, we were not able
to study these 3 cases for FGF-23 expression. Identification
and study of additional examples of PMTMCT-like tumors
without known phosphaturia will of course be necessary to test
these hypotheses.

The differential diagnosis of PMTMCT is broad, as in-
dicated by the many diagnoses different entities they have been
mistaken for. Typical soft tissue HPC shows a uniformly dis-
tributed, thick-walled branching vasculature, contains bland
round to ovoid cells, frequently express CD34, and lack the

TABLE 3. Continued

Reference
Age

(yr)/Sex Site
Histologic

Appearance Outcome Comments
Original
Diagnosis

Suggested
Revised

Diagnosis

Siegel 2002
(92)

60F Thigh Prominent
vascularity,
microcystic
changes, small
round to spindled
cells, poorly
formed cartilage
osseous
metaplasia

AWD, normal
chemistry

PMTMCT PMTMCT
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distinctive matrix of PMTMCT. Chondromas of soft parts may
show a pattern of calcification that mimics PMTMCT and of-
ten contains osteoclast-like giant cells, but lacks the bland
spindle cells, the myxoid change, and the fat seen in many

PMTMCTs. Giant cell tumors of bone and soft tissue (soft tis-
sue giant cell tumors of low malignant potential) contain innu-
merable osteoclasts, may show fibrohistiocytic change, and of-
ten show a shell of woven bone when they involve soft tissue.

FIGURE 7. Three PMTMCTs were considered histologically malignant. In addition to areas of typical PMTMCT (A), case no. 9 also
showed areas of marked hypercellularity, high nuclear grade, and frequent mitotic figures (B). This patient was disease free 11
months after surgery. In contrast, the primary tumor in case no. 27 consisted entirely of benign-appearing PMTMCTs (C).
However, a local recurrence was clearly sarcomatous (D). This patient developed metastases to multiple sites, including the lungs.
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However, they lack the distinctive spindle cells and matrix of
PMTMCT. Mesenchymal chondrosarcoma is an obviously
malignant-appearing sarcoma that shows an admixture of
round cells, HPC-like spindled areas, and relatively mature
cartilage. So-called “sclerosing hemangioma,” now recog-

nized as a variant of benign fibrous histiocytoma, generally
shows at least focal areas of usual-type fibrous histio-
cytoma/dermatofibroma and lacks matrix production. Recog-
nition of the unique histologic elements of PMTMCT and
awareness that they may contain chondroid or osteoid-like ma-

FIGURE 8. Nonphosphaturic PMTMCT. In both case nos. 30 (A and B) and 31 (C and D), a careful clinical examination revealed
no evidence of phosphaturia. Despite this, both tumors are indistinguishable from PMTMCT with known phosphaturia.
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trix should allow their distinction from osteosarcoma and
chondrosarcoma in bone. Similarly, recognition of areas of
typical PMTMCT juxtaposed to sarcomatous foci should al-
low distinction of malignant PMTMCT from other pleomor-
phic sarcomas, such as malignant fibrous histiocytoma and
leiomyosarcoma.

Putting together these previous reports and the cases that
are the subject of this report, we think that a more complete
picture emerges of PMTMCT. Clearly, PMTMCTs are ex-
tremely rare tumors, although their exact incidence is difficult
to determine. Some estimate of their rarity may be reflected in
the fact that we were only able to find 9 examples in the well
over 150,000 mesenchymal tumors seen in consultation by the
AFIP Soft Tissue and Bone divisions over the last 30 years.
Most cases occur in middle-aged adults, although cases have
been reported in patients as young as 3 years and as old as 73
years. Although we observed a small female predominance in
the present series, there does not overall appear to be a predi-
lection for either sex. Soft tissue and bone case each count for
very close to 50% of reported cases, with roughly 5% occur-
ring in the craniofacial sinuses. They may involve any soft tis-
sue or bone site, although involvement of the extremities or
appendicular skeleton is rather more common than involve-
ment of the trunk or axial skeleton. For unknown reasons,
PMTMCTs do not appear to occur in the retroperitoneum or in
parenchymal organs. Although PMTMCTs may achieve large
size, they more commonly present as small, inapparent lesions
that may require very careful clinical examination and radio-
nuclide scans for localization in some cases.31,41 A long his-
tory of osteomalacia is present in almost all reported cases.

In summary, in this, the largest study of OO-associated
mesenchymal tumors to date, we have found 24 of 29 (83%)
soft tissue and bone tumors with known OO to be examples of
a distinctive but poorly recognized entity, the PMTMCT. Our
observations suggest that the histologic spectrum of PMTMCT
is broader than previously recognized and includes tumors
without HPC-like vessels or osteoclasts, cytologically banal
neoplasms with possibly worrisome aspects (eg, osteoid-like
matrix), and frankly sarcomatous tumors. Our finding of FGF-
23 gene expression by RT-PCR in 2 cases and protein expres-
sion by immunohistochemistry in 17 cases provides additional
support for the critical role of this protein in the pathogenesis
of PMTMCT-associated OO. Finally, we have for the first time
identified a small group of tumors with histologic features
identical to PMTMCT, but without known associated phos-
phaturia, raising the intriguing possibility of a nonphosphatu-
ric variant. We conclude that the great majority of OO-
associated mesenchymal tumors are indeed examples of
PMTMCT. Wider recognition of the histologic features of this
unique neoplasm should allow its distinction from the large
number of other mesenchymal tumors it may be mistaken for.
This recognition is important, as diagnosis of a PMTMCT may
on occasion identify a patient with previously unappreciated

osteomalacia. Further study of these remarkable neoplasms
and of FGF-23, the recently identified phosphaturic factor, will
result in improved understanding of phosphate metabolism
generally and of rare inborn errors of phosphate metabolism,
such as autosomal dominant hypophosphatemic rickets and X-
linked hypophosphatemic rickets.
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