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Imaging features of phosphaturic mesenchymal tumors
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Abstract
Objective To examine the CT and MR imaging features of phosphaturic mesenchymal tumors (PMTs).
Materials and methods With IRB approval, our institutional radiology/pathology database was reviewed for pathologically-
proven PMTs. CT and MRI examinations were reviewed in consensus noting several imaging features, and if available, com-
parative molecular imaging tests were analyzed.
Results We identified 39 patients (21 male, 18 females) with 40 PMTs [mean age, 52.9 ± 14.9 years (range, 14–78)], including 20
bone and 20 soft tissue lesions. Mean maximal lesion diameter was 3.4 ± 2.0 cm (range, 1.1–9.8). 12/18 primary bone lesions
(66.6%) were osteolytic and 15/20 (75.0%) had a narrow zone of transition. Internal matrix was present in 18/32 (56.3%) lesions.
PMTs were most commonly T1 isointense (31/37, 83.8%), T2 hyperintense (14/36, 38.9%), and solidly enhancing (21/30,
70.0%). The majority (32/36, 88.9%) contained areas of dark T2 signal. 8/9 PMTs were positive by 99mTc-sestamibi scintigraphy,
2/4 by 111In-pentetreotide scintigraphy, 2/2 by 68Ga-DOTATATE PET/CTand 11/13 by 18F-FDG PET/CT. On FDG PET/CT, the
mean SUVmax was 4.1 ± 2.5 (range, 1.5–10.8).
Conclusions Osseous PMTs are commonly osteolytic with a narrow zone of transition. Both bone and soft tissue PMTs often
contain matrix and areas of dark T2 signal on MRI, independent of the presence of matrix. However, PMTs may mimic other
bone and soft tissue neoplasms, including fibrous dysplasia, tenosynovial giant cell tumor, and even atypical lipomatous tumor.
As such, clinical presentation and laboratory correlation are critical to PMT recognition and accurate diagnosis.
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Introduction

Tumor-induced osteomalacia (TIO), also called oncogenic os-
teomalacia, is a rare paraneoplastic condition characterized by
renal phosphate wasting and osteomalacia due to tumor-
secreted fibroblast growth factor-23 (FGF-23). Patients typi-
cally present with osteomalacia, bone pain, and proximal mus-
cle weakness, with laboratory abnormalities including
hypophosphatemia, hyperphosphaturia, normal serum calci-
um, and elevated serum FGF-23 levels [1]. The tumors

producing FGF-23 are typically small and mesenchymal-de-
rived, and their surgical removal results in reversal of the
biochemical abnormalities.

The overwhelming majority of cases of TIO have been
reported in association with a mesenchymal tumor of soft
tissue or bone origin. Although McCance is usually credited
for the first description of TIO [2], Prader was more likely the
first to appreciate a neoplasm (described as a Bgiant cell repar-
ative granuloma of bone^) as the cause of his patient’s symp-
toms [3]. Historically, it was felt that essentially any mesen-
chymal tumor type could cause TIO, with cases reported in
association with highly vascular and/or matrix-producing tu-
mors of bone and soft tissue [4, 5]. However, in 1972, Evans
and Azzopardi observed that TIO-associated mesenchymal
tumors might represent a unique tumor type [6] and in 1987,
Weidner and Santa Cruz coined the term Bphosphaturic mes-
enchymal tumor^ (PMT) to describe these unusual neoplasms
[7]. In 2004, Folpe and colleagues reviewed 32 cases of TIO
and 108 previous published reports and found that over 90%
of cases were due to a single histopathologic entity,
phosphaturic mesenchymal tumor (PMT) [4]. This concept
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has been embraced by the World Health Organization in the
2013 Classification of Tumors of Soft Tissue and Bone,
wherein PMTs are defined as Bmorphologically distinctive
neoplasms that produce tumor-induced osteomalacia (TIO)
in most affected patients, usually through production of fibro-
blast growth factor-23 (FGF-23)^ [8]. Previous misclassifica-
tion of PMT as other tumor types likely reflects their extreme
rarity and lack of familiarity by pathologists with their mor-
phological features.

Phosphaturic mesenchymal tumors (PMTs) may occur in
the bones or soft tissues, including the subcutis [9], anywhere
from the head to the toes. While typically benign, rare cases of
malignant PMTs have been described [4, 10]. They are usually
small and slow-growing, and for these reasons, classically dif-
ficult to localize. A variety of imaging techniques have been
employed for diagnosis, including radiographs, CT, MRI, and
various molecular imaging techniques. While several studies
have detailed the use of functional imaging techniques such
as 111In-pentetreotide, 99Tc-sestamibi, 18F-FDG PET/CT, and
68Ga-DOTATATE PET/CT [1, 11–25], there has been relative-
ly less information regarding the CT and MRI features of these
lesions, consisting solely of case reports or small series [1, 13,
26–31]. Therefore, we aimed to examine the CT and MR im-
aging features of PMTs, in order to elucidate any features that
may aid in the detection and diagnosis of these rare tumors.

Materials and methods

With IRB approval, our radiology/pathology database was
retrospectively reviewed for patients with pathologically prov-
en PMTs between 1/1/1999 and 9/1/2017. Pathologic diagno-
sis was obtained by surgical resection or image-guided biopsy
in all cases. Imaging modalities used for lesion evaluation
were noted, including CT, MRI, and molecular imaging ex-
aminations. The electronic medical record was cross-
referenced for relevant laboratory values obtained within the
6 months preceding pathologic confirmation and three months
after surgical resection, if lesions were excised. A subset of
patients was retrieved from a pathologic consultation database
and did not have available laboratory data.

CT and MRI examinations were reviewed in consensus by
two musculoskeletal radiologists. Lesion location and maxi-
mal lesion diameter were noted. CT characteristics evaluated
included the presence and pattern of internal matrix (amor-
phous, punctate, or ground glass), pattern of osseous involve-
ment (lytic, sclerotic, or mixed lytic/sclerotic), and zone of
transition (wide or narrow). There was some heterogeneity
in MRI protocols given varying lesion location and institution
at which the MRI was performed, but at minimum, MRIs
included fast spin echo (FSE) T1-weighted sequences (TR/
TE, 400–900/minimum), FSE T2-weighted fat-suppressed se-
quences (TR/TE, 3000–5000/45–68), and either post-contrast

fat-suppressed spoiled gradient recalled (TR/TE, 125–190/
minimum) or fat-suppressed T1-weighted (TR/TE, 400–900/
minimum) sequences. MRI characteristics evaluated included
T1 signal intensity, T2 signal intensity, presence of internal
fluid–fluid levels, intralesional hemorrhage, perilesional ede-
ma, and if contrast was given, the pattern of enhancement
(solid, heterogeneous, or peripheral). The predominant
lesional T1-weighted and T2-weighted fat-suppressed signal
was compared to adjacent skeletal muscle to determine if le-
sions were hypointense, isointense, or hyperintense. Areas of
signal intensity similar to adjacent cortical bone on T2-
weighted, fat-suppressed images were defined as having dark,
or low T2 signal. In primary bone lesions, the presence of
transcortical extraosseous extension into the adjacent soft tis-
sues was noted on both CT and MRI.

Molecular imaging examinations were assessed by a nuclear
radiologist for the presence of radiotracer uptake in the lesion.
Planar scintigraphy (99mTc-sestamibi, 111In-pentetreotide, or
67Ga-citrate) was considered positive if there was lesion uptake
above adjacent background activity. FDG or DOTATATE PET/
CTs were performed according to the standard institutional
protocols. Weight and height were recorded for all patients.
All patients undergoing FDG PET/CT had a blood glucose
level of less than 200 mg/dl and were injected with 10–
15mCi of 18F-FDG, with an incubation period of approximate-
ly 60 min. Patients undergoing 68Ga-DOTATATE PET/CT
were injected with 5.0–5.4 mCi. PET images were acquired
with 2D or 3D ordered-subset expectation maximum, 128 ×
128matrix, and 3–5min per bed position. Low-dose helical CT
images were obtained for attenuation correction and anatomic
localization. MIM software (MIM Software Inc., Cleveland,
OH, USA) was used for PET/CT analysis. SUV values were
determined by creating a volume of interest (VOI) incorporat-
ing the gross tumor volume. FDG PET/CT examinations were
considered positive if the lesion had visually greater FDG ac-
tivity than mediastinal blood pool. DOTATATE PET/CTexam-
inations were considered positive if there was uptake constitut-
ing a Krenning score of ≥ 2.

Statistical analysis was performed using JMP software
(JMP Pro, version 11.2.1, SAS Institute Inc.). Continuous var-
iables are expressed as mean ± SD. Categorical variables are
presented with absolute and relative frequencies. P values for
between-group comparisons of continuous data were calculat-
ed from Kruskal–Wallis one-way analysis of variance
(ANOVA). Statistical significance was established for p
values of less than 0.05.

Results

In total, there were 39 patients (21 male, 18 females) with 40
PMTs. The average patient age was 52.9 ± 14.9 years of age
(range, 14–78). Of the 40 lesions, 15 (37.5%) were located in
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the lower extremity, seven (17.5%) in the head and neck re-
gion, six (15%) in the pelvis, six (15%) in the spine, three
(7.5%) in the upper extremity, two (5%) in the thoracic trunk
soft tissues, and one (2.5%) in a rib. There were 20 bone and
20 soft tissue lesions.

Twenty-seven of 40 lesions (67.5%) had correlative labo-
ratory values obtained within the six months preceding imag-
ing. Nineteen of 27 patients had abnormal phosphorus levels,
17 of which were hypophosphatemic, with an average level of
2.1 ± 0.99 mg/dl (range, 1.1–5.5; normal value, 2.5–4.5).
Sixteen of 19 patients had elevated total alkaline phosphatase
(AP) levels, with average total AP of 240.1 ± 143.58 U/l
(range, 63–658; normal value, 45–118). In patients with a
bone-specific AP fraction, 8/12 were elevated, with an aver-
age level of 48.0 ± 32.2 U/l (range, 11–104; normal value, 0–
20); 9/17 patients had elevated parathyroid hormone levels
(112.1 ± 108.5 pg/ml, range, 27–462; normal value, 15–65),
while 12/17 patients had elevated serum FGF23 levels
(1686.5 RU/ml ± 5211.6, range, undetectable - 20,500; nor-
mal value, < 180).

Twelve of 40 lesions (30%) were FGF-23 positive by chro-
mogenic in situ hybridization (CISH), and 11/40 (27.5%)
were FGF-23 positive by reverse transcription polymerase
chain reaction (RT-PCR). Of the remaining 17 cases, seven
patients had elevated serum FGF-23 levels, six had typical

laboratory findings of TIO (including hypophosphatemia) that
normalized after surgical resection, and two patients had nor-
mal phosphorous levels in the setting of tertiary hyperparathy-
roidism and also had laboratory normalization after resection.

Thirty-two (80.0%) lesions had CTevaluation, while 37/40
(92.5%) had MRI evaluation. Twenty-three lesions (57.5%)
had molecular imaging evaluation, including 99mTc-sestamibi
scintigraphy (nine), 111In-pentetreotide scintigraphy (four),
67Ga-citrate scintigraphy (one), 18F-FDG PET/CT (13), and
68Ga-DOTATATE PET/CT (two), with some patients having
more than one type of molecular imaging test.

The mean maximal lesion diameter was 3.4 ± 2.0 cm
(range, 1.1–9.8). Internal matrix was present in 18/32
(56.3%) lesions (Fig. 1), including 7/32 (21.9%) with amor-
phous, 8/32 (25%) with punctate, and 3/32 (9.4%) with
ground glass character. This was more common in osseous
lesions (13/18, 72.2%) than soft tissue lesions (5/14,
35.7.6%), but the difference was not statistically significant
(p = 0.072). A minority of bone lesions demonstrated an
extraosseous soft tissue component (5/20, 25.0%), and on
CT, 15/18 primary bone lesions (83.3%) were osteolytic, 1/
18 (5.6%) was osteosclerotic, and 2/18 (11.1%) were mixed
osteolytic/osteosclerotic. The majority of osseous lesions (15/
20, 75.0%) had a narrow zone of transition, while 5/20
(25.0%) had a wide zone of transition.

Fig. 1 A 73-year-old female with
a PMT in the left T12 vertebral
body (a, arrow), 60-year-old
female with a PMT in the right C6
vertebral body (b, arrow), and a
61-year-old male with a PMT
along the distal left iliopsoas
tendon (c, arrow). The vertebral
body lesions demonstrate
amorphous matrix with a narrow
zone of transition in a and wide
zone of transition in b. The lesion
in c shows punctate matrix

Fig. 2 A 71-year-old male with a PMT in the left prefemoral fat pad. The
lesion demonstrates heterogeneous isointense signal on T1-weighted (a,
arrow), heterogeneous hypointense signal on T2-weighted fat-saturated

(b, arrow) images and heterogeneous enhancement (c, arrow) mimicking
a tenosynovial giant cell tumor. Note the insufficiency-type stress fracture
in the distal left femur (arrowheads)
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On MRI evaluation, the majority of lesions (31/37,
83.8%) demonstrated intermediate T1 signal, while 3/37
(8.1%) were heterogeneous, 2/37 (5.4%) were hyperintense,
and 1/37 (2.7%) was hypointense. The predominant T2-
weighted signal in these lesions varied from hyperintense
(14/36, 38.9%), to intermediate (9/36, 25.0%), hypointense
(4/36, 11.1%), and heterogeneous (9/36, 25.0%). However,
the vast majority of cases (32/36, 88.9%) contained areas of
dark T2 signal (Fig. 2), even if the dominant lesion signal
intensity was T2 hyperintense. This was independent of the
presence of internal matrix (p = 0.23). Four of 37 lesions

(10.8%) exhibited internal fluid–fluid levels, 4/37 lesions
(10.8%) demonstrated internal hemorrhage, and 3/37
(8.1%) lesions had perilesional edema. Thirty of 37 MRI
examinations were performed with IV gadolinium-based
contrast, and 21/30 (70.0%) lesions had solid enhancement,
7/30 (23.3%) demonstrated heterogeneous enhancement, and
2/30 (6.7%) had peripheral enhancement. After excluding
head and neck lesions evaluated by head CT or brain MRI,
14 of the remaining 33 lesions (42.4%) had a fracture visible
on the same MRI or CT in which the primary PMT was
visible (Figs. 2 and 3).

Fig. 4 A 53-year-old male with a
PMT in the distal right femur.
Axial CT and MRI images
demonstrate internal ground glass
matrix and a thin sclerotic rim (a,
arrow), T1 isointensity (b,
arrow), heterogeneous T2
hyperintensity with areas of low
T2 signal (c, arrow), and solid
enhancement (d, arrow). The
differential diagnosis would
include fibrous dysplasia

Fig. 3 A 49-year-old male with a
left acetabular PMT. Coronal
MRI images demonstrate
increased T1 (a, arrow) and T2
signal relative to skeletal muscle
with areas of superimposed T2
hypointensity (b, arrow) within
the lesion, and an incomplete
insufficiency-type stress fracture
in the medial right femoral neck
(arrowheads)
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Nine lesions underwent evaluation by 99mTc-sestamibi
scintigraphy, four with 111In-pentetreotide scintigraphy, one
with 67Ga-citrate scintigraphy, 13 with 18F-FDG PET/CT,
and two with 68Ga-DOTATATE PET/CT. Eight of the nine
lesions were positive on 99mTc-sestamibi, 2/4 were positive
with 111In-pentetreotide scintigraphy, and one lesion evaluated
by 67Ga-citrate scintigraphy demonstrated no uptake. Using
blood pool SUVmax as the threshold for positivity, 11/13
lesions (84.6%) were positive by 18F-FDG PET/CT. Both le-
sions evaluated by 68Ga-DOTATATE PET/CT were positive,
demonstrating intense uptake greater than that of the spleen.

On FDG PET/CT, the mean SUVmax was 4.1 ± 2.5 (range,
1.5–10.8), while on DOTATATE PET/CT the mean SUVmax
was 14.1 ±/6.7 (range, 9.3–18.8).

Discussion

To the best of our knowledge, this study represents the largest
published series to date examining the CTandMRI features of
pathologically proven phosphaturic mesenchymal tumors.
Our results confirm the variable location and small size of

Fig. 6 Examples of PMTswith an
imaging appearance mimicking
T2 hypointense tenosynovial
giant cell tumors on fat-
suppressed fluid-sensitive
sequences, including an intra-
articular lesion involving the left
hip in a 38-year-old female (a,
arrow), in the soft tissues of the
left 4th toe in a 57-year-old male
(b, arrow), along the plantar
aspect of the left first toe flexor
tendon in a 60-year-old female (c,
arrow), and in the left prefemoral
fat pad in a 71-year-old male (d,
arrow)

Fig. 5 A 47-year-old male with a
left iliac bone PMT. Axial MRI
images demonstrate a T1
isointense lesion with a thin rim of
T1 hyperintensity (a, arrow), and
heterogeneous predominantly
low T2 signal (b, arrow)
mimicking fibrous dysplasia
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these tumors (average maximal diameter 3.4 ± 2.0 cm). A
unique feature best demonstrated on CT was the presence of
internal matrix, found in just over half of our patients. This
matrix was most often punctate (8/32, 25.0%) or amorphous
(7/32, 21.9%), and less commonly ground glass (3/32, 9.4%).
This likely correlates with the Bgrungy^ or flocculent pattern
of PMTmatrix calcification often described histopathological-
ly [4, 7, 32]. Bone lesions were most commonly osteolytic
with a narrow zone of transition. On MRI, the overwhelming
majority of lesions demonstrated intermediate T1 signal.
Although the T2 signal intensity was more variable, the ma-
jority of lesions were T2 hyperintense. However, a defining
feature on MRI was the presence of foci of dark signal on T2-
weighted fat-suppressed images (32/36, 88.9%), even if the
predominant signal intensity was T2 hyperintense. This was
also found to be independent of the presence of internal ma-
trix. Examples of phosphaturic mesenchymal tumors with
areas of low signal intensity on T2-weighted MRI images

have been reported in several previous studies [26, 33, 34],
so this seems to be a relatively constant imaging feature. It was
also common to identify insufficiency-type stress fractures on
the imaging studies obtained to localize the PMT in these
patients, including both CT and MRI. Therefore, even without
adequate clinical information, the presence of a stress fracture in
conjunction with a bone or soft tissue tumor, especially in a
younger patient without other risk factors for osteoporosis or
osteomalacia, may be an important clue to the diagnosis of PMT.

Despite these trends, the imaging features of PMTs are
variable and can simulate other more common bone and soft
tissue neoplasms, and it is evident why this lesion has often
been misdiagnosed. For example, bone lesions with ground
glass attenuation and thin sclerotic rim on CT (Fig. 4) or with
heterogeneous but predominantly low T2 signal intensity on
MRI (Fig. 5) may mimic fibrous dysplasia. Lesions with pre-
dominant low T2 signal within or along joints and tendon
sheaths mimic focal-type tenosynovial giant cell tumors

Fig. 8 A 70-year-old male with a PMT in the T11 vertebral body. The
tumor shows no significant pentetreotide uptake (a, arrows), low-grade
FDG activity (b, arrows), and intense DOTATATE uptake (c, arrows). On

CT, it is osteolytic with a thin sclerotic rim, and was morphologically
stable over many years, mimicking an atypical vertebral body
hemangioma

Fig. 7 A 58-year-old male with an extraperitoneal PMT in the left pelvis.
Coronal T1-weighted (a), T2-weighted fat-saturated (b), and post-
gadolinium fat-saturated spoiled gradient recalled (c) images
demonstrate a mass comprised predominantly of fat, with interspersed

areas of hazy non-lipomatous signal, mimicking an atypical lipomatous
tumor (arrows). Note the insufficiency-type stress fractures in the
subcapital region of the right femoral neck and subtrochanteric region
of the left femur (arrowheads)
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(Fig. 6). Lastly, we present the first case in the literature with a
predominant fatty component, mimicking an atypical lipoma-
tous tumor (Fig. 7).

PMTs variably express five somatostatin receptors
(SSTR1–5), and uniform expression of the SSTR2A subtype

has been recently demonstrated in multiple studies [35, 36].
Their somatostatin avidity has been exploited to image these
tumors with somatostatin-analogues, including 111In-
pentetreotide [14, 16–20]. More recently, 68Ga-DOTATATE
and other 68Ga-DOTA PET agents have been used with

Fig. 9 A 56-year-old male with a
PMT in the palmar soft tissues of
the right hand. FDG PET/CT
shows low-grade activity
(SUVmax 2.4) within the lesion
(a, arrow). On MRI, the lesion
demonstrates heterogeneous T1
(b, arrow) and T2 signal (c,
arrow), with areas of prominent
dark T2 signal (c). There was no
corresponding internal matrix on
the CT images from PET/CT (d).
This case highlights the
importance of including the
extremities when imaging
patients with tumor-induced
osteomalacia

Fig. 10 A 68-year-old female
with a PMT in the right L2
vertebral body. Axial CT (a) and
fused FDG PET/CT (b) images
demonstrate an osteolytic lesion
with a thin sclerotic rim, internal
amorphous matrix, and intense
FDG activity with an SUVmax of
10.8 (arrows)
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success to localize PMTs [15], to better advantage than 111In-
pentetreotide scintigraphy [37] and FDG PET/CT [11, 14],
which we found exemplified in at least one instance in our
small cohort (Fig. 8). While 68Ga-DOTATATE has recently
become FDA approved for the evaluation of neuroendocrine
tumors, its use for imaging PMTs is off-label, and therefore
FDG PET/CT may remain a useful tool in the imaging algo-
rithm of PMTs until the widespread clinical availability of
68Ga-DOTATATE and approval of its use in evaluating TIO.
FDG PET/CT has been shown to be useful in PMTevaluation
in multiple studies [14, 23, 24, 30, 38]. The results from the 13
patients who underwent FDG PET/CT in our cohort represent
a significant contribution to the available literature detailing
the role of FDG PET/CT in PMT imaging evaluation. We
found that while the metabolic activity may be variable
(Figs. 9 and 10), with uptake ranging from below blood pool
to intense (SUVmax 1.5–10.1), these lesions are most often
moderately FDG-avid (mean SUVmax 4.1 ± 2.5), in concor-
dance with prior reports. Given the variable location, whole-
body imaging with inclusion of the distal extremities (Fig. 9)
should be prescribed in patients with TIO in which the prima-
ry PMT has not been localized.

Despite the clear role for whole-body functional im-
aging techniques, whole-body MRI has also been advo-
cated for PMT localization [31]. Further, most if not all
lesions detected by whole-body imaging will require fo-
cused anatomic assessment with MRI and/or CT for
preoperative planning. Therefore, it is important to be
aware of the most common CT and MRI features of
these tumors to aid in diagnosis and detection, including
the frequency of internal matrix and areas of T2
hypointensity. Perhaps most critical is a recognition of
how closely these tumors may mimic other benign and
malignant bone and soft tissue lesions when generating
a differential diagnosis. The clinical context is para-
mount in these patients and correlation with typical lab-
oratory features including hypophosphatemia, elevated
alkaline phosphatase, and elevated systemic FGF-23
levels is recommended. Recognition of osteomalacia is
also important, which may manifest on MRI and CT as
the presence of insufficiency-type stress fractures.
However, several reports exist of pathologically con-
firmed PMTs (FGF-23 positivity confirmed by either
CISH or RT-PCR) in patients without TIO [32, 39],
and so typical laboratory abnormalities are not an abso-
lute prerequisite to make the diagnosis.

This study had several limitations, including its small size
and retrospective nature. CT and MRI studies were not avail-
able in every single PMT case, and there was heterogeneity
amongst the various MRI protocols used to evaluate the pa-
tients. Further studies and/or pooled data from multiple cen-
ters could be helpful to further elucidate the typical CT and
MRI findings of this very rare tumor.

Conclusions

The majority of osseous PMTs are osteolytic with a narrow
zone of transition on CT. Both bone and soft tissue PMTs
commonly contain matrix and areas of dark T2 signal on
MRI, independent of the presence of matrix. However,
PMTs may mimic other bone and soft tissue neoplasms, in-
cluding fibrous dysplasia, tenosynovial giant cell tumor, and
even atypical lipomatous tumor. As such, clinical presentation
and laboratory correlation are critical to PMT recognition and
accurate diagnosis.
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