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Main Document

A 39-year-old woman presented with 3-year history of muscu-
lar weakness, back pain, and fractures of vertebrae and hip. She
had been walking on crutches for several months and was under
treatment with phosphate and calcitriol for hypophosphatemia.
A sense of nasal obstruction and headache were also referred.
Routine analyses revealed hypophosphatemia (1.6 mg/dL,
normal range 2.6-4.5), renal phosphate wasting (TMP/GFR
1.07 mg/dL, normal range for age and gender 2.9-4.4),
increased total (190 U/L, normal range 39-111) and bone-
specific (77.9 U/L, normal range 11-30) alkaline phosphatase,
low 1,25-(OH),-Vitamin D (13.3 pg/ml, normal range 19.9-67)
and normal values of serum calcium, and 25-(OH)-Vitamin D
and parathyroid hormone. Magnetic resonance imaging and
computed tomography revealed a 2-cm tumor involving the
right nasal cavity, ethmoid, and anterior skull base (Figure 1).
As Tumor Induced Osteomalacia (TIO) was suspected, 111In-
Octreotide Scintigraphy was performed but it was negative.
The tumor was radically excised by ethmoidectomy together
with the endonasal portion.

Histological examination revealed a tumor consisting of
bland, round-ovoidal to spindle cells arranged around variable
sized blood vessels ranging from small capillaries to cavernous
vascular spaces (Figure 2A-D). Hypercellular areas, hemor-
rhages, siderophages, and clusters of mature adipocytes were
also observed. Atypia, mitoses, necrosis, multinucleated giant
cells and matrix mineralization were absent. Immunohisto-
chemical analysis, performed as described previously,' showed
immunoreactivity of the neoplastic cells for Vimentin and
CD56 (Figure 2E), but not for pan-cytokeratin, CD31, CD34,
STAT6, HMB45, Melan-A, nuclear B-catenin, and smooth
muscle actin. The Ki-67 proliferation index was less than
5%. A small portion of fresh tumor tissue was used for reverse
transcriptase polymerase chain reaction (RT-PCR). The

analysis, performed as described previously,”* demonstrated
expression of fibroblast growth factor-23 (FGF23) and matrix
extracellular phosphoglycoprotein (MEPE; Figure 3). Based on
these findings, the diagnosis of phosphaturic mesenchymal
tumor (PMT) was made.

Two months after surgery, the patient was able to walk
without crutches, pain was resolved, and biochemical parameters
(serum phosphate, TMP/GFR, and 1,25-(OH),-Vitamin D) were
all normalized.

Phosphaturic mesenchymal tumors are rare, typically
benign, tumors commonly arising in soft tissues and bones.*
They are the main cause of TIO, a paraneoplastic syndrome
caused by tumor cell secretion of hormones (phosphatonins)
involved in the regulation of phosphate metabolism and bone
mineralization." Patients with TIO present hypophosphatemia,
renal phosphate wasting and low serum levels of 1,25-(OH),-
vitamin D, and clinical features related to systemic osteomala-
cia (bone pain, weakness, gait disturbances, fractures) for
which a timely and accurate diagnosis and prompt surgical
treatment are mandatory.*>

Otolaryngologists and maxillofacial surgeons might not be
familiar with PMTs because they are uncommon in the head
and neck and rarely involve the naso-ethmoidal region.®’ At
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Figure . Sagittal magnetic resonance imaging (A) and axial computed tomography (B) demonstrate a tumor (asterisks) involving the right nasal

cavity, ethmoid, and anterior skull base.

Figure 2. Histology of the tumor. The tumor growths beneath the surface respiratory epithelium (A) and consists of bland, round-ovoidal to
spindle cells intercalated among vascular spaces of different size (B). Panels C and D illustrate a more solid area of growth of the neoplastic cells
and intra-tumoral adipocytes (ad), respectively. Immunoreactivity of the neoplastic cells for CD56 is illustrated in E. A-D, hematoxylin—eosin.

Bars: 150 pum in A, 100 pm in B and E, and 80 um in C and D.

this level, PMTs often lack the distinctive (grungy) calcified
matrix and multinucleated giant cells that characterize PMTs of
soft tissues and bones and commonly present clusters of mature
adipocytes and florid hemangiopericytoma-like vasculature
associated with fascicles of myoid-appearing cells that may
mimic other vascular and perivascular tumor.>*® To this regard,
even though not specific, the immunoreactivity of the neoplas-
tic cells for CD56 may be helpful because its expression in
mesenchymal tumors is limited.’

Production of the “phosphatonin” FGF23 by the neoplastic
cells is the mechanism by which PMTs cause TIO.** For this
reason, it is commonly used for diagnosis and follow-up of
patients with TIO.*®'* It can be measured in the serum and
demonstrated in the tumor by RT-PCR (as in our case), chro-
mogenic in situ hybridization (CISH), and immunohistochem-
istry.4'6’10 To date, evaluation of FGF23 expression, in
particular by CISH, is the most specific tool for differentiation
of PMTs from the wide spectrum of benign and malignant
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Figure 3. Agarose gel electrophoresis shows the expression of
FGF23 and matrix extracellular phosphoglycoprotein (MEPE) in the
tumor. Target cDNA sequence of FGF23 and MEPE were amplified as
described previously.”* The identity of the amplification products was
verified by DNA sequencing. GAPDH was used as housekeeping gene.

tumors with which they may be confused (for review see
Folpe®). In our case, we also demonstrated the expression of
MEPE, another “phosphatonin” known to be involved in the
pathogenesis of TIO.*® The co-expression of two
“phosphatonins” suggests their synergistic/additive effect in
the development of TIO in our patient.

Identification and complete resection of the tumor is
imperative for treatment. Indeed, as in our case, TIO is defi-
nitely cured upon its complete removal. However, when small,
PMTs may be difficult to locate and remain occult also after
particularly sensitive radionuclide scans.*> In addition, they
can either recur if incompletely resected or be inoperable or,
in a minority of cases, show a malignant behavior with devel-
opment of metastasis that cannot be always predicted by his-
tology.® In these cases, medical treatment with phosphate
supplements and calcitriol is needed and humanized anti-
FGF23 monoclonal antibodies represent a promising proce-
dure.*> The recent identification of FNI-FGFRI or FNI-FGF1
fusions in most of PMTs** will also favor the development of
targeted therapy approaches for these cases.

Authors’ Note

The data sets used and/or analyzed during the current study are
available from the corresponding author on reasonable request. All
the clinicopathologic investigations detailed in the manuscript have
been conducted in accordance with the Declaration of Helsinki and
its later amendments or comparable ethical standards. Written
informed consent for publication of data and images was obtained
from the patient.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Alessandro Corsi (& https://orcid.org/0000-0001-6896-4509

References

1. Corsi A, Riminucci M, Petrozza V, et al. Incidentally detected
giant oncocytoma arising in retroperitoneal heterotopic adrenal
tissue. Arch Pathol Lab Med. 2002;126(9):1118-1122. doi:10.
1043/0003-9985(2002)126<1118: IDGOAI>2.0.CO;2

2. Rowe PS, de Zoysa PA, Dong R, et al. MEPE, a new gene
expressed in bone marrow and tumors causing osteomalacia.
Genomics. 2000;67(1):54-68. doi:10.1006/geno.2000.6235

3. Riminucci M, Collins MT, Fedarko NS, et al. FGF-23 in fibrous
dysplasia of bone and its relationship to renal phosphate wasting.
J Clin Invest. 2003;112(5):683-692. doi:10.1172/JCI18399

4. Minisola S, Peacock M, Fukumoto S, et al. Tumour-induced
osteomalacia. Nat Rev Dis Primers. 2017;3(1):1-5. doi:10.1038/
nrdp.2017.44

5. Folpe AL. Phosphaturic mesenchymal tumors: a review and
update. Sem Diagn Pathol. 2019;36(4):260-268. doi:10.1053/j.
semdp.2019.07.002

6. Qari H, Hamao-Sakamoto A, Fuselier C, Cheng YS, Kessler H,
Wright J. Phosphaturic mesenchymal tumor: 2 new oral cases and
review of 53 cases in the head and neck. Head Neck Pathol. 2016;
10(2):192-200. doi:10.1007/s12105-015-0668-3

7. Villepelet A, Casiraghi O, Temam S, Moya-Plana A. Ethmoid
tumor and oncogenic osteomalacia: case report and review of the
literature. Eur Ann Otorhinolaryngol Head Neck Dis. 2018;
135(5):365-369. doi:10.1016/j.anorl.2018.07.001

8. D’Aguanno V, Ralli M, De Vincentiis L, et al. Sinonasal angio-
leiomyoma with adipocyte differentiation: clinicopathologic
study of 2 cases and review of the literature. Ear Nose Throat J.
2019:145561319878302. doi:10.1016/j.anorl.2018.07.001

9. Tajima S, Fukayama M. CD56 may be a more useful immuno-
histochemical marker than somatostatin receptor 2A for the diag-
nosis of phosphaturic mesenchymal tumors. Int J Clin Exp Pathol.
2015;8(7):8159-8164. PMID: 26339384. PMCID: PMC4555712.

10. Colangelo L, Cipriani C, Pepe J, et al. A challenging case of
Tumor Induced Osteomalacia: pathophysiological and clinical
implications. Calcif Tissue Int. 2018;103(4):465-468. doi:10.
1007/s00223-018-0429-x


https://orcid.org/0000-0001-6896-4509
https://orcid.org/0000-0001-6896-4509
https://orcid.org/0000-0001-6896-4509


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


