Medicine

ICIinicaI Case Report

Intracranial phosphaturic mesenchymal tumor

A rare case report and systematic review

Shuyue Song, BM?, Yuyang Zhao, BM?, Yiquan Wang, MM?, Yujing Zhao, MMP, Wengiang Liu, MMP,
Zhe Wang, MDP*

Abstract
Rationale: Phosphaturic mesenchymal tumors (PMTs) are rare soft-tissue and bone tumors that can occur intracranially.&
incidence, nonspecific symptoms, and diverse histomorphology of PMTs contribute to a high rate of misdiagnosis.

Patient concerns: This report presents a rare case of an intracranial PMT located in the posterior cranial fossa. In addition, a
systematic review of previously reported intracranial PMT cases was conducted and summarized.

Diagnoses: Incorporating clinical symptoms, laboratory findings, and imaging features, the definitive diagnosis of PMT was
based on pathological examination.

Interventions: The patient underwent consultations in endocrinology, orthopedics, and neurosurgery, and ultimately had a
surgical procedure to remove the intracranial tumor.

Outcomes: After tumor resection, the patient’s laboratory values returned to normal, his symptoms improved, and he could
walk again.

Lessons: Due to the rarity and high misdiagnosis rate of PMTs, no unified diagnosis and treatment standards have been
established. Early identification, accurate diagnosis, and timely treatment are essential for optimal management. Surgical resection
remains the preferred treatment for PMTs, with total tumor resection strongly recommended. In case of incomplete resection,
tumor recurrence and persistent symptoms may necessitate adjunctive drug therapy and radiation therapy.

Abbreviations: 1,25- (OH) 2D = 1,25-dihydroxyvitamin D, 18F-FDG = 2-deoxy-2-[fluorine-18] fluoro-p-glucose, 18F-OC =
18F-AIF-NOTA-octreotide, 25 (OH) D = 25-hydroxyvitamin D, ADC = apparent diffusion coefficient, ALP = alkaline phosphatase,
CT = computed tomography, DWI = diffusion weighted imaging, FGF23 = fibroblast growth factor 23, FLAIR = fluid attenuated
inversion recovery, GD-DTPA = gadopentetic acid, GKRS = gamma knife radiosurgery, IONM = intraoperative neurophysiological
monitoring, MRI = magnetic resonance imaging, MRS = magnetic resonance spectroscopy, NSAIDs = nonsteroidal anti-inflammatory
drugs, PET/CT = positron emission tomography/computed tomography, PMT = phosphaturic mesenchymal tumor, PMTMCT =
phosphaturic mesenchymal tumor, mixed connective tissue type, PMTMECT = phosphaturic mesenchymal tumor, mixed epithelial,
and connective tissue type, PRRT = peptide receptor radionuclide therapy, PTH = parathyroid hormone, RFA = radiofrequency
ablation, TCM = traditional Chinese medicine, TE = echo time, TIO = tumor-induced osteomalacia, TmP/GFR = the ratio of tubular
maximum reabsorption of phosphate, TRP = tubular reabsorption of phosphate, WHO = World Health Organization.

Keywords: hypophosphatemia, intracranial, osteomalacia, phosphaturic mesenchymal tumors, tumor-induced osteomalacia

osteomalacia, manifesting as pathological fractures, progressive
muscle weakness, bone pain, and difficulty in walking. These
symptoms are not directly related to the tumor itself.!">’!

PMTs are mostly benign, rarely undergo malignantly trans-
formation and metastasis, and are usually associated with fibro-

1. Introduction

Tumor-induced osteomalacia (TIO) is a rare paraneoplastic syn-
drome characterized by hyperphosphaturia, hypophosphatemia,
and elevated alkaline phosphatase (ALP) levels."! Most TIOs are

caused by mesenchymal tumors,>3! also referred to as phospha-
turic mesenchymal tumors (PMTs).¥! PMTs often present as
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occur in soft tissue or bone tissue. Soft tissues, are most com-
monly found in the extremities and acral sites, whereas bone
tissues are usually located in the appendicular skeleton as well
as head and neck regions. PMTs may occur in craniofacial areas,
with the paranasal sinuses being the most common site; intra-
cranial occurrences are rare.* In this study, we report a rare case
of intracranial PMT located in the right posterior cranial fossa.
The patient exhibited hypophosphatemia and osteomalacia. We
also reviewed the relevant literature.

2. Materials and methods

Informed consent was obtained from our study patient. Patient
clinical information, including medical history, laboratory tests,
pre- and postoperative imaging, pathological findings, and prog-
nosis, was collected and analyzed.

Using the PubMed database, a comprehensive collection of
data was performed to review all the articles on intracranial
PMTs through January 2024. The search terms included “phos-
phaturic mesenchymal tumor” and “osteomalacia,” and all arti-
cles on intracranial PMTs were included. In addition, we screened
the references of these articles, and sinuses or skull tumors with
intracranial extension were also included. We collected infor-
mation on the age, gender, tumor site, symptoms, disease dura-
tion, preoperative laboratory tests including the levels of serum
phosphate, serum calcium, ALP, parathyroid hormone (PTH),
1,25-dihydroxyvitamin D (1,25-[OH] 2D), 25-hydroxyvitamin
D (25 [OH] D), and FGF23, pathological findings, treatment,
recurrence, and outcomes of all reported patients. The disease
duration ranged from the date of symptom onset to the date of
the first operation. The normal ranges and units for various lab-
oratory tests varied in the reports. Depending on the reference
ranges given in the reports, we replaced the values with normal,
high or low labels. The data are displayed in Table 1.7-3¢

3. Results
3.1. Case report

A 56-year-old male patient with a right temporo-occipital tumor
was found 8 years ago due to experiencing headache and dizzi-
ness. Laboratory tests revealed elevated ALP (178 U/L, normal
range: 45 to 125 U/L), normal serum phosphorus (0.85 mmol/L,
normal range: 0.85 to 1.51 mmol/L), and normal serum calcium
(2.43 mmol/L, normal range: 2.11 to 2.58 mmol/L). The doctor
recommended that the patient undergo a biopsy, but the patient
refused, and only 4 radiotherapies (200 cGy) were performed.
After the completion of radiotherapies, the ALP level returned
to normal (73 U/L), the serum phosphate level decreased (0.38
mmol/L), and the serum calcium level remained normal (2.24
mmol/L). Seven years ago, the patient developed generalized
bone pain, which was prominent in the lower back and both
lower limbs, and gradually worsened along with pain symptoms.
Imaging tests revealed degenerative changes in the thoracic and
lumbar spine and multiple old fractures of the bilateral ribs.
Bone densitometry revealed severe osteoporosis. Laboratory
tests revealed that ALP was 379 U/L and that serum calcium
and serum phosphorus levels were normal. With long-term oral
nonsteroidal anti-inflammatory drugs (NSAIDs) and traditional
Chinese medicine, the pain was slightly reduced; however, the
patient still experienced obvious pain. Muscular atrophy of the
limbs subsequently occurred, and the patient gradually became
unable to walk. Ten days ago, the patient’s bilateral hips pain
increased, and the effect of oral medication was poor. Therefore,
the patient was admitted to the endocrinology department of our
hospital. Imaging tests revealed pseudofractures of the bilateral
femoral necks. (Fig. 1) Laboratory tests revealed hypophospha-
temia (0.32 mmol/L), elevated alkaline phosphatase (429 U/L,
normal range: 45 to 125 U/L), 25 (OH) D deficiency (16.25 ng/
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mL, normal range: >30), and an elevated level of FGF23 (158.7
pg/mL, normal range: 23.3 to 95.4 pg/mL). Serum calcium and
PTH levels were normal.

The patient was treated with calcium carbonate, calcitriol,
vitamin D3, and NSAIDs in the endocrinology department.
During this period, the patient suffered a fracture of the left
proximal femur and was subsequently referred to the orthope-
dics department for surgical treatment (Fig. 1). The patient was
highly suspected of having TIO due to the presence of hypo-
phosphatemia and osteomalacia, and the intracranial tumor
was thought to be the cause. The patient was finally referred to
the neurosurgery department.

Computed tomography (CT; Fig. 2) and magnetic resonance
imaging (MRI; Fig. 3) revealed lesions occupying the right tem-
poral bone and part of the sphenoid and occipital bones. To
clarify the nature of the lesion, positron emission tomography
with 2-deoxy-2-[fluorine-18] fluoro-p-glucose integrated with
CT (18F-FDG PET/CT; Fig.4) was also performed, reveal-
ing that the intracranial lesion was considered the responsible
lesion. Notably, 18F-AIF-NOTA-octreotide (18F-OC) PET/CT
results revealed a high probability of PMT.

The patient finally underwent surgery. During the opera-
tion, the tumor tissue was grayish-red, brittle and extremely
rich in blood flow, and there were fragments of bone inside
the tumor. After the tumor was removed, bleeding of the bone
was obvious. The bone invaded by the tumor as well as parts
of the temporal and occipital muscles were removed, and the
intraoperative neurophysiological monitoring (IONM) did not
indicate any obvious changes in the cranial nerves. Because part
of the tumor protruded into the jugular foramen and the ven-
tral aspect of the foramen magnum, it could not be completely
removed. Postoperative radiation therapy was recommended
for the patient.

Postoperative  pathological  diagnosis  (Fig. 5)  sug-
gested that the skull base lesion was consistent with a PMT.
Immunohistochemical results revealed SSTR-2 (3+), Vimentin
(+), CDS6 (+), BCL-2 (+), CD99 (partially+), CK wide (-), PR
(=), EMA (-), STAT6 (=), CD34 (vascular+), S-100 (=), NSE (-),
and Ki-67 (index 5%). Postoperative imaging (Figs. 6 and 7)
revealed that the patient had some residual tumor. The patient’s
serum phosphate level returned to normal (0.86 mmol/L) after 2
weeks, and at the 3-month follow-up after discharge, the patient
had recovered well, with significant improvement in physi-
cal strength. The patient had also resumed the ability to walk
independently.

3.2. Systematic review

In our review, 37 patients with intracranial PMTs were
described, including our current patient. The clinical data for
all 37 patients are shown in Table 1. There were 14 (37.8%)
males and 23 (62.2%) females and the average age at diagnosis
was 48.50 years (range: 8 to 71 years). One case (2.7%) was
diagnosed in a patient aged from 0 to 20 years, 6 cases (16.2%)
were diagnosed in patients aged from 20 to 40 years, 22 cases
(59.5%) were diagnosed in patients aged from 40 to 60 years
and 8 cases (21.6%) were diagnosed in patients of more than 60
years. The most common site was the anterior cranial fossa in
16 cases (43.2%), followed by the posterior cranial fossa in 11
cases (29.7%), the middle cranial fossa in 7 cases (18.9%), the
cavernous sinus in 2 cases (5.4%), and the frontoparietal bone
in 1 case (2.7%).

Most patients had hypophosphatemia and osteomalacia.
Except for 6 patients whose serum phosphate levels were not
described, all patients had hypophosphatemia. Only 4 patients
did not have osteomalacia (10.8%). Depending on the loca-
tion of the tumor, a few local symptoms may present. PMTs
in the anterior cranial fossa may present with anosmia (3
cases, 18.8%), nasal obstruction (3 cases, 18.8%), intracranial



www.md-journal.com

8

Song et al. ® Medicine (2025) 104

(panuyuo)
S3IMJel} BUOQ
a|dnnw pue
Juawiedur oy
-0W [nyured :woy
-dwis Jua1nosy
As|ed aniau Bss0}
61 [esso|BodAy 19| [eIURID
8oualnoay  Adessyy ‘Ured auoq pue 10148804 119002)
uonoasal apnoasa0 398U Jousisod uoibal [12RE]
[e101ang SOND) fiebing gz - [BUION [BWION — — 1 J [BULION 1 sap wodwAs Arewiid LN - SO W8T IN/SY BYOIUSOA G
ured suoq
pue ssauIzzip
89 149 JO
SSBU(INy 10}
-dwis Jua.1inosy
JINEN ©SS0}
pue Jes Y| Jo [BIUBID
(2) smjuuy sjnesind loLgisod ©01(9002)
80U81INAY ON fabing - - - - [BUION | - 1 Sap  woydwiAs Arewlld 1IAd —  |elodweyyel  4/97  [ewalfey ¥
(8v) eidoydip pue
panoiduw SROURCUNISIP [B
uono8sal -NSIA ‘SSBUYROM SNuIS SNo ©(r002)
[eloxans ON f1abing / - - - - - e [BULION 1 SO pue ured 8Osy INd 0¢.0¢.0€ -Wisnedyan  4//% elpoy4 ¢
BSS0}
abeylioway [elUBID JOU
[BIgaIB0BAUI -3)Ue 8y} 0}
pue Bupem Buipuaixa
ut Aynotip [eyuol ©(866 1)
anssalbold J-oplowiye [1RE]
(pz1) paig ON fisdolg 61 - - 1 - - - - - SoA  ‘Uied auog asnyiq LINd - wbld - 4/69 eldwoy ¢
BIWSOUE
[elsie|iq pue
90UBqINISIp
fiowsw ‘Ayrede
Buisealoul yym
(9¢) Ayreuosiad ©SS0J
80U8.1IN23Y pUB JoineYaq [BIUBID
U01398sal ur abueyo Jouauy (9661)
[elolqns ON fiebing gL - = [BULION 1 1 e [BULION t SO\ ‘Uted diy by LINd - [ewoywbly 409 [elopnaeg |
(ow) «Aderayy jsunessy  (IA) jownul  €2494 HLd a az d1v wnpes asjeydsoyd eioejewoa)sg swoydwAg sisoufelq (wo) azis uoneao]  (sieak) Jeak 'ON
82ua.nJal  aaiounipy alodl uoissaidxa wnids wnids (HO) (HO) wnJag wnJag Xas Jloyny
pue €¢494 G -6l aby
awoanQ

‘J0wn} jewAysuasaw sunjeydsoyd |ejueioeIjul J0 SAWOIIN0 pue ‘sisoubelp ‘sainjeay [eaiull)




icine

Med

8

Song et al. e Medicine (2025) 104

(panunuoy)
ured aJanas
10 8sNe2aq
usppu-paq
:uoissalbold
abeyioway
[BIgBIB0EAUI
pue Buyem S50}
ur ynaiip [eluesd
()] ‘ured fpog Jousuy (L L02)
@3N ‘paing ON f18bing [} SAIISOd 1 - - - 1 - 1 Sap  :WOodwAS Arewld 1IAd a4 [eluol Ya1  IN/19 el@O0UN B
©SS0}
[BIUBID
a|ppiw
uoljez 8y} al
-ljoquia Yem o} Buipusxa
bimg) anle a|qeun pue ured auoq [ed il 102)
@3N ‘paing -ladoald fiabing % BAISOd ! - - - ! - 1 S8A  Apoq anissalbold 1Ad 0z -odwsyybly  4/8G rlBOUN 8
©SS0}
[BIUBID
sainjoely a|ppiw
uonez sinjad pue [eiga) 3y 0
-lloquie -3/ 'SSBUYRaM Buipusixe (1102
€1 aAR 919snw pue ured auoq (el [1RE]
@3N ‘paing -ladoald fabing % BAISOd 1 - - - - [BWION 1 SOA 3U0( IWB)SAS 1Ad —  -odweyybly  4/8G lysefeqoy  /
AyredoAw uon
[ewixo.d a1anes -g|nueJh
pue sisoydAy plouyoese
198J0U} B pue saxe|
UM punoq SNOUdA
Jeyaeaym ay} ojul
'SSAUYEaM Bulpusxa
3Josnw pue SaU0q
) fideiayy [ewl ured uoq ‘el [eloLied 0(£002)
@3N ‘peand  8pRoana0 f1abing S AAIISOd ! e -I0N 1 ! - t SO\ -ajeydsoydodfiy LN - pueeod  4/69 [eIBUCISH 9
(ow) «Adesdyy juawneasl (1) ownul  €z2494 Hld a az d1v wnpes sjeydsoyd eloejewoa)sg swoydwAg sisoufelq (wo) azis uoneao]  (sieak) Jeak ‘ON
3JuaLINoal  aapounipy al04L uoissaidxa wmidg wnids  (HO)  (HO) wnias wnias Xas Jloyiny
pue €¢494 G -2l aby
awoang
(panunuoy)




www.md-journal.com

8

Song et al. ® Medicine (2025) 104

(panuyuo)
©SS0J
ured »oeQ-Mo| [eIURID
(r2) pue diy ‘ebey Jousuy s(€102)
80Ua1IN99Y ON fiebing g1 BNISOd - - - - - 1 S9p  -IoWay [elueIoBAU| LIAd - pWOL U]  N/ZE  [RIBSIUBA Gl
Yeam
Rwaixa-1amo| ©SS0}
[ewixold pue [eIURID
(0¢) uopyaxe uodn Jousuy s(€102)
@3N ‘paing ON fiabing € SAlISOd - - - 1 ! [BULION 1 SOA SSaUS Hoeg INd OL8 L8 L [Pwoyiybly  4/82  [RIOSIYIBN  pL
80UaUNUOdUI
[BO8) pue Aseu ©SS0}
-1IN pue ‘uois [BIURID
8L -saldap “Auyede Jousuy 1 102)
@3N ‘paing ON figbing  ow | AAllISOd - - - - - - - ON  ‘Blnqe 8AIssaIbo.d INd VS€habL [euoj ye1  4//9  [el@Jemog gl
eidodip
[eluOZII0Y pue
afg ybu ul
eido.noss ‘Bul
-ylem ul Aynoyp SnouJaABd
anssalbold snuIs
((0X9)] 'SSaUYROM ay) 0}
panoudu| ajosnw ‘ured Buipusixe
uonasal au0q anISsa.f auoq [eJ w2102
[elo1ans ON f1gbing 14 - - 1 - - ! 1 1 SO\ -01d pue asnyq LINd e L L -odwaybly  d/ey eiwbul 2t
Sainjoel} BSSOJ [B (¢ 102)
(t 4y auoq ajdpinw -1Ueld s|ppiN [e18
@3N ‘paing ON f18bing 4 - ! - - 1 - [BULION 1 SOA pue ured auog 1Nd 0281 [elodwslyel /LG ndoyy Lk
apis ybu
3} uo Asfed
aAIaU [eloR)
JTegjonueljul ‘Al
apelh uuew ©SS0}
-Y9RIg—8SNOH [elURIY
‘woydwiAs appiw
U818y 8y} al
169 1ybu 8y} Buipusixe
4y} Ul ssoj Butresy auoq [el u(H102)
80U81IN8Y ON fiabing L - - - - - - - - ON woydwiAs Arewd 1Ad - -odweyybly  4/12 1o paks QL
(ow) «Aderay} jsunessy  (IA) jownpul  €2494 HLd a az d1v wnpes gjeydsoyd eloejewoa)sg swoydwAg sisoufelq (wo) azis uoneao]  (sieak) Jeak 'ON
89ua.ngal  aaounipy alodl uoissaidxa wnies wnids (HO) (HO) wnJag wnJag Xas Jdoyny
pue €2494 G2 -5l aby
awoonQ

(panunuo))




icine

Med

8

Song et al. e Medicine (2025) 104

(panunuoy)
SSNUIS
prowps
[e19eylq|
ojul Buipniy
90UBQINSIp -X0 BSS0)
£10108}/0 pUR [IURID
(Ge) (B01M3) ured sjosnuwi Jousiue (2 102)
@3N ‘paing ON fiabing / BAISOd 1 - - JewloN - [BUWION 1 S8A  ‘auoq aAIssalbold 1Ad - ‘ewolybly  4/8¢ [BloBUBH |Z
©SS0J
[eIURID
uon loyiglue
-0nJ1Sqo [eSeu ay) 0
REEIVCED Bulpueixa 1/ 102)
9 ur ured asnyip ©SS0J [1BE]
@3N ‘paing ON fiabing 9 - ! 4 - - e [BULION t SOA pue ssauxes\ LINd 008 [eseu e N/Ck Z9pZU0Y  0¢
169 149| 8} Jo
SSaUInRaY puB ©SS0J
snuun ‘Buryem [eIURID
uonez ur Aynaiip 101181804
-lloquie anissalbold [eudiooo
(1) anle pue ured sybiy pue £a(£102)
@3N ‘paing -1adoald f18bing 2z - ! ! - - ! [BUWION 1 S8A  pue sdiy [esaleng 1Ad — |elodwseiye  4/87 BB IUBRNN 61
(6)
90U8.1IN03I
:U0N99s8al
puoJeg
%)
80UaLINJ3) ©SS0J
:U0N29sa. 18114 ‘Buryem [eIURID
Uuo08sal Aynaiyip pue 10148804 22(9102)
[e101ans 144d f1abing ¢ - 1 - - - - - 1 soA  Ured ulolb [elare)g LINd 1'2.G'¢  [endioooysl  4/eG [e1@nseg gl
©SS0J
[elURID
101181504
alayds
EBIXelR -lway
(ep) pue xjem o} le|[8qaisd 12(9102)
@3N ‘paing ON figbing - - - - - - - - - ON  8|qeun ‘aydepesH LINd - w48 [RER[ERAE
BSS0J
[eluelo 0a(G102)
()] [ew S8INoel) Jouauy 219
@3N ‘paing ON f1abing € - ! [BULION  -ION t - [BULION t SOA auoq ajdpny INd 270787  [BWoy Wb  4/6Y elleyied 9|
(ow) LAdeiayy woaugeay  (IA) jownjul  €z494 HId a az div wnoes ajeydsoyd eloejewos)so swoydwAg sisoubeiq (wo) aziIg uoneso]  (sieak) Jeak "'ON
82ua.NJ3l  aanounipy alodl uoissaidxa wnies wnids  (HO) (HO) wnJag wnJag Xas Jloyny
pue €249 [T Al | Ll
awoang
(panunuo?)




www.md-journal.com

8

Song et al. ® Medicine (2025) 104

(panunuoy)
©SS0J
[elURID
P eIB[e10[BUOIS 10118)S0d
panoudu| B920 pUe ‘Bul a|bue
U01j03s8l -1eay pauosip aunuodoy (6 102)
[elolqns ON figbing - AAIISOd - - - - - t t ON ‘Snyuun Yo LNd 0¢.SL  -8gaied Yo7 4/80¢ BB USEM  9¢
Buyem
ut Aynotip €SS0}
anissalbold [elueId
() pue ured sybiy} 101181s0d 1(6102)
@3N ‘paing ON f1abing € - 1 [BULON  — - - [BULION 1 soA  pue sdiy [elareg LINd = 000 Yo7  4/¢S [el8RIUSIN G2
aIMmoel) ©SS0J
[elowsa) [elURIY
[eJaR|Iq pUR 101181804
Bupiem ur Aynd felod 1a(6102)
paing ON f1abing S - 1 - - 1 ! - 1 SoA  -IIp anissalbold LNd 9¢:2'L6°L -walybly /9y RIBRISING 2
©SS0J
[elURIY
loysue
8y} 0l
Buipuaixa
1uonoan.sqo snuIs
feseu ‘ured pue piowyis 1a(8102)
(6) Aingesip Jofew pue Anes B39
@3N ‘paing ON figbing - - - WION - - - [BLLION - Sop  ‘saumaely a|dnniy LIAd - [eseu by  4/Ly gladajin €2
S8.noel)
uenbaly ‘ured
auoq asnyip
‘woydwiAs
1U81Inday
ured
au0Q SNOIAGO
0ou ‘s1s010d081SQ BSS0J
pue elW [eIURID
(09) -8leydsoydodfy Jousjuy (8102)
80U81INo8Y ON fabing - - - - - - - - 1 SoA  :wodwiAs Asewlld 1Ad - [eol by 4/89 e bUQ 22
(ow) Adesay)y jsunessy  (IA) jownjul  €z494 HId a az div wnoes ajeydsoyd eloejewoslso swoydwAg sisoubeiq (wo) azIg uoneso]  (sieak) Jeak ‘ON
82U3.N231  aanounipy alodl uoissaidxa wnies wnids  (HO) (HO) wnJag wnJag Xas Jloyiny
pue €249 [T Al Ll
awoang
(panunuo?)




icine

Med

8

Song et al. e Medicine (2025) 104

(panujuo)
(7o) paid ©sso)
()] [elueld
80U8LIN0al loyiglue
puooss ay1 0}
(74| Buipueixa
80uaLINdal Adeiauy snuis
1814 -olpel elwsodAy plowye
LoRoasal [BO0] 8A)} pue swojdwAs pue Ayaed (0202
llogng  -eledoisod f1abing 8 - - - - 1 SOA pajefel-QlL LINd G'e  leseulbly W/ [eje buel ¢¢
©SS0J
uonez [elURIY
-lloquia $S0] alppi
pue Burresy Jea ybu ay) 0}
Bunuas pue 1o} Snyuun Buipuaixa
(ev) ¥l 8Al} 1ubu ‘swojdwAs auoq [el (0202)
@3N ‘pany  -eredosld  Miebing g - - - - * SOA pajejel-QlL 1Nd e -odwaywbly 446 eiwbuel |e
S9.NoRl)
$sa.]s a|dinw
puUe ‘SSauyeam
ajosnw [ewixold BSSOJ [B
‘sabueyo -|UeI0 BIPPIA
@ 11eb ‘ured diy feJod 2(0202)
@3N ‘paing ON f1ebing ¢ - [BULION e [BULION 1 SO\ pue oeq-mo] INd O kL L€ -walybly  N/6z  [e180ZR0)  0S
aInzias pue
‘S9oURGINISID ©SS0J
116 ‘ssausieam [elueto 1(6102)
@ ajosnw ‘ured Jousluy [1BE]
@3N ‘paing ON f1gbing 9 - - - [BULION 1 S8\ 8UOq ‘sis0Jodo8lso LINd 6'1:9¢ oy ye1  N/BS  BiegsiepeH 62
0e(6102)
9 ured %oeq ©SS0) [e 1o
@3N ‘paing ON figbing - - 1 - - t S8\ puesqui| Jemon Lnd = -lUBDBPPIN  IN/SK lemeuny 8¢
Rynaiyip
Bupiem Lim
Buoe ssauyeam ©SS0J
uonez ajosnw [ewixold [eIURID
-lloquis ‘aUBMIEq 10118)S0d 0e(6102)
9 ane pue ‘ured uiof uauwielo} e19
@3N ‘pain) -ladoald f18bIng [ - 1 - - - SoA  oauy ‘diy [ealelg 1Ad - lenbnlysl  4/8G lemeuny /g
(ow) JAdesayy jsunessy () jownjul  €z494 HId d1v wnioes ajeydsoyd eloejewoalsg swoydwAg sisoubeiq  (wo) aziIg uoneso]  (sieak) Jeak ‘ON
aouaungal  aaounipy @1041 uoissalidxa wnidg wniads wniag wniag Xas Jioyiny
pue €¢494 136y
awoonQ
(panunuo))




www.md-journal.com

8

Song et al. ® Medicine (2025) 104

*Q UleA pue sereydsoyd e yons SUoBoIpaW (210 %00} sjusfied 1souw asneoaq Adelay aAnounipe WoJy papnjoxs sem Adelay) uonealpaw [eiQ ,

‘sisoubeIp 0} 18SU0 WOy Wiy = 1041 “Adessyloipel onaeI08I8)s = |HS ‘Buowioy plolAylesed = H1d ‘Adelay apijonuolpel Joydadal apnded = [4yd Yowny [ewAyouasaw aunreydsoyd = ||Nd ‘@Seasip

10 80UBDING OU = (J3N ‘KIBLE PI0JED [BUsBlUl = )| AIBBANSOIE] Bjiu BWWIED = SHYY ‘€2 JOJOB) UMOIB 1SEIC0IY = £Z4D4 ‘UONBIELI] WESG-[EUIBIX PASNO0) = g3 ‘asereydsoyd sulexe = 4y Q UWBIAMX0IPAY-GZ = 0 (HO) G2 ' UIBNMXOIPRUI-GZ' | = 02 (HO)-GZ' |

“8|qe[IBABUN SSTBOIPUI YSEP UJ

©SS0J
[eIURID
ured auoq 10148)S0d
(€) panouduw| pue sainjoel) [eudiooo (¥202)
U01399sal a|dnnw ‘ssau pue [eiod 3sed
[elolqns ON fiabing 8 - 1 [BUION t - 1 [BULION t SOA  -lzzip ‘8ydepesy INd G¢«0%.0'G -way by N/9G jussald /€
BSS0J
[elURID
(ozh) ured Jousjuy ©e1(¢202)
@3N ‘paing ON figbing - BNISOd 1 - - - - [BULION 1 oA diy pue apjue 1ubiY LINd - oy by /Sy [eloewloy  9g
$s0| Butieay ©SS0J
papis-1ybu [eIURID
pue ured lougisod 621(¢202)
(0g) auoq asnyip Uswielo} e18
@3N ‘paing ON f1abing - AAlISOd 1 @ t - & [BULION t SoA  ‘sainjoel) ajdniny LINd vz lenbnlbly  W/z9  ebusiebly  Gg
©SS0J
[eIURID
loysue
8yl 0}
Buipusixe
snuIs
[BJuO} [ess ©1(¢202)
(74} [ew $S0 1uyBlam pue -Jejosarsod [1RE]
@3N ‘paing ON f18bing S - ! ! -I0N - 1 [BULION 1 SOA  Ured auog asnyiq LINd 0¢ wbly w9 ebuisiebly €
BSS0J
[eIURID
ayoepesy loyisue
pUB L0NaN.ASqo ay) 0]
[eseu ‘diy pue Buipusixe
9BIQOLIAA JO snuIs
Sainjoe.} pue plowyie 121(c202)
@ [ew ‘Ured ¥9eq ‘ssau pue Ayaed [1RE]
@3N ‘painy ON f18bing o BNISOd - [BWION  -ION 1 ! [BULION 1 SOA -Yeam Je|nasny\ LIAd 02 [eseulybly  4/6€ oonuiwly €6
(ow) «Adesdyy juawneaslr (1) ownul  €2494 Hld a az div wnpes sjeydsoyd eioejewoa)sg swoydwAg sisoufelq (wo) azig uoneao]  (sieak) Jeak ‘ON
aouaundal  aaounipy @104l uoissaidxa wnids wnids (HO) (HO) wniag wniag Xas Jloyiny
pue €2494 62 -62'l 3By
awoonQ

(panunuoy)




Song et al. e Medicine (2025) 104:8

Medicine

Figure 1. Pelvis radiograph (A) revealed pseudofractures of the bilateral femoral necks, irregular bone substance of the left superior and inferior ramus of pubis,
and osteomalacia. computed tomography 3-dimensional imaging of the pelvis (B) showed bone discontinuity of the right superior ramus of pubis and left supe-
rior and inferior ramus of pubis, osteoporosis, nonhomogeneous density of the pelvis, and suspected fracture of the bilateral femoral necks. Fracture of the left
proximal femur (C, left hip radiograph) occurring during hospitalization, with intramedullary fixation of fracture by open reduction (D, postoperative radiograph).

hemorrhage (3 cases, 18.8%), abulia and personality changes (2
cases, 12.5%), seizures (1 case, 6.3%), headache (1 case, 6.3%),
and urinary and fecal incontinence (1 case, 6.3%). Middle cra-
nial fossa PMTs may present with hearing loss (2 cases, 28.6%),
tinnitus (1 case, 14.3%), and facial nerve palsy (1 case, 14.3%).
PMTs in the posterior cranial fossa may present with tinnitus (3
cases, 27.3%), hearing loss (2 cases, 18.2%), vertigo (2 cases,
18.2%), headache (2 cases, 18.2%), ataxia (1 case, 9.1%), and
hypoglossal nerve palsy (11 cases, 9.1%). Lesions in the cav-
ernous sinus presented with visual disturbances and diplopia (2
cases, 100%).

Thirty-six patients were treated with surgery. Total tumor
resection was performed in 28 cases; 24 cases had a good
prognosis with no evidence of disease (85.7%), and 4 cases
recurred (14.3%). Five of the patients who underwent total
tumor resection were given preoperative embolization, and
one was given octreotide therapy after the operation; all
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of these patients had a good prognosis and no evidence of
disease. Case 21 underwent 2 surgeries before total tumor
resection, with an interval of 2 years, and had a good prog-
nosis with no evidence of disease. Subtotal resection of the
tumor was performed in 8 patients, with improvement in 4
cases (50%) and recurrence in 4 cases (50%). Case 1 was
not given adjunctive therapy except medication because the
tumor did not regrow after recurrence. Case 5 received ste-
reotactic gamma knife radiosurgery (GKRS) and octreotide
therapy for recurrence, after which this patient’s symptoms
improved. Case 18 relapsed 4 months after the first surgery
and relapsed again 9 months after the second surgery. Because
of recurrence and persistent symptoms after both surgeries,
this patient was given peptide receptor radionuclide therapy
(PRRT) combined with 177Lu-DOTATATE, and her symp-
toms improved after 3 months. Case 32 received postopera-
tive local radiotherapy due to subtotal resection of the tumor.
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Figure 2. Preoperative computed tomography (A and B) revealed bone destruction of the right temporal bone, which was filled with soft tissue density,
encroaching on the right inner and middle ear structures, encompassing the right internal carotid artery, partially entering the sphenoid sinus, and destroying

the occipital bone posteriorly.

After 2 years, recurrence occurred, and the patient underwent
surgery again. It recurred 1 year later and was resected again.
The patient’s symptoms persisted, and he died of brain herni-
ation 2 years later. Case 2, whose general condition was not
suitable for tumor resection, underwent endoscopic biopsy
only. This patient’s condition worsened after the biopsy, and
he eventually died.

4. Discussion

Before 1987, the histologic features of PMTs were poorly
understood, leading to varied diagnoses. In 1987, Weidner et al
named these metabolic bone diseases, which cause osteomala-
cia, PMTs. ' In 2013, PMTs were included in the World Health
Organization (WHO) for the first time and were classified as
intermediate bone tumors with rare metastasizing behavior.*®!

The most common sites of PMTs are the extremities, partic-
ularly the lower extremities’®”; only 5% occur in the craniofa-
cial region," with 61.9% of these in the sinuses.!®! Intracranial
PMTs most frequently occur in the anterior cranial fossa
(63.2%),51 which is consistent with our findings. According
to a study, PMTs are diagnosed between the age of 30 and 60
years, with a median age of 46 years. The male-to-female ratio
was 0.7:1.81 In contrast, in head and neck PMTs, the female-to-
male ratio was 1.6:1.8) In our review of intracranial PMTs, the
age distribution was consistent with the general data, whereas
the sex distribution showed a female predominance (1.7:1). We
report the case of a male patient with a PMT located in the
posterior cranial fossa, which is extremely rare in terms of both
sex and site.

Unlike PMTs in general, intracranial PMTs may present with
diverse local symptoms depending on the tumor site, in addi-
tion to typical osteomalacia-related symptoms such as fractures,
bone pain, and muscle weakness. In our review, the most com-
mon symptoms of anterior cranial fossa PMTs confined to the
cranium were abulia and personality changes (11.1%), as well
as anosmia (16.7%) and nasal obstruction (16.7%) if the sinuses
were involved. Middle cranial fossa PMTs most frequently
cause hearing loss (28.6%), whereas posterior cranial fossa
PMTs are often associated with tinnitus (27.3%). Lesions in the
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cavernous sinus frequently result in visual disturbances and dip-
lopia (100%). Some patients may develop severe, life-threatening
symptoms owing to tumor growth. We reviewed 3 patients who
developed spontaneous intracranial hemorrhage, all in the ante-
rior cranial fossa; one of these patients ultimately died. When
evaluating patients with osteomalacia-related symptoms, it
is crucial to consider potential local tumor-related symptoms.
Neurological examinations should be promptly performed in
patients showing central nervous system damage or infiltrative
symptoms to enable early detection and treatment.

PMTs typically present as low serum phosphate, elevated ALP,
and increased FGF23 levels. Among all patients with available
data, 100% exhibited low serum phosphate and high ALP lev-
els, whereas 91.0% had elevated FGF23 levels. PMTs are usu-
ally associated with the overexpression of FGF23, which inhibits
the secretion of PTH and 1,25(OH)2D3. This disruption affects
phosphate metabolism, leading to decrease in the intestinal
reabsorption and urinary excretion of phosphate. This condi-
tion results in hypophosphatemia, which can lead to osteomala-
cia, manifesting as progressive muscle weakness, bone pain, and
fractures.***!1 In addition to FGF23 levels, tubular reabsorption
of phosphate and the ratio of tubular maximum reabsorption of
phosphate (TmP/GFR) are crucial for the diagnosing PMT and
distinguishing between reduced phosphate absorption and renal
phosphate loss — key factors that are currently lacking in our
case. Although there is no doubted in diagnosis, the clinical data
remains incomplete. Moreover, we only reported the patient’s
25 (OH) D level and lacked the 1,25(OH)2D3 level, which is
something we need to improve. Ensuring comprehensive data
collection will enhance our ability to accurately diagnose and
manage the disease.

Notably, PMTs often have nonspecific symptoms, are usu-
ally small, and occur in specific locations, making them chal-
lenging to detect and localize. Consequently, misdiagnosis and
delayed diagnosis are common, often resulting in failure to
provide accurate and timely diagnoses. In our review, the aver-
age delay before the diagnosis of PMTs was approximately §
years. The definitive diagnosis of PMTs require a comprehensive
evaluation, including detailed medical history, physical exam-
ination, laboratory tests, and imaging findings. When patients
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Figure 3. Preoperative magnetic resonance imaging revealed irregular heterogeneous T1 (A) and T2 (B) signals intensity in the right temporal bone and part
of the sphenoid and occipital bone, heterogeneous signals intensity in the FLAIR sequence (C). The neighboring brain tissues were slightly compressed and
displaced, and the fourth ventricle was compressed and deformed. After injection of GD-DTPA (D), large patchy abnormally enhanced areas were observed in
the right sphenoid sinus area, clival, right temporal, petrous and pyramid areas; and right cervical area, with clear boundaries, and the right temporal area and
right cerebellum were affected. Diffusion weighted imaging (E) and apparent diffusion coefficient (F) revealed partial restricted diffusion. The magnetic resonance
spectroscopy (G) localization frame was located in the right temporal bone and part of the sphenoid and occipital lesions, with a TE = 135ms, baseline insta-
bility, and waveform disorder. FLAIR = fluid attenuated inversion recovery, GD-DTPA = gadopentetic acid, TE = echo time.

present with unexplained hypophosphatemia and osteomalacia,
common causes such as vitamin D deficiency should first be
excluded. A comprehensive physical examination should follow
to identify potential tumors and confirm the diagnosis of PMTs.
Imaging findings are particularly important.

Currently, the main imaging tools for the diagnosis of PMTs
are CT, MRI, PET-CT, and octreotide imaging. In 2013, a study
by Michelle Houang et al demonstrated that PMTs express
various surface receptors, making octreotide imaging a useful
diagnostic tool.*? Similarly, in a study by Gupta et al,*”! 8 cases
where octreotide scanning (DOTANOC-PET/CT) was per-
formed, all had positive lesion uptake. Our patient underwent
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octreotide imaging when the diagnosis was unclear, which
resulted in a high suspicion of PMT. Recently, a meta-analysis
showed that 68Ga-DOTA-SST PET/CT is more effective than
octreoscan-SPECT/CT for diagnosing PMTs.**! However, its
high cost limits widespread application.**! Our patient had sig-
nificant bone pain, multiple fractures, difficulty walking, and
other symptoms of osteomalacia. Biochemical tests revealed a
significant decrease in serum phosphate levels and an increase
in the ALP levels; FGF23 levels were much greater than normal.
18F-OC PET/CT revealed a high possibility of PMT, and the
patient was diagnosed with PMT. However, the most definitive
diagnosis relies on pathological examination.
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Figure 4. 18F-FDG PET/CT (A and B) and 18F-OC PET/CT (C) revealed a mixed density mass in the right temporo-occipital region, with compression and
displacement of the surrounding brain parenchyma, bone destruction of the right sphenoid, temporal bone and part of the occipital bone, and radioac-
tive distribution was unevenly increased (18F-FDG PET/CT: SUVmax = 6.8, 18F-OC PET/CT:. SUVmax = 10.9). Thoracic deformity was seen, with multiple
ribs substance disorganization and osteotylus formation, and radioactivity distribution was mildly increased (18F-FDG PET/CT. SUVmax = 1.1, 18F-OC PET/
CT: SUVmax = 2.0). Striped low-density shadows were seen in the bilateral proximal femur, and the radioactivity distribution of the left proximal femur was
abnormally high (18F-FDG PET/CT: SUVmax = 7.1, 18F-OC PET/CT. SUVmax = 4.1). Decreased bone density in the skull, spine, pelvis, and extremities,
multiple osteophyte formations in the lumbar spine, with no obvious abnormalities in radioactive distribution. 18F-FDG PET/CT results suggested that the right
temporo-occipital mass after radiotherapy, inhomogeneous increase in metabolism, and the temporo-occipital tumor was considered the responsible lesion.
18F-OC PET/CT results suggested that the right temporo-occipital lesion had inhomogeneous high expression of octreotide, and the high probability of PMT.
18F-FDG = 2-deoxy-2-[fluorine-18] fluoro-d-glucose, 18F-OC = 18F-AIF-NOTA-octreotide, PET/CT = positron emission tomography/computed tomography,
PMT = phosphaturic mesenchymal tumor.

In 1987, Weidner et al classified PMTs into 4 pathological  the clinicopathological and immunohistochemical analyses of
types: phosphaturic mesenchymal tumor, mixed connective 22 patients with PMTs and proposed a new variant termed
tissue type (PMTMCT); phosphaturic mesenchymal tumor,  phosphaturic mesenchymal tumor, mixed epithelial, and con-
osteoblastoma-like; phosphaturic mesenchymal tumor, nective tissue type (PMTMECT).*! However, to our knowl-
non-ossifying fibroma-like; phosphaturic mesenchymal  edge, there is no definitive pathological diagnosis for PMTs
tumor, ossifying fibroma-like.”” Among these, PMTMCT is  to date.
the most common subtype. In 2004, Folpe et al reviewed 32 Although PMTs are rare diseases, most of them are benign,
new cases and concluded that there is essentially only one  and surgical resection of the tumor is the first choice of treat-
type of PMTMCT for PMTs.?' In 2019, Wu et al summarized  ment for PMTs, which not only improves abnormalities in
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Figure 5. Pathological specimens: (The skull base lesion) A pile of grayish-
white and grayish-red crushed tissue with a total volume of 5 cm x4
cm x 2.5cm. The cut surface was grayish-white, grayish-red, and had a soft
texture. Pathologic diagnosis: Combined with immunohistochemical results
consistent with PMT. PMT = phosphaturic mesenchymal tumor.

biochemical parameters but also resolves osteomalacia and
promotes bone substance remineralization. The degree of
surgical resection is correlated with tumor recurrence and
symptom persistence. Complete tumor resection is the only
treatment available to cure PMTs, and wide-margin tumor
resection is necessary to reduce recurrence.*!! Postoperative
serum phosphate and FDF23 levels can quickly recover
with remarkable clinical results. However, incomplete
tumor resection can lead to local recurrence and recovery of
related symptoms.*¢! Radiotherapy or radiofrequency abla-
tion (RFA) can be used as an adjunctive treatment when the
tumor cannot be completely resected for various reason.#748l
Medication therapy (oral supplementation with phosphates
and 1,25(OH)2D3) is required for patients with undetected
tumors or tumors that cannot be completely resected.!**5!
For patients with disease progression or recurrence, new
therapies, such as human monoclonal anti-FGF-23 anti-
bodies, KRN23, somatostatin analogs and peptide receptor
radionuclides, can be applied.*! Burosumab, a fully human
monoclonal antibody against FGF23, can normalize phos-
phate metabolism by blocking excess FGF23. Recent stud-
ies have shown that Burosumab is superior to conventional
medications in terms of efficacy, and can improve calcifi-
cation. For patients whose tumors cannot be removed, are
localized, or whose risk of surgery is too high, Burosumab
may be an effective alternative to conventional treat-
ment.’>% Burosumab was approved by the FDA for the
treatment of TIO in children and adults.® In intracranial
PMTs, tumors are adjacent to important structures, blood
vessels, and nerves, and it is sometimes difficult to achieve
complete resection. Therefore, adjunctive postoperative
treatment is important. In our review, the recurrence rate
was significantly lower (14.3%) following total resection
compared to subtotal resection (50%). The 4 patients who
relapsed after subtotal tumor resection received adjunctive
therapies with drugs, stereotactic gamma knife radiosurgery
and octreotide, PRRT, and local radiotherapy. Among these
patients, all but one had a favorable prognosis. The patient
who received postoperative local radiotherapy succumbed
to multiple recurrences and disease progression. Therefore,
when complete resection of intracranial PMTs is unattain-
able, neurosurgeons should proactively seek adjunctive ther-
apies with drugs, octreotides, and radiotherapy to reduce the
risk of tumor recurrence.
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Figure 6. Postoperative computed tomography revealed partial loss of the
right skull, with mixed density shadows and gas shadows in the operative
area.

5. Limitation

Owing to the rarity of PMTs, most available studies are case
reports, and large-scale clinical studies are lacking. Surgical
resection is the preferred treatment option; however, the efficacy
of various adjunctive therapeutic modalities has not been clearly
recognized. Our review highlighted significant variability in the
documentation of biochemical parameters, hindering effective
comparative analysis of intracranial PMTs at different sites.
Therefore, additional clinical studies are required for devel-
oping standardized treatment protocols. Detailed reporting of
all laboratory and clinical indicators is critical to advance the
understanding of PMTs.

6. Conclusion

PMTs are rare diseases that can occur in any part of the body
but rarely affect the intracranial cavity. Intracranial PMTs
should be strongly suspected in patients presenting with hypo-
phosphatemia, osteomalacia, and intracranial occupancy. PET/
CT imaging is an effective diagnostic tool for identifying poten-
tial PMTs. The current standard of care is complete tumor
resection, which is he only definitive treatment for PMTs. If
the patient’s general condition permits, total lesion excision
should be performed. Medication and radiation therapy can
be used as adjunct therapies. Therefore, early diagnosis and
treatment should be considered to improve the prognosis of
patients with PMTs.
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Figure 7. Postoperative magnetic resonance imaging revealed irregular heterogeneous T1 (A) and T2 (B) signal intensity in the operated area, heterogeneous
signals intensity in the FLAIR sequence (C), and no obvious abnormalities was seen in the enhancement scan (D).
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