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Hypophosphatasia

ALP: 20 1U/L (40-105)
B6: 40,2 ug/L (8,7-27,2)

RESULTS

SUMMARY

Pyridoxal-5'-phosphate (PLP — plasma, HPLC) 143,5 nmol/I (ref <130); slightly elevated level

Phosphoethanolamine (PEA — plasma, HPLC) 0,26 pmol/l (ref <2); normal level

Phosphoethanolamine (PEA — urine, HPLC) 10,7 mmol/mol creatinine (ref <5); slightly elevated level

ALPL gene sequencing (DNA - Sanger) Likely pathogenic variant:
p.Pro409Ser; ¢.1225C>T; heterozygous

Biochemical and genetic findings are consistent with Mild Adult form of Hypophosphatasia
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J.C.. Rathbun

"HYPOPHOSPHATASIA"

A New Developmental Anomaly

J. €, RATHBUN, M.D.
TORONTO, CANADA

N VIEW of the complexities of growth of the various parts of the body,
it is not surprising that developmental anomalies occur, Those affecting
bone often may be recognized early, and we are all conversant with the
well known clinical entities of osteogenesis imperfecta and achondropla-
sia. Recently a case was referred to the Hospital for Sick Children, To-
ronto, which belonged in this group of osseous anomalies but presented

some unusual findings.

REPORT OF A CASE

J. 8., a boy 3 weeks of age, was admitted to the hospital Dec. 6, 1946 and
died on Jan. 21, 1947, He was born at full term on Neov., 14, 1946, following
a normal seven hour labor, The child cricd spontancously and weighed 9 pounds
7 In spite of fairly well taken breast feedings, the child
lost weight steadily, his weight falling to 7 pounds 5 ounces {3,316.89 Gm.}, on
admission, The mother noted that the child became blue when he cried, and
eleven days before admission his cry took on a different quality as though he
were in pain. This could be precipitated by handling. Three days before admis-
sion he began to have episodes in which he would cry for a minute or two and
then coarse, jerking movements of his arms, legs and body occurred, lasting for
three to five minutes. The spell would terminate then with a second period of
erying lasting two or three minutes, Five such attacks were observed in the three
days prior to admission. On the day of admission, a friend noted that the child's
head seemed softer than that of an average child,

Feeding History.—~The child was breast fed without difficulty.

Family History,—~The mother and father were alive and well. There was no
familial history of bone diseases in two generations prior to this child. There
were no siblin

11 ounces

Qbstetric History—The mother was a primipara who had an uneventful preg-
nancy. Her diet was adequate,

Physical Examination—The patient was a poorly nourished male infant,
in no acute distress, with deformities of his wrists and bowing of his legs. The
temperature was 99 F. (by rectum).

Presented to the Canadian Society for the Study of Diseases of Children,
June 7, 1947,

From the Wards and Laboratories of the Hospital for Sick Children, and
Department of Pediatrics, University of Toronto, under the direction of Alan
Brown, M.D,, F.R.C.P. (Lond.).

Dr. J. D, Munn prepared the report on the roentgen examination and Dr,
W. L. Donohue assisted with the pathologic spe

822




AAKAAIKH ®QYXPATAXH

* Kataidel Tnv vOpOALCT] POGPOPIKDOV EGTEPWOV OTEAEVLOEPDOVOVTAC AVOPYAVAL
pocpoptkd (PI)

* Apa EEMKVTTAPLO. GLVOEDEUEVT] LUE TNV KLTTOPIKN UEUPpdv

* Téooepa 1oEvivua
 IThaxovvtiako (PLAP) (2937.1)
* 'evyntikov kuttapov (GCAP) (2937.1)
* Evtepwo (IAP) (20937.1)

* 90-98% opoAoyio, OLOOIUEPT) GTOV OPO KOl GTIC LEUPPAVEC
¢ Mn wo10-£101k0 (TNAP) (1p34-36)
* 'Hrap
* Ootd
* Negppog
* Advtio
* 50% opoioyia pE TO 1GTO-EOIKA,

e Ouoodepn otig peUPpavec
* ®uvowa vrootpouata: PPi, PLP, PEA, pOPN, LPS



Mineralization

l ¥ ALP activity l

Mineral Homeostasis

Cal* excretion

- * Pi reabsorption —/

Phosphatonin
Insufficiency (?)

Central Nervous System

Pyridoxamine Pyndoxal Pyridoxine
} X } X } P
PNPO PNPO
Pyridoxamine-P = Pyridoxal-P -=— Pyridoxine-P

£
Blood-Brain Barrier

GABA, Norepinephrine, Dopamine

Tournis S, Yavropoulou MP, Polyzos SA, Doulgeraki A.
J Clin Med. 2021 Dec 1;10(23):5676. doi: 10.3390/jcm10235676.
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Mop@éc HPP

[Teptveoyvikn [perinatal (OMIM# 241500)]

KalonOng evoountpia [benign prenatal (OMIM# 264050)]
Bpepwn popoen [Infantile (OMIM# 241500)]

[Towdkn popen [childhood (OMIM# 241510)]

"Hmo

XoPapn
Mopoen evniikov [adult (OMIM # 146300)]
Odovrovmopmaopatocio [odontohypophosphatasia (OMIM#241510)]
®opeic HPP

Severity



HPP

* H tpoipdtepn epuepdvion oyetileton Katd kavova pe Bapidtepn voco kot
YEIPOTEPT TPOYVMOT

* O1poipec popeeg petaPiBacovton Le COUATIKO VTOAEITOUEVO, EVO O1
OWYILLEC NTOTEPEC LOPPEC LUE COUATIKO ETTKPATOVVTA T) VITOAEUTOLEVO
YOPOKTNPO.

* MeydAn TotKIAopopPio GTIS EKONAMGELS Ko 6T PapdTnTo aVT®OV 0KOUN

Kol 6TV 1010 O1IKOYEVELNL



Odonto HPP
Presentation: at any age
In children: before 5 yrs
painless loss of deciduous
teeth with root intact
First: Lower incisors
Otherwise normal

Infantile HPP
Presentation: before 6 months
Poor feeding, Weakness
Delayed motor milestones
Rickets
Craniosynostosis
B6-dependent seizures
Thoracic deformity
Intracranial hemorrhage
Hypercalcemia/uria
Mortality:50%

HPP severity

Adult HPP
Presentation: middle age
Muscle weakness
Skeletal/joint pain
Loss of secondary dentition
Metatarsal stress fractures
Delayed fracture healing
Femoral pseudofractures, BME
(Hip, Knee, Feet)
Chondrocalcinosis, PPi
arthropathy, calcific periarthritis

Childhood HPP
Presentation: after 6 months
Loss of primary teeth
Muscle Weakness
Skeletal pain
Rickets (bowed legs, knock
knees)

Craniosynostosis
Symptoms might improve in
young adult life

Perinatal HPP
Presentation: in utero
Profound hypomineralization
Short deformed limbs
Hypoplastic lungs
Intracranial hemorrhage
Seizures
Fever
Anemia
Mortality= 100%



When to suspect HPP

When to suspect HPP
= Defective bone muneralization
— Nontraumatic/recurrent fractures
— Stress fractures of metatarsals (foot pain)
— Delayed fracture healing
= Defective tooth nuneralization
— Premature loss of secondary dentition
— Short roots, enamel hypoplasia, severe dental canes, and alveolar bone loss
= Laboratory

— Hypophosphatasaemma, i.e., persistently low serum ALP (upon repeated tests), after exclusion of other
known causes

— Increased levels of ALP substrates (PLP, PEA; PPI if available)
+ Radiology/ultrasound

— Chondrocalcimosis

— Enthesopathies

— Calcific penarthnits

Bianchi ML, et al Osteoporosis International 2020




Diagnosis

History, physical examination.

Persistently low ALP (age and sex-specific reference range)

Low ALP in first degree relatives

Radiological findings (perinatal, infantile, childhood, adults-CCPD [knees,pelvis,wrist,hands]-calcific periarthritis
[shoulder,trochanter])

 Lab

T serum PLP (B6)

T ePEA serum / urine: low sensitivity and specificity
T PPi serum/urine

T sCa, uCa

PTH: &4

25 (OH)D: <>

1.25 (OH)2D: <>

« P/ T,TTMP/GFR

« TNSALP mutation (> 380)
* missense (80%)
* nonsense
 donor splice site mutations
» frame-shift deletions

* Biopsy



AL0QOPIKN Aldyvoon

 Cardiac bypass surgery
 Coeliac Disease

* Clofibrate

e Steroids, BSP, Denosumab
* Cleidocranial dysplasia

Milk-alkali syndrome
Multiple myeloma

Ol type Il

Pernicious or profound anemia
Radioactive heavy metals

 Cushing syndrome e Starvation

« Hypothyroidism * Vitamin C deficiency

 Improperly collected blood (oxalate, * Vitamin D intoxication
EDTA)  Wilson disease

Inappropriate reference range

_ _ « Zn or Mg deficiency
Massive transfusion

Whyte M. Nature Rev Endo 2016



AVTIUETOTTION

* YTOGTNPIKTIKN
* Mnyovikog aepiopog
* B6 yio. B6-dependent seizures
* Kpavioovvootemon: Kpaviotoun
* Oo0oVTIHTPIKN TapaKOAOVONON

* NSAIDs (vampo&évn)
* Amopuyn vrepPoikng otopbmwong vroPrrapivoong D, tpdcAnync
acBeotiov, drpwopovikmyv, Dmab
* OgpamevTiKQ

* O¢gpameia eviouikng vrokatdotaong pe asfotase alfa [ Enzyme Replacement
Therapy (ERT) with Recombinant, mineral-targeted, human TNSALP]

* Tepumaparion
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Enzyme-Replacement Therapy
in L]i'E'-Thr:'.ﬂtemng Hypophosphatasia

1.0, Fh.L
r. W.Cx, Miah

F.T. hatthas M.P.H.. Jasd Luiz Millsn, Ph.D
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Design: Open label study

Duration: 1 yr. (with extension)

Pts: 11 pts with perinatal (5) or infantile (6)

HPP

Age: < 3yrs

Dose: Infusion at a dose of 2 mg per
kilogram, followed by sbc 1 mg/kg 3 times/
week (up to 3 mg/kg if no response- total 9

mg/kg/wk.).

Primary EP: change in the skeletal

manifestations of HPP

Other EP: safety, tolerability
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D Baseline

Baseline
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Indications for ERT In adults

. Osteomalacia and complications of osteomalacia

. Pseudofractures.

. Intractable musculoskeletal pain requiring or unresponsive to opioids.
. Presence of chondrocalcinosis with intractable pain

. Major osteoporotic fractures.

. Delayed or incomplete fracture healing.

. Individuals with significant impairment in function with impaired gait

and mobility.

Ost Int 2019, Canadian Guidelines
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Transcellular  paracellular
NaPi2b PiTl NHE3

70% absorbed

Peacock M. CTI 2020
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ECF

FGFR/Klotho
PTHR1 / S FGFR/Klotho

XPR1
' CYP24A1

- -
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A |
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1

i JH::

transcellular
NaPi 2a/c

proximal :
thick
80% reabsorbed
bsorb
above TmP B - -

Peacock M. CTI 2020




m Proximal Tubule Cell S'/ RIHRT

% Na*/K"-ATPase
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. FGFR
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Apical Membrane Basolateral Membrane

Endocrine Practice 29 (2023)
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Parabiosis Suggests a Humoral Factor Is Involved in X-Linked
Hypophosphatemia in Mice

WORMAL- NORMAL

TamLk |. EFFECT oF PARARIOSS 03 PLASMA MINERALS AND SKELETAL GROWTH 1N NoRsaL aND Hyp Mice
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TUMOR-INDUCED OSTEOMALACIA —
UNVEILING A NEW HORMONE

PHosPHATE plays a critical part in the regulation of
cell metabolism, and phosphate homeostasis is closely
regulated in normal humans. Indeed, like serum calci-
um, serum phosphate is maintained within a narrow
range of values, and people with abnormal concentra-
tions may have a predisposition to life-threatening
conditions, such as hemolysis, myopathy, hypocalce-
mia, and nephrocalcinosis.

The principal organ that regulates phosphate ho-
meostasis is the kidney. Regulation is accomplished
partly through variation in glomerular filtration of
phosphate but primarily through variation in renal
tubular reabsorption of phosphate. These variations

Vol. 330 No. 23

esses remain unknown, further studies of genetic
disorders and oncogenic osteomalacia should soon
provide the means to address these issues. Indeed, Cai
et al.' may have made a small but very important step
in the discovery of “phosphatonin.”

MicHaEL J. Econs, M.D.

Duke University Medical Center
Marc K. Drezner, M.D.

Durham, NC 27710
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are detectable within 24 hours after a change in
dietary phosphate intake and even more rapidly af-
ter a sudden change in the serum phosphate concen-
tration due to an event such as rhabdomyolysis.
The mechanism (or mechanisms) underlying adapta-
tion to changes in dietary phosphate intake is unclear.
Moreover, although sudden alterations in phosphate
homeostasis are ascribed to changes in parathyroid
hormone secretion, this explanation is unlikely, since
an increase in parathyroid hormone secretion results
in both increased mobilization of phosphate from
bone and increased urinary phosphate excretion, thus
exerting opposite effects on the serum phosphate con-
centration and having a limited influence on phos-
phate homeostasis. Therefore, there has been specula-
tion that a separate phosphate-regulating hormone
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Autosomal dominant hypophosphataemic rickets is
associated with mutations in FGF23

The ADHR Consortium

Proper serum phosphate concentrations are maintained by a
complex and poorly understood process. Identification of genes
respansible for inherited disorders involving disturbances in
phosphate homeostasis may provide insight into the pathways
that regulate phosphate balance. Several hereditary disorders of
isolated phosphate wasting have been described, including X-
linked hypophosphataemic rickets! (XLH), hypophosphataemic
bone disease? (HBD), hereditary hypophosphataemic rickets with
hyperealciuria® (HHRH) and autosomal dominant hypophos-
phataemic rickets*® (ADHR). Inactivating mutations of the gene
PHEX, encoding a member of the neutral endopeptidase family
of proteins, are responsible for XLH (refs 6,7). ADHR (MIM
193100) is characterized by low serum phosphorus concentra-
tions, rickets, osteomalacia, lower extremity deformities, short
stature, bone pain and dental abscesses*S. Here we describe a
positional cloning approach used to identify the ADHR gene
which included the annotation of 37 genes within 4 Mb of
genomic sequence. We identified missense mutations in a gene
encoding a new member of the fibroblast growth factor (FGF)
family, FGF23. These mutations in patients with ADHR represent
the first mutations found in a human FGF gene.

(ref. 8). The two-point lod score for marker D1251624 was 7.68.
A second, smaller ADHR kindred, family 1478, had a lod score of
1.1 at D1251624. Assuming that the disease locus in this family
was linked to the same interval, we screened for single recombi-
nation events in these two familles. Distal and proximal recombi-
nations in families 1406 and 1478, respectively, provisionally
mapped the disease locus to the 1.5-Mb region between the
markers D1251685 and D1251594.

Genomic sequences from chromosome 12pl3 are available
from the public human genome effort. Analysis of finished and
unfinished sequences between [31 251685 and D1251623 revealed
37 genes within this region, 13 of which are new genes (available
with the transcription map at httpy//www. pedgen.med.uni-
muenchen.de/chrl2/index html). The complete  coding
sequences of the new genes were obtained by RT-PCR, RACE
and/or sequencing of IMAGE clones.

For mutation screening, we used DNA from index patients of
4 families that had male-to-male transmission and clinical fea-
tures compatible with ADHR, including the families 1406 and
1478, as well as DNA from 18 patients with hypophosphataemic
rickets that were negative for PHEX mutations. We also analysed
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Apacerc FGF23

Osteocytes and osteoblasts
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mmol/L to mg divide by 0.3229
Serum phosphate serum phosphate
(mg/dL) (mmol/ L)
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Table 1: Normal age-dependent values of serom phosphate

Bopitra vmoeoceopaipiog

« Mild (0,6-0,8 mmol/L; 1,8-2,5 mg/dL)

* Moderate (0,4-0,5 mmol/L; 1,0-1,7 mg/dL)
» Severe (P <0,3 mmol/L; 0,9 mg/dL).
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e Xpoviotnta: O&eia-Xpovia

* [TaBopvororoyia
* Mewwpévn Evtepikn Amoppopnon
* AvEnuévn Eicoooc P evooxvttdpla 1 evamoOeon P otoug 16100

e Avénuévn Neppikn AnoAieio,
* PTHR-1 dependent
» FGF23 dependent

» FGF23 independent
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1. Mewtopévn evtepikn amoppoenon ¢mc@opov
*  AlkooMopdg
* 'Evoetla frrapivng D, VDDR 1-3
e ZOVOpopa SLGATOPPOPNONG
2. Avénuévn €16000¢ POGEOPOL EVTOC TOV KLTTAP®V 1 evandbeon P 6tovg 16tohg
e Xopnynon wwooviiving i tnv 010plmon ¢ KeToEmaonc
* Ilapeviepikn oition
e Amdovpon amd 10 dAKOOA
*  AVOTVELOTIKT) AAKAAMGCN
e AnAntmpioon pe GOATKLAIKA
* Hungry bone syndrome
* Ogpamneio Kakonbovg avorpiog
o Ynyoipio amd gram apvntikd pkpoPiao,
* OC&cia Aevyapio (AOY® ToxEMC TOAATANGIALOUEVOV KLTTAP®V)
* MeTeuEPAYUOTIKOL KO TOAVTPOVLOTIES
* Eyxabdpoata
3. Avéquévn veppiky oamxmiEla gmepopov
* PTH/PTHrP dependent
* Tlpwtomadnc vrepmapabupeoetdtoudg
*  Aevtepomadng vepmopadupeoeldICUOC

*  XovopodvomAacio Tov Jansen
*  Kakonfelec (Lécw avEnong tov PTHrp, cuvnBéotepa o kapkivog Tov LoGTov)
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 FGF23 dependent

* Emiktnreg

Oyxoyevng Ooteopoiokio
EvoopAéPia yopnynom odrpov

Metd amd HeETAUOGYELCT) VEPPOD

* KAnpovouikég

XLHR

ADHR

Ymopwcopaiikn poyitido pe
VIEPTOPAOLPEOEIOIGO

ARHR 1,2,3

IToAvoooToTIKN VDO G dSVGTAAGIA,

Cutaneous-Skeletal hypophosphatemia
syndrome

 FGF23 independent
o YoAnvoaploxes PAaPeC
» Phosphate-specific tubulopathies

*  Kinpovoukn vwropocsopaipikn payitido
ue aoBeotiovpio (HHRH-SLC34A3)

* Ymopwopopaipio pe veppacPEotmon
(SLC34A1)

« SLCY9A3R1 (NHERF1)
« Xvvdpopo Fanconi
* Eniktto
* Kinpovopuko
s ddapuaxa
* AxetaloAapuion
*  AlovpnTiKd,
e YtEPOEION
* AvtikataBoAwka (BSP, Dmab, Estrogen)
* NSAIDs



| P

| TMP/GFR

N/t TmP/GFR

XLH, ADHR,ARHR

t/High normal FGF23 Family history +

J/Low normal 1,25 (OH),D

etc

Genetic Causes (?)
> TIO, FD, Iron-induced,

Post renal transplantation

_ Hyperparathyroidism

Normal Ca
Family history -
| 24hU Ca
| FGF23 1 24hU Ca,
1/Normal 1,25 (OH),D — no glycosuria,
Normal/ 1 Ca proteinuria, amino
1 24hU Ca,
| Dietary intake glyco_surl_a, :
Aminoacid formulae p“?te”?““a’ UL
acidosis

Malabsorption

Phosphate binders,
antiacids

Acute, consider transcellular shifts
(refeeding syndrome, DKA, alkalosis)

Post hepatic resection

_ HHRH

" Diuretics

-+ Fanconi Syndromes

Ackah SA, Imel EA. JCEM 2023
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X-Linked hypophoshatemic Rickets

Enintoon: 3,9/ 100000 live births, EmroAaouoc: 1,7/100000 (moidid)- 4,8/100000 (cvvodro)
X- linked emikpatovoa dratopoyn cvvereia uetardddéemv oto PHEX (located at Xp22.1)
20-30% eivon omopadiKeg

H BapOtnta dev Tpomomoteital e TIC YEVEEC

H vocog mapapével oe Bapitnto Kot LETE TNV EVIAIKI®OON

H Bapotnto motkiAn akOpo Kot € ATOUO TIS 1010.C OTKOYEVELNG

Oyt caeng cveyETIoN EAIVOTLTOV-YOVOTVLITOV



Kilvikn Ewkova

* Kovto avaoctnuo

* Payitoa, pe mapoapopemncelc otao katm akpa ( 2/3 tov acbevov o1opbwtikeg enmepuPdcelc)
* Ooteoparakio/xatdypato ovemdpkelog (50%)

* Ooctikd dAyn

* EvOecondBein, ooteoapbpition

* Odovtikd amootruoata (50%)

* AvopoAieg Tov Kpaviov, GTOVOVAIKT] GTEVIGCT], OLUTOPOYES OUKOTC

* Aptnpuoxn vaéptaon, LVH

* NeppaoBéotwon (50-70%)



[TapakAvikd evpnuato

* Yropmopopotuio
* docpopovpia, low UCa

* Mewwuévo TMP/GFR gmaximal tubular reabsorption of phosphate per
GFR) [ ¢t=2,5-4,2 mg/dl]

 Ca: normal/low

 IPTH: normal/high

* 25 (OH)D: pvotoroykd

* 1,25 (OH), D: avappoota @usloAoyika
* FGF-23 : cuvBmwc avEnuévoc

* ['evetikoc Eleyyoc: BeTikog 6to 70-90%






Interdisciplinary management of FGF23-related phosphate wasting syndromes:
a Consensus Statement on the evaluation, diagnosis and care of patients
with X-linked hypophosphataemia

Nature Reviews Endocrinology 2022

Conventional treatment in adults: recommendations.

» Treatment in adults should include: vitamin D ana-
logues (alfacalcidol 0-1.5ug per day, once per day,
or calcitriol 0-1.0 ug per day, in one or two doses)
alone or with phosphate supplements (ideally smaller
doses (than in children), which are evenly distributed
across the day, 0-2,000 mg per day).

Management of bone pain might be required in
adults with XLH owing to osteomalacia, fractures or
pseudofractures.

In adults with XLH, clinicians should evaluate the
need for orthopaedic surgery or the presence of
dental complications.

We suggest considering treatment with vitamin D
analogues and phosphate supplements during preg-
nancy and breastfeeding. No data, to our knowl-
edge, are available regarding the effect of therapy in
postmenopausal women. Consistent evidence is still
missing for treating enthesopathies.

We do not recommend treatment of asymptomatic
adult patients, unless they develop pseudofractures,
even without symptoms.

Conventional treatment in children: recommendations.

» Vitamin D analogues and phosphate supplements

can be offered to all children with XLH, as soon as
the diagnosis is established.

Starting doses of elemental phosphate range from 20

to 60 mg/kg body weight per day (0.7-2.0 mmol/kg)*

in four to six divided doses, according to the severity
of the disease.

Calcitriol should be given at a starting dose of
20-30ng/kg body weight per day, in one or two
doses, or alfacalcidol once daily at an initial dose of
30-50ng/kg per day.




Burosumab- Indications

Burosumab treatment in children: recommendations. Nature Reviews Endocrinology 2022

» Consider burosumab treatment as first-line therapy

in children with XLH aged 1 year or older (6 months in

some countries, such as the USA), and in adoles-

cents with radiographic evidence of severe bone
disease.

In children with mild disease, a trial of conventional

Burosumab treatment in adults: recommendations.
* Burosumab could be suggested as a second-line ther-
apy in adults with XLH with overt osteomalacia, with

therapy is suggested rather than considering buro-
sumab as a first-line therapy.

Once started, treatment with burosumab should
be continued until the closure of the growth plate.
A multidisciplinary evaluation should be conducted
with the adult team to consider the follow-up of
burosumab through adulthood.

pseudofractures that are not responding to conven-
tional treatment or in patients intolerant to conventional
treatment.

Children: The starting dose of burosumab is 0.8 mg/kg/2 weeks sbc
(maximum dose 2 mg/kg per 14 days or 90 mg per 14 days).
Adults: 1 mg/kg/4 wks



Oykoyevic Ooteoporokio

IIpot avaeopd amd tov McCance 1947
SVGYETION UE LEGEYYVLOTIKOVE OYKove amd Tov Prader, 1959
ZVOYETION UE «POSPOTOVIVES» TO 1994 amd tov Cal.

Emoia eninttowon FGF23- vopwopopaipiog (Japan): 0,04/100000 persons/year

Denmark: prevalence : 0.70 per 100,000 persons for the total population and only 0.43 per 100,000 persons in adults,
[2018: 9 new cases] (Abrahamsen B, CT1 2021)

2vvnbwg katd v 41-5" dekaetio tng LoNG

Ta&wounon Oncogenic Osteomalacia (OOM) (CTI 2020)

» Phosphaturic Mesenchymal Tumor (PMT)- Tumor Induced Osteomalacia (T10)

» Cancer — Associated osteomalacia (CAQ)



Oykot

* Phosphaturic Mesenchymal Tumor (PMT) — mixed connective tissue
variant (TIO)

« Admixture of spindle cells, osteoclasts-like giant cells, microcysts, prominent blood vessels, cartilage-like matrix, and grungy calcification

 Cancer — Associated osteomalacia (CAO) - (coumayeic 0ykovg-
QLLOTOAOYIKEG KOKOTOE1EC)

* Blioloyikn) couneprpopd
* Katd kavova karondeic
* 2% moAveoTioKoVg karonBelg dyKovg
¢ < 5% xaxonelg



Head & Neck: 24%

Evtomon

MoaAaxoi Iotol : axpa

* Ootd @ TeEPLPEPIKO OKEAETO, KPUVIO, TOPAPPIVIOVE KOATOUCS

Functional Imaging
* Whole-body 68GaDOTATATE PET-CT P
* (HYNIC)-octreotide (**™Tc) SPECT-CT
* Octreoscan (In)
 18F-FDG PET-CT
Imaging
* MRI
- CT

Venous sampling
FNA: ??

Lower legs: 59,6%
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Mechanism of actions for the existing and potential novel therapies.

..... Octreotide FGF23 antibodies Cinacalcet

< * .
> [ FGF23 ] [ PTH ]
' —r—r , TR
- : : Thyroid and Parathyroid
+ Tumor cell : A Intestine
. Ablation |
Surgery Radiotherapy| ! X ¥ Pi Pi| Piintake
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Minisola S, et al. Endocr Rev 2023 Blood




Iron Induced Hypophosphatemia

Transcription
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no hypophosphatemia (serum
phosphate > 2.0 mg/dL at

all visits),

moderate hypophosphatemia
(serum phosphate

1.0 to < 2.0 mg/dL at any post-
baseline visit),

severe hypophosphatemia
(serum phosphate < 1.0 mg/dL at
any post-baseline visit;

Clinical Research Article

Risk Factors for and Effects of Persistent and
Severe Hypophosphatemia Following Ferric
Carboxymaltose

Benedikt Schaefer,’ Heinz Zoller,' and Myles Wolf?

PHOSPHARE IDA-04 and IDA-05 trials
(safety analysis set, n=242)
Incident

FCM FDI
(n=117) (n=125)
hypophosphatemia
Mo hypophosphatemia Hypophosphatemia? No hypophosphatemia Hypophosphatemia?
(n=30) (n=87) (n=115) (n=10)

(n=2) (n=1)

Severity of
hypophosphatemia

Moderate Severe Moderate Severe
(n=72) (n=13) (n=9) (n=0)
0
Excluded 11% .
(n=7y

Recovered Persistent Recovered Persistent
(n=31) (n=34) (n=1) (n=12)

Figure 1. Patient flow according to study drug, hypophosp&atemia severity, and hypophosphatemia duration. Abbreviations: FCM, ferric
carboxymaltose; FDI, ferric derisomaltose. *For patients with no post-baseline measurements, serum phosphate level was imputed as < 2.0 mg/dL

Duration of
hypophosphatemia

{as in the primary clinical trial analysis). “Patients with no post-baseline serum phosphate measurements. “Patients who could not be categorized
according to the definitions of “recovered” and “persistent’ due to low phosphate only on day 21 and/or day 35.

JCEM 2022;107: 1009-1019



Patient treated with intravenous iron (FCM, SFO, IPM)
|

; |
Bone pain Monitor serum phosphate at |

suggestive ' 2 and 5 weeks
of osteomalacia

: |
X-ray Hypophosphatemia

; | . (phosphate <0.8 mmol/L)

Fracture No fracture l l

v
Bone scan Assess Check 25-D

or MRI hypophosphataemia Replace

| severity if levels low
v v |
Fracture | | No fracture

- |

Stop or switch Fe
M .
consider oral P and oderate Mild
i ) . or severe
active vitamin D

hd

Fig. 2. Proposed algorithm for diagnosis and management of osteomalacia associated with repeated iron infusions.

ferric carboxymaltose (FCM), saccharated ferric oxide (SFO), iron polymaltose (IPM).

Journal of Bone and Mineral Research, \ol. 37, No. 6, June 2022, pp 1188-1199
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