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Omeostasi del fosfato
BONE-KIDNEY-GUT NETWORK

Normal serum

Food phosphate
20 mg/kg/d _ I
| Bone |
Total absorbed intestinal TSP l
phosphorus Y
16 mg/kg/d Formation ‘ . Resorption
3 mg/kg/d 3 mg/kg/d e
- +SCa § Ca 1.25(0H);Ds 25({0
synthesis ynthosis
Phosphorus
Intestine - ool L Il
' TS PTH S PN + intestinal intestinal
Digestive juice phosphorus s:';;:s:::::‘s ,‘ !, M'.j:':
3 mg/kg/d Kidney y
T renal enal
phosphate phosphats
‘ . excretion oxcretion
Urine X 7 y
Feces 13 mg/kg/d
7 mg/kg/d Normal serum
1 N ¢ h
Fig. 2. Quantitative aspects of phosphorus absorption in humans. phosphate

T.J. Berndt et al. Am J Physiol Renal Physiol 289: F1170 —F1182, 2005 gismo.net
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Prevalenza Ipofosfatemia
* Hospitalised patients (2.2-3.1%)
* Sepsis (65-80%)

* 1088 patients enrolled in oncology clinical trials showed an

unexpected 32% prevalence of hypophosphatemia

* Intensive Care Unit (29-34%)

Koljonen et al. JCEM, 2021;106(10):2865-2875

Florenzano P. et al Lancet Diabetes Endocrinol 2020

gismo.net
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Impact of hypophosphatemia on outcome @
of patients in intensive care unit: a
retrospective cohort study

Lichun Wang, Chaaxing Xiao, Let Chen, Xiaofei Zhang and Qiuye Kou'®

Abstract
Background: Hypophosphatemia generally occurs in intensive Care Units (ICUs), but its impact i often ignored
The aim of thes study was to investigate whether hypophosphatemia can be a risk factor for ICU 28-day martality
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e e BMC Anesthesiology (2019) 19:86
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Approccio al paziente con ipofosfatemia e

diagnosi differenziale

Escludere pseudo-ipofosfatemie: Seumphicaphate’  Serumphosphite
- ere . (mg/dL) (mmol/L)
* Fattori pre-analitici 05 days 4882 1526
N . . 1-3 3.8-65 1.2-21
* Equilibrio acido-base 4_1::,5 S 1218
* Disordini mielo-linfoproliferativi 1:2;:: e e
o =20 years 2.5-45 0-8-14

Normal age-dependent values of serum phoshate

Rule out condizioni cliniche acute:

-Alcalosi respiratoria acuta

-Chetoacidosi diabetica/sindrome iperglicemica iperosmolare

-Refeeding syndrome

Florenzano P. et al Lancet Diabetes Endocrinol 2020gismo.net
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Advance Access publication 11 December 2020 : )

Nephrology Dialysis Transplantation

Refeeding syndrome as described in 1507 by Antonio Benivieni
in Florence

adeo noxia atque pernitiosa est nimia

Natale G. De Santo', Carmela Bisaccia®, Malcolm E. Phillips® and Luca S. De Santo® ] o j
satietas, quam multa praecessit inedia

TISNON mmmm “In the year 1496 extensive famine affected nearly the whole of Italy,
wm'txmvi‘(’”uqa so that many died on the public roads and city streets. Many also,
SIS .

through bad and injurious foods, were attacked by various disorders. |
noticed too that very many of those who had, after prolonged fasting,
obtained more abundant food, enjoyed their fuller nourishment for a
few days and then died (dum plenioni utunturs victu, paucis diebus
vitam finisse), so harmful and dangerous is satiety preceded by a long
period of abstinence (adeo noxia atque pernitiosa est nimia satietas,
quam multa praecessit inedia). I also saw women who in this way did
PIGRS. 3. Anris Rersvie (14413343, Repessted with perasi harm to the children at their breast, and so brought death upon their
i children and themselves (et se et illos ad mortem deducerent). But

Is richer i data than all compiation books writien in the cen
tury before his' (30}
For Sprengel (1766-1835), Bentvieni was with Antooso

| : Q| Somalint CMd-151) i of the sk ettt Sl i it Nephrol Dial Transplant (2022) 37: 1411-1416 gismo.net

century. did not coov Arsh ssthers. but srodeced erieinal find
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Fisiopatologia della refeeding syndrome

Hypokalaemia Malnutrition

Hypomagnesaemia
Hypophosphataemia
Thiamina deficiency

Gluconeogenesis and

I 'rotmn cat%

’ P K
 .’ ' ' Protein, mineral and
X o« Mg b vitamin depletion
’
NS PO Refeeding
_ syndrome
Refeeding
- ¢ X "
- Glucose uptaks
.. 2
- ;. I Utilization of thiamine
- ® Carbohydratesas main energy source

T Protein synthesis

Na* retention —» T extracellularvolume »” <y " »
l‘ Insulinsacretion
.V,.QI'

initial risk determination for RFS

|

Minor risk factors (A) Major risk factors (B) Very high risk factors (C)
4 N
BMI < 105 kgimy? o BMI <186 kgimy « BMI <14 kgim?
Unintentional wesght loss *  Unmilentonal weight koss « Weght loss >20%
»10% i the preceding 3.8 *15% in the preceding 1.8 o Starvabon »15 days
months moniths
Very Mile of no nutrthonal o Very Mie or no nutrbonsd
Intake for »5 days riiake for »10 days
History of alcohol or drug *  Low levels of serum
abuse potasssum, phosphate of
magnesuen prior 10 feod
T I [ J
Minor risk = 1 risk factor A

Very high rish = 1 risk factor C

gismo.net
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CAUSES OF HYPOPHOSPHATEMIA  yix CONGRESSO NAZIONALE

1. DECREASED INTESTINAL ABSORPTION
a. Decrease in phosphate intake
b. Phosphate binding antacids
c. Vitamin-D deficiency/resistance
d. Malabsorption
2. REDISTRIBUTION HYPOPHOSPHATEMIA Proximal Tubulus
3 5 Phosphate reabsorption 25
a. Respiratory alkalosis

b. Refeeding hypophosphatemia m 3 )
c. Hormonal-induced "@"’:_ oL s
d. Rapid cell proliferation o= P
3. RENAL HYPOPHOSPHATEMIA ( SGK1
a. Primary tubular damage
1. Hereditary
i1. Acquired
b. Circulating factors
1. Hyperparathyroidism

Regulation of 1,25(0H)2D production

ii. PTHrp
iii. Phosphatonins ~ 1,25(0H),D 1,25(0H),D
1._ Tumor-induced osteomalacia Canresk biiada Proposed Model
2. ADHR
3. XLH l
c. Volume expansion J
d. Diuretics PTH PTH
e. Liver resection FGF-23
4. MULTIPLE FACTORS ;FE"‘;PE"‘
a. Diabetic ketoacidosis FGE-7

b. Alcoholism
....... gismo.net
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INQUADRAMENTO DELLIPOFOSFOREMIA

Fosfatemia (mg/dL) 09
Mypophoswhataermia’ Fosfaturia (mg/dL) 57,7
+ Creatininemia (mg/dL) 04
sComphete mechal, famiy « ACute Galses of sediste bution Creatininllﬁia (mg,dL) 73 0
and phasmacologicalhistary ||« Known hereditary diseases Riassorbimento tubulare fosfati (%)
+ Phyvcal exarminaton «Vaamun Ddehoeny
* Labowatory svaluation « Hypsrparathyradam inserisci i tuoi valori nelle caselle gialle
. Nomogramma di Walton e Bijvoet
STRP Tl G ar bo
w = = o mmol/I
I 00+ N5 20
+ v g

Normad TP (PR, or TRPBS-95%, or bhoath Low TP GG or TRPAB5-G5% or both

. | -

Decreased phasphate intake or .\bxorptcn‘} #unal phosphate wastng

v

Memure FGF- 21

Actusl plosma phosphate conc, [POJ
| "

i 3-0«’-
i -
Low vahsey Noemal o elevated valies +
« HHEHI « Hereddtaty foms of 40—
« Heveditasy Loems of Fancoen syeddeome! 16 -7 1 dependent snal phosplute -
« Acguired Fancam syndrome warting [ XLH, ARHR and ADMR) -1—
« MAS ard 1D j‘— o
o LSS so—t—20 oo
0 mg/dl &
.l.__‘q‘“""v’m“”m") Nomogram for derivation of renal threshold phosph

Agere2: Dispmotic shgertivn ol lypeapogpimtasmie Florenzano et al. Lancet Diabetes Endocrinol 2020; 8: 163-74 gismo.net
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X-linked hypophosphataemia

Dwlarpodd anet
daproportionate
- .~
Delayed motor 2
development and w5
shnorraltes o
e Y
g 2 Fopulmion of FOF LS sopremion 20 sacreson i LM Inaciwatng mustions ¥ K inoesse Stvotlan growtn [acsor 23 FOF 28
Fig. 1 Symptomatology and pathoptrsiclogy of XL The signs, symptoms, sequesiae. and long-tenm conseguences of XLH in paediatric feft) and POPAON Dy Increesing leest; of ackdic serine sspame-rich MPE-aockond prosein (AWM peptide. Ths lnads t nCmesed relesse of 14 23
adult {ny“) panents 0 e . and rOemad leveh of FOFIS rreiuted dgraiing These proCetees are sho regulited Sy 4 wide 1300¢ of othet et
Creert Wnes indeare uoregelnion and md ke nOacate moveason, FOr smpificaton, foedech looes have Deer regreseneed 31 Wnese (vt

cenved aiound 1GHDS

gismo.net



| XIX CONGRESSO NAZIONALE
Dalle premesse fisiopatologiche alle applicazioni terapeutiche

CLINICAL TRIAL JBMR N | 2 : g T
» %

A Randomized, Double-Blind, Placebo-Controlled, g % ['““\'\._4_“ ! : /\.—‘\_

Phase 3 Trial Evaluating the Efficacy of Burosumab, g f— S i

an Anti-FGF23 Antibody, in Adults With X-Linked Yy S A WL Y L LY S AR

Hypophosphatemia: Week 24 Primary Analysis — - S .

Karl L Insogna,’ Karine Briot,” Erik A Imel,’ Peter Kamenicky,* Mary D Ruppe,” Anthony A Portale®

Thomas Weber,” Pisit Pitukcheewanont,” Hae Il Cheong,” Suzanne Jan de Beur,’ Yasuo Imanishi,”’ oy ‘ i
Nobuaki Ito,'* Robin H Lachmann,"” Hiroyuki Tanaka,'* Farzana Perwad,” Lin Zhang,'* Chao-Yin Chen,"” i "‘\,/\ »
Christina Theodore-Oklota,'* Matt Mealiffe,'” Javier San Martin,"* and Thomas O Carpenter’ on behalf of i » S T

tha AYI FS 1 Inusctinarnre

gismo.net
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CLASSIFICAZIONE

/Phosphaturic h
mesenchymal tumors of
mixed connective tissue

Osteomalacia secondaria
* Neoplasia prostatica

[ ] . ° °
variant (PMTs) Microcitoma polmonare
\ Y * Discrasie ematologiche
* Neurofibromatosi
> e Sindrome del nevo sebaceo
& o &

e * Displasia fibrosa dell’osso

"o [ )
wiw | e ]

Folpe AL,, et al. J Endocrinol Invest. 2018 gismo.net
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Terapia medica nel TIO: —_—

'

* Clinic ol history

* Physical esamination

* Lahoratory evauation
e

|

Family history of inhetited No Famwly history of irherited
phosphate dnocder phosphate sordet

|

Exclade
* Vitamin D and mineral deficiency

e LESIONE TUMORALE NON < Poary byperporhymadn

* Other caunes (such s nutnibion o

D E N I I F I ‘ A B I L E Consuder gerwetic disarders ol impalred phosphate dehicioncin, medwation
tubuler resbsomption and haavy metah)

C J

* INTERVENTO CHIRURGICO NON 2t

PRATICABILE (performance status, e
se d e.. ) o Enchude havedbtaryfors of FGF2) e B ko de horachuary K of FGRE)

independent renal phosphate wasting dependent ranal phosphate winting

* INCOMPLETA RIMOZIONE e L’" Py el oy

sheletal Inpophosphatasimia syndeoms

* RECIDIVE s 4

Search for occult tumour

] see - Removel of the tumow
|

Recovery

Minisola, S. et al. Tumour-induced osteomalacia. Nat. Rev. Dis. Primers 3, 17044 (2017).

gismo.net




Terapia medica “standard”

* Supplementazione di fosfati e di prodotti attivi di vitamina D

« Sali di fosfato 20-40 mg/kg/die
a dosi refratte

* Calcitriolo 20-30 ng/Kg/die
* ALTERNATIVAMENTE ALFACALIDIOLO

TITOLAZIONE DELLA TERAPIA
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TERAPIA STANDARD: pros and cons

VANTAGGI: LIMITI:

* PROBLEMATICHE
GASTROINTESTINALI

* IPERCALCEMIA
* NEFROCALCINOSI
* IPERPARATIROIDISMO

* BASSO COSTO

* CONTROLLO DELLA
SINTOMATOLOGIA

(astenia, dolore) SECONDARIO = TERZIARIO
. .. « COMPARTECIPE DEL RITARDO
DIAGNOSTICO

Minisola, S. et al. Tumour-induced osteomalacia. Nat. Rev. Dis. Primers 3, 17044 (2017). gismo.net
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ANALOGHI DELLA SOMATOSTATINA E TIO

Octreotide (600 pg/day)

Serum phosphorus

0.5+ 05

5 -

5 — =

* RAZIONALE: espressione recettoriale 3 0.4 o e L 04 ‘—T’E

della Somatostatina nei tumori fosfaturici E P ég

3 s T @

CONCLUSIONI: g ' Sl
vt o

Octreotide non rappresenta una terapia 2 ai‘f’

efficace per la soppressione di FGF 23 E 0.24 02 o 5
Q [=

8 &9

g ’%’ g.

» &

0.1+ -0.1
e Differenti sottotipi patogenetici
coinvolti nella neoplasia? 00 b
. .\ 1 ,\ﬁ* ,\ L} n L] \ Al " 1 \ L LN 1) \ .
o & & ® © H ®
F N S ©
S &

Minisola S et al NEJM 2002 May 30;346(22):1748-9 gmsmo.net
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CLINICAL TRIAL

JBMR

Burosumab for the Treatment of Tumor-Induced

Osteomalacia

Suzanne M Jan de Beur,' Paul D Miller,” Thomas J Weber,* Munro Peacock,* Karl Insogna,” © Rajiv Kumar,®
Frank Rauch,” Diana Luca,” Tricia Cimms," Mary Scott Roberts,” Javier San Martin,® and

Thomas O Carpenter”
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FN1-FGFR1 TRANSLOCATIONS

a KLOTHO- KLOTHO- Autocrine or
Autodimerization? independent? dependent? paracrine

'DW feed-foward

FN signalling?

FGFR1

- . s

Lee JC, J Pathol 235:539-545
Minisola S., et al. Nature R.D.Pgi2017:
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===-=-|nfigratinib: risposta al trattamento

- i Pan-FGFr tyrosine kinase inhibitor | ¢ wheiesedy -roc.eer-ct
W\’ N\ "o (BGJ398/infigratinib) First Course of Trestmant Discostiasinion e
\ },'\ * Before Trestment ¥ IYesroftestment  © 20 Months without trestment  © 3 Months of treatiment
-~ S8 . “ -
- g . ; ; .-.
) e .
A Effect of Infigratinib on FGF23 Levels ¥ ry b
a b cd e "‘.‘.» = ' = = - =
o000, |} W o I J
= !
80,000 < ,
, i 100 2
Keiai i
& 40,000 -
2 B
20,000+
f LIMITI ATTUALI DI TALE TERAPIA:
0- -0 Effetti collaterali
Rl S S R S
Days since First Dose Promessa: Seconda generazione di pan-FGFR inhibitor
Iris R. Hartley et al. N Engl J Med. 2020 October 01, 383(14): 1387—1389. gismo.net
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ALTRE FOSFATONINE: CONSIDERAZIONI TERAPEUTICHE |

Subtilisin like
proprotein convertase

'{-1’“]‘;-.}; - N e e 1]?

nactive FGF23 N- and C-

orminal Fragmonts Proximal

Tubule

_25(0M)0
Abnormal

1,25 (OH|,0 3 um

A
Phosphaturia

e R

B 25(0")20

Kidney

Phex
'

Oligopeptide Substrates

MEPE

FGFR 3C

Proverabve
Fhe

Hypertrophic
Chondrocytes

Osteoblasts /\_ Rickets/
Pheox

. Osteomalacia
FGFR 2C dodobs

PTH

Skeleton

Riminucci M, Colangelo L et al et al. Ear, Nose & Throat J. 2020

GAPDH (816 bp)

MEPE (468 bp)

FGF23 (251 bp)

gismo.net
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ALTRE FOSFATONINE: CONSIDERAZIONI TERAPEUTICHE Il

G b
il ||||||||I|ml

FGF23 MEPE FGF7 GAPDH

Colangelo L, Palmisano B and Corsi A: in preparation gismo.net
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Non-FGF23 mediated causes of hypophosphatemia

Hypophosphatasmia® J . H H RH
Y
«Complete medical, famiy « Acure cnrses of redinttBution
ard phamacolagicalhistory ||+ Known heseddary diseases * Acquired Fanconi Syndrome (cisplatino, antivirali,
» Physical exanmuenaton «Vitarmun Ddehoency
+ Labomatory evaluation ’1 » Hypetpatathyradam gammopatie monoclonali"_)
* |
STHP Tenl GFR orboth ] Ches Mbensmantol (20163 35 5275129
I J DOE 10, 10070 | 006101426274
"' - ‘ ORIGINAL ARTICLE
-1
Normd TP GFR. or TRP2BG-85%_or hmhi Low TP GFR, or TRPBS-95% . or both
. - ‘ Hypophosphatemic osteomalacia induced by tenofovir
¥ } in HIV-infected patients
Decroased phot phate ntake or absomtion 1 Fenal phosphate wasting

I Memsute §F0GH-3 |

—

Recently, the use of Tenofovir alafenamide (TAF), a new

prodrug of tenofovir, has been reported to be significantly less

Low values Nomal or elevated valuer
- HHEH! - Merediary farms of harmful compared to Tenofovir disoproxil fumarate (TDF).
« Heradtary forms of Fanconi syndrome! FGF- 23 dependent mnal phosphute
«Acgurad Fanconl syndeame waasting DX ARMER, and ADHR)!

* MAS arel FD

oL5MS

100

o Droge [itraverous hon)

gismo.net
Figure 2- Diagnostic algorithm of hypophosphataemia
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FGF23 AND IRON DEFICIENCY

“ *Qﬁ Q’L‘ ~Iron deficiency
\ = ~ ¥ 7 /’
/=X o+
T - e — \ " " Inactive FGF-23 T
trtact FGF 23 (acsive) FGF 23 Fragreents (Inactive) \ Active FGF-23 e —t— > (= Active FGF-23 minus
a_ S C-terminal part)
25 (OH) vit D "5 ~ >
24,25 (OH), vit D

e+

1a-hydroxylase
»

24a-hydroxylase

o Renal phosphate loss T

’
o 1,25 (OH), vit D | o

Intestinal absorption P + Ca |, o

Drug Safety (2022) 45:1019-1036 gismo.net




- XIX CONGRESSO NAZIONALE
FGF23 AFTER INFUSION OF FERRIC CARBOXYMALTOSE

g% _~ lrondeficiency . @
X /
[ @ x* i

l\ﬂl

Inactive FGF-23

. ? » (= Active FGF-23 minus
b Active FGF-23 | 1 Carmniial sacd
o ’ >
H - .
25 (OH) vit D | 4& o #
3 . A
24,25 (OH), vit D 7 -/ 9 PTHlevel T 79

4

1a-hydroxylase

24a-hydroxylase

0 Renal phosphate loss T T

e 1,25 (OH), vit D& & o

Drug Safety (2022) 45:1019-1036  gismo.net




ORIGINAL ARTICLE

JBMR

Osteomalacia as a Complication of Intravenous Iron
Infusion: A Systematic Review of Case Reports

Tatiane Vilaca,'

Nalini Velmurugan,” Christopher Smith,' Bo Abrahamsen,*'*

'Deparmment of Oncology snd Matabalinm. Universty of Shefheld Shefhsd U
"Dapermment of Medane, Mok Mogtsl Moltu b, Dermank

and Richard Easted’

"Open Pationt Data Daplomtve Nebwork, Departmmnt of Chmical Research, Urnevenky of Southern Demark, Odeme, Dermark
"Dervark and NDORMS, Ursvemity of Oxford, Owlord UK

The lowest phosphate level reported in each case
ranged from 0.16 to 0.77 mmol/L

In all the 15 cases where iFGF23
measured, it was high (1.6 to 7.8 times)

level was

Twenty patients had pseudofractures (14 of the chest
14 of the lower limbs7 of the pelvis, and 1 of the
upper limb Nine patients had fractures (7 of the lower

limbs, 6 of the pelvis, 4 of the ribs, and 3 of the
vertebra

XIX CONGRESSO NAZIONALE

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

'
Bone pain
suggestive
| of osteomalacia
'

X-ray

)
No fracture

Bone scan
or MRI

]
Y Fracture |

' ‘

Fracture | | No fracture |

' )
Stop or switch Fe
consider oral Pand '«
active vitamin D

J Bone Miner Res. 2022 Jun;37(6):1188-1199
-

A
.| Monitor serum phosphate at |,
2 and 5 weeks ‘

' 1
Hypophosphatemia
(phosphate <0.8 mmol/L) ‘

. .

Assess | Check 25-D
hypophosphataemia Replace

severity if levels low

Moderate

L
l A
I or severe | lM“d

gismo.net



IRON AND FGF23:
a new area of research

L ATE
wa

van Vuren AJ, et al. Front. Physiol. 10:304 (2019)

L " ——"— - ———

XIX CONGRESSO NAZIONALE

Oral Iron Replacement Normalizes Fibroblast Growth Factor 23
in Iron Deficient Patients with Autosomal Dominant
Hypophosphatemic Rickets

Erik A. Imel' 2, Ziyue Liu®, Melissa Coffman', Dena Acton', Rakesh Mehta', Michael J.

Econs'#

350

300

Intact FGF23 pg/ml
= = NN
o o ¥ o (%)
© & © & o

e

o

0 2 4 6 8 10 12
Month

J Bone Miner Res. 2020 February ; 35(2): 231-238 gismo.net




Oral Iron Replacement Normalizes Fibroblast Growth Factor 23

in Iron Deficient Patients with Autosomal Dominant XIX CONGRESSO NAZIONALE
Hypophosphatemic Rickets
Erik A. Imel'2, Ziyue Liu®, Melissa Coffman’, Dena Acton', Rakesh Mehta', Michael J.
Econs'#
150 B
T -
v 24
= ) o
< 100 - -
- 44 3
g 5
- 4
= o
& 50 - a2
A z
0 4 ] {' { o % % 4 {

J Bone Miner Res. 2020 February ; 35(2): 231-238 gismo.net
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Advances in understanding of phosphate homeostasis and related disorders

"/

- 7 I \\ ¥~ FGFIFGFR seo"

- signal

/ N -7

= \
ENPP1 DMP1 / oL
<
?
PHEX - &

Local Regulators

Endocrine Journal, 2022, 69(8), 881-896 £/smo.net
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Take home messagges
* 'ipofosfatemia e un rilievo biochimico spesso ignorato e/o sottovalutato

* || suo corretto inquadramento diagnostico rappresenta un elemento

indispensabile per un approccio terapeutico efficace
* Disponibilita di nuove strategie terapeutiche

e Future directions: comprensione dei vari fattori regolatori dell’FGF23

gismo.net



