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Table 1 Chronology of major advances in PTH research

ate
1850-1900 Parathyroid gl discovered as separate entities from thyroid
Function unknow
1900-1925 Parathyroid gland function debated
Tetany after parathyr amy: cause—hypocalcemia vs methyl guanidine

1927-1950s *atho ] of hi

iy poparathyroi
1929 Bone i se in rats
Parad
197 0s Hormone s
Bone anaboli

Human clinical tri
1990s Parathyroid horm
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(1804-1892) (courtasy of
don)

III. On the Anatomy of the Indian Rhinoceros (Rh. unicornis, L.).
By Professor Owen, F.R.S., F.Z.S. &c.

Read Feb. 12, 1850.

Part 1.

The thyroid gland consisted of two elongate, subtriangular lobes extending from
the sides of the larynx to the fourth tracheal ring; diminishing as they descend and
united by a very thin and narrow strip continued between their inferior extremities,
obliquely across the front of the trachea. The structure of this body is more distinetly
lobular than is usually seen; a small compact yellow glandular body was attached to
the thyroid at the point where the veins emerge.
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THE EXTRACTION OF A PARATHYROID HORMONE WHICH
WILL PREVENT OR CONTROL PARATHYROID TETANY
AND WHICH REGULATES THE LEVEL OF
BLOOD CALCIUM.*

By J. B. COLLIP.

(From the Department of Biochemasiry, Universily of Alberta,
Edmonton, Alberta, Canada.)

(Received for publication, December 3, 1924.)
_J. Biol. Chem. 1925, 63:395-438

-

James Bertram Collip, (November 20,
1892 — June 19, 1965)


//upload.wikimedia.org/wikipedia/commons/c/c5/J._B._Collip_in_his_office_at_McGill_University_ca._1930.png
http://en.wikipedia.org/wiki/Ph.D.

F1a. 1. Dog 32. 59 days after thyroparathyroidectomy. In a state of
tetany.

the normal function of the parathyroid gland would appear to be related to. Direct
control of the calcium level of the blood.” and ““these glands have no function to them
other than the regulation of calcium metabolism.”



STUDIES ON THE PHYSIOLOGY OF THE PARATHYROID
GLANDS

I. CarcruM AND PHOSPHORUS STUDIES ON A CASE OF IDIOPATHIC
HyPOPARATHYROIDISM

By FULLER ALBRIGHT axp READ ELLSWORTH
(From the Medical Clinic of the Johns Hopkins Hospital, Baltimore)
(Received for publication December 12, 1928)

J Clin Invest. 1929;7(2):183-201. htips/doi.org/10.1172/JC1100224.
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Proc. Nat. Acad, Sci. ['84
Vol. 71, No. 2, pp. 384-388, February 1974

The Amino-Acid Sequence of the Amino-Terminal 37 Residues of

Human Parathyroid Hormone
(high-sensitivity automated Edman degradation/radio-iodination/peptide synthesis/immunoreactivity)

H. D. NIALL* R. T. BAUER*, J. W. JACOB3* H. T. KEUTMANN®*, G. V. SEGRE*, J. L. H. O'RIORDANY,
G. D. AURBACH{, AND J. T. POTTS, JR.*

* Endocrine Unit, Massachusetts General Hoapital, Boston, Mass. 02114; | The Middlesex Hospital, London, W.1, England; and
1 Bection on Mineral Metabolism, National Institute of Arthritis, Metabolism and Digestive Diseases, National Institutes of Health,
Bethesda, Maryland 20014

i 11 12 13 1k 1% 18

HHI—EEH VAL-SER-GLU- ILE~GLN-LEU-NET-HTS-ASN-LEU-6LY-LYS-HIS-LEU-ASH

SER 17

MET 18

6LU 1%

ARG 20

VAL 21
< « «LEU-ALA-YAL -PHE-ASH-H15-VAL-ASP-BLN-LEL-LY5-LYS-ARG-LEU-TRP-GLU
37 36 3% 3k 33 32 3 30 29 2B By 26 2% 2k 23 g2

Fic. 1. The amino-terminal 37 residues of human parathyroid

hormone.




AlgTAacn-AvOaTONLO

*  Auwmhoon [MopaBvpeoerd@v AdEvov
— Avamtoocovtol and tov 3° kot 4° Bpayylakd 00Aako
—  3° Bpayyroko Bviako: Kdtm mapabvpeoeideic adéves pali pe to Obpo
—  4° Bpayyrokd Borako: Ave mopabvpeoeldeis adEveg
*  Avartopio
—  ApiBuod
*  84% atouwv £govv 4 0dEVES
e 1-7% €&yovv 3 adévec
e 3-13% £&yovv 5 adévec
—  BOéom
*  Kipuw o1 kdtw mapabupeocideis ppaviCovror o€ mowkiieg Baelg (ticw amd o Bupeosion,
TOPOTPAYELOKA 1 EVTOS TOL BVUOV G6TO AV® peGoBmPAKLO)
*  Ave: Kovtd oty Kayo Tov Bupeoeldons, EVIOg VTG, To® amd T0 EAPLYYQ, TOV 01GOPAYO0 1| TAAY10,
670 Adpuyya
e 210 75% dwtnpeiton N GUUUETPIKOTNTO
—  Awdtoon
*  Avo kot kdTe Bupeostokn| aptnpia
—  Méyeboc
*  Koaoctavokitpva woeidn coudtio
* MéyeBog: 6 mm
* Bdpog: 40 mg



[MAPAGOPMONH (PTH)

* [ToAvmentiowo 84 autvoéémv (evepyo Tunua 1-34)

= Metd tnv ovvOeon S veicTaTOL ATOJOOUNGT] TOGO UEGH GTOVC
TopaBVPEOEIOEIC OGO KOl LETA TNV EKKPIGT TNG OO TO LOKPOPAYO TOL NITOTOG

(aptvoteAKo, pecaio, KopPovTEAKO TUN W)
= Xpdvog nuicelog {ong: 5 min
" ATOUOKPOVETOL OO TOVC VEQPOVS KOl TO N0

=[Tapovcidlel voyOnueptvd puOud pe vYNAOTEPEC TILEC TO OTTOYEVLLLOL
Awokpiveton tovikn (Baoikn) £kkpion Kot ToAK” ékkpion avd 15-20 min, n

onoia amotelel o 25% tOL GLVOLOL TG NUEPNGLaC Ekkplone PTH
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YIIOITAPA®YPEOEIAIXMOX

Agaipeon/katactpo@n TopadvpeoeddV
—  Meteyeyepntikog
—  AxtwvoPoria
—  Mertaotatikn omdnon mapabupeosdmv

—  EvomdBeon Bopéwv petdhiov
Ayoypopdtoon/doracopio
Noéoog Wilson

AvT00v0G0¢
Mepovopévog
TToAAQTAEG EVOOKPIVIKEG OVETAPKELES

Awatapayn Ekkprone s PTH pe aképain ekkprrikn ikovotnta
—  Ymopayvnotouio
—  Ymepuayvnooapio
— Evepyomoinon CaSR (kinpovopukn/eniktnn)

["evetikéc dratapayéc ovvBeong g PTH 1 g dtdmAaonc tov tapabovpeogldomv
—  Mepovopévog vromapadvpeoctdtods
—  YnomapaBupeoediopdg pe emmpOceTec EKONAMGELG

Avtictaon otn opdon g PTH-Yevdoivmomapabupeoetdropnog
— 1a,1b,1c, 2
— PHP
—  Xovopodvomiacio tov Blomstrand



JPTH

JCa P

! amoppéonon Ca, P Uca,P-/1T

IPTH: low

Ca: Low

P: high-normal

| Ca U 24h: normal-high
d emavappoenon Ca 1,25 (OH)2 D: low

\L (17[0[_))0}\,151 P BAOE: low




MeTeyyElpnTIKOS Yoo paOupeoetotonog

e Tlapodikdg peteyyelpntikoc vromapadvpeoctdotouog (19-38%)
» Avermdpxela mapabvpeocidomv (Parathyroid Insufficiency or relative hypopara)
e Xpovioc vromapabvpeoctdtouog : Iapapovn e dtatapayng TovAdyiotov 6
unveg petd v enéufoon
— 0-3% (0,9-1,6% -tprrofaduio kéEvipa)
e Ilapdyovteg kivovvov: Enavenéupaon, Graves, kokondeio, ETEKTACTN 6TO AvV®
Hec00mpaKio, Un OEYYEPNTIKN avayvmdPIon Topadupeoeldmv

* O Mo ONUAVTIKOC TPOYVMOGCTIKOC TTapdyovtag €ival o aplBuoc tov mtopabupeosldmv

adévmv Tov Tapauévooy in situ (16% 1-2 glands, 6% 3 glands, 2.5% 4 glands)



MeteyyelpnTikog
Y momapaBupe0EOIGLLOC

IIpOoyv®GTIKOL OETKTEG
1. PTH <15 pg/ml
2. Negative calcium slope
3. Elevated P
4. Low preop 25 (OH)D

Orloff L, et al Thyroid 2018



AvVTOAV0G0S VITOTUPUOVPEOELOIGUOS

* Avt0odvOoG0 TOALAOEVIKO GUVOPOLLO TOTTOV 1
(XYX, 1/10°)
— YrnonapaBvpeoeldiouog (5-9 etmv, 80%)
— Noooc Addisson (epnPeia)
— Kavtivtioaon (monoikn nikia)

— 2A tomov 1, Tpotonadng vToyovaolcuoc, uTOAVOoT
Oupeoe1oitic, kokondne avarpio, xpovio. EVeEPYOg
NTATITION, QAMTEKIN, AEVKN

* Meuovouévoc (anti-parathyroid antib, CaSR ab-
binding or activating)



Prevalence

Inheritance
Autoimmune endacrine diseases

Concomitant disease
Mon-endocrine diseases

=l

Table 1 Characteristics of the polyglandular autoimmune syndromes (PAS).

PAS type |

Very rare

< 1:100 000/ year

3:4

Childhood

Maonogenic (AIRE gene)

Hypoparathy roidism (80-8

Addison’s disease (607

Type 1 diabetes {

Hypogonadism (1

Thyroid disease (1

Mucocutaneous candidiasis (70-80%%)

Immune gastritis, pernicious anemia, celiac disease,
immune hepatitis, vitiligo, alopecia areatla, Sjégren's
syndrome, systemic lupus erythematodus, rheumatoid
arthritis, myasthenia gravis

PAS type Il

Relatively comman
1-2:10 000/year

1:3

Childhoed through adulthood
Polygenic

Thyroid disease (707
Type 1 diabetes (50-60°
Addison's disease (40°
Hypoparathyroidism (3%
Hypopituitarism (0—2%5]
Mo candidiasis

Kahaly GJ. European Journal of Endocrinology (2009) 161 11-20



AwoTapoyn Ekkprong e PTH pe
OKEPUL EKKPLTIKN LKOVOTN T

*  Ymouayvnouoiuio

AAKOOMGUOG, OLGATOPPOPNOT), O1PPOIKE GUVOPOLLX, apPLOLCoTOC XA

dappoka (e.9., diuretics, cisplatinum, aminoglycoside antibiotics, amphotericin B, and
cyclosporine)

Metafoikn oEEmon

Neppika voonjuata e anmisio poryvnoiov (chronic pyelonephritis, postobstructive

nephropathy, renal tubular acidosis, primary renal magnesium wasting, and diuretic stage
of acute tubular necrosis)

*  Ymepuayvnoiopio

ToxoAvtikn Bepamneia
XNN pe \Myn counAnpopdtov poyvnoiov, avtioéiva, Kabaptikd

* Evepyomoinon CaSR (kAnpovouikn/emiktntn)

YEX

[Teprocodtepeg amd 40 petadddEels, 6To eEMKLTTAPIO KOl SIOUEUPPOVIKS TUNLLO TOL VTTOOOYEN,
PTH: normal- low normal, vropayvncuotpio

Ca U24h: high-normal

Barter type 5
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MENOVMUEVES YEVETIKEC
VTOTTOPOOVPEOEIOTKEC OTUTAPUYECS

*  ZOUOTIKOG VTOAEUTOUEVOS XOPOKTI|POG
— PTH/ 11p15, preproPTH

*  Metdhlaén 610 oNUOTOO0TIKO TENTIO 1] G AALO ONUEIO LE CLUVETELN TN U1 LETAYPOPT] TOV
exon 2, 1o omoio mEPIEYEL TO EVOPKTIPLO KMOIKIO KOl TO CTIUOTOO0TIKO TENTION0.

* PTH: very low or undetectable, copntopartikni vroacfeotionpio;
— Glial cells missing homolog B (GCMB) 6.p24.2

Exoppaletar otoug mapabupeoctdeic- mapdyovtag amapaitntog yio t dSdmiaon
[Mpodwn vroacPeotiopio- PTH: undetectable

*  2OUOTIKOC ETIKPATOVVTOC YOUPOUKTIPOG
— PTH/ 11p15, preproPTH

Inuetokéc peToAAdEels mov epmodilovv ) dapdpemaon Kot dtokivnon e PTH evdokvuttdpia, TpokaldvTog
stress oto EA kot andntmon

« Dominant-negative effect

— GCMB: nmotepn vroacPectionpio
— CaSR

e X-@UAOGUVOETOC VITOAEUTOUEVOC YOPOUKTIPOC

— Amolelo Kot gloaymyn yevetikon vAkoy (2p25.3 and Xq27.1) , yeyovog mov emnpedlet
Vv Ekepacn Tov SOX3 odnydvtag 6e ayevesia mopadvpeoeldmv



Kinpovouikog vronapodvpeoertotonog ne
EMAPOGOETOVS YUPAKTNPES

« APS1
+  X0Ovopopo DiGeorge
— 1/4000-5000 yevvnoelc
— Erepoluymrtia, de novo, EXieiyelg 22q11.2 (TBX1)
—  Ynomapa (60% of cases), arlacio/vronAacio OOUOV e OVOGOUVETAPKELN, GUYYEVELS
KapOoTAOEIEC, OYLOTIES, SVGLOPPIES, VEQPPIKES OVOLOATES
*  Hypoparathyroidism-retardation-dysmorphism syndrome (HRD-XY X)
— TBCE gene / 1g42-43- ntpmteivn amapoitntn yio T cLvaOpoioT KPOSOANVAPI®mY

Sanjad-Sakati syndrome : parathyroid dysgenesis, short stature, mental retardation, microphthalmia, microcephaly, small
hands and feet, and abnormal teeth

Kenny-Caffey syndrome : hypoparathyroidism, dwarfism, medullary stenosis of the long bones, and eye abnormalities
*  Hypoparathyroidism-deafness-renal dysplasia syndrome
— 10p14-10pter- GATA3 mpwteivn anapaitntn ot Stdmiaocn tapadvupeoed®dv, veEPov, MTOG
« Mitochondrial disorders associated with hypoparathyroidism
— Kearns-Sayre syndrome
» Progressive external ophthalmoplegia, pigmentary retinopathy, heart block or cardiomyopathy;,
diabetes, and hypoparathyroidism;
— MELAS: Mitochondrial encephalopathy, lactic acidosis, and strokelike episodes with
DM, hypopara
— Mitochondrial trifunctional protein deficiency syndrome: peripheral neuropathy, retinopathy,
acute fatty liver in pregnancy, and hypoparathyroidism



Tahbla 3.

Genetic Disorders Associated with Hypoparathyroidism

Disepase

Inheritance

Gene [ Protein

Chromosomal
location

Syndrormic fonms

Hypoparathyroidism associated
with polyglandular autoimmune
gyndrome (APECED)

DiGeorge type 1

DiGeorge typs 2

CHARGE

HDR Syndrome
Kenney Caffey type 1, Sanjad-Sakati

Kenney-Caffey type 2
Barakat
Dubonwite
Bartter type 5
Lymphedema
Mephropathy, nerve deafness
Merve deafness without
renal dysplasia
Hypoparathyroidism associated
with K35, MELAS and MTFDS
Non-syndromic forms
lsolated hypoparathwroidism

Autosomal recessive

Autosomal dominant
Autosomal dominant
Autosomal Dominant

Autosomal dominant
Autosomal dominantf
recessive

Autosomal recessive
Autosomal recessive +
Autosomal recessivet
Autosomal dominant
Autosomal recessive
Autosomal dominant +
Autosomal dominant

Fatemnal

Autosomal dominant
Autosomal recessive
% linked recessive

Autosomal dominant
Autosomal dominant

AIRE-1

TBX1
MEBL
CHD7, SEMAIE

GATAZ
TBCE

FARIT11A
Unikerecmaer
Uik reciar
a5k

Unikrecmaer
Unikerecmaer
Unikerecmaer

Mitochondrial genome

PTH, GCMB
FTH, GCMB
T |
Cash

Gall

21q22.3

22q11.2/10p
10p13-p12
Bq12.1-q12.2,
7g21.11
10p14
1g42.3

11q12.1

3q21.1




YevoovmomapaOvpeoctotonog

JCEM 2011;96:3020-3030
* Avtictaomn otn opdon e PTH oto £yyOc veppiko
COANVAPLO

— Meimwon
*  KoAloitpioing
s DdooEatovpIKng Opaong

*  Awtpnon exavoppopnong acPectiov
*  Awrtpnon aviomdKpions 6T 06TA

* Emmolaoudc: 1.1/100000 Denmark

* H petdooon me¢ vOGou amooioeTul 6T
otapopeTikn 16TikN Ekppaocn T GNAS

— Exdloon ¢ vocov (I, Ic) Adywm adpavomomtikdv HetallaEemy OTay TAGYEL N
HnTEpa

— PPHP: petddoon o6tav mdoyel o matépag

— PHP1b:

s Ymopadikn (GuVNONG- EMLYEVETIKN AMAELD TG IOTIKNG EKPPOCTIC)



PTH PTHrP
d) d ==== Brachydactyly E with

NH.- short stature, PTHLH type
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Cell membrane

Adenylyl
cyclase

B-subunit

|
Inactive G, protein
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? R C
Inactive PKA

* PHP1A = PPHP C J

« PHP1B * POH R
« PHP1C Vau

Brachydactyly mental Triche-rhino—phalangeal
retardation syndrome  syndrome

Mantovani G, et al. NRE 2018




YevoovmomapaOvpeoctotonog

AHO manifestations

Serum calcium

Serum PO,

Serum PTH

Response to PTH:
Urinary cAMP? (Chase--Aurbach test)
Urinary PO, (Ellsworth--Howard test)

Gsa activity

Inheritance

Molecular defect

Other hormonal resistance

Hypoparathyroidism

N

AD/AR/X
PTH/CaSRIGATA3/GCM2/ others
No

Pseudohypoparathyroidism
(PHP)

PHP1A
Yes

l

1

.T

l
l
l

AD

PHP1B
No/rarely
!

.T

.T

l
!

r.

AD/sporadic

STX16/GNASP

in some pts

J Clin Endocrinol Metab. 2016



AHO manifestations
Serum calcium
Serum PO,
Serum PTH
Response to PTH:
Urinary cAMP? (Chase--Aurbach test)
Urinary PO, (Ellsworth--Howard test)
Gsa activity
Inheritance AD
Molecular defect ?adenyl cyclase

!
l
N

Sporadic
?cAMP targets
No

Other hormonal resistance Yes




Feature

Growth

Obesity

Brachydactyly
Advanced bone age
Ectopic ossification

PTH resistance
(progressive)

TSH resistance

Neurological
symptoms

Gonads

PHP1A

* Growth velocity
decreasing
progressively

* Adult short stature

Early onset

70-80%
70-80%
30-60%
100%

100%

* Neurocognitive
impairment

* Cerebral calcifications

Gonadotropin
resistance

PHP1B

* Macrosomia
* Average adult
stature

Early onset

15-33%
15-33%
0-40%
100%
30-100%
Cerebral

calcifications

Normal

PPHP

* SGA

* Growth velocity
decreasing
progressively

* Adult short stature

Normal weight or
lean

<3 00'{'-
Unknown
18-100%

Rare and mild

Rare and mild

Unknown

Normal

Normal weight
or lean

Rare
Unknown
100%

Absent

Absent

Unknown

Unknown




KMviKn eikovo

* YrnoacPeotioupio

— AmOAvT TIUN acPecTiov

— Tayvtnta eykatdoTaons vToacPesTIOUING
* YTOKEIUEVT] QTIOAOYIO

* AvemOounTteg evEpyeleg OEpATELTIKMV

ropeuPacewv



2YMIITOMATA-2XHMEIA

Nevpopvika courTORITO
— THoapouoOnoia, apmdieg dkpwv, dAyn, KOT®ON, KPAUTES, TETAVIN, GTAGUOL, EMA.KpioN,
d/ym yuyooHvOeonc, LELOUEVT VONTIKN AEtToVpYia, acBEST®MON TOV BACIKOV YoyyAimy,
AaPLYYOOTOGLOC, BPOYYOCTAGLOG, EAATTOUEVO EMIMTEOO GUVEIONOTGC, KM L.

Kapowoyyeroxo
— Tlapdtaon tov Q-T, T- kdpara prpodpeva OEM, Bwpakikd dryoc, TCPK, ZKA.
YoyuoTpikég oratapayés
—  Kotdbiwyn
Neppog
— NegppoMbBioon, veppacPéotmon, XNN
Aopaéerg
Op0arpot
— Koatappdxing
Aéppa - odovroQuia

—  Alomexia, Enpd-0épua, eHBpavota viyla, A/yeg odovtopuiog/adapavtivig oto Todtd



Table 1. 5igns and Symptoms of Chronic Hypoparathyroidism (excluding bone, kidney and quality of life, which
are discussed in the text)

Organ System Manifestations, Signs, Symptoms

Meuromuscular Fatigue
Generalized muscle weakness
huscle cramping (sometimes painful), manifested as carpal
and or pedal spasms
Meuromuscular irritability resulting in tetany
Laryngospasm and stridor
Bronchospasm and wheezing
+Troussaau sign
+Chwostek sign
Electromyography: burst of rapid firing either spontanecusly
or induced by hyperventilation
Elevated creatine kinase
Meurclogic, Faresthesias and numbness especially around the mouth
paychiatric and in the fingers and toes
Seirures, spells
Poor memory and concentration
Parkinsonism and chorea
Psewdotumor cerebri
Depressicn
Anmiety
Personality disturbances
Basal ganglia and brain caldfications (Fahr's disease)
Cardiovasoular Congestive heart failure (cardiomegaly, pulmonary
congestion, volume overload)
Chest pain
Arrhiythimias
Heart block
ECG: profonged QTc interval; changes suggestive of
myocardial ischemia
Ophthalmologic Papilledema
Calditication of the cormea
Cataract
Dermatalogic Alopecia
Scalimg of the skin
Deformities of the naik
Gastrointestinal Constipation
Abdominal cramps
Steatomhea
Dental Cemental hyperplasia
Hypoplastic ename
Short rounded roots
Hypodontia and delay or lack of tooth eruption
Possibly widening of the pericdontal ligament space




OGTIKT VOGOG

1 puOuoc ootikng evarrayng (54-80%)

} | ootk amoppdeNnon Kot | 06TIKN TOpOy®YN
T 0GTIKI TLKVOTHTO

7 VBMD 610 6moyy®oec kot pAOLMOES 0GTOVV

T TAYOVGS PAO10D

Beltioon apyltektovikng

Meimon g Top®TIKOTN TS TOL PAOLOD

Empetdioon: normal/ 1

JBMR 2011:10:2317-2337.



Long-Term Follow-Up of Patients with
Hypoparathyroidism

Deborah M. Mitchell, Susan Regan, Michael R. Cooley, Kelly B. Lauter,
Michael C. Vrla, Carolyn B. Becker, Sherri-Ann M. Burnett-Bowie,
and Michael Mannstadt

TABLE 1. Demographics of patient cohort

n =120
for cohort

52 + 19 (2-87)

Duratic

Etioloay
Tut4| couired
Pos ’r_urm- al

couired)

_aS%R mutation
idrome
syndrome
ngenital)
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20-39 40-59  60-69 >69
(n=21) (n=47) (n=18) (n=21)

age (yrs)

Métpnon povo cto 44%
26%: > 300 mg/24h
38% tovAdayiotov o pétpnon > 300 mg/24h

HA\ikia, didpxela vosov,
YPOVOG LLE GYETIKT VIEPAGPECTIOLIN



Renal and CNS Iimaging

120 in total cohort 120 in total cohort

54 with any renal imaging 31 with head CT scan

(45% of cohort) [26% of cahort)

20 with ultrasound only
10 with CT scan only
2d with both ulirasound and CT scan

17 with renal calcification 16 with basal ganglia caledication
(31% of those imaged) (52% of those imaged)




Table 1. Epidemioclogy of Hypoparathyroidism

Postsurgical Nonsurgical
Hypoparathyroidism Hypoparathyroidism Hypoparathyroidism

37/100 000
person-
Prevalence years' 22/100 000 person-years” 2.3/100 000 person-years~

29/100 000 person-years' 8/100 000 person-years'

Incidence 0.8/100 000
person-
years”

Mortality HR 0.98; 95% Cl, 0.76-1.26° HR 1.25; 95% CI, 0.90-1.737

Risk of Hospitalization for Cnmpllcatmnﬁ and Co-Morbidities?

Renal Disease of all types - HR 3.67: 95% Cl, 2.41-5.58 —>HR 3.39: 95% (I,
Renal Insufficiency - HR 3.10; 95% Cl, 1.73-5.55* ——>HR 6.01; 95% (I,
Renal Stones - HR 4.02: 95% Cl, 1.64-9.90° -
Any Cardiovascular Disease - - ——>HR 1.91; 95% (|,
lschemic Cardiovascular - HR 1.09; 95% C|, 0.83-1.457 HR 2.01; 95% CI,
Disease
Neuropsychiatric Disease HR 1.26; 95% Cl, 1.01-1.56* —>HR 2.45; 95% CI, 1.78-3.35°
Depression and Bipolar Disease - HR 2.01; 95% Cl, 1.16-3.50" - )
Infection - HR 1.42; 95% Cl, 1.20-1.67* ——HR 1.94; 95% C|, 1.55-2.44°3
Selzures - HR 3.82, 95% Cl, 2.15-6.79* —>HR 10.05; 95% C,
5.30-18.723
Cataracts - HR 1.17: 95% Cl, 0.66-2.09* —>HR 4.21: 95% (|, 2.13-8 343
Fractures - HR 1.03; 95% Cl, 0.83-1.29% - )
Upper Extremity Fractures - HR 0.69; 95% (I, —>HR 1.93; 95% CI, 1.31-2.8%°
0.49-097°
Intracranial Calcifications - B6%" B9—74%"
Malignancy - HR 0.83; 95% Cl, 0.61-1.13* —>HR 0.44; 95% Cl, 0.24-0.823

J Clin Endocrinol Metab. 2016




Alayveoon

Iotopiko
KAvikn e€€taon
O1KOYEVEIOKO OVOLLVNGTIKO

[TopaKAIVIKOC EAEYYOC



Alayveoon

HYPOCALCEMIA,
Sernem adjusted calcem <22 mmall or
lonized calcium =1.2 mmoll

Confirm hypocalcemia and underake clinical assessment for risk
factors for witamin O deficiency and for commaon causes of
hypocalcemia {2.g., postsurgical hypoparathyroadism, drugs or CKED)

Underiake appropriate bicchemical tasts:
First ling: PTH, POy, Mg, Cr or eGFR
Sacond lina: 25[0H)D, Amylase, CK

Witamin O deficiency CED Rewversible hypoparathyroidism -
imalabsorplion, liver dissasa), Masaive tumor lysis reduced parathyroid function
Acule pancreatitis, Early rhabomyolysis s  Hypomagnesemia
Dirugs (e.g., bisphosphonates) Paeudohypoparathyroidiam = Drugs {e.g., cinacakef)
Meonatal hypocakcemia due fo
matemnal hypercalcemia
Ireversible hypoparathyrosdism -
parathyrold loss

Burlearnmirg disease

J Clin Endocrinol Metab. 2016




BIOXHMIKOX EAEI' XOX

e Ca
e P

oMg

* KPEATIVIVN

- iPTH

. 25(0H)D

e albumin



ANTIMETQIIIXH

* Oc&eia
— Ca<7,5mg/dl f countopato,
— T'Akoviko acBéotio iv (1 amp 10% : 93 mg Ca)
—  Apywd 1 amp o 100 ml DW gvtoc 5-10 min/ HKT?
— 1-2 mg/kg/h og 5% D%W
— 'Evapén and tov otopnaToc aymyns ue ovaioyo Brrapivng D kot acBEotio
¢ Xpovu
— Evoeieig Bepameiog
Svuntopatiky vroCa 1 ca < 8 mg/dl
Aocvurtopotikoi acbeveic pe Ca: 8-8.4 mg/dl pe otox0 v mbavn Bertioon g modtntag {ong
— AcPéotio, avaroya Brrapivne D, Ogialtotkd dtovpntikd
— E&oatouikevomn tov Ogpamentikod oyuotog
— Exmaidevon/evnuépmon ac0evav yio GUTTOUOTO VTO/VTEP-AUGPECTIONUING/ ETITAOKDYV VOGO

—  OgpamevTiKol 6TOYOL
« Ca: low-normal
* P:normal
« Ca*P: <55 mg?/dlI?
* Mg: normal
« Ca U24h <300 /250 mg/24h ( < 4 mg/kg/d)
* 25 (0OH)D > 20 ng/mi



American Thyroid Association Statement
on Postoperative Hypoparathyroidism:
Diagnosis, Prevention, and Management in Adults

. APPROACHES TO MANAGEMENT OF POSTOPERATIVE HYPOPT
Cualcitriol Calcium i.v.

N/A
N/A

TABLE 3

Setting Oral calcium

0.5-1.25 g b.a.d.—t.i.d. Calcitriol: 0.25- 0.5 ug b.a.d.

Empiric prophylaxis® Calcium®:
Calcitriol: 0.25—- 0.5 ug b.i.d.

Mild-moderate hypoPT" Calcium: 1-3 g dally divided
doses b.1.d. tld.
1tri ' LOugbad. 1.v. bolus: 1-2 g Ca gluconate

Progressive/symptomatic - Calcium: 3-4 g daily in divided  Calcitriol: 0.25-1.0 ug b.i.d
hypoPT® doses b.i.d.—t.1.d. followed by continuous
1.v. infusion

aOpllmue 25 OH-vitamin D levels and serum magnesium.

"Serum Ca <8.5 mg/dL, new-onset symptoms.
%rum Ca <7.0 mUIdL pemslenl;’se\« ere symptoms despite therapy: check EKG for QTc¢ prolongation.

dCalcium carbonate, or equivalent in calcium citrate.
THYROID
Volume 28, Number 7, 2018




Calcium salts®

Calcium carbonate

(Titralac)
{Os-Cal)

(Tumis)

(Caltrate)

Calcium citrate

(Citracal)

AcfPsoTi0

40% elemental calcium by weight; begin with 500- 1000 mg of elemental
calcium (three times per day) and adjust the dose to control symp-

toms and achieve the targeted calcium level; at least 1-2 g of elemen-

tal calcium (three times daily) generally required and more frequent
dosing sometimes needed

20-mg tablet (168 mg of elemental calcium), 750-mg tablet (300 mg)

650-mg tablet (260 mg of elemental calcium), 1.25-g tablet (500 mg)

500-mg tablet (200 mg of elemental calcium), 750-mg tablet (300 mg],
1000-mg tablet {400 mg], 1.2-g tablet (480 mg)

1.5-g tablet (600 mg of elemental calcium)

21% elemental calcium by weight

950-mg tablet (200 mg of elemental calcium)

Constipation is a common side effect; cal-
cium carbonate is best absorbed with
meals and with acid present in the
stomach

Recommended in patients who
have achlorydria or who
are taking a proton-pump
inhikitor, in order to achieve
sufficient absorption of calcium

* TloAlamA&g droupepéveg dOGELC, € amdOGTOoN YPoViKa amd Bupo&ivn (Bvpoivn: 1 h
npwv / 3h uetd 10 aoPEcTio)

*  AvOpokikO aGBECTIO; KOGTOC, ANy LE TO YELLLOTOL
*  Kupikd acBéotio: ayrAmpvdpia, PP, ektoc yevpdtwv
*  Beltioon anmoppoenong pe adénon g TpOCANYNG AEVKOUATOC, TPOPLOTIKMV



Birapivn D kot avaroyo

Table 2 Vitamin D metabolites in the management of chronic hypoparathyroidism®.

Medication Typical dose Time to onset of action (days)

Caleitriol (1,25(0H):D5) 0.25-2.0 pg once or twice daily

Alfacalcidiol® (1x(OH)D;) 0.5-4 pg once daily

Dihydrotachysterol® 0.3-1.0 mg once daily

Vitamin D; (ergocalciferol) or 25 000-200 000 IU daily
vitamin D; (cholecalciferol)*

*Derived from Shoback (4).
Balfacalcidiol and dihydrotachysteral are rapidly activated in the liver to 1,25(0H);D and 25(0H) dihydrotachysteral.

Time to offset of action (days)

2-3

-7
7-21
14-75

“These compounds could be used in a setting where active vitamin D metabolites are not available andior too expe nsive.



Bc1001KA O10VPNTIKA

Added to prevent or control hypercalciuria;
should be combined with a low-salt
diet [20-100 mmaol of sodium per day)
to promote calcium retention; doses
are increased as tolerated: adverse
events include hypokalemia and hy-
ponatremia

hiazide diuretics

Dhoses at high end of these ranges are usual-

Hydrochlorothiazide 25-100 mg per day
Iy needed to achieve substantial lowering

of urinary calcium

Chlorthalidone 25-100 mg per dav

Amiloride and hydro- 50 mg of hydrochlorothiazide combined with 5 mg of amiloride once daily ™ Potassium-sparing diuretics may be used to

chlorothiazide prevent hypokalemia

(Moduretic)

YopoyrwpoOeialion 50 mg bid, bendroflumethiazide 5 mg bid
XAmpoOaA1dovn, voomopuion once a day

Auhopion: mepartépm peimon acPecstiovpilog, TpoOAnyn
VITOKOALOULIOG KO LEIMGT LOyVNGLovuplog



[TapaBopuovn

. PTH (1-84)
. PTH (1-34)
— Meimon tov avaykov o€ acPEGTIO Kot avAAOYO
Brrapivne D
— Meimon acBeatiovpiag (?)
— AvEnon BMD (?) oto omoyymdsg kot peiwon 6to
PAOIMOEC (avTI3pdiy10)
— Mokpoypovia acpiareio?
— Cost-effectiveness?

L. Rejnmark, Osteopor Int 2013



Efficacy and safety of recombinant human parathyroid X @
hormone (1-84) in hypoparathyroidism (REPLACE):

a double-blind, placebo-controlled, randomised,
phase 3 study

Michael Mannstadt, , Tamara Viok es, Maria Luisa Brandi, Lakshminarayan Ranganath, William D Fraser, Peter Lakatos,
olores Shoback, john P Bilezikian

ancet Diabetes Endocrinel

2013: 1: 77583

Inclusion Criteria
1. Documented hypoparathyroidism for 18 months or longer
2. Hypoparathyroidism was defined as hypocalcaemia (calcium concentration below the
lower limit of normal) and documented PTH concentrations below the lower
limit of the normal range, recorded on at least two
occasions within the previous 12 months
Primary End-point
proportion of patients at week 24 who achieved all three of the following criteria:
1. 50% or greater reduction from baseline of oral calcium dose;
2. 50% or greater reduction from baseline of active vitamin D dose;
3. Maintenance of a stable albumin- corrected total serum calcium concentration
greater than or equal to baseline concentration and less than or equal to the upper
limit of normal, but ideally within the target range of 2.0-2.25 mmol/L.



rhPTH{1-84) Placebo
{n=150) n=44)

47-0(122) 48.5(137)

Women

Man

Whita
Other
Geographic region®

Morth America

s, years

Idiopathic
Autoimmune d
Kniown genetic
Radiation
Presaibed active vitamin [ metabolite/analoguet
Low dose

Medium dose

Albumin-comected total sersm Ca, mmal/L
Serum phosphate, mmal/L
Serum magnesivm, mmol/L
drzcyvitamin D, nmol/L
rvitamin 0. pmo

345-4{170-7)

|u| 3 0

Creatinine,
Calcium-to-creatinine ratio, mgy mg

Calcium-phosphate product =4-4 mmolL*




A Primary outcome B Independence from actve vitamin D and reduction inoral clcum
70— —@ Placebo (n-44) -
- thPTH{1-34) (n-00)

&0

Fatients (%)

A Calcium dose B Activevitamin D dose
4000 -8 Placebo (n=44) 15—
—&- thPTH{1-84) (n=00)

35009

3000

2500

2000

Mean cak ium deie (mog per day )

Mhean active vitamin D dese jug pe rday)




A Placebo

B rhPTH{1-84)
10




rhPFTH{1-84) Placebo

Patients (n=90) Ewents Patients (n=44)

Amy AE

Mo B 7%} A 0

Yes B4 (93w ) 44 (100%)
AE of highest severity®

Mild

Moderate

Severs
AEs leading to study discontinuation
AEs leading to death
Senious AEs 10(11%)

Mild 1{1=)

Moderate [3%)

Severe

mane 1-84. * Patients with saveral adverse events were classified according to their event with
the highest severity. tincludes hypocalcaemia (n=2), hypercalaemia (n-1) pancreatitis {n=1), cerebrovascular
accident (n=1), and diamhoea (n=1); all cases resolved themsebles excapt the @se of cerebrovascular accident; nons
wias study drug related ewcept the cass of hypercalcasmia. #0ne patiant reported asthma or chronic obstructive
pulmonary disease that was not study drug related and resohed itsalf.




Long Term data

Ootikoc Metafoitonoc
— BMD:1 otnqv OM, TH, | Rad

— T eTgpoyévelnc emUETTOAA®MONG, T cortical
porosity, T puOUoV 0GTIKNC aVOKATAGKEVNG, TBS
(1718 mo, |24 mo)

Neppoc: BeAtioon aALd Oyl opoAomoinon
acPeocTtiovploc

[Towotnto Cong: BeAtioon ?
Safety: 7,5 yrs (4,5-11,5) / 33 pts



Table 5. Indications for considering the use of rhPFTH{1-84) in hypoparathyroidism

. Inadequate control of the serum calcium concentration (this could be due to intercurrent illness, compliance,
absorption, or intrinsic changes in requirements that are beyond facile correction with caldum and active vitamin D)
2. Oral calcumAvitamin D medications required to control the serum caldum or
pg of active vitamin D or =>3.0 pg of the 1-a vitamin D
Hypercalkciuria, renal stones, nephrocalcine
Hyperphosp hatemia an r-'..=||-' um-ph
pintestinal tract disorder that i
red quality of life

symptoms that exceed 2.5 g of calcium or =1

L= . I-III -

analogue.

s, stone risk, or reduced creatinine clearance or eGFR (<80 mimin)
te product that exceeds 55 mg“dL” (4.4 mmal
associated with malabsorption

Min e

1]
[




Future treatments

Pump treatment

Pegylated PTH

New PTH analogues- LA PTH (R°)
TransCon PTH: a prodrug inactive form of
PTH(1-34).

Treatment for ADH

— Calcilytics

Endocrinol Metab Clin N Am 47 (2018) 901-915



[TapakoAovOnon

Re-evaluation
every 3—6 months
5-Ca 5Ph, 5-Mg and eGFR
(once a year: 24 h U-Ca, 5-250HLY)

|

Primary targets reached? -
- Serum Cagy” 2.10-2.30 mmol/] HH'-E{LEHI!M
- Mo symptoms of bhypocalcaemia after 1-2 weeks
",

Mo

,, l

Consider optimization of secondary targeis* Optimize treatment
i ]I'I:l:l:'pnrz:al!mun:ai ‘-"'d"!"'"",j:'-all"?'um,mm"" ] N - Aygfjust dose of calciom andfor activated witamin [
restricted diet and’or |J1_-.:Lr-.;..-: dinretic Ir-:w-:-..amrm._'nd:llln:-r.. T - If hypomagnesaemia: add magnesium supplements
) ]Fh}'pnrphmphalaa}'lla: [:h-..rspl',.ab: I":"""_':“F? deet: - If 2530HD <50 nmeod: add vitamin D supplements
decreased dose of activated vitamin D with increasad
dose of calciom supplements {recommendation 3.5
- If decline in renal function (] eGFR): renal imaging (stonesT)
- If hypomagnessemia- add mapnesium supplements
- IF Z500HD <50 nmol: Add vitamin [ suppdements




IHopakoriovOnon

Yrepooooparpio Yropoyvnowpuio,
* AvVEnon mpocANYNG * Awovpntika? PPI?
acPeotiov, peiwon *  Xopfynon aphopidne

avardyov Brrapivng D ¢ TOUTANPOUOTE LOyYIGIO
e OOOPOPOOIECUEVTIKA?



ITAPAKOAOY®OHXH

Change In therapy: monitoring every wk/
every other wk

CaU24h: yearly or every 2 yrs
Renal imaging: 1f symptoms or 1 creatinine
No routine BMD assessment

Pts with ADH: frequent monitoring (7 risk for
CaUria/ renal complications)



EmmAokec

YroacPectiopio

Y ntepacPectiaipio-vrepacBectiovpia
NeppoiiOiaon, veppacPEécotmon, XNN

Y TepeOG@opalpia

Eémoxkeletikéc aoPfeotmoeic (BGC:12-74%)

Y mokaAlopio, vTovoTplonpio



Konon-I'arlovyia

O¢epaneia pe AcPBéotio/ avdioya Brrauivng D
AvEnon avaykmv petd v 20" wk
Meimwon avaykov 6T yoAovyio
[TapakoiovOnon pe wovicuévo Ca (1 d10pdouEVo ®¢
npoc aAfovuivn oAikd acBéotio) avd 2-3 WKS
210Y0¢: Ca ota KatmteEPa PLGtoAoyikd (1.05-1.15
mmol/l)
Evnuépmon veoyvoAdyov

— Av untpikn vrepCa: kivovvoc vmtoCa 6to veoyvo

— Av untpikn vroCa: kivovvog B/m Unapnapaﬁvpeoet&cuov
LLE VTTOUETAAAW®GCT OKEAETOV GTO VEOYVO



