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v KAwvikég ekdnAwoeLg

v’ BLOXNMIKA ELKOVA

v’ EKTipnon KAAGGLKWV EKSNAWGEWV
v’ EKTipnon pn-KAaGoKwV EKSNAWGEWV
v Xelpoupylkn Bepaneia

v Qappokevutikh Osparmneia

v PHPT Kot eykupoouvn
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ropadLkn i olkoyevnc dLatapoyxn mou
XopaKTnPLleETOL OITO QVETIAPKWC
puBLLIOUEVN, XPOVLO, UTTEPBOALKN
EKKpLon mopaBopuovng, armo vav i
EPLOOOTEPOUC TIALPaBUPEOELSELC

adEvec.
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Single benign adenoma including atypical (85%)
Multiple gland involvement (15%)

Cancer (< 1%)

Bilezikian JP. JCEM. 2018;
Cetani et al. . Front HormRes. 2019;
Cetani et al. Endocr Relat Cancer. 2019

Primary hyperparathyroidism

Mental
symptoms
Release
of CaZ*,
PO4and
FGF23

Cardiovascular morbidity

Proximal muscular
weakness
e

Uptake of
Ca?* and
POy

e o Diabetes

Reabsorption of Ca?+
Excretion of POy
Activation of 250HD




Awayvwon Awapopikn Awcyvwon

Hypercalcemic ~ Normocalcemic > Familial Hypocalciuric Hypercalcemia (FRF)™
* Epdadvion oe vedtepa dtopa (<30 eTwv)
PHPT NPHPT

* Aoyocg Ca/Creatinine clearance <0.01

* OLKOYEVELOKO LOTOPLKO UTLEPACBECTLOLHIOG

T Ca (tOtaI) = ca (tOtaI) KOl Ca++ » Thiazide diuretics and lithium

/= PTH TPTH

» Ectopic secretion of PTH (very rare)

Aitta deuteponadouc HPT

2 I"‘Etpr'loslc 2 I'I‘Etpﬁoslq » Vitamin D deficiency (25 OH D < 30 ng/mL)
» Renal insufficiency ( eGFR < 60 mL/min)
>2 EBGO”QBEQ > 3.6 unvsq » Medications (Thiazide diuretics, Lithium)

» Hypercalciuria

AA AnOKhEleéq » Malabsorption
» Other metabolic bone diseases that could be

UnepaO‘BEO'[[a[uiaq B']‘[QBO{]Q HPT associated with elevated PTH (e.g., Paget’s disease)



Siadopikn Srayvwon

Y (% Fevetkn

v Quooloyia & naBoduoiodoyia \

v KAWIKEG EKENAWOELG

v'BLOXNMIKE EKOVA

N v EKtipnon KAaoolkwyv ekSNAWGEWV “
v EKtipunon pn-KAQG oKWV EKSNAWOEW
v Xewpoupyikr) Bspansia /

N\ ¥ Qapuakeutikni Bepancia

VRHPT kau gykupooivny

Erménuioloyia,
NaBoduocioloyia ko MEveTikn

KAQOOLKEG Kol pin KAQLOOLKEG
EKONAWOELC

XELPOUPYLKEC TITUXEC

EKTLLNON KOl OLVTLHETWTILON
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Erménuioloyia,
NaBoduocioloyia ko MEveTikn
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ErtibnuioAoyio

Symptoms of Hypercalcemia

- Stones
- Benes
« Groans

« Psychiatric
Moans

AAAayn tng¢ avaldoyio¢ Twv dCUUNTTWUATIKWV
aodEVWV UE UMEPTIAPABUPEOELOLOUO ava beTia

H Bloxnukn aviyvevon odnyei oe
ovénon TN EMLMTWONC, OTIOVU Kall
OMoTE uloOeTeital.

Asymptomatic

2
c
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-
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°
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1951-1956 1957-1962 1963-1968 1969-1974 1975-1980 1981-1986 1987-1992

Years



Entintwon kot eritmnoAaocuoc PHPT otov koouo

H cuyvotnta otic yuvaikeg eivat X 3-5 popéc uPnAdtepn ano GtL 6ToUC AVOPEC

Incidence per 100,000

Prevalence per

Area person-years 100,000 people
USA 48.3-50.4 Women 233
Men 85

Black women, 70-79 years old 1409

White women, 70-79 years old 1110
Spain Unspecified type of

hyperparathyroidism
Women 40.3
Men 13.7
Denmark 16
Scandinavian countries Observational studies in 2000-5000
perimenopausal and
postmenopausal women

Sweden Men 730
Czech Republic 24
Serbia General population 300
China Middle-aged and elderly 200
South Africa (hospital inpatients) 78

Minisola et al. ] Bone Miner Res 2022;37(11):2315-2329



MadopuotoAoyia PHPT

Table 2. PTH Actions and Their Pathophysiology

CASR
Parathyroid cellE v
p- Ca’

o

PTH-regulated Pathophysiological Clinical
Target organ PTH cell target function changes implications
Kidney Distal tubule Calcium reabsorption Hypercalcemia (with Hypercalcemic
contributions from syndrome
gut and bone) Increased mortality
Proximal and distal Phosphate reabsorption Hypophosphatemia Fatigue/muscle PTHIR )
tubules weakness . Bone (
Distal tubule Bicarbonate reabsorption Hyperchloremic acidosis Nephrocalcinosis > ) ‘ - 25011D
Proximal tubule 1-Alpha hydroxylase Hypercalciuria (indirectly) Renal stones Bone resorptionT Ca¥ i resorption ) Ca" resorption}
Gut Proximal and distal Indirect through 1,250H2D- Hypercalciuria Renal stones Pi excretionT
intestine dependent , , ,
Increased calcium intestinal MOVOKA(.OVI.KI’] —gu)xvotepa- auﬁncn
absorption P ’ ’
Bone Osteoblast Bone turnover High bone turnover Fracture T(OLPOLBU PEOGlleOU LoTou |-1~8 UT[GPGKKPlGI'I PTH

Bone loss

Cardiovascular
system

Cardiomyocyte

Cardiac valves
Smooth muscle

Hypercalcemia-dependent

Interaction with RAAS

Hypercalcemia-dependent
Vasodilatation

Arrythmias

Left ventricular hypertrophy
Heart failure
Soft tissue calcification
Soft tissue calcification
Decreased blood pressure

Possible increase in
mortality

<+

Mewwpévn €kdppaon CaSR

Heart failure

Decreased blood

cells pressure 100-
Interaction with RAAS Hypertension* Hypertension ° M8-| &
Soft tissue calcification , 2
Central Hypercalcemia Apoptosis* ° AUE §
nervous system ' ®
Axons Cross-reactivity with PTH2R Stress response, anxiety* ° AUET‘S
Skeletal muscle Myotube Muscle weakness (IO'E £
Dermis Fibroblasts/hair Possible role hair growth/ None known in nongenetic No known 'g |
follicles differentiation forms of PHPT ° M Ei £ 50
S
#Possible. o
ossible w‘o\oh
1 L
 Autt
0

J
NMot@odUGCLOAOVIKEC CUVETELEC
[—Normal — PHPT |

Calcium

Minisola et al. ] Bone ivilner Kes 2UZZ;3/(11):£315-232Y



Proposed Model Kidney Bone

‘. p.
HPT [ o2 ..
alcasp‘

‘\

GDED
Sbg>

PTH PTH

Glutamate .I

Chang et al. Nat Metab 2020; 2(3):243-255




Table 3. Familial Primary Hyperparathyroidism—Major Genetic Basis and Key Features

Distinguishing aspects
of hyperparathyroidism

Additional features/considerations

Fevetikn tov PHPT =
» To 10% Twv MEPLOTATLKWY PEPEL LETAANAOEN OE

gva amno ta 10 mepypadévra yovidla
» Aev amatteitol yEVETIKOC EAEYXOC YLA TN

éayvwon tou PHPT v ) seimern

genes (other
than COKN18) in

» O YeVETIKOC €Aeyxoc IBava XpriOLUOC OE:

e g
CoRNTA

« Hyperparathyroidism — jaw tumor syndrome
* MEN 1 kat MEN 2A
* Eniunoyiag FHH —

» JUVLOTATOL O€ o
» HAwia <30 €tn
» MoAvadevikni vooo (amo LOTOPLKO N OTELKOVLON)
» OETIKO OLKOYEVELAKO LOTOPLKO
» Atypical adenoma 1} kapkivwpa

CDC73 in 30%
Additional causes/
contributors
pending
investigation/
confirmation”

Autosomal dominant

Lifelong hypercalcemia (otherwise rare in first
decade of life in other syndromes)

PTH levels inappropriately normal or mildly
elevated

Calcium-PTH setpoint curve shifted to
right = decreased sensitivity of PTH release to
suppression by ambient calcium

Normal or mildly hypercellular parathyroid glands

Persistent hypercalcemia after subtotal PTX.

PTX to be generally avoided

Rare individuals/kindreds with CASR mutation have
phenotype on spectrum to typical sporadic PHPT,
can include hypercalciuria and benefit from PTX

Autosomal recessive or dominant

Severe hypercalcemia begins at birth; very high PTH
levels

Parathyroid glands all exceedingly large,
hypercellular

Requires urgent total PTX

Autosomal dominant

Multigland parathyroid disease; gland size
asymmetry but all glands hypercellular; avoid
minimally invasive PTX

Onset often in second/third decade

High recurrence rate years after successful subtotal
PTX

Thymus as common location for pathologic
parathyroid tissue upon recurrence of HPT;
thymectomy advised on initial PTX

Autosomal dominant

Generally mild multigland disease, less likely to
recur after subtotal PTX than in MEN1

Autosomal dominant

Hypercalcemia at times in first decade, usually later

All glands at risk of neoplasia, which may develop
asynchronously

Mostly benign adenomas and atypical adenomas,
with marked increased risk of parathyroid cancer
(15%)

Evidence for evolution from benign to malignant
neoplasia

At times cystic or microcystic histopathology

Tumors may grow rapidly

Germline mutations in subset of patients with
sporadic parathyroid carcinoma

Close surveillance of normocalcemic mutation-
positive carriers to enable early curative surgery

Reports of poorly functioning parathyroid
carcinomas

Bilateral exploration advised for PTX: resection of
abnormal glands; avoid prophylactic total PTX

Genetic heterogeneity, different modes of
inheritance, different patterns of parathyroid
pathology

Low CCCR
Often increased serum Mg

No increase in nephrocalcinosis or
stones

Normal bone mass

No or minimal symptoms of
hypercalcemia suggesting
decreased sensitivity in other tissues
expressing CASR eg, brain, Gl tract

Antibodies against CaSR can give
similar picture, but usually with
other autoimmune features and
nonfamilial

Heterozygosity for the defective CASR,
GNAT11, or AP2S1 allele

Fractures, hypotonia, respiratory
distress; neurodevelopmental
impairment if survives without early
treatment

Low CCCR

Compound heterozygosity or
homozygosity for inactive CASR
alleles - parental consanguinity as
one cause of latter

Enteropancreatic endocrine tumors
with malignant potential are main
life-threatening feature; also tumors
of anterior pituitary, adrenal, skin,
and bronchial/thymic carcinoids,
lipomas, others

Medullary thyroid carcinoma

Pheochromocytoma

RET DNA testing enables lifesaving
prophylactic thyroidectomy

Benign ossifying fibromas of mandible
and maxilla, renal cysts, uterine
tumors

No other clinical features (as per
definition)

Emergence of a syndromic feature
redefines patient/kindred out of this
category
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KAwvikn ewtkova
» Symptomatic PHPT

TpElq »Skeletal complications
z * Osteitis fibrosa cystica
OLVOTUTTOL
P * Fractures > Normocalcemic
**Renal complications PHPT

Chronic kidney disease 2 Symptomatic

* Nephrolithiasis
P s* Asymptomatic with or

* Nephrocalcinosis without target organ

involvement

» Asymptomatic PHPT

**with target organ involvement
*without target organ involvement

El-Hajj Fuleihan et al. IBMR 2022; 37(11):2330



Extiunon aodevwv ue PHPT

Bioxnuikoc EAeyyxoc
»250H Vit D
» Creatinine clerarance or eGFR
»24h urine calcium (preferred)
»Phosphate

»Bone turnover markers (not
generally recommended)

Hypercalcemia
(albumin corrected calcium)

» Mild hypercalcemia
= 10.4-11.4 mg/dL

> Moderate
= 11.4-14 mg/dL

> Severe
= >14 mg/dL



Exktiunon aocdevwv ue PHPT

OOTIKOC EAgyxOC
> DEXA

= OM22

" |o)lo

= ATtoKOKpUOUEVO 1/3 kepkidac

» ATtELKOVLON OTTOVOUAWV
= A/Joa OM22-OM2Z ) VFA
= TBS, epooov eival dtaBeoipo



Morphometric Vertebral Fractures in Postmenopausal Women with PHPT

EKTl'MnO'n O'KEAETO(} Case-control study

N=150 post-meno ? vs 300 controls, 61ys
N=66pts without PTX f/up for 7ys 109 mild disease with no surg criteria

40 - 40 -
1 I'— F<0.0001 ﬁ
35 - —— P=015— 35 4
[ P<00001 ———
30 - 30 A — P=0.03—
= =
. 25 < 25
% — P<0.0001— 3
S21 N [ S 20 -
sl R 9 | EEEE
w 5 = :
g .g 15 - _(_.‘é 15 4 —P=NS —
3 e e ra . —
N 10 - 104 [ L
5 S 5 1 o
% - - //
R % 0 T T 7 1
0 — -7 1 Surg Criteria = Surg Criteria Controls
* Symptomatic Asymptomatic  Controls Met Not Met (n=300)
(n=41) (n=109) (n=300) (n=64) (n=45)
‘— Patients — L Asymptomatic-
-2 - . .
LUMBAR SPINE FEMORAL NECK RADIUS e OR95% CIl: 7.9 (4_0—15,6)

Baseline Z-scores
The asterisk denotes difference by site at the lumbar spine, femoral
neck and radius (by analysis of variance, p<0.0005)

* HBMD otnv OMZZ, o povoc aveEaptnToc mapayovtag
napouoiag LopPOUETPLKWV KaTaypatwy otov PHPT

Silverberg et al. Clin Endocrinol Metab 80: 723-728. 1995 Vignali et al. JCEM 2009; 94(7):2306-12



[ToocBoAn téco tou pAotwdouc 000 Kal ToU
griowwwodouc ootou o PHPT

s R

Risk of fractures in primary hyperparathyroidism: a
systematic review and meta-analysis
12 observational studies, n=5233 PHPT 13154 controls

Any fracture 2.01 (1.61-2.5)
Distal forearm 2.36(1.64-3.38)
Vertebral 3(1.41-6.37)
Vertebral fx in mild PHPT  4.22 (2.2-8.12)
hip 1.27 (0.97-1.66)

El-Hajj Fuleihan et al. BMR 2022; 37(11):2330 Ejlsmark-Svensson et al. Osteopors Int 2021; 32(6):1053-1060



Extiunon aodsvwv ue PHPT

EAgyxoc veppwv
> Ka&Bapon kpeatwivne A eGFR

»24wpn cuAoyn oupwv yia acBEotio (Evavtl tou spot oUpwv) Kad,
lowc¢, TpoodLopLlopoc AAAwWV Tapayovtwy Kivduvou vedpoAlBiaonc.

» ATTELKOVLIOTLKWV EAEYYOC VEDPWV:
= U/S
= Spiral CT
= X-rays




PHPT kot vedpikn Asttovpyia
é Tskunpu.op.évn VV(bGI] KAwwkn (5-55%)

* HvedpoAlBiaon/ veppaoBéotwon armoteAouv ouxvi ertAokn tou PHPT. YrokAwikry (11-35%)
* H aofeotioupia napatnpeitoal oto 1/3 6cwv acBevwv pe PHPT napouvoialouvv vedppoAiBiaon.

* JUVEKTLLWHMEVOL MOPAYOVTEG KvdUVoU: unepoupkoloupia, umopayvnoloupia, unepoaloupia,

UTTOKLTPLKOUPLOL KOl KUGTLWVOUPLOL.

P Xpewaletal emPeBaiwon
* To katwdAL kKaBaponc kpeatwvivng 60cc/min ywa PTX.
* YnidpyxelL npoiovoa EKMTWON TG VEPPLKAC Aettoupyiag Xwpic Xelpoupyeio;

* To eGFR< 60 ml/min oxetiletal pe peyaAutepn Ekntwon BMD kat au§nHEVO KATAYUATIKO Kivduvo;

Epwtipata mpog anavinon

* Katd mooo n pewwpévn vedpikn Aettovpyio odpeiletat otov PHPT i o€ AAAOUG MOLPAYOVTEG



Mn kAaootlkec ekbnAwoelc tov PHPT

Biochemical abnormalities

Neurobehavioural

* Altered mental status™
* Depression and anxiety
* Impaired cognition*®

* Reduced quality of life

Renal

* Polyuria

* Nephrolithiasis, nephrocalcinosis
* Impaired renal function

Gastrointestinal

* Anorexia, nausea, vomiting
and constipation

* Cholelithiasis

e Pancreatitis

* Peptic ulcer disease

El-Hajj Fuleihan et al. JBMR 2022; 37(11):2330

Hypercalcemia
Hypercalciuria
Hyperchloremic acidosis
Hyperuricemia
Hypophosphatemia

Cardiovascular

Atherosclerosis

Cardiac arrhythmias

CV risk factors (insulin
resistance, cholesterol, etc.)
Hypertension

Left ventricular hypertrophy
Vascular stiffness

Skeletal

Bone pain

Osteitis fibrosa cystica/brown tumours

Osteoporosis (fractures)
Pseudogout

Neuromuscular

Myopathy
Impaired neuromuscular
function




Nevpouxratpikec dtatapoxecg Ertibpaon PTX ?
The Scandinavian Study on Primary Hyperparathyroidism (SIPH)

Randomized n=191
(2=165, 7=26)

l ALLOCATION I

(=82, &'=13)

SURGERY (PTX) n= 95

OBSERVATION (OBS) n=96

(£=83, &'=13)

I

(A) Patients randomized to parathyroidectomy

| FOLLOW-UP I
Not in the study The 10-year The 10-year Not in the study
after 10 years cohort n= 65 cohort* n=64 after 10 years
e 956, #=9 9=57, @=7 Be32

* Dead n=6 { : ) ¢ - ) * Dead n=2

* Missing datan= 1 * Missing data n=3
¢ Withdrawals n=23 *  Withdrawals n=27

t t

(p=0.063)

(B) Patients randomized to observation

(p=0.017)

ZxeSLOLONOG:
* RCT pe 10eti napakoAovOnon (1998 -2005)

* ZUykplon nototntag {wng acdevwv pe acuuntwpatiko PHPT
TLOU Tu)olomolOnkav o€ napaBupeoelSEKTOUA N
nopakoAolOnon xwpic kapia Oepaneia.

* ‘EKBaon: SF-36 kat CPRS (Comprehensive Psychopathological
Rating Scale)
AnoteAéopata:

* Ta score otig U0 KALLAKEG TIOULPEUELVOV EVTUTTWOLOKA
otafegpa Kata tnv mapakoAovOnon.

* MwpEG BeAtiwoelg o€ U0 UTtoKALpakeG Tou SF-36, otnv
opada PTX, akaBopiotou KAWVIKAG onpaoiag.

* 'Hrua BeAtiwon oto CPRS ko otic 800 OpAdEC.
Tuunepaopata:

* «Thus, from a QoL perspective it seems safe to observe
patients with mild PHPT for several years»

Pretorius et al JIBMR 2021; 36(1), pp 3-11



Kapdrayyelakec kot HETAPBOAKEC EKONAWGCELC

Table 3. Summary of Studies on Cardiovascular Manifestations of PHPT 2013-2020

Association Improvement
observational  observational Improvement
CV manifestation ? Mechanism studies studies RCTs Details
Hypertension PTH or renin-aldosterone 72 /175 X198 Conflicting data; SIPH RCT
ratio trial negative
Impaired glucose 169 X170 Conflicting data; SIPH RCT
insulin resistance trial negative
Fat mass/BMI X169 X170 SIPH RCT trial negative
Cholesterol X179 07 Conflicting; SIPH RCT trial
negative at 5 years; Danish
RCT positive at 3 months
post-PTX
Coronary calcification 7 Calcium effect v 183y (84 X187 Limited, conflicting data
Aortic calcification X187
Femoral calcification 189
x(173)
Vascular stiffness PTH associated with v (178185) X179 180 x17n Conflicting data; Danish RCT
Flow mediated stiffness? Calcium x,(179) 1180 negative but subgroup
dilation with highest calcium
improved
Left ventricular mass  PTH = cardiac 199 v192 x(192:196) Meta-analysis shows LVM
myocyte hypertrophy? improvement, but tends to
be in observational studies
with higher PTH
Short QT, VPBs Calcium shortens QT 199 s Small study size
CV events ? PTH x(188) 189 X3 Limited data; SIPH trial no

reduction CV events,
limited events

El-Hajj Fuleihan et al. JBMR 2022; 37(11):2330

»MoAU ATLeg N
averpeBaiwtec
KOPOLOLYYELOKEC
ekONAWOELC oTOV
OLOU UTTTWLLOLTLKO
uTtepmapaBupeoeldLoUO.

» Antovola evdeiéewv
UTTOOTPOPNC
KapoLayyeLlakou Kivduvou
ueta PTX



Table 5. Summary of Studies on All-Cause Mortality in Patients with Hypercalcemia and PHPT and ks Predictors®

Gender Follow
(% up Predictors of mortality on multivariate
Source, Country Setting Population n womenl  Age (years) years Death rate (%) analysis
Palmér and Mild to moderate hyperCa® in health e 85 593(121) o Data derived from HyperCa and contral
colleagues™'™ screening in 1969 cohorts:
[1987) Sweden Control: normocalcemic cohort matched for Age b 1.51 (p= MA) [cakculated HR 4 53)
=ex, age and date of screening Gender (reference being men) | —1.07
o =NA) (calkculated HR 0.34)
Calcium [} 4.97 [p = MA] [only at
age <79 years) fcalkoulated HR 144)
PTH NA
Hedbéck and Single institution, PHPT with single adenoma, 713 T4 57TR(129) 103 PHPT 33 Data derived from PHPT cohart:
Odén' % (1005 surgical cohort (1953-19832) (5.6) Age 0.0 (p = MA) (calculated HR 1.1)
Sweden Gender (reference being men) | —063
0 =NA) (calculated HR 0.53)
Caldum,” PTH NA
Soreide and Single institution, PHPT, surgical cohort 1052 73 Median 59 Media PHPT 24 [Drata derived from PHPT cohort:
colleaguest'® [1980-1954) [range 12- 12 l! Risk of death similar Age® RR 217 (1.86; 2.54)
{1997 Rochester Cantrak matched patient population from &9 15'| PHPT wersus contrgy Men RR 207 (1.48; 288)
the upper Midwest N\ 7 Calcium NA
PTH =100 pLEg/mL RR 1.48 (1.09; 2.02]
Hedbéck and Mational patient registry, PHPT surgical 4461 79 Range of ET ] 113 Data derived from PHPT cohart, by
Odén' ™" [1998) cohort (1987 -1994) means RRof death 1.53(PHPT  gender
Sweden Control: general population, to derive 613647 versus contnol) Age: significant predictor, risk was
expected death, using the Swedish Central o= HNAl significantly increased for bath
Bureau of Statistics. c@tegories: age »65 years or <65 years
Caldum, PTHNA
‘Wermers and Population-based, PHPT surgical and 435 P 561 Data derived from PHPT cohort Age (per
colleagues™™ nonsurgical cohort (1965-199%) [range 10 years increase) HR 26 (2.2, 3.1)
(1998) Rochester Control: Minnesota white residents matched 15.8- Gender N5
for age and gender B9.4) Highest caldum {per mg/dL increase) HR
13 (1.1, 1.6)
PTH NA
Yuand Population basad® PHPT nonsurgical cohort 20497 70 B8 (137 5 / \ Data derived from PHPFT cohort:
colleagueg 13w (1997-2006) fc  HRfor mortality 164 | Age HR 1.04 (1.03; 1.05)
(2011 and 2013) Cantrok general population matched for age, \\ (1.43-187 Gender (reference men) HR 081 (068
Scotland gender, calendar year of PHPT diagnosis N\ HPT VETSUS Comtgl 0.am
~—— PTH HR 1.46(1.25; 1.71) for <1000 days;
HR 3.13 [2.37; 4.14) for =1000 days
CaHR1.21 (1.11; 1.31)for <1000 days; HR
0.71 (057 -0.85) for >1000 days
Liata denved trom FHF | and contral
coharts:
Age and gender matching terms
) Ca and PTH: MA
Qiftan and Single institution PHPT surgical and 561 MA Range of 0 " 22 ) Data derived from PHPT cohort:

colleagues* 1 nonsurgical cohort (1961-1954) means Survival rate in PHPT Surgically treated (n = 448):

[2015) Australia Control Australian population at large 529-555 wersus control: Age MA; Gender, Calcium, PTH N5
matched for age, sex, the year obseration BEE% (84.9:86.2) / Mon-surgically treated (n = 113):
began, duration of abservation N =~ Age MA; Gender, Calcium: NS

PTHHR 1.59{1.20; 2.11)
Reid and Single institution PHPT surgical and 611 82 Range of Median 16 Data derived from PHPT cohart:
colleagues™ nonsurgical cohort means 6.2 Age HR 105 [1.02:1.08)

[2019) Edinburg. [2006-2014) 61-69 Gender MA

Scotland [49-77] Calcium HR B.584 (1.58; 44.95)

PTH M5*

El-Hajj Fuleihan et al. JBMR 2022; 37(11):2330

OALKA Ko Kapdilayyelokn
Bvnoipotnta

» Meléteg pe avénpévn oAkl Ovnolpotnta ano
KopdLayyelaka aitia Kot Kapkivo otnv Eupwrn
kot AvotpaAia (RR 1,2-1,6), oxt Opwg otig HNA.

» MNpoyvwoTikol SEIKTEC TaL
* enineda aocBeotiov
*  Baputnta vooou Kot pEyeBoG adEvwv
* Enineda PTH

*  HAwia?

» QoTt000, oL MEPLOCOTEPEC PO 20<Tiag



Mn kAaooikéc ekbnAwaoeic tov PHPT
Juunepaouata

v'TMpog To mapov ot pn KAoOLKEC eKdNAWoeLE Tou PHPT Sgv urmopolv
va xpnotuornotnfouv otn AnYn anopAacewyv yLa XELPOUPVYLKN
napeufoon

v TpoteivovTal OTPATNYLKEC YLOL TIEPALTEPW EPEUVA OLUTWV TWV
nedilwyv

El-Hajj Fuleihan et al. JBMR 2022; 37(11):2330
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Alendronate
(") Denosumab

ERT
? Impact of medical therapy versus no medical therapy Vit D
in patients with PHPT who have declined surgery. Cinacalcet

? The desirable and undesirable consequences of
surgery in patients with asymptomatic PHPT.



? Impact of medical therapy versus no medical therapy in patients with PHPT who have declined surgery. BIMID

ALENDRONATE DENOSUMAB

Aledranate No aledranate Mean Difference Mean Difference Denosumab Placeho Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chow 2003 3.79 404 19 019 2.8 17 32.8% 3.60[1.35,5.85] = :
ey 492 267 18 012 353 19 344%  4.80[279 681] g Leere 2020 51 44 16 -1 3.1 15 100.0% 6.90(4.23,9.57)
Rossini 2001 8.05 262 10 -0.22 2.74 12 32.8% 8.27[6.02,10.52] L] Total (95%C) % 15 1000% |690 423,957 ’

ota J 90 [4.23,9,

Total (95% CI) X ; 47 ?8 100,0% [ 5.55 [2.88, 8.21] ‘ [} ‘ . Heterogeneity: Not applicable ;-]UU -%0 f} S:U 100:
Heterogenelty: Tau’ = 4.31; Chi* = 9.05, df = 2 (P = 0.01); I = 78% T 5 i P 00 Test for overall effect Z = 5.07 (P < 0.00001)

Test for overall effect; Z = 4,08 (P < 0,0001) Favours placebo Favours denosumab

Favours No aledronate Favours Aledronate

(A) Lumbar spine (A) Lumbar spine
Denosumab Placebo Mean Difference Mean Difference
Aledronate No aledronate Mean Difference Mean Difference

Study or Subgroup  Mean  SD Total Mean D Total Weight IV, Random, 95%CI IV, Randorm, 95% CI Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95%Cl IV, Randor, 95% CI
Chow 2003 417 601 19 -0.25 335 17 24.1% 4.42[1.28, 7.56] g Leere 2020 303 344 16 -0.78 337 14 100.0%  3.81(L.37,6.25]
Khan 2004 202 3.99 18 -105 488 19 28.9%  3.17[0.30, 6.04]
Rossini 2001 151 266 10 -1.99 27 12 47.0% —3.80[125 €73 Total (95% CI) 16 14 1000% | 381[137,625) ‘
Total (95% €I 4 48 1000%| 363(209,517] f Heterogeneity. Not applicable TR, 0 —T

: 2 2 ; w i Testfor overall effect: Z = 3.06 (P = 0.002) i Al 2 .
Heterogeneity: Tau’ = 0.00; Chi* = 0.36, df = 2 (P = 0.84); = 0% AT ] 5 0 dalnb Ak A Favours Placebo Favours Denosumab

Test for overall effect: 2 = 4.61 (P < 0.00001) Favours No aledronate Favours Aledronate

(B) Femoral neck

(B) Femoral neck
. ‘ Denosumab Placeho Mean Difference Mean Difference

Aledronate  No aledronate Mean Difference Mean Difference Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C|
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Khan 2004 401 327 18 -071 3.92 19 57.6% 472 [2.40, 7.04) [ Leere 2020 264 164 16 -15 279 15 100.0%  4.14(252,5.76]
Rossini 2001 439 3.04 10 -2.18 346 12 424%  6.57[3.85,9.29) B — & - T \

ota | 142,52, 5

Total (95% C1) 2 31 1000% | 550(3.71,7.30] ' Heterogeneity: Not applicable I ; = |
ASMSJRIR T =055 Chf o Ll i = DAL Jioo =50 0 50 100 Test for overall effect: Z = 4,99 (P < 0,00001) u 0 LR

Test for overalleffect: Z = 6.02 (P < 0.00001) i No Slsdrnate. Fevows Nirorits Favours Placeba Favours Denosumab

(C) Total hip (C) Total hip



? Impact of medical therapy versus no medical therapy in patients with PHPT who have declined surgery. BMD

VITAMIN D

Vitamin D Placebo

Mean Difference

Mean Difference

HRT

HRT Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Rolighed 2014 1 3.2 20 -1.5 2.56 20 100.0% 2.50[0.70, 4.30] Grey 1996 5.2 5.77 17 -1.4 3.2 16 100.0% 6.60 [3.44, 9.76]
Total (95% CI) 20 20 100.0% 2.50 [0.70, 4.30] Total (95% CI) 17 16 100.0% 6.60 [3.44, 9.76] ’
Heterogeneity: Not applicable i f f i Heterogeneity: Not applicable } | ! } |
) “100 50 0 50 100 -100  -50 0 50 100
Test for overall effect: Z = 2.73 (P = 0.006) Favours Placebo Favours Vitamin D Test for overall effect: Z = 4.09 (P < 0.0001) Favours Placebo Favours HRT
(A) Lumbar spine (A) Lumbear spine
Vitamin D Placebo Mean Difference Mean Difference HRT Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Rolighed 2014 0 2.78 200 -0.6 3.42 20 100.0% 0.60[-1.33,2.53) Crey 1996 3.4 6.18 17 -1.4 6.72 16 100.0% 4.80[0.39, 9.21]
Total (95% CI) 20 20 100.0% 0.60[-1.33, 2.53] Total (95% CI) 17 16 100.0% 4.80 [0.39, 9.21]
Heterogeneity: Not applicable f t t | Heterogeneity: Not applicable I t t !
-100  -50 0 50 100 ’ -100 -50 0 50 100
Test for overall effect: 2 = 0.61 (P = 0.54) Favours Placebo Favours Vitamin D Test for overall effect: Z = 2.13 (P = 0.03) Favours Placebo Favours HRT
(B) Femoral neck (B) Femoral neck
Vitamin D Placebo Mean Difference Mean Difference HRT Placebo . Mean.Difference M“f‘ Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Rolighed 2014 0.2 235 20 0.7 299 20 100.0% -0.50[-2.17, 1.17] Crey 1996 1.9 454 17 -3.5 48 16 100.0% 5.40[2.21, 8.59]
Total (95% CI) 20 20 100.0% -0.50[-2.17,1.17] Total (95% CI) 17 16 100.0% |5.40 [2.21, 8.59] [ ]
Heterogeneity: Not applicable I : | | | Heterogeneity: Not applicable I f 1 y |
] -100 -50 1] 50 100 - _ -100 -50 0 50 100
Test for overall effect: Z = 0.59 (P = 0.56) Favours Placebo Favours Vitamin D Test for overall effect: Z = 3.32 (P = 0.0009) Favours Placebo Favours HRT
(C) Total hip (C) Proximal forcarm
Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Raolighed 2014 -1.1 3.2 20 -1 2.8 20 100.0% -0.10[-1.96, 1.76]
Total (95% CI) 20 20 100.0% -0.10 [-1.96, 1.76]
Heterogeneity: Not applicable - — y |
Test for overall effect: Z = 0.11 (P = 0.92) 100 +0 0 >0 100

(D) Proximal 1/3 of distal forearm

Favours Placebo Favours Vitamin D




? Impact of medical therapy versus no medical therapy in patients with PHPT who have declined surgery.

Calcium & PTH
CINACALCET

Cinacalcet Placebo
Study or Subgroup  Mean SD Total Mean SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Filopanti 2012 95 04 11 115 02 11 345k
Khan 2015 -1.78 061 27 -02 062 28 32.7h
Peacock 2005 97 05 27 109 07 28 32.8%
Total (95% CI) 65 67 100.0%

Heterogeneity: Tau’ = 0.15; Chi* = 14.48, df = 2 (P = 0.0007); I = 86%
Test for overall effect: Z = 6.67 (P < 0.00001)

-2.00(-2.26, -1.74]
-1.58[-1.91, -1.25)
-1.20-1.52, -0.88]

-160(-2.07, -1.13]

2000 50 0 50 100

Favours Cinacalcet Favours Placebo

(A) Serum caletum
Cinacalcet Placebo Mean Difference Mean Difference

Study orSubgroup ~ Mean  SD Total Mean  SD Total Weight IV, Random, 95%Cl IV, Random, 95% Cl
Filopanti 2012 685 223 11 989 215 11 37.6% -30.40[-48.71,-12.09] —i
Khan 2015 3748 342127 -169 3579 28 36.8% -35.79(-54.29, -17.29] ——
Peacock 2005 91 34 27 112 49 28 255% -21.00(-43.22,1.22) —
Total (95% CI) 65 67 100.0% -29.99[-41.21, -18.76] k2

iy Tau? = 0.00; G = 101, df = 2 = 0.60); = | ; : |
Heterogeneity: Tau" = 0.00; Chi° = 1.01, df = 2 (P = 0.60); I' = 0% ST, i "SRT

Test for overall effect: Z = 5.23 (P < 0.00001)

(B) Serum PTH

Favours Cinacalcet Favours Placebo

v'H cinacalcet peiwoe onpavtikd ta enineda
aoBeotiou kot PTH.

v'H peiwon tou acBeotiov evtoc oplwv
avadopadc mapatnpnOnke o peyaAutepo
BaBuo oe oxeon pe tnv avtiotowxn tnc PTH.

v Xwplc enibpaon otnv ameKKpLon
aofeotiov ) 0To oXNUATIOUO AlBwV (2
LEAETEC)

v Xwpic eniépaon otnv BMD.



? XELPOUPYELO I OXL XELPOUPYELO OE ACUUNTTWHATIKO PHPT?
Blroxnuikn ugeon kot BMD

Effect of surgery on biochemical cure in Effect of Surgery on Bone Mineral Density
asymptomatic patients with PHPT by DXA in PHPT

Table 10. Effect of Surgery on Bone Mineral Density by DXA in Primary Hyperparathyroidism|

Surgery No surgery Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight  M-H, Random, 95% Cl M-H, Random, 95% CI Site Lumbar spine Femoral neck Total hip 1/3 radius
Almavist 2004 25 25 0 25 20.0%  51.00[3.27,794.24] — . P B a 3 B b
Ambrogini 2007 3 24 0 26 10.9% $0.76 [3.25. 792.28] N Mean difference 482 (2.55t07.09) 3.18(-095to 7.31) 4.41 (2,62 t0 6.20) 0.28 ( 1.55;09.58)9(
Lundstam 2015 9% 9 0 95 19.7% 19101 (12.03,303190] — » ~147(-1013107.19)
Morris 2010 9 9 0 9 205%  19.00(1.27, 284.24] —_— Trial 4 3 2 2 Q]
Rao 2004 25 25 0 28 19.9%  56.88[3.64, 888.35] —_— Patient* 258 208 103 136°; 53°
Total (95% CI) 179 183 1000%  55.12[16.17, 187.89] il Data presented as MDs with 95% Cls.
Total avanits 2 178 z 0 2 L)A)(t/\z_:;jlt;:lr—senergyx-rayabsorpuometry.
Heterogeneity: Tau’ = 0.00; Chi* = 1.60, df = 4 (P = 0.81); I = 0% b0l 01 10 100 by 1.5 Jears,

Test for overall effect: Z = 6.41 (P < 0.00001) Favours No surgery Favours Surgery At 2yens,



? XELPOUPYELO N OXL XELPOUPYELO OE ACUUITTWHATIKO PHPT?

KAWLIKEC EKBAOELC

Table 9. GRADE Summary of Findings for Surgery Versus No Surgery in Patients with Asymptomatic PHPT

Outcomes
(duration of
follow-up in
studies)

Relative effects
and/or MD
(95% CI);
number of
patients and
trials

Absolute effect estimates (10 years)

Baseline risk
for control

Biochemical
cure (0.5 to
5 years)

Vertebral
fracture (1 to
5 years)

Nonvertebral
fracture (2 to
5 years)

Quality of life (1
to 10 years)

Kidney stone (1
to 5 years)

Renal failure
(2 years)

Surgical
complications
(1 year)

316 patients in
five trials

RR 0.18 (0.02 to
1.48); 156
patients in
two trials

RR 0.81 (0.19 to
3.44); 159
patients in
two trials

225 patients in
three trials

RR 0.55 (0.10 to
3.10); 248
patients in
three trials

RR not
estimable;
53 patients
in one trial

RR not
estimable;
50 patients
in one trial

group Difference (95% Cl) Quality of evidence Plain languac
0] 96.1% (92.1% to High Surgery results in a very
98.4%) high rate of biochemical
cure; cure does not occur
in patients who do not
dl
Not —7% (—13% to —1%)? Very low (serious risk of We are very uncertain of
applicable bias and very serious the effect of surgery on
imprecision) vertebral fracture
Not —1% (—6% to 5%)° Very low (serious risk of We are very uncertain of
applicable bias and very serious The erect or surgery on
imprecision) non-vertebral fracture
Not Social functioning CI All domains rated down We are very uncertain of
applicable excluded no effect, for risk of bias and e effect of surgery on
other seven imprecision, some Quality of Life.
domains Cl included domains rated down
both benefit and twice for imprecision
harm
—1% (—4% to 3%)? Very low (serious risk of We are very uncertain of
bias and very serious the effect of surgery on
imprecision) kidney stones
(0] 0 (—7%, 7%)? Low (very serious Surgery may have a small
imprecision) or no effect on renal
failure
0] 0 (—7%, 7%)7 Low (very serious

Surgical complications
may be very rare

imprecision)




DapuUaKEUTIKA KOl
XELpoupylkn depancsia PHPT

? Qappokevtikn Oepamneia, amAn napakoAovOnon n
XELPOUPVLKN OVTLHETWTTLION ? ? ?
» Kapio dapupakeutikni Bepameia dev emdpa otn VeEPPLKN ATIEKKPLON
acBeotiou.

»OLALD, Denosumab, vit D, ERT avénoav tnv BMD.

» Xwpic aodaAn CUUTIEPACHOTO VIO TN LELWON TOU KATOYUATIKOU KWVOUVOU UE

oroLadnmote napeuBaon.

»H yelpoupylkn avtipetwriton odnyet og Boxnuikn vdeon oto 95%.

» Ayvwotn n enidpaon tnc PTX og kataypota, veppoABiaon Kat EKTTwon
VEPPLKNC AeLTOUpYLOC.
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A summary of panel recommendations for surgical -~

A\

management of PHPT (1) —

1.

Symptomatic PHPT: all symptomatic patients should be offered parathyroid surgery unless medically

contraindicated.

Asymptomatic PHPT

A.
B.

Serum calcium >1 mg/dL (0.25 mmol/L) above the upper limit of normal

Skeletal involvement:

a) A fracture by VFA or vertebral X-ray or

b) BMD by T-score < 2.5 at any site or

Renal involvement:

a) eGFR or creatinine clearance <60 mL/min or

b) Nephrocalcinosis or nephrolithiasis by X-ray, ultrasound,or other imaging modality or

c) Urinary calcium excretion: hypercalciuria (eg,>250 mg/day in women; >300 mg/day in men).
Age <50 years (no other indications are necessary; age <50 years is a sufficient indication)

If no aforementioned guidelines are met, PTX is still an option with concurrence of the patient and physician
and if there are no contraindications



Table 2. Guidelines for Surgery in Asymptomatic Primary Hyperparathyroidism: A Comparison of Current Recommendations with

Previous Ones

Parameter 1990 2002 2008 2013 2022
Serum Calcium  1-1.6 mg/dL (0.25- 1.0 mg/dL 1.0 mg/dL 1.0 mg/dL 1.0 mg/dL
(=upper limit 0.4 mmol/L) (0.25 mmol/L) (025 mmol/L) (0.25 mmol/L) (0.25 mmol/L)
of normal)
Skeletal BMD by DXA: BMD by DXA: BMD by DXA: a. BMD by DXA: a. BMD by DXA:
Z-score < —2.0 I-score < —25 at I-score < —2.5at I-score < —2.5 at I-score < —2.5 at
(site any site any site lumbar spine, total lumbar spine, total hip,
uns pecified) Previous fragility hip, femoral neck femoral neck or distal
fracture or distal 1/3 radius 1/3 radius*
b. Vertebral fracture  b.Vertebral fracture by
by X-ray, CT, MRI, or X-ray, CT, MRI or VFA
VFA
Renal a. eGFR reduced by a. eGFR reduced by a. eGFR <60 cc/min  a. eGFR <60 cc/min a. eGFR <60 co/min**

Age

=309 from
expected.

b. 24-Hour urine for
calcium
=400 mg/day
(=10 mmol/day)

<50 years

=30% from
expected

b. 24-Hour urine for
calcium
=400 mg/day
(=10 mmol/day)

<50 years

b. 24-Hour urine for
calcium not
recommended

<50 years

b. 24-hour urine
for calcium
=400 mg/day
(=10 mmol/day)
and increased
stone risk by
biochemical stone
risk analysis

c. Presence of
nephrolithiasis or
nephrocal cinosis
by X-ray,
ultrasound, or CT

<50 years

b. Complete 24-hour
urine for calcium

=250 mg/day

in women

(>625 mmol/day) or
> 300 mg/day in men

(=75 mmaol/day)

c. Presence of
nephrolithiasis or
nephrocalcinosis by
X-ray, ultrasound, or CT

<50 years




A summary of panel recommendations for surgical LNE
management of PHPT (2)

3. Normocalcemic PHPT: Because of limited data, we cannot recommend guidelines for
surgery in normocalcemic PHPT at this time.

» Surgery should be performed by an experienced parathyroid surgeon.

» Surgery cannot be recommended to improve neurocognitive function, quality of life
and/or cardiovascular indices because the evidence is inconclusive.



POAOC tN¢ mMPOEYYELPNTIKOU QITELKOVIOTIKOU
EAEYYOU KAl TNC tepleyyepntiknNe uetpnon¢ PTH

» Preoperative imaging is not recommended for diagnostic purposes.

» Preoperative imaging is recommended for those who are going to have parathyroid surgery in
order to locate the abnormal parathyroid gland(s).

» Preoperative imaging modalities include

= high resolution neck ultrasound.
= technetium-99 m-sestamibi subtraction scintigraphy.
= and contrast-enhanced four dimensional (4D) computed tomography (CT).

» With successful preoperative imaging, selective parathyroidectomy, combined or not with
intraoperative PTH monitoring, achieves high cure rates in the hands of experienced surgeons.

» Advantages of the selective approach include (No head-to-head comparisons are available):

= shorter operative time

= |ess tissue scarring

= |ess risk to surrounding structures
* reduced hospital costs.



Alatpodikn Kot POoPUAKEUTLKN QVTLULETWTILON,
otav 6ev npoPAeEneTan xerpovpyeio (unGRADEd)

1. Huepnowa Adn aocPeotiov pe Baon tig odnyieg tov Institute of Medicine.
> 800 mg/day for women <50 years and men <70 years;
» 1000 mg/day for women >50 years and men >70 years.

2. MAavo naopakoAovOnon¢

» Biochemical monitoring: Serum calcium and 250HD: annually. PTH levels can also be measured, as clinically
indicated.

» Skeletal: Three-site DXA every 1 or 2 years unless the BMD is normal. Vertebral X-ray, VFA, or TBS if clinically
indicated

» Renal:
» Creatinine clearance (preferred over eGFR), annually
» Abdominal imaging (X-ray, CT, or ultrasound) if clinically indicated
» 24-Hour urine for calcium, if clinically indicated.



Alotpodikn Kot POoPUOAKEUTLKN QVTLLETWTILON,
otav 6sv npoPBAcnetal xerpovpyeio (GRADEd)

1. In patients with PHPT who do not undergo PTX, pharmacological management should be used
only for specific indications.

a) In patients with low BMD who do not undergo PTX, we suggest bisphosphonates (eg,

alendronate) or denosumab (weak recommendation based on very low-quality
evidence). * Estrogen has been shown to increase BMD.
* Raloxifene cannot be recommended

b) In patients with PHPT and serum calcium levels >11.0 mg/dL above the upper limit of
normal who do not undergo PTX, we suggest cinacalcet (weak recommendation based on

low quality of evidence)
2. In patients with PHPT and vitamin D insufficiency (250H vitamin D <30 ng/mL, or deficiency
(<12 ng/mL), we suggest vitamin D supplementation (weak recommendation based on very low-
quality evidence)




Mote Ba mpEMEeL va cUCTAOEL XELPOUPYELD
o€ PHPT uno napakoAouOnon;

» Serum calcium becomes consistently >1 mg/dL above the upper limit of normal.
» A low trauma fracture.

» A kidney stone.

> A significant reduction in BMD to a T-score < -2.5 at any site.

» A significant reduction in creatinine clearance.



MpwtonaOnc uneprapaOupeoeOLOUOC Kot
kOnon

> Hmecg nepmtwoelc aviipetwnilovrol He dtatipnon:
= KaAn¢ evudatwong kat ntopakoAovOnon¢ acBeotiov
= Qappaka:
X Bisphosphonates kat denosumab d&ev npémel va xpnotponotovvrol
? MoAU neploplopéva dedopéva yia to cinacalcet

» AuvaToTNTo XELPOUPYLKAC OLVTLMETWTILONG 0TO 2° TPLUNVO, 0€ a0OEVE(C
= Me aoBEotio opou >11.0 mg/dL, dtav v utAPXEL AVTEVSELEN XELPOUPYELOU

» [POEYXELPNTLKN ATTELKOVION KLOVO UE UTtEPNXOYPAdNHa
» Eav anodevuxbei to xepoupyeio:

» ZTEVA nopokoAoUOnon tou veoyvou yla unacBeoctiatpia
»H PTX Ba mPEMEL va TPAYHATOTOLNOEL LETA TOV TOKETO KOl TTPLV Ot EMOUEVN KUNon.



MPpoKANCELC yLa TO MEAAOV

Pr'esenfa’rlons

Global presentations and factors to account for differences

Global differences in incidence and prevalence of the various forms of
PHPT

Long-term consequences/natural history of the various forms of PHPT
with or without PTX.

Definition of normocalcemic PHPT

A global registry

Pathophysuology

Differences among the hypercalcemic and normocalcemic variants
Accounting for differences in predominant presentations of each form vis
a vis single or multi-glandular disease

Potential role of diet and the microbiome on clinical manifestations of
PHPT.

Potential role of CaSR signaling pathways in abnormal parathyroid tissue

Genehcs

CaSR mutations as they relate to PHPT vs FHH: similar or different?
Potential role of GNA1l or AP2S1 on pathogenesis

Role of genetic testing

Utility of genetic testing modalities

Identification of unidentified, causative genes

Ser'um calcium and vitamin D

How/whether to adjust downward for a serum albumin of > 4 g/dL
Is there a threshold at which PTX is indicated?

Optimal levels of serum 250HD

What is the best way to replete vitamin D in PHPT?

Renal

Stone Risk in PHPT.

+ Can apredictive model be developed to document risk?

« Threshold values of renal function for recommending surgery

* Factors associated with worsening renal function

* Relationships between reduced creatinine clearance ,PTH, calcium,
phosphorus, 1,25(0OH)2D
Medical and surgical therapeutics

Skele'ral

+ TBS, HRpQCT and other measures of bone quality

« FRAX tool as arisk factor in PHPT

+ Factors associated with reduced bone density and/or fractures
» Fracture risk before and after PTX

Non-classical manifestations

* Neurocognitive
e Cardiovascular
 Metabolic

Surglcal Aspects

+ Complications of combined thyroid and parathyroid procedures
* Risk factors for parathyromatosis and local recurrence
« Timing of medical therapy for osteoporosis after PTX
* Review of complications
« Parathyroid cancer
 Therole of genetics in decision-making for PTX
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Managing Parathyroid Disorders: Primary Hyperparathyroidism

This guide summarizes the 13 primary hyperparathyroidism (PHPT)
consensus recommendations published within “European Expert
Consensus on Practical Management of Specific Aspects of
Parathyroid Disorders in Adults and in Pregnancy”. European Journal of
Endocrinology 186 (2) February 2022°. Please access the article for

How do we differentially diagnose familial
hypocalciuric hypercalcemia (FHH)?

Calcium creatinine clearance ratio (CCCR) <0.01 is a screening tool for
FHH, but the ‘cut-off” is of limited clinical value due to low diagnostic
sensitivity and specificity.

A positive family history is a key Feature of FHH. Historic calcium values
are important to exclude progressive hypercalcemia as in primary
hyperparathyroidism (PHPT). PTH levels =2-fold above upper limit of
normal are suggestive of PHPT.

Loss-of-Function mukation
of calcium-sensing genes
(CASR, GNAT1, APZ51)

Parathyroid glands:

A Set-point For calcium
regulabed PTH release

Kidneys
¥ Calcium excretion by

thick ascending limb of
loop of Henle

A Plasma calcium ¥ Calcium-to-creatinine
with inappropriately clearance ratio
normal FTH (typically <0.01)

Figure 1. Alterations in calcium metabolism caused by FHH
Genetic testing is recommended for all patients with suspected FHH, but
negative genetic testing does not exclude FHH, and engoing follow-up

of mutation negative patients is recommended.

What is normocalcemic primary
hyperparathyroidism (PHPT)?

02

Mormaocalcemic PHPT is characterised by persistently (>3 months)
increased PTH levels in the setting of consistently normal total, albumin-
adjusted and / or free ionized serum calcium. Normeocalcemnic PHPT isa
diagnosis of exclusion.

What are the causes of hyperparathyroidism with
normal calcium that should be excluded before
considering a diagnosis of normocalcemic PHPT?

Q3

Secondary causes of hyperparathyroidism include medications,
hypercalciuria, hypovitaminosis D, renal insufficiency,
malabsorption syndromes, phosphate metabolism disorders and
low dietary calcium intake (Figure 2, Table 1).

Approach ko the patient with confirmed elevated PTH
meched Lotz m levels
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of Endocrinology

cald

lonized calcium

Hormal

A lonized calcium

Olassic ypercalcemic PHPT

A T T T T ) T

Diuretics, lichium,
anticonvulsants,
bisphosphonates,
denosumab, SCLTZ, PR

Treat with thizzices

24n urinary calcium on
normal dist*

Serum 25{0HID

=30 ng/mL (75 nmolL]

Treat with cholecalciferol
[different doses according
to 25(0HID levels)

Re-Lest FTH after 3 to &

manths

APTH

Serum creatinine or eGFR

Lower than

Ab-TGA, calpratectin recommended For age

Serum phosphate, FGF-23

i b e A /¥ Fhosphateb Opkimize calcium inkake or
<60 mL/mins1.73 m Pasitive® AFCF.23 supplsments
Re-test FTH aRer3 o6
moniths
Consider the diagnosis of normocalcemic APTH

hyperparatiyroidism

Figure 2. A clinical approach to patients with confirmed normocalcemic primary hyperparathyroidism. *“Reference range >4 mag/kgy day, > 250 mg/day in females, and > 300 mg/
day in males. *Evaluate for these disorders and manage as appropriate. 25(0H) D, serum 25-hydroeyvitamin D; Ab-TGA, anti-tissue transglutaminase antibodies; eGFR, estimaked
glomerular fltration rate; FGF-23, Abroblast growth factor-23; HPT, hyperparathyroidism; |BD, inlammatory bowel disease; iSGLT2, sodium-glucose cotransparter-2 inhibitors;
PHPT, primary hyperparathyroidism; PP, proton pump inhibitors; PTH, parathyroid hormone.

Cause of secondary
hyperparathyroidism
Witamin D deficiency

Low-diskary calcium intake

Hypercalcuria due ko renal
abnommalities

Renal insufficiancy
{Gastroinkestinal disorders assocated
with calcium malabsorption
Medications

Phosphate metabolism disorders

Proposed intervention thresholds Comments

Aim For 25(0HID concentrations of 30ng/mL (75

1200 myg/day For postmenopausal women
1000 mg/day For men 51-70 years and 1200 mg/
day For older men

Urinary calcium excretion >250 mg/24 h(6.25
mmal24 hjin females, >300 mg/24 h(7.5 mmal/24
b in males, or >4 mg/kg/24 hi0.1 mmolkg/24 h)

&GFR <60 mL/min/1.73 m’

Caliar disease, inlammatory bowel disease, and
bariatric surgeny
1200 mg/day for women

1000 mg/day For men 51-70 years and 1200 mg/
day For older men

Hyperphosphatemia and FGF-23-mediated
secondarny hyperparathyroidism

25(0H)D, 25-hydrocyvitamin Oy eGFR, estimated glomerular Altration rate; FGF-23, fibroblast growth Factor 23; PTH, parathwmoid hormone; SGLT2 inhibitors, sodium-gluoose cotransporter-2 inhibitors.

Re-test PTH when vitamin O replete. PTH concentrations may remain elevated for 6—12 months and
optimization of calcium intake is mandatory

Evaluate calcium inkake using a distary questionnaire. Pakienks should increase calcium intake oruse
calcdum supplaments

‘Thiazide challenge’ test (administer hydrochlorothiazide 25 mg twice a day for 2 weeks; check FTH
levels priorto starting thiazide and after 2 weeks of therapyl. FTH normalization supports renal
secondary causes of PHFT

As kidney fundtion dedlines, 1a-hydroxylation activity decreases and, consequently, active vitamin D
levels Fall, cakcium levels decline, and PTH levels increase

Measune anti-tissue bransglutaminase antibodies and fecal calprobectin bo consider celiac disease and
infammatony bowel dsesse, respactively

Mon-thiarzide diuretics can increase FTH levels (if possible, discontinue and reevaluate FTH). Lithaum therapy
can raise PTH levels (decision to withdraw from therapy is difficult and should be made by a psychiatrist).
Treabment with bisphosphonates or denosumab can raise PTH levels as a result of positive calcwm signaling
b the paratiymoid glands in the context ofinhibited bone resorption. Bisphosphonate effects may last fora
long time after discontimuation. Denosumab discontinuation should be avoided to prevent excessive boneloss
Recent sbudies showed that SGLT2 inhibitors have complex interactions with bone metabalism, including an
increase in PTH

Extracellular phosphate regulation imvolves changes in FTH levels. Both high and low phosphate levels
may be associated with secondany hyperparathyroidism

Table 1. Maost comman causes of secondary hyperparathyroidism.



Managing Parathyroid Disorders: Primary Hyperparathyroidism

This guide summarizes the 13 primary hyperparathyroidism (PHPT)
consensus recommendations published within “European Expert
Consensus on Practical Management of Specific Aspects of
Parathyroid Disorders in Adults and in Pregnancy”. European Journal of
Endocrinology 186 (2) February 2022, Please access the article For
recommendations in Full.

o How do we differentially diagnose familial

~ hypocalciuric hypercalcemia (FHH)?

Calcium creatinine clearance ratio (CCCR) <0.01 is a screening tool for
FHH, but the “cut-off” is of limited clinical value due to low diagnostic
sensitivity and specifcity.

A positive family history is a key feature of FHH. Historic calcium values
are important to exclude progressive hypercalcemia as in primary
hyperparathyroidism (PHPT). PTH levels =2-fold above upper limit of
normal are suggestive of PHPT.

Lis5-0f-Function mutakion
of calcium-sensing genes

(CASR. GNAT1. AP25T)

|Parathyroid glands:

A Set-point for calcium
regulated PTH ralease

Kidneys
¥ Calcium excretion by
thick ascending limb of
loap of HeEnle

A Plasma calcium ¥ Calcium-to-creatining
with inappropriatety clearance ratio
normal FTH {ypically <0.01)

Figure 1. Alterations in calcium metabaolism caused by FHH

Genetic testing is recommended for all patients with suspected FHH, but
negative genetic testing does not exclude FHH, and ongoing follow-up

What is normocalcemic primary

Q2 hyperparathyroidism (PHPT)?

Normocalcemic PHPT is characterised by persistently (>3 months)
increased PTH levels in the setting of consistently normal total, albumin
adjusted and / or free ionized serum calcium. Normeocalcemic PHPT is a
diagnosis of exclusion.

What are the causes of hyperparathyroidism with
normal calcium that should be excluded before
considering a diagnosis of normocalcemic PHPT?

Q3

Secondary causes of hyperparathyroidism include medications,
hypercalciuria, hypovitaminosis D, renal insufficiency,
malabsorption syndromes, phosphate metabolism disorders and
low dietary calcium intake (Figure 2, Table 1).

Approach bo the pati
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with confirmed elevated PTH

and normal comecked total calcium levels

lonized calcium

Normal

A lonized calcium

Olassic ypercalcemic PHPT
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Diuretics, lichium,
aAnticonvulsants,
bisphosphonates,

denasuman, ISGLTZ, PRI

Treat with thiazides

24n urinary calcium on

T Serum 25(0HID

<30 ng/mL (75 nmol/L)

Treat with cholecalcifersl
[different doses according
to 25(0H)D bevels)

Re-test PTH aRter 3 to 6

manths

AFTH

Serum creatinine or eGFR

<50 mL/min/1.73 m?*

Consider the diagnosis of nOTMacalcemic
hyperparatiyroidism

. - - ~ Lower than
AD-TGA, calprokectin Serum phasphate, FGF-23 recommenaes wr age

Pasikive* 4 /¥ PROsphatel Oplimize calcium intake or

AFGF-23* supplements
Re-test FTH after 3 to 6
months
APTH

Figure 2 A clinical approach to patients with confirmed normocalcemic primary hyperparathyroidism. *Reference range >4 mg/kg/ day, >250 mg/day in Females, and >300 mg/
day in males. *Evaluate For these disorders and manage as appropriate. 25(0H) D, serum 25-hydrocyvitamin D; Ab-TGA, anti-tissue transglutaminase antibodies; eGFR, estimated
glomerular Altration rate; FGF-23, Abroblast growth Factar-23; HPT, hyperparathyroidizm; IBD, inflammatory bowel disease; iSGLT2, sodium-glucase cotransporter-2 inhibitars;
PHFT, primary hyperparathyroidism; PP, preton pump inhibitors; PTH, parathyroid hormona.

Cause of secondary
hyperparatinyroidism
Vitamin D deficiency
Lowar-dietany calcium inktake
Hypercalciuria due ko renal
abnormalities

Renal insufficiency
Gastroinkestinal disorders assodated
with calcium malabsorption
Medications

Phosphate metabolism disorders

25010, 25-hydraxyvitamin O; eGFR, estimated glomerular Rltration rate; FGF-23, fbroblzst growth Factor 23; PTH, parathyroid hormaone; SGLT2 inhibitors, sodium-glucose cotransporter- 2 inhibitors.

Proposed intervention thresholds Comments

Aim For 25({0HID concentrations of 30 ng/mL (75

1200 mg/day for women
1000 mg/day for men 51-70years and 1200 mg/
day for older men

Urinany calcium excretion *250 mg/24 h(6.25
mmali24 hjin fernales, >300mg/24 h (7.5 mmaol/24
hlin males, or >4 mg/kg/24 h 0.1 mmolkg/24 k)

eGFR <60 mLimind/1.73 m*

Caliac diseass, inflammatony bowel dsease, and
bariatric surgery
1200 mg/day for women

1000 mg/day for men 51-70years and 1200 mg/
day For older men

Hyperphosphatemiaand FGF-23-mediated
secondary hyperparathyroidism

Re—test PTHwhenvitamin D replete. PTH concentrations may remain elevated For 612 months and
optimization of calcium intake is mandatory

Evaluate calcium intake using a dietany questionnaire. Fatients should increase calcium intake oruse
calcium supplements

‘Thiazide challenge’ best (administer hydrochlorothiazide 25 mig bwice a day for 2 weaks; check PTH
levels priorto starting thiazide and after 2 weeks of therapy). PTH normalization supports renal
secondary causes of PHPT

As kidney function declines, la-hydregylation activity decreases and, conseguently, ackive vitamin D
levels Fall, calcium levels decline, and PTH levels increase

Measure anti-tissue transglutaminase antibodies and fecal calprotectin bo consider celiac dssase and
inflammiatony bowel disease, respectively
NDn-I:hiazide:IiurEtiEcaniﬂeaseﬂﬂleuals[‘pusﬂie,dismnﬂmﬁanjmuatemhuﬂﬁmH'lempy
can raise PTH levels (decision to withdraw from therapy is difficult and should be made by a psychiatrist).
Treabment with bisphosphonates ordencsumab can raise PTH levels as a result of positive calcum signaling
b the paratiwroid glands in the context of inhibited bone resorption. Bisphosphonate effects may last fora
long time after discontinuation. Denosumab discontinuation should be avoidad to prevent excessive bone loss
Recent studies showed that SGLT2 inhibitors have complexinteractions with bane metabolism, including an
increase inFTH

Extracellular phosphabe regulation involves changes in FTH levels. Both high and low phosphate levels
may be associated with secondary hyperparathyroidism

Table 1. Most common causes of secondany hyperparathyroidism.



Managing Parathyroid Disorders: Primary Hyperparathyroidism

This guide summarizes the 13 primary hyperparathyroidism (PHPT)
consensus recommendations published within “European Expert
Consensus on Practical Management of Specific Aspects of
Parathyroid Disorders in Adults and in Pregnancy”. European Journal of
Endocrinology 186 (2) February 2022°. Please access the article for
recommendations in Full.

o How do we differentially diagnose Familial

= hypocalciuric hypercalcemia (FHH)?

Calcium creatinine clearance ratio (CCCR) <0.01 is a screening tool for
FHH, but the ‘cut-off” is of limited clinical value due to low diagnostic
sensitivity and specificity.

A positive family history is a key feature of FHH. Historic calcium values
are important to exclude progressive hypercalcemia as in primary
hyperparathyroidism (PHPT). PTH levels = 2-fold above upper limit of
normal are suggestive of PHPT.

Loss-oF-Funchion mutation
of calcium-sensing genes

(CASR, GNA 11, AP251)

Kidneys
¥ Calcium excretion by
thick ascending limo of
loop of Henle

Parathyroid glands:
4 Set-point For calcium
regulated PTH ralease

¥ Calcium-to-creatinine
clearance ratio
{typically <0.01)

A Plasma calcium
with inappropriatety
normalPTH

Figure 1. Alterations in calcium metabolism caused by FHH
Genetic testing is recommended for all patients with suspected FHH, but
negative genetic testing does not exclude FHH, and ongoing fellow-up

of mutation negative patients is recommended.

What is normocalcemic primary
hyperparathyroidism (PHPT)?

Q2

Normocalcemic PHPT is characterised by persistently (>3 months)
increased PTH levels in the setting of consistently normal total, albumin-
adjusted and / or free ionized serum calcium. Normocalcemic PHPT is a
diagnosis of exclusion.

What are the causes of hyperparathyroidism with

Q3

normal calcium that should be excluded before
considering a diagnosis of normocalcemic PHPT?

Secondary causes of hyperparathyroidism include medications,
hypercalciuria, hypovitaminosis D, renal insufficiency,
malabsorption syndromes, phosphate metabolism disorders and
low dietary calcium intake (Figure 2, Table 1).
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lonized calcium

Haormal

Exciude the Following causes of secondary HPT

allonized calcium

Olassic hypercalcemic PHPT

Diuretics, lithium,

bisphosphonates,
denosumab, iSGLTZ, PP

Treat with thiazides

24 urinary calcium on
anticonvulsants, mormal

2y Serum 25(0HID

<30 ng/mL (75 nmolL)

Treat with cholecalciferol
[different doses according
to 25(0H)D levels)

Re-tast PTH after 3 (o &

Serum creatinine or eGFR

<60 mL/mins1.73 m**

] i X Lovwer than
AD-TGA, calprotectin Serum phosphake, FGF-23 recommentos for age

oo A /W Phosphateh Optimize calcium inkake or
Fositive® AFGF-23* supplements

Re-test PTH after 3 1o 6

day in rnal.es "Eval.uate Forl:hese dlsun:lers arld manage as appropnahe 25[0H! D, serum 25 hydrmqmtamln D; Ab- TGA,antl—l:lssue transglutammaseantlbodles eGFR, estlmal:ed

Cause of secondary

hyperparatiyroidism
Vitamin D deficiency

Low-dietary calcium intake

Hypercalciuria due to renal
abnormalities

Renal insufficiency
(Gastrointestinal disorders associated
with calcium malabsorption
Medications.

Phosphate metabalism disorders

Proposed intervention thresholds

Aim For 25(0HID concentrations of 30ng/mL (75
nmol/L) ko awoid secondary thyroidism

1200 mg/day for WWOITIEN
1000 mg/day for men 51-70years and 1200 mg/
day for older men

Urinary calcium excretion =250 mg/24 h (6.25
mmal/24 h)in fernales, >300mg/24 h (7.5 mmol/24
h)in males, or >4 mg/kg/24 h (0.1 mmolkg/24 h)

2GFR <60 mL/min/1.73m*

Caliac disease, inflammatony bowel disaase, and
Ibariatric surgery

1200 mg/day for postmenopausal women
1000 mg/day For men 51-70years and 1200 mg/
day for older men

Hyperphosphatemia and FGF-23-mediated
hypophosphatemia are both associabed with
secondary hyperparathyroidism

glomerular filtration rake; FGF-23, broblast growth Factor-23; HPT, hyperparathyroidism; IBD, inflammatony buweldlseasef iSGLT2, sodium-glucose cotransporter-2 inhibitors;
PHPT, primary hyperparathyroidism; PPI, proton pump inhibitors; PTH, parathyroid hormone.

Comments

Re-test PTHwhen vitamin D replete. PTH concenbrations may remain elevated for 6—12 months and
optimization of calcium intake is mandatory

Evaluate calcium inkake using a distary questionnaire Pabienks should increase calcium intake oruse
caldum supplements

‘Thiazide challenge’ test (administer hydrochlorothiazide 25 mg bwice a day for 2 weeks; chedk PTH
levels priorto starting thiazide and after 2 weeks of therapy). FTH normalization supports renal
secondarny causes of PHPT

As kidney function dedlines, 1a-hydroxylation activity decreases and, consequently, active vitamin D
levvels Fall, calcium levels decline, and PTH levels increase

Measune anti-tissue transglutaminase antibodies and fecal calprobectin to consider celiac disease and
inflammiatory bowel disaase, respectively

Mon-thiazide diuretics can increase PTH levels [ possible, discontinue and resvaluate PTH). Lithium therapy
ican raise PTH levels (decision towithdraw from therapy is difficult and should be made bya psychiatrist).
Treatment with bisphasphonates ordencsumab can raise PTH levels as.a result of positive calcum signaling

b the parattwrosd glands in the conbext ofinhibited bone resorption. Bisphosphonate effects may last fora
long time after discontinuation. Denosumab discontinuation should be avoided to prevent excessive bone loss
Recent shudies showed that SGLT2 inhibitors have complex interactions with bone metabolism, including an
increase in PTH

Extracellular phosphate regulation invalves changesin PTH levels. Both high and low phosphate levels
miay be associated with secondary hyperparathyroidism

25(04H)D, 25-hydroayvitamin O; eGFR, estimated glomerular fltration rate; FGF-23, fibroblast growth factor 23; PTH, parathyroid hormone; SGLT2 inhibitors, sodium-glucose cotransporter-2 inhibitors.

Table 1. Most common causes of secondary hyperparathyroidism.
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How do we differentially diagnose Familial

Q1 hypocalciuric hypercalcemia (FHH)?

Calcium creatinine clearance ratio (CCCR) <0.01 is a screening tool for
FHH, but the ‘cut-off” is of limited clinical value due to low diagnostic
sensitivity and specificity.

A positive Family history is a key feature of FHH. Historic calcium values
are important to exclude progressive hypercalcemia as in primary
hyperparathyroidism (PHPT). PTH levels =2-fold above upper limit of
normal are suggestive of PHPT.

Loss-of-Function mutation
of calcium-sensing genes
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Figure 1. Alterations in calcium metabolism caused by FHH

Genetic testing is recommended for all patients with suspected FHH, but
negative genetic testing does not exclude FHH, and ongoing follow-up
of mutation negative patients is recommended.

What is normocalcemic primary
hyperparathyroidism (PHPT)?

Q2

MNormocalcemic PHPT is characterised by persistently (>3 months)
increased PTH levels in the setting of consistently normal total, albumin-
adjusted and / or free ionized serum calcium. Mormocalcemic PHPT is a
diagnosis of exclusion.

What are the causes of hyperparathyroidism with

Q3

normal calcium that should be excluded before
considering a diagnosis of normocalcemic PHPT?

Secondary causes of hyperparathyroidism include medications,
hypercalciuria, hypovitaminosis D, remal insufficiency,
malabsorption syndromes, phosphate metabolism disorders and
low dietary calcium intake (Figure 2, Table 1).
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Figure 2 A clinical approach to pakients with confirmed normocalcemic primarny hyperparathyroidism. *Reference range =4 mg/kg/ day, »250 mg/day in Females, and >300 mg/
day in males. "Evaluate for thess disorders and manage as appropriate. 25(0H) D, serum 25-hydrosyvitamin D; Ab-TGA, anti-tissue transglutaminase antibodies; eGFR, estimated
glomierular Altration rake; FGF-23, ibroblast growth Factor-23; HPT, hyperparathyroidism; IBD, inRammatory bowel diseasse; iSGLT2, sodium-glucose cotransporter-2 inhibitors;
PHPT, primary hyperparathyroidism; PP, proton pump inhibitors; PTH, parathyroid hormone.

Proposed intervention thresholds

Aim for 25({0H)D concentrations of 30 ng/mL (75
nmal/L) to avoid secondary hyperparathyroidism
1200 megiday for WO

1000 mgiday for men 51-70years and 1200mg/
day For older men

Urinany calcium excretion >250 mg/24 h(6.25
mmol24 hiin fernales, > 300 mg/24 h (7.5 mmol24
b iin males, or >4 mg/kg/24h (0.1 mmolkg/24 h)

eGFR <60 mL/min/1.73 m’

Re-test FTHwhenvitamin D replete. FTH concentrations may remain elevated for 6~12 months and
optimization of calcum intake is mandatory

Evaluate calcium intake using a distary questionnaire. Patients should increase calcium intabe oruse
calcum supplements

‘Thiazide challenge' tast (administer hydrochlorothiazide 25 mg bwice a day for 2weeks; chedd FTH
levels priorto starting thiazide and after 2 wesks of therapy). FTH normalization supparts renal
secondary causes of PHPT

As kidney fundtion declines, 1a-hydragylation activity decreases and, consaquently, ackvevitamin D
leveds Fall, calcium levels decling, and PTH levels increase

Measune anti-tisswe transglutaminase antibodies and Fecal calprotectin ko consider celiac disease and
inflammatory bowel disease, respactively

Momi-thiazide diuretics can increase FTH levels (F possible, discontinue and reevaluate PTH). Lithium therapy
can raise PTH levels (decision towithdraw from therapyis difficult and should be made by a psychiatrist).
Treatment with bisphosphonates or denosumab can raise PTH levels as a resullt of positive calcum signaling
b the parattwroid glandsin the contest ofinhibited bone resorption. Bisphosphonate effects may last fora
liong time after discontinuation. Denosumab discontinuation should be avoided to prevent excessive bone
Recent sbudies showed that 5GLT2 inhibitors have complex interactions with bone metabolism, including an
increase in PTH

Extracellular phosphate regulation involves changes in PTH levels. Both high and low phosphate levels
may be associated with secondary hyperparathyroidism

Celiac dissase, inflammatony bowel disease, and
bariatric surgery
1200 mg/day for WO

1000 megiday for men 51-70years and 1200mg/
day For older men

Phosphate metabolism disorders H:,IperphusphabemlamdPI—ZB medlabed

25(0H)D, 25-hydrocyvitamin O, eGFR, estimated glomerular filtration rate; FGF-23, fibroblast growth factor 23; FTH, paratihyroid hormone; SGLT2 inhibitors, sodium-glucose cotransporter-2 inhibito



What are the manifestations of normocalcemic
PHPT, and does it progress to hypercalcemic PHPT?

04

Mormocalcemic PHPT may be an early biochemical manifestation
of PHPT, but there are no clear data on the natural history of
nermeocalcemic PHPT. Some studies reported the development
of complications, e.g., renal stones, low-traumatic fractures and

5 What are the definition, prevalence and causes
Q of recurrent PHPT?

Recurrent PHPT is defined by hypercalcemia, after a period of 6 months,
in patients successfully operated by parathyroidectomy, and where
normocalcemia was previously documented. Isolated elevation of PTH
levels with normocalcemia does not represent recurrent PHPT.

When confronted with apparent recurrent PHPT, it is fundamental to
confirm the diagnosis by excluding FHH and repeating calcium levels
associated with increased and unsuppressed PTH concentrations.

Recurrent PHPT affects 2.5-10% of patients after successful
parathyroidectomy and recurrence can be tardive, therefore long-term
follow-up is recommended.

Do we need to act upon persistent elevations of
PTH levels despite normocalcemia?

Q6
PTH should not be routinely measured in normocalcemic individuals
following parathyroid surgery.

Q7

When evaluating recurrent PHPT, it is mandatory to accurately confirm
or refute the diagnosis of PHPT. About 2/3 of recurrent disease is due

to a single adenoma, up to 1/3 due to multiglandular disease, and

rarely due to parathyroid carcinoma. Thus, preoperative localization
procedures that are more sensitive to detect multiglandular disease and/
or small lesions are preferred. (18F-fluorocholine PET/CT, with or without
enhanced arterial imaging, and 4D-CT).

If confirmed, an active search for potential underlying etiologies should
be considered, which include acquired forms (lithium-induced
parathyroid hyperplasia or parathyromatosis) or genetic forms

(MEN syndromes, familial isolated hyperparathyroidism, or
hyperparathyroidism-jaw tumor syndrome).

What is the optimal work-up of patients with
recurrent PHPT?

What is the best surgical approach in patients with
recurrent PHPT?

A thorough preoperative work-up is imperative and repeat surgery should
only be performed in highly experienced centers.Depending on the results
and etiology, bilateral neck exploration or a focused minimal-invasive
parathyroidectomy should be performed. Intracperative PTH assay and
nerve-monitoring are recommended in repeated parathyroid surgery.

A lack of localization in clearly established PHPT should not delay surgery.

Conservative medical management using cinacalcet and bone protecting
agenits is an adjunctive or even alternative approach to be considered,
especially in patients with mild disease and/or severe comorbidities.

What is the risk of hypoparathyroidism Following
surgery for recurrent PHPT?

Q9

In the re-operative setting, the risk of transient hypoparathyroidism can
be as high as 80%, while the rate of chronic hypoparathyroidism is 3-13%.

Why and when should calcium levels be measured

Q10

after parathyroidectomy?

Calcium levels should be measured postoperatively, in parallel to
evaluation for symptoms of hypocalcemia. Patients at risk for hungry
bone syndrome should be checked more than once per day in the first
postoperative days. To define cure of PHPT after parathyroidectomy,
normocalcemia should last 26 months.

What preoperative advice should be offered to
patients awaiting parathyroidectomy?

011

Patients with PHPT should not exceed recommended calcium daily
intake (Table 1), but do not need to restrict dietary intake.

Low 25(0H)D levels should be repleted. Several studies have confirmed it
to be safe, when calcium levels are <3 mmol/L (12 mg/dL).

Patients should stay well-hydrated. Hypercalcemic crises reguire
parenteral hydration and may benefit from further medical management
(e.g., bisphosphonates, denosumab, cinacalcet, and calcitonin, or
combinations of these). Surgery might be prigritized in selected cases
after medical stabilization.

What causes hypocalcemia after
parathyroidectomy?

012

Postoperative hypocalcemia can be related to:

* Hypoparathyroidism is characterized by low/inappropriately ‘normal’ PTH
concenkrations, increased serum phosphate concentrations, and normal or
elevated 24h urinary calcium excretion with calcium replacement.

* Hungry bone syndrome (massive transfer of calcium to bone, starting
typically from 3rd-5th postoperative day) is characterized by normal or
high PTH concentrations, low serum phosphate, low serum magnesium
concentrations, and a low 24h urinary calcium excretion despite
parenteral calcium replacement. (Table 2)

013 What is optimal follow-up after (successful)
= parathyroidectomy?

Patients with persisting hypercalcemia at & months after surgery should
be considered For reoperation after detailed reassessment.

Annual checks of calcium levels should be performed. If hypercalcemia
emerges, PTH measurement is warranted, but as stated, routine PTH
monitering (without hypercalcemia) is not recommended.

Special cases (parathyroid cancer, syndromic forms) should be followed
with a personalized plan in a specialized endocrine center.

Genetic testing in young patients (<30 years) and multiglandular disease
at any age. Patients with concomitant osteoporosis are in need of
individualized management.

Potential risk factors for | Comments
hungry bone syndrome

High preoperative PTH level Sudden removal ofthe effect of high circulating levels
of PTH on asteoclastic resorption leads to increased
influex of caldium into bone (new remaodeling sites)

Large volume fweight and mass) [Positive correlation bebween FTH levels and volume

of parathymoid adenoma of adenoma

High preoperative calcium levels Explained as increasad cakcium resorption from bone
and calciumn resbsorpbion from renal bubules in case of
precperatively elevated PTH levels

Radiclogical evidence of PHPT- Browm tumars, multiple fractures, osteitis Abrosa

related bona disease cystica as an affect of long-lasting high dirculating
levels of FTH on the skeleton

Significantiyelevated akaline Reflacks the state of bone tumover and the degres of

phosphatass ostenclast activiby and bone resorption

Precperatively low 25{0HID MBS develops indirectly by skeletal demineralization due

concentrations o low circulating levels of 1 25(0H): Dwith postoperative
increased skaletal caldum requirernants

1,25(0H), D, 1,25-dihydrasyvitamin D; 25{0H)D, 25-hydrosyvitamin D; HBS, hungry
bone syndrome; PHPT, primary hyperparathyroidism; FTH, parathyroid hormone

Table 2. Potential risk Factors for hungry bone syndrome.

This guide is an output of PARAT - the ESE educational programme on
parathyroid disorders developed by an expert Steering committee and
International community. Faculty members Elena Tsourdi, (Germany],
Luis Cardosa, (Portugal), Claudio Marcocci, (Italy) and Nik Screen (ESES
Versatility.org.uk) prepared this guide.

Further summaries covering hypoparathyroidism and preconception,
pregnancy and lactation are also available, plus other educational
materials at www.ese-hormones.org or by searching; bit.ly/paratiz
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MpwtonaOn¢ uneprnapaBupeoeltdbLOUOC Kot KUnon

PHPT
Mother Pregnancy should be avoided until curative surgery has
(preconception) been performed and calcium concentrations are

normalized

Mother (pregnancy) Surgery is advised, preferentially in the second
trimester, and especially if albumin-adjusted calcium
is >2.85 mmol/L(>11.42 mg/dL) and/or >0,25
mmol/L (>1 mg/dL) ULN and/or ionized calcium is
>1.45 mmol/L (>5.81 mg/dL)

Surveillance every 4 weeks
Mother (lactation) Surveillance every 4-8 weeks
Surgery a few weeks after delivery
Newborns Measure ionized calcium every second day until about
1-2 weeks of life
In case of hypocalcemia, consider active vitamin D
treatment

Bollerslev et al. (PARAT 2021) EJE 2022; 186(2): R33-R63



JUMUTEPACHOTA

v'O PHPT elva ouxvr) evOoKpwiIKr Statapoxn, OLaltepo o€ TIEPLOYXEC OTIOU QLOKELTOLL
EVEPYN QVixVevOon.

v Atakpivovtal 3 Eexwplotol pavOTUTIOL TS VOOOU, OULITTWHATLKOC,
OLOU UTTTWHLOTLKOC KOlL VOPHOOCPECTLALULKOC (OUUTTTWHATIKOC 1 LN).

v'H xelpoupytkn Beparmneia elval amopaitntn 0t OUUMTWHOTIKY VOOO, 0ANA HITopEl
va tpotaBel kat og 0coug dev MANPoLV TIC TPOUTIOOETELC.

v'H pappakeutikn Beparmeio ouviotatal povo umo npoinobeostlc (uPnAo
acBeotio N xapnAn BMD), otav dev eival eDLKTH N XELPOUPYLKI OVTILUETWTILON.

v'H pakpoxpovia tapokoAolOnon, elvat anapaitntn o€ OAOUC ToUC oBEVELC Kot
Ldlaitepa oe 0couc aoBeveic dev €xouv dev €xouv umtoBAnBel o PTX.
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