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EmmoAlacuog: 0,86% (HITA), I'vvaikeg 55-75 etadv emg

Emonuoioyio oropooikov I1Y

2.6 %.

Peak: 6" -7" dexaetio
23/10000 F - 8,5/10000 M
dvro: 3-4:1

Risk factors

AxtivoPBoiia

AiOrwo [Xe ool owatapayy/ lit vs. no lit 26.2% (82/313)
vs.1.4% (2/137) ]

bipolar disorder not treated with lithium
[Tayvoapkia
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Kl Buoymuikn

« Khaoowég PHPT: High Ca, High PTH
* Khoookog cvpuntopatikog PHPT

* Normohormonal PHPT: High Ca, Normal PTH (> 40 pg/ml)
* Aocvuntopotikoc PHPT
» 25% of all cases
« Multigland disease
* AA om6 FHH

* Noppoaspeotioypikog PHPT: Normal Ca, High PTH (> 65

pg/ml)



Normocalcemic Hyperparathyroidism: A Heterogeneous

Disorder Often Misdiagnosed?

uido Zavatta'*? and Bart L Clarke?

JBMR plus 2020

= Qvo1oAoyikd emimeda 0OAIKOV Kol 1OVIGUEVOL acPeotiov ue otabepd avénuevn PTH vy tikavo

YPOVIKO O1A0TN L
» EmumoAacuog 0,4-11%

" ATOKAEIGUOG:

* YroPuwrapivwon D (> 30 ng/ml)

XNN (> 60 ml/min)

dapuoka (MO0, Ocralidec, BSP, Denosumab)

AocPBeotiovpia

20VOPOUO OLCATOPPOPNONG 1| AVETAPKTNC TPOGANYT aGPecTion
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Surg Proven PHPT (n=143)
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Clinical Chemistry 64:12 Evidence-Based Medicine and Test Utilization
000-000 (2018)

Misclassification of Calcium Status Based on
Albumin-Adjusted Calcium Studies in a Tertiary
Hospital Setting

Joel D. Smith," Scott Wilson,?? and Hans G. Schneider'"

umin-adjusted total calcium was calculated from
a modified Payne formula (7), with the slope determined
by an inhouse regression for our bromeresol purple albu-
min method against total calcium.

Adjusted calciumg; ;0 (mmol/L)

= total calcium (mmol/L) + 0.018
X [40 — albumin (g/L)]

Adjusted calcium (mg/dL)

Mean (95% Cl)
conventional units

+25D

= total calcium (mg/dL) + 0.72

Corrected Ca - ionized Ca (mg/dL)

X [4 — albumin (g/dL)]

Adjustment for albumin can lead to
overcorrection and falsely diagnosed
hypercalcemia, in those with poor
renal function and where albumin | | |
levels are less than 30 g/L. ‘ AW )

Fig. 1. Albumin-adjusted calcium minus ionized calcium for different albumin levels (24 months of retrospective data).

30




Approach to the patient with confirmed elevated
FPTH and nomal comrected total calcium levels

e

Exclude the following causes
=

Phosphate metabo s
il e

Meadicatio ns Hypowitaminosis D Renal insufficency

Dewretica, lthiwm, anboonwulzants,
bis phos phonstes, o b, Serum Z5{0OH)D
ISGLTZ, PPI

-
Re-test PTH afier 3 o &
ITeC s

Consider the diagnosis of
nomocalcemic hyperparatihyroidismm

Bollerslev J, et al EJE 2022, in press




In summary, normocalcemic PHPT must be
diagnosed by exclusion, and laboratory testing over time
is necessary to distinguish normocalcemic PHPT from
secondary hyperparathyroidism. Evidence on the effect
of parathyroidectomy (PTX) or any other management of
normocalcemic PHPT is scarce, and there are no clear data

on the natural history of normocalcemic PHPT. However,
unless longitudinal studies prove the opposite, established
normocalcemic variant of PHPT requires standard PHPT

diagnostic procedures and surgical intervention should

be considered only after experienced endocrine review;
in this case, only if there are compelling indications and a
surgical target.

Bollerslev J, et al EJE 2022, in press



TABLE 2

Syndromic forms of PHPT
Multiple endocrine neoplasia Type 1 (MEN1)
Multiple endocrine neoplasia Type 2A (MEN2A)
Multiple endocrine neoplasia Type 4 (MEN4)
Hyperparathyroidism jaw tumor (HPT-JT) syndrome
Nonsyndromic forms of PHPT including FHH

Familial isolated hyperparathyroidism (FIHP)

Familial hypocalciuric hypercalcemia Type 1 (FHH1)

Familial hypocalciuric hypercalcemia Type 2 (FHH2)

Familial Hypocalciuric Hypercalcemia Type 3 (FHH3)

Neonatal Severe Hyperparathyroidism (NSHPT)
Miscellaneous conditions associated with hypercalcaemia

Infantile hypercalcaemia Type 1

Infantile hypercalcaemia Type 2

Hypophosphatasia

Estimated prevalence

~1/30,000
~1/35,000
Rare (<1/million)

Rare (<1/million)

Uncertain

~1/1-5,000
Rare
~1/13,000

Rare

Gene

RET
CDKN1B"

CDC73

GCM2°
(MEN19)
(CDC73)
(CASR")
CASR
GNA11
AP2S1
CASR

CYP24A1
SLC34A1
TNSALP

Syndromic and nonsyndromic monogenic disorders associated with hereditary hypercalcaemia/PHPT

Chrom. Pos

11g13.1
10q11.21
12p13.1

19312

6p24.2
11q13.1
1931.2
3q13.33-g21.1
3q13.33-g21.1
19p13.3
19q13.32
3q13.33-21.1

20q13.2
5g35.3
1p36.12

Inherit.

AR
AR
AR (AD)

Variant type

ms, LOF, del®
ms
ms, LOF

ms, LOF, del®

ms,
ms, LOF
ms, LOF
ms, LOF
ms, LOF
ms, (if-del)
ms (Argl5)
ms, LOF

LOF
LOF

ms, LOF

Genetic testing strategy

Single gene/gene panel (MLPA)
Single gene/gene panel
Single gene/gene panel

Single gene/gene panel (MLPA)

Single gene/gene panel
Single gene/gene panel (MLPA)
Single gene/gene panel (MLPA)
Single gene/gene panel
Single gene/gene panel
Single gene/gene panel
Single gene/gene panel
Single gene/gene panel

Single gene/gene panel
Single gene/gene panel

Single gene/gene panel

Williams-Bueren Syndrome 7q11.23 microdeletion  7q11.23 de novo, AD 1.5-1.8 Mb deletion = aCGH

Jansen metaphyseal chondrodysplasia (MC) PTHIR 3p21.31 AD ms Single gene/gene panel

Genetics of monogenic disorders of calcium and bone
Metabolism. Neway P, et al. Clin Endo 2021




Famihal PHPT

young-onset PHPT (e.g., <45 yo, ~10% vyield);”*

multiglandular PHPT (~25%);""

parathyroid carcinoma (~20% positive for germline CDC73
mutations):”®

PHPT with a family history of PHPT and/or related tumours
(20%-60%);""7% or

a personal history of other features related to PHPT predisposition
genes (i.e., MEN1: pituitary and pancreatic tumours, angiofibromas,
collagenomas and lipomas; CDC73: jaw, uterine and renal tumours;
RET: medullary thyroid cancer, phaeochromocytoma and

cutaneous lichen amyloidosis).””

FHH

¢ Young-onset, asymptomatic, mild and nonprogressive hypercalcaemia;
¢ Normal or minimally elevated PTH; and
¢ Unexplained hypocalciuria, defined by CCCR <0.02 (especially if

1.4.100 10
{0.01}.1.4.1[_[_.1[_1




Hyperparathyroidism-Jaw Tumour Syndrome

* Adévopa (ta) mapadvpeosidmv (65-90%)- 15-20% PC
* Octeomold tvoua yvaov
* Oykot (veppog, untpa, Bupeoelons, maykpEATOC, LTOPLGTC)

* Adpavomomrtikéc petarraeic oto yovioro Cell Division Cycle 73 (CDC73)-

(Parafibromin/tumour suppressor protein )
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GCM2Variants in Familial and Multiglandular Primary
Hyperparathyroidism

Sarah Vincze," Nicholas V. Peters,? Chia-Ling Kuo,* " Taylor C. Brown,?*>' Reju Korah,?
Timothy D. Murtha,? Justin Bellizzi,' Aaliyah Riccardi,'* Kourosh Parham, ®Tobias Carling,*’
Jessica Costa-Guda,'® > and Andrew Amold'®

'Center for Molecular Oncology, University of Connecticut School of Medicine, Farmington, CT, USA

Yale Endocrine Neoplasia Laboratory, Department of Surgery, Yale School of Medicine, Mew Haven, CT, USA

*Biostatistics Center, Connecticut Institute for Clinical and Translational Science, University of Connecticut, Farmington, CT, USA
*Department of Surgery, Washington University School of Medicine, St Louis, MO, USA

“Department of Otolaryngology—Head and Meck Surgery, University of Pittsburgh Medical Center, Pittsburgh, PA, USA

®Division of Otolaryngology—Head and Neck Surgery, Department of Surgery, University of Connecticut School of Medicine, Farmington, CT, USA
"Carling Adrenal Center, Hospital for Endocrine Surgery, Tampa, FL, USA

Center for Regenerative Medicine and Skeletal Development, University of Connecticut School of Dental Medicine, Farmington, CT, USA
“Division of Endocrinology and Metabolism, University of Connecticut School of Medicine, Farmington, CT, USA

Cormrespondence: Jessica Costa-Guda, DMD, PhD, Center for Molecular Oncology, University of Connecticut School of Medicine, 263 Farmington Ave,
Farmington, CT 06030-3101, USA. Email: costa@uchc.edu; or Andrew Arnold, MD, Center for Molecular Oncology, University of Connecticut School of
Medicine, 263 Farmington Ave, Farmington, CT 06030-3101, USA. Email: molecularmedicine@uche.edu.

Abstract

Context: Multiglandular and familial parathyroid disease constitute important fractions of primary hyperparathyroidism (PHPT). Germline
missense variants of GCMZ, a regulator of parathyroid development, were observed in familial isolated hyperparathyroidism and sporadic PHPT.
However, as these previously reported GCMZ variants occur at relatively high frequencies in the population, understanding their potential clinical
utility will require both additional penetrance data and functional evidence relevant to tumorigenicity.

Objective: Determine the frequency of GCM2 variants of interest among patients with sporadic multigland or familial parathyroid disease and
assess their penetrance.

Design and Patients: DMA-encoding PHPT-associated GCMZ germiline variants were polymerase chain reaction—amplified and sequenced from
107 patients with either sporadic multigland or suspected/confirmed familial parathyroid tumors.

Results: GCMZ variants were observed in 9 of 107 cases (8.4%): Y282D in 4 patients (6.3%) with sporadic multigland disease; ¥3945 in 2 pa-
tients (11.1%) with familial PHPT and 3 (£.89%) with sporadic multigland disease. Compared with the general population, Y2820 was enriched
b 9-fold in multigland disease, but its penetrance was very low (0.02%). Y3945 was enriched 79-fold in sporadic multigland disease and 593-fold
in familial PHPT, but its penetrance was low {1.33% and 1.04%, respectively).

Conclusions: Observed in vitro—activating GCMZ variant alleles are significantly overrepresented in PHPT patients with multiglandular or fa-
milial disease compared to the general population, yet penetrance values are very low; that is, most individuals with these varnants in the
population have a very low risk of developing PHFT. The potential clinical utility of detecting these GOMZ2 variants reguires further investigation,
including assessing their possible role as pathogenic/low-penstrance alleles.

Key Words: familial isolated hyperparathyroidism, GCMZ2 parathyroid adenoma, primary hyperparathyroidism




Owoyevng YroaoPeotiovpikn YaepaosPeotionuio
(FHH)

* Emonuoioyia: 1/1000-5000

* [Ieprypapetor kot o atvan Lop®r) PHPT wasi ewras. YTO 0TV TNV £Vvvold

amotelel 10 2% tov mepiotatikov PHPT
* 2 aclevelc petd amotvyia PTX:9-23% FHH
» FHH1:60-65%, FHH2:5%,FHH3:20%6 wus: s o

e YmopadikeC petoAracers: 15-30%

Best Practice & Research Clinical Endocrinology & Metabolism 32 (2018) 609e619
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FHH?2
 GNA11 gene (G-protein subunit all)
* Xpouocoua 19p13.3

FHH3
» AP2S1 gene (adaptor-related protein complex 2, sigma 1 (AP2c) subunit)
* Xpouocoua 19p13.3
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FHH

Buoynuikn eikova Klwvikn eikovo,
Ca: fjma avéEnom (<12 mg/dl) * Katd xavovo acuuntopotikot

» YoPapdtepn vrepacPectionpio: FHH3 (75% cognitive
P: normal / low-normal deficits in childhood)

* Mn €101KA GUUMTOUOATO: HVIKN COVVOLiN, KOT®O,
apBparyiec, otya, YovopaoPESTMON, TAYKPEATITIC

PTH: normal- high-normal (80%)- 20% elevated * AlnOng PHPT

e Noonpotmrta and e6QAAUEVT TOPUOVPEOEIOEKTOUN

Mg: high-normal

25(OH)D: normal s : : :
* H Broynuikn ewova yevikd mopapével otadepm

1,25(OH)D,: normal/elevated  Cinacalcet eni GUTTOUOTIKNG VIEPACPECTIONUING

* Marx SJ. (JCEM 2017): eni ca > 1 mg/dl dve tov
CaCrClearR [(CaU*sCr)/(sCa*CrU)]: <0,01- 20-35% twv OVAOTEPOL PLGLOAOYLKOV.
acOevav Eyovv Tiun > 0,01 * Kunon:

» Mother normal- infant affected (paternally): severe
Opiopévol Tpoteivouy YEVETIKO EAEYYO GE OAOVG TOVLG hypercalcemia

* Mother affected-infant normal; transient neonatal

1 1 <0,02 Tol
acbHeveig pe tyun <0, hypoparathyroidism



YrepropoOupeocrotkn Ootikn v060g

2vvolxd > 50%

Koate€oynv mpocfoin} Tov pAOLHOOVE EVOVTL GTTOYY®MOOVE 0GTOV

Avtilpayto > 1oyio > XX

15% TV HETEUUNVOTOVGIOK®Y YUVUIK®OV ELEUVILOVV CT|LOVTIKT OTMOAELN KOl 6T XX
1/3 1v acBevav epeovifovyv GTovOVAKES TAPULOPPMCELS KOTA TNV OPYIKN EKTIUNON.
AVENGM TO0VL PLOUOD OGTIKNC AVUKATACKEVTG

PQCT, HRpQCT, QCT: Atatapoyyn apyITEKTOVIKNC GTO GTOYYMDOES KOl PAOIMOES

TBS: petwpévo oe PHPT, mepattépm peimon eni 6TovOLMKOV KOTOYLATOV
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Clinical Research Article

Bone Material Strength Index as Measured by
Impact Microindentation is Low in Patients with
Primary Hyperparathyroidism

ManuelaSchoeb,'ElizabethM.Winter,'MariaA.Sleddering,'MirjamA.Lips,’
Abbey Schepers,? Marieke Snel,’ and Natasha M. Appelman-Dijkstra’

'Center for Bone Quality, Department of Internal Medicine and division of Endocrinology, Leiden University
Medical Center, Leiden, The Netherlands; and “Center for Bone Quality and Center for Endocrine Tumors,
Department of Surgery, Leiden University Medical Center, Leiden, The Netherlands

e2532 The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 7

Table 2. Characteristics of patients with primary hyperparathyroidism with and without fragility fractures

Fracture (n=11) No fracture (n = 26) P value

Age, vears 65.3 = 11.3 [range 47-79) 60.4 = 14.0 (range 37-84) 319
Male/female 3/8 6120 786
BMI, kg/m? 256+ 2.1 26.0 = 0.9 832
Time since diagnosis, months 10 (IQR 2-69) 7(IQR 2-51) 682
Urolithiasis, n (%) 1(9.0) 5(19.2)
Current medication use
Antiresorptives, n (%) 3(27.3) 6(23.1)
Calcimimetics, n (%) 0(0.0) 7(26.9)
Calcium®, mmol/L 2.7=0.1 2702
PTH?, pmol/L 11.0+ 0.8 10,0 = 2.3 . |
Diagnosis by DXA
Normal BMD, n (%) 1(9.1) 5(19.2)
Osteopenia, n (%) 4(364) 17 (654)

Osteoporosis, n (%) 6(54.5) 4(15.4)
LS BMD, g/cm? 0.86 « 0.16 0.94 « 0.14 . Figure 3. Bone Material Strength index (BMSi) in patients with PHPT

T-Score LS 1.6+1.3 0913 . with and without fragility fractures. Data are shown in box and whisker
FN BMD, g/em® 0.62 = 0.08 0.73 = 0.11 . plots and statistical differences are displayed for BMSI. Boxes indicate

T-Score FN -2.2+0.7 -1.2+1.0 -00¢ median and interguartile range. Bars indicate minimum and maximum
BMSi 747+ 6.0

Fracture No Fracture
n=11 n=2x6




The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 8, 2304-2312
doi:10.1210/clinem/dgab317
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DXA-Based Bone Strain Index: A New

Tool to Evaluate Bone Quality in Primary
Hyperparathyroidism

Gaia Tabacco,"* Anda M Naciu,"* Carmelo Messina,>* Gianfranco Sanson,*
Luca Rinaudo,® Roberto Cesareo,® Stefania Falcone,’ Silvia Manfrini,’
Nicola Napoli,' John P, Bilezikian,? Fabio M. Ulivieri,° and Andrea Palermo’

Table 1. Baseline characteristics of the study population

The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 8
PHPT (n Control {

rum total calcium, mg/dL
srus, mg/dL

1/3 DR
13DR Z

TH-BSI
L5-BMD, g

TBS 4 = 0.09 0.001
LS T-score ad for TBS 0=1. =1.02 0.002

Figure 1. Femoral and lumbar spine BSI images in a subject with hyperparathyroidism (a) and in a control subject (b). The corresponding values
of BSI were: a, femoral neck BSI 2.33; total hip BSI 1.94; lumbar spine BSI 3.02. b, femoral neck BSI 1.13; total hip BSI 1.17; lumbar spine BSI 0.93. s G 0.003




Table 2. Performance of LS-BSI to predict vertebral fractures in logistic regression models adjusted for different covariates

Model R? L5-BSI = 2.2 adjusted OR; 95% CI (P value) Adjustments AUC (95% CI); P value

#1 0.243 6.887 (1.628-29.138); P = 0.009 Sex, Age 0.768 (0.597-0.938), P = 0.019
#2 0.270 7709 (1.752-33.924); P = 0.007 Sex, Age, BMI 0.795 (0.618-0.972) P = 0.009
#3 0.376 9.602 (1.251-73.696); P = 0.030 Sex, Age, BMI, CTX, P1NP 0.825 (0.666-0.984); P = 0.004
#4 0.189 5.739 (1.244-26.481); P = 0.025 TBS 0.735 (0.535-0.935); P = 0.039
#3 0.251 7152 (1.355-37.755); P = 0.020 TBS, Sex, Age, BMI 0.795 (0.616-0.974); P = 0.009
#6 0.388 15.120 (1.059-215.786); F = 0.045 TBS, Sex, Age, BML, CTX, PINP 0.830 (0.676-0.984); P = 0.004

Abbreviations: AUC, area under the receiver operating characteristics curve; BMI, body mass index I:kgfmzﬂl; CTH, collagen telepeptide (ng/mL); LS-BSI, lumbar
spine bone strain index; PINF, aminoterminal propeptide (ng/mL); TBS, trabecular bone score.

ceceee LE-BS1 alone
. et | B8

W PHPT BCONTROLS

-
* £ !
F i
% ' |
I . ' ' L&-851: ALUC D.66T; 953 C1 0.513-0.820; p=0.054
M. H: ALIC 0.830; 95% C1 0,676—0.984; p=0.004

FN-BSI TH-BSI LS-BSI

T I I
0.4 0.6 0.8

1-5 ifici
Figure 2. Evaluation of BSI in PHPT and control group. Data are pre- pecifcity

Seniad 9s moar) (hare) Snd S (wiiskom). =F <001 Figure 3. ROC curve of L5-BSI alone or adjusted for confounders for

detecting PHPT patients with prevalent vertebral fractures. Covariates
in Model #6: LS-BSI, TES, Sex, Age, BMI, CTX, PINE




Risk of Fractures in PHPT

PHPT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

De Geronimo et al. 59 98 29 89 10.1% 3.87[2.10, 7.16)
Kenny et al. 22 46 1 44 5.4% 2.75(1.12,6.73)
Khosla et al. 202 407 155 407 27.0% 1.60[1.21,2.12]
Vestergaard et al. 81 674 138 2021 26.1% 1.86 [1.40, 2.49]

Yuetal 109 1424 284 7120 31.5% 2.00[1.59, 2.51]

Total (95% CI) 2649 9681 100.0% 2.01 [1.61, 2.50]

Total events 473 613
Heterogeneity: Tau*=0.03; Chi*=7.39,df=4 (P=0.12), F= 46% 0.01 01 1 10 100
Test for overall effect: Z=6.23 (P < 0.00001) ' Favdurs [PHPT] Favours [control]

Fig. 2 Forest plot for the comparison of any fractures in patients with primary
hyperparathyroidism (PHPT) compared with a control group

Osteop Int 2021



PHPT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% ClI
Kenny et al. 9 46 3 44 6.8% 3.32[0.84,13.22]
Khosla et al. 49 407 22 407 476% 2.40([1.42, 4.04]
Larsson et al. 12 39 3 34 7.0% 459[1.17,18.01]
Vestergaard et al. 19 674 30 2021 38.6% 1.93[1.08, 3.44)

Total (95% CI) 1166 2506 100.0% 2.36 [1.64, 3.38]

Total events 89 58
Heterogeneity. Tau®*= 0.00; Chi*=1.63,df= 3 (P=0.65); F=0% 0.01 01 1 10 100
Test for overall effect: Z= 4.65 (P < 0.00001) ' Favours [PHPT] Favours [control)

Fig. 3 Forest plot for the comparison of distal forearm fractures in patients
with primary hyperparathyroidism (PHPT) compared with a control group



PHPT Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Kochersberger et al. 38 191 25 192 13.2% 1.66[0.96, 2.88] 1987 I
Kenny et al. 1 46 0 44 39% 293[0.12,73.96] 1985
Wilson et al. 2 72 7 209 B87% 0.82([0.17,4.06) 1998 "
Khosla et al. 79 407 25 407 13.4% 3.68(2.29,5.91] 1999 e
Vestergaard et al. 7 674 6 2021 10.9% 3.52(1.18,10.52] 2000 -
Kaji et al. 14 116 158 716 13.0% 0.48([0.27,0.87] 2005 =
De Geronimo et al. 46 98 g8 83 121% 8.96 [3.91, 20.49] 2006 —
Vignali et al. 37 150 12 300 12.7% 7.86[3.96,15.61] 2009 —
Eller-Vanicher et al. 40 92 8 98 121% 8.65(3.76,19.89] 2013 P —
Total (95% ClI) 1846 4076 100.0% 3.00 [1.41,6.37] e
Total events 264 249
Heterogeneity: Tau*= 1.05; Chi*= 64.98, df=8 (P < 0.00001); F= 88% 0*1 ] 1*0 1005

Test for overall effect: Z= 2.85 (P = 0.004)

Favours [PHPT] Favours [control]

Fig. 4 Forest plot for the comparison of vertebral fracture risk in patients with
primary hyperparathyroidism (PHPT) compared with a control group




PHPT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

Wilson et al. 209 12.4% 0.82[0.17, 4.06]
Khosla et al. 407  37.6% 2.68 [2.29, 5.91]
De Geronimo et al. 84  20.7% 796 [2.72, 23.26]
Vignali et al. 300 29.3% 6.42 [3.07,13.43]

Total (95% CI) 1005 100.0% 4.2212.20,8.12]

Total events 115 52
Heterogeneity: Tau*=0.24, Chi*=6.98, df=3 (P=0.07); F=57%

_ 0.01 0.1 1 10 100
Test for overall effect: £=4.32 (P = 0.0001) Favours [PHPT] Favours [control]

Forest plot for the comparison of vertebral fracture risk in patients with mild
primary hyperparathyroidism(PHPT) compared with a control group



Risk of Fracture Among Older Adults With Primary Hyperparathyroidism
Receiving Parathyroidectomy vs Nonoperative Management

Unadjustad, Ne. (%)
Paratiyrod- -
Tetl e FITFES 3 ':::. :1 s
= o == Table 3. Adjusted Absolute Risk Reduction of Any Fracture
and Hip Fracture Associated With Parathyroidectomy

at1, 2,5, and 10 Years After Treatment®

Female
e group, ¥
B6-T5 790 ! ] i 755935 (51.6)
76-B5 73 it 54 451 (3707
286 b (3 16653 [11.3)
Raceor ethnidty
American Mabve 5 ) 303 [0.2)
Aslan 15 ] 1583 {1.1)
Black
Hispanic
white
Uinirizswn
ADi grougp
Mt advanizged
slightly advantaged
A taged
Mot ﬂE’.‘ld'lIn'lﬂ_‘,li:ﬂ o9& | 75411(11.9} 15 407 [10.5)
Ganjraphy
urhan 7 [ 1 51683{81.9) 127025 {86.4)

Fracture type Time point, y Adjusted ARR, % (95% Cl)
Any fracture
0.67 (0.52-0.82)
1.2(1.0-1.4)
2.8(2.5-3.1)
5.1(4.6-5.5)

Aural 3 1 11447 {1B.1) 041 (13.8)

— Hip fracture

Robst T ] {38.7) 48 144 [32.5)
Frafeail 0 | & 1) 76331 [51.8)
Mildly frail L 3 EH 15421 [10.5)
Moderataby-te- 2 1 TA(2.8) 7084 {4.8)
serverely frail

Charlson- Deyo Comorbidity |
0 L B .T) 31 471 (21.4)
1 z 5 31 423 (21.4)
=2 55 EEA) -3) 24101 (57.2)

Indications for parathyroldectomy
History of S11FX2(434) 26247 {41.6) B4 575 [44.1) 0LoE]
ostoopornss
History of kidney Ly 11157 {17.7) 15273 (13.1)
stones.

History of stage 3 0 (a7 4300 (6.B} 16135 [11.00%
CED

Endoorinologist cne 56 35546 {56.3) 62 659 [42.6)

moof dlagnasis

Fractwre risk factors
Friier fractre 9 272 (3 BRI 14533 [3.9)
Tobaroo uss 81 y E035{4.1)
Alcchol abuse 7 i 7 0.7} 1258 {0.9)
disordar
Obesity 3916114 7541(11.9} 15375 (11.1)

Abbreviations: A, area deprivation index; CKID, chronkc kidney dsaase: P, inversa probab JAMA Intern Med 2022,182(1)10'18

* Tha ceonens v soore usad for IPW was based on all charactorstics lsted.

0.18 (0.11-0.26)

0.36 (0.26-0.46)
5 0.98 (0.81-1.2)
10 2.3(2.0-2.6)

Abbreviations: ADI, area deprivation index; ARR, absolute risk reduction;
PHPT, primary hyperparathyroidism.




Figure 2. Adjusted HRs for the Association of Parathyroidectomy

vs Nonoperative Management With Any Clinical Fracture According to
Sex, Age Group, Osteoporosis History, Meeting Consensus Guideline
Criteria for Parathyroidectomy, and Frailty

Figure 1. Unadjusted Cumulative Incidence of Any Fracture Among Older Adults With PHPT Treated
With Parathyroidectomy vs Nonoperative Management, Accounting for the Competing Risk of Death
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v
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w
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Patients at risk

1.0-

Nonoperative management

Time to fracture, y

Nonoperative management 143831 124018 98514 78986 61951 47656 34606 23343 15397 0147 4530

Parathyroidectomy

62229 55480 46273 37996 30817 24458 18633 13478 9277 5652 2087

16% lower adjusted hazard risk of any clinical
Fracture and 17% lower adjusted hazard risk of hip
fracture compared with those who had nonoperative

management within 1 year after diagnosis

1085
752

Hazard ratio
(95% CI)

Sex
Female
Male
Age,y
B66-75
76-85
=86
Osteoporosis
Yes
No
Met guideline criteria
Yes
No
Frailty
Robust
Prefrail
Mildly frail

Moderately to
severely frail

0.76 (0.71-0.81)
0.78 (0.76-0.80)

0.79 (0.76-0.82)
0.75(0.73-0.78)
0.85 (0.80-0.90)

0.78 (0.76-0.81)
0.77 (0.74-0.80)

0.79(0.77-0.81)
0.79 (0.76-0.83)

0.80 (0.76-0.84)
0.77 (0.75-0.80)
0.87 (0.82-0.93)
0.76 (0.69-0.584)

Favors | Favors

parthyroidectomy : nonoperative

Fracture outcome hazard ratio (95% CI)
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Do Patients With Atypical Parathyroid Adenoma

Need Close Follow-Up?
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Liborio Torregrossa,3 Matteo ;ﬂ«pir:r-l-ll.':l,1 Gianluca Frustaci,’
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of Surgical, Medical, Molecular Pathology and Critical Area, University Hospital of Pisa, 56124 Pisa,
Italy; *Division of Surgical Pathology, University Hospital of Pisa, 56124 Pisa, Italy; and *Endocrine Unit,
University Hospital of Pisa, 56124 Pisa, ltaly

The term atypical parathyroid adenomas (APAs) defines a subgroup of parathyroid tumors with uncertain malignant
potential, characterized by some histological features shared also by PC (eg, solid growth pattern, fibrous bands, and
cellular atypia) but lack unequivocal histological signs of malignancy, namely capsular, vascular,
and/or perineural invasion and local invasion and/or metastasis



Table 1. Clinical, biochemical, and densitometric data of patients with atypical parathyroid adenoma enrolled in the study and comparison with control patients with 3
parathyroid adenoma?® g
Patients with APA Patients with PA Comparison Comparison Comparison be- §
between APA  between sympto-  tween asympto- &
and PA whole matic APA and  matic APA and Py
ErOuUps symptomatic PA  asymptomatic PA g
&
Whole group  Symptomatic Asymptomatic P Whole group Symptomatic  Asymptomatic P P P P I‘;l:l
in=58) (n=34;59%) (n=24;41%) in=57) (n=16;28%) (n=41;72%) o
5]
Sex i-:.}
Female, n 7 20 17 413 34 7 062 1.000 73 1.000 E
Males, n 21 14 7 21 9 11 ;;
Diagnosis z
Sporadic, n 54 32 22 1.000 56 16 40 1.000 a0 556 285 E
Familial, n 4 2 2 1 0 1 g
Age at diagnosis, y 56 (44-64) 56 (46-61) 58 (43-64) 5300 56 (45-64) 51 (43-60) 56 (47-64) 280 93 493 965 g
Clinical manifestation o
Symptomatic 200(59%) - 16 (100%) - 005 =
nephrolithiasis ‘:_._.l
Clinical fractures 6 (18%) - 1 (4%) - 406 2
Hypercalcemic 5(15%) - 0 (0%) - d63 é
crisis =
Pancreatitis 2(6%) - 0 {0%) - 556 2
Palpable neck mass 2 (3.4%) 1(3%) 1(4%) 1(1.7%) 1 {4%) - 09 1.000 410 =
Serum calcium (8.6- 12326 12.8 £+ 3.1 11.5=1.2 048 11.1=:08 1.3+ 0.8 11+0.8 211 <.001 0.008 A05
10.2 mg/dL)"
Plasma intact PTH
Second-generation 238 (181-527) 220 (184-845) 238 (135-913) 0.625 - - -
assay (15-65 ng/
mL)*
Third-generation 141 (66-192) 204 (151-249) 65 (56-139)  .008 72(59-104) 7& (58-102) 70 (59-110) 989 007 <.001 890
assay (8-40 pg/
mL)"
Serum 25(0OH)D 20,7 =19.1 158 =84 26.1 £25.5 083 28+10.1 245+7.9 296107 084 <.001 005 O1a
{> 20 ng/mL)"
I:I'l = 42:‘
Creatinine (0.5- 0.98 = 0.62 0.86 £ 0.45 0.96 + 1.09 89 084025 1.0+0.34 0.80 £ 0.19 027 78 938 410
0.9 mg/dL)"
(n=40)
eGFR® (> 60 mL/min B8 =33 91 +29 86 =37 A65 89 +22 B8 =26 S0=21 330 94 827 0.628 a
.73 m*)* (n = 40) 2




Table 1. Continued

Patients with APA

Patients with PA

Whole group
I:l'.l = 55:‘

Symptomatic
in=34; 59%]

Asymptomartic

in=24; 41%)

Whole group Symptomatic

(m=57)

(m=164; 28%)

Asymptomatic
(n=41;72%)

P

Comparison Comparison Comparison be-

between APA  between sympto-  tween asympto-
matic APA and
symptomatic PA

matic APA and
asymptomatic PA

and PA whole
Eroups

P P P

24-h urinary calcium
in=37) (100-
321 mg/24-h)°

Lumbar spine [APA,
n=48PA n=7546)

BMD, gfcm®

T score
[APA. n = 34; PA,
n=38)

£ score (APA,
n=14PAn=18)

Femoral neck (APA,
n=44 A n=5a)

BMD, gfcm?®

T score | APA,
n=32 PA n=38)

£ score (APA,
n=12; PAn=18)

1/3 distal radius
[APA, m=41;PA
n=352)

BMD, gfcm®

T score (APA,
n=30; PA n=34)

£ score (APA,
n=11; PA n=14)

398 + 182

0.82+0.17
-2.58 £1.09

el =278

065 =017
=228 = 1.00

-1.00 = 1.84

0.47 = 0.45
-3.57=1.93

—1.94 £ 2,69

377 = 188

-0.95=1.98

0.63=0.18
-2.1=0.71

0.9 = 2.06

0.52=0.13
-4.24+1.91

-2.14 £3.33

435=172

0.79 = 0.15
-2.21=1.12

-1.04 =0.79

068 =0.14
-1.57 = 1.09

1.18 = 1.57

0.41 = 0.67
-2.85=1.74

-1.00=2.14

353 =187

0.85=0.14
-2.25+1.32

-0.72=1.13

0.75=0.75
-2.00=1.24

-1.16 = 0.55

061 =0.11
-242=1.82

-0.59 =+ 1.51

416+ 183

0.86 =010
-2.06 £ 0.87

-1.58 = 0.89

0,99« 1.38
=216 = 0.94

-1.33 040

0.58 =012
347243

-1.76 = 0.89

323 =184

.29 = 0.99

.65 =0.15
-1.95=1.32

-1.06 =062

0.62 =011
-2.16 = 1.57

—0.06 =£1.45
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Table 3. Clinical, biochemical, and pathological data of patients with persistent or recurrent disease

Pa- Familial Age  Symptoms atdi-  Associated diseases Pre- Pre-  Glands removed

tient  disease at  agnosis PTx PTx  at first surgery/
1D diag- calcium PTH  histology

nosis, levels,
v/Sex mg/dL®  pg/mL

Glands removed at
second surgery/histology

P/R after  Glands
second sur-  removed
gery. time  at third
to recur-  surgery/
rence, mo  histology

Follow-up
after last

SUTEETY,
mo/Out-

come

Yes * Mephrolithiasis,  Hodgkin lym- 17.2 Inferior right!
(FIHP) osteitis fibrosa phoma atypical ade-
cystica, noma
fractures
Hypercalcemic . Inferior left/atyp-
Crisis ical adenoma

MNephrolithiasis 3. Superior lefr and
right/hyper-
plasia

Inferior right!
atypical ade-
noma

MNephrolithiasis Monfunctioning bi- . Superior left/

lateral adrenal atypical ade-
adenomas noma

Mephrolithiasis Papillary thyroid . Superior right/

microcarcinoma atypical ade-
Multiple lipomas noma
Meuropsychiatric, MNonfunctioning ad- : Superior right/
hypercalcemic renal adenoma atypical ade-
Crisis, pancre- noma
aritis

Superior lefyadenoma

Inferior left/atypical ad-

enoma

Paratracheal and
paraesophageal right
lesion/™Nest of par-
athyroid cells with
no signs of atypia.
Capsular and vascular
invasion.

R (31) Inferior
leftfad-

£nama

1/ Cured

195/Per-
SISTENCe

&6/Hypo-

par-
athy-
roidism

117/Per-
sistence

&7 Persist-
ence

23MRecur-
rence
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Patients with definitive diagnosis of APA

I

Obtain a detailed family history to exclude a familial form of
PHPT and screen asymptomatic first-degree relatives for
hypercalcemia

4

Germline mutational analysis of CDC73 gene

! '

Positive MNegative
Offer genetic counseling and germline Consider patient to have HPT-IT and
CDC73 genetic test to first degree relatives “ screen for syndrome-associated tumors
¥
Y l Surveillance for surveillance for syndrome- 1. Fasting total serum albumin-
Negative Positive development of recurrence associated tumors corrected calcium and/or ionized
of PHPT serum calcium and plasma intact
l 1. Panoramic jaw X-ray and PTH level yearly for the first 5
i 1. Fasting total serum abdominal MRI every 5 years years after initial surgery and
No further evaluation Regular screening for albumin-corrected calcium i : every 2-3 years thereafter (at
development of PHPT and/or ionized calcium and 2.Transvaginal or abdominal least 10 years)
and syndrome- plasma intact PTH yearly ultrasound yearly in women
associated tumors 2. Consider neck ultrasound
2. Neck ultrasound yearly yearly for the first 5 years after
initial surgery and every 2-3
years thereafter (at least 10
years)




AVTIUETOTTION

* XEIPOLPYIKN
* Auem Atepeovnon Tpayniov (BNE)
« negative/discordant localization imaging
« known bilateral/multi-gland disease
« known genetic/familial risk factors for multi-gland disease
« those on provocative medications (e.g., lithium).

« Minimally Invasive Parathyroidectomy (MIP)
* 2VVTINPNTIKN

* ['evikd Métpa
* Apoopovika / Dmab
* Calcimimetics



TABLE 2 Guidelines for the management of ‘asymptomatic’
primary hyperparathyroidism

Nonsurgical
management

Advise/consider
surgery

Strongly advise
surgery

Life expectancy
>10 vyears

AND

Low

anaesthetic risk
WITH
Osteoporosis or
Fragility fracture or
Vertebral
compression or
Renal tract
calculus or
Corrected calcium
>2.75 mmol

e Life expectancy
>5-10 years
AND
Low
anaesthetic risk
WITH
Osteopenia or

Significant® bone

loss over time or
Raised urine
calcium
excretion or
Patient
preference

e Life expectancy
<5 years
OR
Prohibitive
anaesthetic risk
OR
Hostile neck (e.g.,
previous neck
surgery, irradiation,
morbid obesity)

Clin Endo 2021; DOI: 10.1111/cen.14659




An approach to a patient with primary
hyperparathyroidism and a suspected
ectopic parathyroid adenoma

Glasgow C, et al JCEM 2022, in press

* Incidence of ectopic parath glands: 10-22%
 In repeat surg: 28-49%

Inferior parathyroid

[1 Thymus

[1 Thyro-thymic ligament

[1 Posterior mediastinum

[J Aorto-pulmonary window

[ Intrathyroidal

Rare locations

31-38%

Superior parathyroid

[] Retroesophageal

[] Retropharyngeal

(] Tracheoesophageal

[J Posterior superior mediastinum

[J Submandibular

[] Carotid sheath

[J Intrathyroidal

Intrathyroidal (not specified if superior  4-18%
or inferior parathyroid gland)

[J carotid bifurcation , [J hypoglossal nerve, [ vagus nerve, [ pericardium, [IRight dome of the
diaphragm, [JSupraclavicular region, [IPiriform sinus, [J1Soft palate




Imaging modality
Ultrasound

Ultrasound guided FNA

Parathyroid scintigraphy

4D CT

PET radiotracers

Selective venous sampling

Key features

[1 Inexpensive, operator dependant

[1 Poor sensitivity for identification of ectopic glands in the mediastinum or paraesophageal areas

[1 Sensitivity affected in patients with coexistent thyroid disease or elevated BMI

[1 Features that help distinguish between intrathyroidal adenoma and thyroid nodule include; a solid composition,
profound hypoechogenicity, peripheral distribution of vascularity, presence of feeding polar vessel

1 Allows preoperative confirmation of an intrathyroidal or retrothyroidal adenoma

[1 May be difficult to differentiate a parathyroid adenoma from thyroid nodule based on cytology alone

[1 High sensitivity (82-84%) and specificity (100%) for identifying parathyroid tissue using PTH measurements from
FNA biopsy needle washings

[1 Risk of tumour seeding in parathyroid carcinoma

[1 Sensitivity of 89% and positive predictive value of 90% for localizing ectopic glands
[1 SPECT/CT may provide more precise anatomical localisation compared to SPECT
[ Parathyroid uptake can be masked by sestamibi concentration in thyroid or submandibular glands

1 More sensitive for smaller lesions compared to scintigraphy (4mm vs 10mm respectively)
[J May identify lesions in carotid sheath, retro-oesophageal and mediastinal spaces

[1 Met-PET/CT and 18F-Fluorocholine PET/CT can be used to detect ectopic parathyroid adenomas and may be more
sensitive than sestamibi SPECT/CT
[1 Limited to specialist centers

1 Invasive




Proposed approach to localizing a suspected ectopic parathyroid adenoma in patients with primary hyperparathyroidism

adenoma

Previous unsuccessful parathyroid surgery or initial
pre-operative imaging fails to identify a target

!

« Review available imaging with MDT

« Assess risk factors for multiglandular disease*

/ }

N

Atypical thyroid
nodule on
imaging

No abnormality
on imaging

Abnormality in deep neck or
mediastinum on imaging

Suspected ectopic PTH adenoma on pre-operative imaging

/

N\

mediastinum on imaging

Abnormality in deep neck or

Atypical thyroid
nodule on
imaging

h

. N\

» Consider a combination of
US + Sestamibi SPECT CT
or US+4D CT

If no localisation consider
all three options or 8F
fluorocholine or "'C Met
PET/CT

+ Review US findings** and
consider FNA for PTH and
cytology or

+ Consider additional imaging
using 4D CT or Sestamibi
SPECTCT

Consider confirmatory imaging with either
4D CT or Sestamibi SPECT CT or '8F
Fluorocholine or ''"C Met PET/CT

*= risk factors for
multiglandular PTH disease
such as ; hereditary PHPT,
lithium therapy, radiotherapy
or severe vitamin D deficiency

**= features suggestive of an
intrathyroidal parathyroid
adenoma such as ; solid
composition,
hypoechogenicity, presence of
a feeding polar vessel




I Diagnosis of PHPT I

Asymptomatic PHPT

|

= 1 of the parameters below:
1. Serum Ca =1.0 mg/dL from the upper normal level

- I 2. eGFR < 60 ml/min,
I Cinacalcet 3. Nephrolithiasis, nephrocalcinosis or 24h urine Ca =400 mg/24h and

abnormal nephrolithiasis profile
4. T-score = -2.5 (any skeletal site) and/or osteoporotic fracture

5. Age = 50 years

c YES NO |

=I Surgery |+

Symptomatic PHPT

Follow up I

Pharmaceutical
 —————————— treatment

1 from the parameters below:
. Serum Ca =1.0 mg/dL from the upper normal level

.eGFR = 60 mil/min,

. Nephrolithiasis, nephrocalcinosis
. T-score = -2.5 (any skeletal site) or = -2.0 and annual decrease of

BMD above the Least Significant Change
5. Osteoporotic fracture




