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Clinical scenario

Parameters Scenario 1

Age, yrs 49
Sex Female
PTH, pg/ml (4-40 ng/ml) 120
sCa, mmol/L (2,15-2,55 mmol/L) 2,70
T-score Total hip -2,8
eGFR, ml/min 1,73m?2 85
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CKD epidemiology

al Prevalence, % (95% ClI)
50- - CKD | |
1| | Survey yeors Stage? NHANES 1988-1994 NHANES 1999-2004
ol S 1963 1904 1 1.71 (1.28-2.18) 1,78 (1.35-2.25)
) B 19592004 - o 2,70 (2.17-3.24) 3.24 (2.61-3.88)
g 3 5.42 (4.89-5.95) 7.69 (7.02-8.36)
g 0 4 0.21 (0.15-0.27) 0.35 (0.25-0.45)
& 2591 5 NA NA
E 204 : Total 10.03 (9.16-10.91) 13.07 (12.04-14.10)
w 1 &
154
. Hypertension: 33,3%
' Diabetes: 10,6%
= - ‘ I Clinical CVD: 36,3%
|:| 1 1 | 1 1
20-39 40-58 6088 270

Age Group, y
Coresh, J. et al. JAMA 2007;298:2038-2047.



Clinical scenarios

Parameters Scenario 1 Scenario 2 Scenario 3 Scenario 4

Age, yrs

Sex Female Female Female Female
PTH, pg/ml (4-40 ng/ml) 120 120 120 120

sCa, mmol/L (2,15-2,55 mmol/L) 2,70 2,40 2,70 2,70
T-score Total hip -2,8 -2,8 -2,8 -2,8
eGFR, ml/min 1,73m? 85 40 40 40, post-TX M3
Clinical diagnosis Primary HPT
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« Secondary hyperparathyroidism
— Pathogenesis
— Epidemiology
— Pathophysiology

» Trade-off hypothesis

» Skeletal PTH hyporesponsiveness

* Persistent hyperparathyroidsm
— Pathogenesis
— Epidemiology
— Pathophysiology
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Pathogenesis of sHPT
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Pathogenesis of sHPT
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Image: Charlie Chaplin in ‘Modern Times’ (1936). Getty Images.



Epidemiology

>10,000 -
- Fibroblast Growth Factor 23
|1 — 1,25 Dihydroxyvitamin D
— T - Parathyroid Hormone
o - Phosphate
=
& 1,000 -
'.-
—
Lt s
S T
=
3
w 90 -
S 60
<
Z 30-
4 F - o
o . . . . Dialysis
>90 75 60 45 30 15 (

GLOMERULAR FILTRATION RATE
(mI/min/1.73m?)

Wolf JASN 2010



Epidemiology

Chronic Renal Insufficiency Cohort (CRIC), n=3879, CKD stage 2-4

% of population
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Prevalence rates

[l Hyperphosphatemia, serum phosphate =4.6 mg/dl
[ secondary hyperparathyroidism, PTH =65 pg/ml
[l FGF23 excess, FGF23 =100 RU/m!
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Evenepoel et al. CJASN 2010



Proximal tubule
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PTH: fast response
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Pathophysiology
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nephrocalcinosis
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A ] &
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2 i
Calcium 1mg/dL 1.42(0.97-2.08)  0.07 1.59(1.03-2.45)  0.04
Phosphorus 1mg/dL 1.31 (1.07-1.61) 0.009 _ —_
Bi-PTH 1ng/L 1.009 {1.004- 0.0005  1.008 (1.002- 0.01 : 57
1.014) 1.014) o <
Total 1meq/L 0.88(0.81-0.97)  0.009  0.90(0.82-0.99)  0.03 ' e e
bicarbonate . ; R i
Creatinine” 1mg/dL 1.31(1.15-1.49)  <0.0001 1.18(1.02-1.36)  0.02 o o G ) : ~
24 hproteinuria  g/day 0.72 (0.58-0.91)  0.005 e ' o R B A

Evenepoel etal. NDT 2015



Pathophysiology

Maladaptive  Overall harm > overall benefit
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Skeletal PTH hyporesponsiveness

Mechanisms

— PTH (fragments)

V « PTHR downregulation/dysfunction
— Uremic toxins (indoxyl sulphate)

« CaSR downregulation/dysfunction
— Phosphate

— Uremia
— (hypomagnesemia)

C-
AMP « Whnt signaling inhibition
— Sclerostin
Wnt signaling
RANK/RANKL
signaling

Evenepoel et al. Kidney Int 2016; Evenepoel et al. Kidney Int 2015
Nii-Kono et al. Kidney Int 2007



Skeletal PTH hyporesponsiveness

Adaptive - Maladaptive

Adaptation paradigm

g EPhos? Skeletal hyporesponsiveness

Phosphate allows for elevations in PTH to
maintain phosphate homeostasis
without compromising bone health

I—»Adaptive low ——T

"'\\ 4 A Normal

SSaadtl | PTH Skeletal PTH » Turnove

responsiyeness <

V=, [x.,‘ A Maladaptive low Low
Uremic ‘1‘ Skeletal hyporesponsiveness and
factors

resulting low bone turnover

% predisposes to microfractures and
- vascular calcification

Maladaptation paradigm

Evenepoel and Jorgensen Curr Opin Nephrol Hypertens. 2024 Jul 1;33(4):383-390



Therapeutic approach

Recommended calcium intake in adults and children

The role of nutritional vitamin D in CKD-MBD in
with chronic kidney disease - a European consensus
statement

children and adults with CKD, on dialysis, and after

Focus of study was to establish Results Results

optimal calcium u:“'- whether
kidney disease (in adults and - it
:hﬂdxm)'hkhilu;tldd_d % é pﬂu-‘:-ld.-gm"y ) I,"%) z
in current clinical practice Too little ? | Too much I - 8 :
guidelines \ | & o & \
<l Met] s
Methods Calcium § Nutritional Chronic CKD-associated Cardiovascular
I 3 V( vitamin D kidney disease P is ap
=E Key recommendations: -
Literature review
by expurt pund Adults Children Key recommendations
B\ ]
. i b @ o
Total calcium intake Total calcium intake: Target 25(0H)D Avcid Vitamin D
(diet and icati ppropri: >75 nmol/L (>30 ng/mL) mega-doses (>100,000 IU)
Revision based on 800-1000 mg/day :orma] range | in CKD, dialysis and and 25(0H)D >150-200 nmol/L
survey response Revision based on survey reples post-transplant (60-80 ng/mL)
1P etal This consensus statement provides key evidence and clinical practice points oo Th e —— ry ence ctice 1
By on calcium management that may assist in clinical decision-making in gl 6 ture research mem:::’ on mh:i::mg:ﬁ': c;,idH:ﬁ
ST children and adults with CKD. eNDTSacial and adults with CKD, on dialysis, and after kidney transplantation.

Phosphate restriction Adequate calcium supply Adequate nutritional VitD supply

kidney

INTERNATIONAL

PTH suppression ONEY o,
P
1 R

Medical Surgical

Active VitD Calcimimetics

| KDIGO Clinical Practice Guideline for the Diagnosis, Evaluation, Prevention, and
( a n a I O g S) | Treatment of Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD)

VOLUME 76 | SUPPLEMENT 113 | AUGUST 2009 Supplement o Kdney Intenationa
[ —— Loy




Parathyroidectomy

* |Indication

— Inappropriate high PTH: end-organ damage (elevated bone turnover markers)

— Fallure of medical therapy (parathyroid gland diameter > 1 cm)
* Procedure: personalized, intraoperative monitoring PTH
« Complications

— Recurrent laryngeal nerve (RLN) injury

— Hungry bone syndrome



Hungry bone syndrome

Parathyroidectomy Cinacalcet

PTH

Intracellular

(non-bone) (4)
Target range ;
Diet/ compartment &
> : > medications 100 mmol /
0
Time Time Cardiovascular
A events
o~ — Bone resorption (

- - A === Bone formation .
o + mineralisation
E ]
2| PTH Bone
21 2500 mmol
|—= ®

' » ' > ‘

0 Time 0 Time Intestinal Denosumab >

A A absorption Bisphosphonate

S |

: B Parathyroidectomy>
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i Nomnal sango Dialysis
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0 Time 0 Time

Evenepoel and Shroff Kidney Int 2018 Lloret, Jorgensen and Evenepoel CKJ 2024



Clincal scenarios

Parameters Scenario 1 Scenario 2 Scenario 3

Age, yrs

Sex Female Female Female
PTH, pg/ml (4-40 ng/ml) 120 120 120
sCa, mmol/L (2,15-2,55 mmol/L) 2,70 2,40 2,70
T-score Total hip -2,8 -2,8 -2,8
eGFR, ml/min 1,73m?2 85 40 40
Clinical diagnosis Primary HPT Secondary HPT ‘complex’ HPT

l Turnover l

N H

PTH control: ca, VitD PTH control: ca, VitD
+Bone targeting therapy +PTX



* Persistent hyperparathyroidsm
— Pathogenesis
— Epidemiology
— Pathophysiology



Pathogenesis of peristent hyperparathyroidism
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Wolf JASN 2010; Tominaga et al. COHN 1998; Evenepoel et al. NDT 2004; Jorgensen et al. NDT 2021



Epidemiology

Huge variation (10-66%):

100 @ PTH>2 UNL ds@iy _variable PTH control in ESKD
- PTH > UNL n=518 -different definition of HPT
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Evenepoel et al. data on file



BONE

KIDNEY

Osteocyte

Pathophysiology

Sclerostin,

Osteoblast Osteoclast

AN

/ RANKLT \

Q RANKLT

Glucocorticosteroids L—/

\_

PTH*: continuous PTH elevation

PTH*

\_/
fN

. + -
Hypophosphatemia Bone balance
Bone mineral loss
Hypercalcemia ‘l'
nephrocalcinosis Fractures

Adapted from Evenepoel Sem Nephrol 2013
Baron & Kneissel Nature Med 2013; Jorgensen et al. NDT 2021



Percent Change in Cortical Area
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Perrin et al. AJT 2013



nephrocalcinosis
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Evenepoel et al. AJT 2009



Therapeutic approach

Recommended calcium intake in adults and children The role of nutritional vitamin D in CKD-MBD in
P te with chronic kidney disease - a European consensus children and adults with CKD, on dialysis, and after

statement

S e nts b - . Results o : Results
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Calcimimetics
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No difference in FN BMD
No difference in BTMs
No difference in calciuria

Evenepoel et al. AJT 2014;27:2487-2494
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Calcimimetics vs PTX

A 250 Table 3. BMD at baseline and month 12 with percentage changes of BMD
50 1 p=0.3 p=01 p=0.04 p=0.06 3
Ca S 300 - calculated in the study groups
E 2’23 Variable Subtotal Parathyroidectomy Cinacalcet P Value
150 | BMD baseline, g/cm?
1,00 - Femoral neck 0.819+0.164 0.723+0.089 0.12
323 : Lumbar spine 0.993+0.227 0.904+0.106 0.25
B_. 70 - piGEE pebBE peGL pedibL BMD month 12, g/cm? Article I.
PTH 3 6o Femoral neck 0.846+0.149 0.700+0.081 0.01
g 50 B Cinacalcet Lumbar spine 1.015+0.213 0.896+0.109 0.11
by = - Distal 1/3 radius 0.630+0.086 0.658+0.114 0.52
20 - Change at month 12, %
10 | Femoral neck +3.8%6.1 -3.0=£5.1 0.01
i Lumbar spine +2.7x7.8 -0.9+4.7 0.21
Baseline 3m  6m  12m 3 .
c Distal 1/3 radius +3.3+£6.6 -0.4x2.6 0.10
Ph < 200 1 p=09 p=0.01 p=0.001 p=0.1 Data is displayed as means=*standard deviation.
0Ss o
£ 1,50 -
£
1,00 Cost: break even after 14 months
0,50 -
0,00 - Cruzado et al. JASN 2016;27:2487-2494

Baseline 3m  6m  12m Koh et al. Langenbecks Arch Surg. 2020



Calcimimetics vs PTX

Calcimimetics

Parathyroidectomy

Benefits and Risks

Advantages

Disadvantages Tolerability not assured;
adherence not assured;

Moninvasve; can be
withdrawn

Radical treatment;
proven skeletal
benefit

Invasive; pert- and
postsurgical nsks;

treatment duration initial cost
unknown
Effect Parameters
Parathyroid Reduced (by 25%) Mormalized
hormone
Calcium Momalized (for 70%); MNormalized (for
low risk of 100%]); high risk of
hypocalcemia hypocalcemia
Phosphate MNormalized Normalized
Bone turnover No change/initial Decrease
markers Increase
Bone mineral  No change Substantial gain
density
Vascular No change No change
calcification

Kidney function MNo reduction

Poss=ible reduction

Jorgensen and Evenepoel AJKD 2022

Calciuria B

N+

Patients treated with
calcimimetics have higher calciuria
and bone resorption than controls
matched for PTH and calcium

Bone remodeling

Adapted from Diaz-Tocados et al. Kidney Int 2019



FHH phenotype: a challenge

Differentiating phenotype

Phenotype tertHPT FHH
(=typical primHPT) (atypical primHPT, 33%)

Pathophysiology Autonomous production PTH CaSR loss of function
PTH inappropriately high inappropriately high

\ Parathyroid gland imaging enlarged, adenoma normal
sCa high high
uCa High (Ca/Cr Cl > 0.02) Low (Ca/Cr Cl < 0.01)
Bone Turnover high normal
Bone Volume Low cortical bone volume normal

,‘J Nephrolithiasis/-calcinosis possible absent

Therapy PTX Watchful waiting,

calcimimetics

Smalcelj and Kusec Wien Klin Wochenschr 2011
Jorgensen and Evenepoel Am J Kidney Dis. 2023;81(3):256-258.



Clincal scenarios

Parameters Scenario 1 Scenario 2 Scenario 3 Scenario 4

Age, yrs
Sex Female Female Female Female
PTH, pg/ml (4-40 ng/ml) 120 120 120 120
sCa, mmol/L (2,15-2,55 mmol/L) 2,70 2,40 2,70 2,70
T-score Total hip -2,8 -2,8 -2,8 -2,8
eGFR, ml/min 1,73m? 85 40 40 40, post-TX M3
Clinical diagnosis Primary HPT Secondary HPT ‘complex’ HPT Persistent HPT
Evolution Turnover 1
declining stable

Watchful PTH control+/-Bone
waiting targeting therapy



Take home messages

Phenotyping Hyperparathyroidism: PTH, Ca,
Phos, eGFR, Ur phos and Ca, bone turnover

markers, imaging (parathyroid gland, kidney, bone)

Multidisciplinary approach:

ENT surgeon, Endocrinologist, Nephrologist




Questions

Nicolaus Copernicus

To know that we know what we
know, and to know that we do
not know what we do not know,
that is true knowledge.

AZQUOTES

http://www.azquotes.com/author/3262-Nicolaus_Copernicus;
Image: Charlie Chaplin in ‘Modern Times’ (1936). Getty Images.
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