Inserm

@~ lyes

—~
Hoxpica Clel ce Iyon hr
h OSones

F.. o e

Management of CKD-MBD in Pediatric Patients
The Basics

Justine Bacchetta, MD, PhD

Reference Center for Rare Diseases of

’ Annual

Calcium and Phosphate Metabolism | D l a Iys I S
Reference Center for Rare Renal p

Diseases ‘ Conference

Lyon, France
Kansas City March 2023

Disclosures

Consultancy and speaker Research grants

+ Kyowa Kirin « Kyowa Kirin
+ Alnylam « Amgen

« Dicerna « Horizon

« Biocodex « Novartis

+ Amgen e Crinex

«  Pfizer

« Alexion

« Bayer « Travel grants
o Lilly « Kyowa Kirin
«  Vifor « Alnylam

+ Mylan

+ Amolyt

Outline of the talk

« Epidemiology of CKD-MBD in pediatric CKD
« CKD-MBD evaluation in pediatrics: what are our targets?
« Management of CKD-MBD in pediatric CKD

« CKD-MBD in infants less than 2 years: the 2023 European
consensus

« Genetic renal diseases, specific bone impairment and future
targeted management?

Epidemiology of CKD-MBD in pediatrics

Calcium and phosphate metabolism: everything is modified by CKD!
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= Consequences on
bone and vessels

= Bone and mineral
disorders

= CKD-MBD

|Adapted from Bacchetta, EMC 2015

CKD-MBD as a multi-systemic disease, also in children...
Leading to our two main challenges as pediatric nephrologists!

Growth and fracture risk
Renal osteodystrophy

Crronic Kipney Disease—

Hypocalcemia MINERAL AND BONE DISORDER
Hyperphosphatemia
HyperPTH
Decreased 1-25 D

Prurit
Skin necrosis
Keratitis
Corneal calcifications

Growth retardation
GH resistance

Proximal myopathy

Vascular calcifications

CKD-MBD

Cardiovascular disease

GFR < 60 mL/min per 1.73 m?
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Bone disease in CKD children

N=249 young adults with ESRD
between 0 and 14 years, born before 1979

Total cohort*

Height <-2 SD 153 (61.9%
Clinical manifestations of bone disease
Deformities 63 (25.5%)
Pathological fractures 33 (134%)
Aseptic bone necrosis 32 (13.0%)
Mild disabling bone disease 26 (10.5%)
Severe disabling bone disease 18 (7.3%
Invalidating bone disease (all) 44 (17.8%)

Groothoff et al., Kidney International 2003

Fracture risk in CKD children
CKiD cohort, 537 CKD children
Median age at baseline 11 years, 16% past of fracture

Median follow-up 3.9 years, 43 boys and 24 girls with fracture
Fracture risk: 2 to 3 fold higher than in general populations (113/10000 persons/year)
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Figure 1. Final multivarisble Cox regression model: comelates of incident fracture.
“HR for males =15 years versus females =15 years=(3.94°0.67)=26. *PTH natural
log transformed

Denburg, JASN 2015

Bone symptoms in CKD teenagers and young adults

+ UK cross-sectional multicentre study in 26 patients with CKD4-5 and 77 on dialysis
« Between 5 and 30 years
+  Clinical evaluation, DXA, pQCT and biomarkers

- Significant bone pain that hindered activities of daily living was present in 58% of patients!
+ And 10% had at least one low-trauma fracture

© Dunis

Lalayiannis NDT 2021

Causes of bone impairment in pediatric CKD

« The factors we cannot control

- Growth failure, impaired GH-IGF1 axis

- Muscle deficits

- Hypogonadism / delayed puberty
Long-term use of corticosteroids and other drugs
Underlying renal disease (oxalosis, cystinosis, etc)

« The factors we can control (at least try!)

Acidosis

Inflammation

Vitamin D deficiency

- Hyperparathyroidism

- Inadequate intake of calories and proteins / nutrition
- Long-term use of corticosteroids => sparing strategies

Drugs inducing bone toxicity

« Calcineurin inhibitors i é x
- Increased RANKL expression 22
- Activation of osteoclastic activity - .“ RANKL

- VDR inhibition

« mTor inhibitors
- Animal models +++, clinical data -2 8
- Impaired growth e
- Direct toxicity on growth plate

« Anti-epileptic drugs
- Secondary rickets a

« Anti-acid drugs
- Hypophosphatemia
- Impaired mineralization

VEaF

« Long-term use of heparin

« This list is not exhaustive!

Hofbauer, 2001
Fukunaga 2004
Lee, Am J Nephrol 2011

Alvarez-Garcia, Kidney 2010
Gonzalez, Ped Neph 2011

Cardiovascular disease as the leading cause of mortality in CKD
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Foley et al, Am J Kidney Dis 1998;32:5112-19 Mitsnefes, JASN 2012




CKD-MBD

A balance between bone and vessels

Renal osteodystrophy
Fracture risk

Growth retardation

Bone pains and deformations

Adults
The better the bone
The better the vessels

Growing skeleton
The better the bone
The worse the vessels

Cardiovascular disease
Vascular calcifications
Cardio-vascular morbi-mortality

Ziolkowska, Ped Nephrology 2008; Preka Pediatr Nephrol 2018; Lalayiannis KIR 2023 Epub
Ceika, Bone 2014 / Malluche JASN 2015

What should be the exquisite balance of calcium in pediatric
CKD?

« Not giving enough calcium supplements may be deleterious for bone in
pediatric CKD

« Histomorphometry: defective skeletal mineralization associated with lower calcium levels.

+  Histomorphometry: 160 children on PD; serum calcium concentrations inversely related to
mineralization (but not turnover)

«  Tibial pQCT: lower calcium levels independently associated with baseline and progressive cortical
deficits

+ Recent data from CKiD: phosphate binder treatment (predominantly calcium-based) associated with
a significant lower fracture risk

«  All these data thus provide a strong rationale for giving calcium supplementation in pediatric CKD,
at least for bone quality and quantity.

«  European consensus ongoing...

« Giving too much calcium supplements may also be deleterious for vessels
+  Meta-analysis in adults: increased mortality risk with calcium-based phosphate binders
+  Pediatric data are scarce

Wesseling-Perry cJASN 2012; Denburg JCEM 2013; Wesseling-Perry Kidney 2011; Bakkaloglu cJASN 2010; Denburg JASN2016;

Jamal Lancet 2013; Preka Pediatr Nephrol 2018; Mc Alister Pediatr Nephrol 2020; Oh Circulation 2002

CKD-MBD evaluation in pediatrics: what
are our targets?
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How to evaluate CKD-MBD in pediatric CKD in daily practice?

« Growth / nutrition / bone symptoms
« 58% of children/teenagers with advanced CKD have bone
symptoms!

« Routine Biomarkers
- Calcium, phosphate
- PTH, 250H-D
ALP

2020 European guidelines

on Bone Evaluation

- Bicarbonates

+ Bone imaging
- Wrist X-ray for skeletal age
- Targeted X-ray in case of clinical symptoms
- Nointerest for DXA

+ Cardio-vascular evaluation
- BP, Ambulatory BP monitoring
- Cardiac US

« Research tools
- FGF23, sclerostin, other bone biomarkers
- Bone MRI, pQCT, HR-pQCT, US...
- Bone biopsy
- Carotid IMT, PWV

Bakkaloglu NDT 2020; Lalayiannis NDT 2021; Bacchetta Pediatric Nephrol 2023 Epub

Nepbrol Dial Transplant (020) 1-13
doi 10109210
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Bone evaluation in paediatric chronic kidney disease: Clinical
practice points from the European Society for Paediatric
Nephrology CKD-MBD and Dialysis working groups and
CKD-MBD working group of the ERA-EDTA

Sevcan A. Bakkal *, Justine Bacchetta ® **, Alexander D, Lalayiannis®, Maren Leifheit-Nestler
Stella Stabouli®, Mathias Haarhaus®”, George Reusz", Jaap Groothoft®, Claus Peter Schmitt'®,
Picter Evenepoel @ "%, Rukshana Shroff** and Dieter Haffner ® **, on behalf of the European Society for
Paediatric Nephrology (ESPN) Chronic Kidney Discase Mineral and Bone Disorder (CKD-MBD) and
Dialysis working groups and CKD-MBD working group of the European Renal Association-European
Dialysis and Transplant Association (ERA-EDTA)**

First target: keep it simple... Growth

Box2 ith CKD
- Parameters affectinggrowth "5 M
* Age Gendor Altered taste sensation
« Primary disease - Syredromic kidney diseases -+ Ancrexia
« Bt eeated foc - Vomiting
« GFR level ,,,,ﬂ,,:::y A Dietaryrestrictions
« Duration of CKD - Sl for gentational agn oy
«  Birth parameters and parental et i
height Uver orheart < fnfac
Invalvement) Uraomic toxins
. Cagses of growth retardation i) - Inflanmatory cytokines
in CKD « Severity ol C e
« Inadequate intake of calories and
proteins =
« Water, electrolyte and acid-base
imbalance
«  Malnutrition

Bone disease and CKD-MBD
Impaired GH-IGF1 axis

« Hypogonadism

+ Long-term use of corticosteroids
* Anemia

 Inflammation

Drube, Nature Reviews in Nephrology, 2019




Growth as a marker of global child morbidity, as a risk factor for
hospitalization and as a marker of survival in pediatric CKD
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« Prevalent US

! Characteristics Hospitalizations ~ Unadjusted risk ratio  Adjusted risk ratio pediatric
perpatientyear  (95% CD (95% CD) patients with KF
Standardized interval growth. in 1990
Severe growth failure (2--3) 165 150 (1.40, 1.61) 112(103,122) «  Followed
Moderate growth failure 159 131 (1.4, 1.61) 126(117,136) through 1995
Normal growth. 105 10 (reference) L0 (reference)
« Cohort of 1112
patients

Shaefer, Periton Dialysis Int 2012 Furth, Pediatric Nephrology 2002

Daily on-line HDF promotes catch-up growth

Mean growth velocity: 3.811.1 cm/year => 14.3£3.8 during the first year
Height SDS from -1.5%+0.3 to 0.21.1
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Fischbach, NDT 2009

CONSENSUS

Clinical practice recommendations for
growth hormone treatment in children

rhGH therapy improves mineralization, whatever the type of
the underlying osteodystrophy

o Study from USA « Study from Austria and Poland

with chronic kiq'1ey gigease

Table 1| Assesament intervals for statural growth in CXD

- Randomized trial: 33 children, PD

- Low Turnover LTO, n= 14, rhGH or nothing

- High Turnover HTO, n= 19, GH + calcitriol
IP or calcitriol IP

18 children, hemodialysis

- rhGH for one-year

- Paired analysis before/after

Baseline: high prevalence of low bone
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Bacchetta, cJASN, 2013 Nawrot-Wawrzyniak, AJKD 2013

Second target: keep it (relatively) simple...
Nutrition, with a regular follow-up

Podiatrc Nephrology (2021) 369951010
hips//dol o1 10,1007/500467-020-04852-5

‘GUIDELINES

H1e)

Assessment of nutritional status in children with kidney
diseases—clinical practice recommendations from the Pediatric
Renal Nutrition Taskforce
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It is crucial to assess nutritional calcium and phosphate intake in pediatric
CKD-MBD: enough calcium and not too much phosphate...

Table 7 Summary of SDI (suggested dietary intake) for calcium and
phosphate in children with CKD2-5D

Age (years) SDI calcium (mg) SDI phosphate (mg)
0—<4 months 20 120

4-<12 months 330-540 275420

1-3 years 450-700 250-500
4-10 years 7001000 440-800
11-17 years 900-1300 640-1250

For children with poor growth, reference to the SDI for height age may be
appropriate. This is the age that comesponds 10 their height when plotted
at the 50th centile on a growth chart

Not enough calcium: increased risk of rickets
Too much phosphate: increased risk of vascular calcifications

Mc Alister et al Pediatr Nephiol 2020 Bacchetta et al Calcif Tissue 101 2020




Focus on phosphate: beware of hidden phosphates in the
diet, and particularly in food additives

Table 3 Main fosd additives contaning phosphite:

Namme of additive Food where the slditive can be found Fusction of the additive

Onthophosphoric acid

38) Cola Acid

Sodiam orthophosphate (E330) Pizza, food preparation as « preparation bags= Ant-oidation. acidification, exture
for dessert
Potassium ortheplesphate (E 140} Cappuccing, soja drink, dessert cream Acidiication regulation, lesture, water reteation

Calciuny orthophosphsic (€ 3413 Diairy prosuces Anti-owidation, stabilization, fiem

Magaesium arthaophosphate (€ 143) Buter, ice cresm, breok s appetise
agent, emalsifier
Diphosphate (£ 450) Soft lieese Madification of the repurtition between fa and
Trighosshuse (5 4513 Chocolae powder protein inthe chees:
Polyphosphate (E 452) Ham Water retention
Other foou addi ing phosphate- E - Cacan based  Emulsifier, binding agent, modified starch

442, 626635, E 101, E 14I0.E 1412 E  sweets
1413, E 1414, E 1415 and E 541

Mc Alister et al Pediatr Nephrol 2020, Bacchelia et al Calcif Tissue Int 2020

Third (not so simple) targets: biomarkers

Acidosis and the risk of CKD progression in children

European 4C study . ——
Threshold here 18 mmol/L - S

T
704 patients '
No association with longitudinal growth... R
i

North-American CKID study
Threshold here 22 mmol/L
Only 36% of patients with acidosis were
supplemented

pH 74 72 70 68
SR e " Acidosis is also

3 s deleterious for
BGB D bone!!!

ALP siaining
Kraut, Kidney International 1986
Kato, BioScience Trends 2013

HarambatKidney Int 2017 Brown cJASN 2020

The variation of phosphate levels with age is of utmost importance

Phosphatemia (mmol/L)
-
3

0-3mois 3-12mois 1-5ans 6-12ans 13-20ans 20ans

=>Z-score of phosphate depending on age ++++

Conversion factors from mg/dL to mmol/L
Calcium 4 and phosphate 3.1

Humans are not mice... But still, there is an association between
phosphate levels and longevity

,& 16.0 Klotho -/-

1 mice
1404 ® y =-1.5418Ln(x) + 10.02

Serum Phosphate levels (mg/dL)
o
o
©
S
=

4, Rhinoceros
4 1517 Elephant
ﬁ 20 18 Centenarian

0.0+ . ’ ,  fhuman
0.1 1 10 100
Longevity (years) 4

Conversion mg/dL: 0.323 mmol/L ‘

Kuro-O Mech Ageing Dev 2010

Reference values must be adapted to age and sometimes to gender +++

Table 4. Age specific and CKD stage-based reference ranges for o

menly used biomarkers of CKD MBD |7, 12, 13,21, 46

12440 87113 K4 O-15dys 90.273 XD Stage §
120-140  87-110 15-30 &ays 134-518 XD Stage 4
12132 94108 4565 l-<lOyers 156369 CKD Stage §50
6-l2yan 115132 94103 1658 10-<Dyan
2yans 1214130 88102 2345 13-<ISyan
15-<17yars
17-<19years

Bakkaloglu NDT 2020}




Pediatric renal osteodystrophy and PTH levels

Osteitis fibrosa
« High PTH state »

Adynamic bone
« Low PTH state »

Growth retardation +
Calcifications +++

Mainly due to vitamin D analogs and calcium salts
Growth retardation +++
Calcifications +++

Fractures +++

Salusky and Kuizon, 2004

PTH alone is not a good predictor of the underlying renal

osteodystrophy
¢« Old study » from UCLA
« 55 patients in PD
. 68BB 200 34 ) 6 13 15
* 13x5years 1500 N
« IP high doses vitD analogs § 508 ‘L .
« To predict adynamic bone i 300 !
disease E 20
« PTH < 200 pg/mL s
Sensibility 100% § 10
Specificity 79%
« PTH < 150 pg/mL AND Ca > °
2.5 mmol/L
- Sensibility 100%
- Specificity 92%

Moe et al, Kidney 2006

Salusky Kidney Int 1994

SHPT is a predictor of cortical impairment using 3D non-
invasive bone imaging techniques

A Cortical BMD
- p00i
« 156 CKD lI-lll children
e 69 11-1ll: 42 (2-521) pg/mL for PTH
B « 511V-V: 140 (8 to 770) pg/mL
« 36 dialysis: 267 (10 to 1139) pg/mL
« Aged 5-21 years
831 healthy controls
« Tibia pQCT

« SHPT associated with
« Significant reduction in cortical
VBMD and area
« Increased cortical porosity ?

FTHvatin Targel PTH sb0wa Targat

Targets
70 pg/mLII-1ll
110 IV and 300 V-D

Wetzsteon et al JBMR 2011 and then Denburg JCEM 2013

SHPT is a predictor of cortical impairment using 3D
non-invasive bone imaging techniques

+ UK cross-sectional multicentre study in 26 patients with CKD4-5 and 77 on dialysis
« Between 5 and 30 years
+  Clinical evaluation, DXA, pQCT and biomarkers

oo
Db

oD Z e
-

Lalayiannis NDT 2021

Can the combination of PTH with other biomarkers be
helpful?

« The combined use of total ALP and PTH levels may improve our ability to
detect the underlying type of renal osteodystrophy

« Cohort of 161 pediatric patients
« Maintenance peritoneal dialysis

PTH levels < 400 pg/mL + total ALP levels < 400 IU/L
The highest correct prediction rate for
Normal bone turnover and normal mineralization

Levels of PTH were higher and serum calcium levels were lower in patients
with defective mineralization, irrespective of bone turnover

Bakkaloglu SA et al Clin J Am Soc Nephrol 2010

PTH is not the perfect biomarker for the underlying renal osteodystrophy
but...
High PTH levels are associated with

1

« Longitudinal growth (>500 pg/mL)é% "

« Vascular calcifications gg . .
« Anemia £: —

« Left ventricular hypertrophy §§ 2, =

« Cardiovascular disease T ﬂ H ﬂ

« Mortality

G0 002K 200500 300500 KON 1000

PTH (i
. Fig. 3 Percentage of patients with alterations of bone a
« Data from the IPPN registry me (bane puin, limh deformites, cxt
More than 1800 children osteopenia) stratifisd by fime.

one (PTH) levels. Groups sharing
ficantly: (Fig. adapted from 39; used

87 centers
31 countries

with permission)

Haffner Pediatr Nephrol 2013




PTH levels depend on the assays...

Fighert Wormal

Name of the o34 Epitope of Epttope of Delection  messurable nin-sssay Inter-assay  range
ey Manutscres generstion  Astomated Tracer costed Ab Isbelld Ab limit ngf) valoe (ngl)  CV[W)  CV(M(ogi)
Mlegiointict  Nichels istitute 53 4 ™ 1251 Be1r 1w 50 s s [os
7in Clmante, CA, USA)
Nact PTHIRMA. DisSorin (Stlluater, MN, USK) 20 o 1251 Ba1 1w 07 2m0 27 a | s
P A Bockman-Couer Marsale 3 ™ 1251 Not ™ ) 2000 7 w | oes
immunotech  France) spected  spected
BSAPTH  ScheigCaBo (G 3 o 1251 Jear 1w 30 1500 @ cu | na
et France)
TotsHotact PTH  Scamibodies Laboratories  2nd ™ 1251 FEET I 12 26 <0 < | e
" (sontee, €A, USA)
DSLPTHIRMA  DSL (Websier, TXUS) 20d o 1251 B 1w & 2000 2 1 | em
DSPTHEIA DS MWebsier TXUS 3w No Abalios 12 2000 55 a2 | ua
phophatzse  specled  speced
BacysPTH  Roche Disgeostcs (Meyan, 34 o Rhism 2632 564 12 sm0 wa an | s
Franca)
Iwnuite 000 DPC (Los Angels, CA UK 3 Yes Abaling war 1w 20 2500 s ocms | na
ntact PTH phoshatzse
FIIACS 180 Bayer (Tamytown, MY, USR) 304 s Acsdmium 3981 13 15 100 <ar <as | un
e Bayer (Taryomn, WY, Ush) 204 s hcidinum 3984 13 25 100 <2 cu | wem
AvisCentaue ey
IPTH  Nachols nstute (San = s Acsdnum 354 1 10 100 EYET e
duanisge  Clament, Ci, USA) et
UAISON Nvtact  DisSorin (Stllwater, M, USA) 20 s lolmiol 381 1 10 2m0 <as s |
o
CaPTHIRMA  Scamibodie Laboratories ™ 1251 3504 = 10 20 <0 <m0 | 5w
(sontee, CA. USA)
Bolntact PTH  Nichols nstiute (san s Acsdinium 3984 B s 100 <5 ocwr | em
Clemente, T, USA) ey

DSL, disgnostic syster laboratories; ELISA, assay; IRMA, assay; PTH, parathyroid hormone.
The intra- and inter-assay Vs are for concertrations 10 ng/l. The right column identifies the member of our group (initiaks) who perormed the asay.

Souberbielle Kidney Int 2006

PTH levels depend on geography!
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Borzych, Kidney International 2010

PTH levels: different
guidelines... different targets...

« K-DOQI 2005
- PTH 3-5 times above the upper normal limit : 200-300 pg/mL

+ European guidelines 2006
- European Pediatric Dialysis Working Group
- Keep PTH levels within 2-3 times the upper normal limit: 120-180 pg/mL

« K-DIGO 2017
- PTH 2-9 times above the upper normal limit : 120-540 pg/mL

« Limited clinical evidence

« Data from IPNN in PD: optimal range 1.7-3 times above the upper normal limit:
100-200 pg/mL

It is not a problem of numbers, rather a problem of trends and global philosophy!
Haffner Pediatr Neehml 2013

KDIGO 2009/2017: one CRUCIAL point to keep in mind for the evaluation
of CKD-MBD

It is recommended that therapeutic decisions are based on trends rather than on a
single laboratory value, taking into account all available CKD-MBD measurements

14-year old boy M1 M2 M3
HD
CAKUT
Calcium (mmol/L) 229 226 229
Phosphorus 1.56 167 1.96
(mmoliL) 2.15 2.03 1.96
25 OH (nmollL) 43
PTH (15-65 pg/mL) 500 688 830
PTH (pg/mL) 1200 920 830

Kidney International Supplements 2017: KDIGO 2017 clinical practice guideline for the diagnosis, evaluation, prevention and
treatment of CKD-MBD

CKD-MBD management in pediatrics

The cornerstones of CKD-MBD management in
2023: mainly based on PTH levels

25 OH vitamin D
supplementation
Target 75-120 nmol/L

Vitamin D

| Kidney failure | l
v N

‘ Decreased tubular vitamin D ‘

‘ Decreased urinary excretion

of phosphorus 1-hydroxylation
} '
‘ Hyperphosphatemia Decreased intestinal absorption of
/ \ \ calcium
Decreased Phosphate Dialysis thGH
phosphate binders / intensification
intake
Hyperparathyro ‘ H; i ‘
\ P \ Calcium nutritional intake/
S Calcimimetics . .
Vitamin D Parathyroidectom Calcium supplementation /
analogs ! Y Calcium in the dialysate

Bacchelia CT1 2000




International guidelines
Ped Neph 2006 / Nutrition KDOQI 2008/ KDIGO 2017

25 OH vitamin D
supplementation
ESPN 2017

Vitamin D
I

I Kidney failure I ESPN 2317
v N
Decreased urinary excretion
of phosphorus

+
‘ Hyperphosphatemia ‘

1 NN

Decreased Phosphate
phosphate binders
intake

| Hyperparathyroidism i

/ \ - . \ Calcium nutritional intake/
Calcimimetics Calcium supplementation /
ESPN 2019 Calcium in the dialysate

1-hydroxylation
i

Decreased intestinal absorption of ‘

‘ Decreased tubular vitamin D ‘

calcium

Dialysis
intensification rhGH

ESPN 2019

Vitamin D
analogs

1ask force 2020-2021:2022 |

Just a reminder from the KDIGO2017...

« Treatment of CKD-MBD targeted at lowering high serum phosphate
and maintaining serum calcium

- Suggested to lower elevated phosphate levels toward the normal range

Suggested to maintain serum calcium in the age-appropriated normal

range

- In adults suggested to restrict the dose of Ca-based binders

- In children reasonable to base the choice of phosphate-
lowering treatments on serum calcium levels

- Suggested to limit dietary phosphate intake and to consider phosphate

source (e.g., animal, vegetal and additives) to make dietary
recommendations

Kidney International Supplements 2017: KDIGO 2017 clinical practice guideline for the diagnosis, evaluation, prevention and
treatment of CKD-MBD

CKD-MBD in infants less than 2 years of
age: the 2023 European consensus

Diagnosis and management of mineral and bone disorders in infants with CKD: clinical
practice points from the ESPN CKD-MBD and dialysis working groups and the
Paediatric Renal Nutritional Taskforce
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CKD-MBD in infants: a reality with a peculiar severity

Infants with CKD are especially prone to MBD

1 Period of the most rapid growth

= High demands of Ca and phosphate

= To obtain a positive mineral balance and adequate
endochondral ossification

= However this balance is exquisite to avoid vascular

calcifications

= Particularly vulnerable for complications such as
rickets, skeletal deformaties, bone pain, and
growth retardation

= Secondary hyperparathyroidism

. May really be tricky...
Calcium deficiency may worsen SHPT
Feeding difficulties

Beware of CAKUT, TCF2/HNF1B and severe
SHPT... « Challenge the faculty » session, ADC
2018...

Personal data; Ferré JCEM 2013

Diagnosis and management of mineraland bone disordersin infants = "
with CKD: clinical practice points from the ESPN CKD-MBD and dialysis {\ }Gﬂg{}ggg

working groups and the Pediatric Renal Nutrition Taskforce

HYPOTHESIS: Infants with CKD form a vulnerable population who are highly prone to mineral and bane disorders

DESIGN & OUTCOMES; Position paper with 34 Clinical Practice Points (CPPs) on the diagnosis and management of CKD-

MBD in infants less than 2 years

CKD-MBD in
infants

Biochemical
targets =
arget fanagement

1 Bacchetta etal. 2022

rapid bone growth and difficulties with nutrition, an adequate control
ricularly hallenging. Given that there are very few high quality
studies to guide evidence-based practice, these statements

e ts must be carefully considered by the
treating physcian and adapted to indiidual patient needs as appropriate.

(@ Pediatric Nephrology
Soumaloite

IPNA Intemational Pediatri Nephrology Association




CKD-MBD in infants: the use of off-label cinacalcet

Survey on the use of Cinacalcet in
dialysis patients less than 3 years

Median age of 19[12-27] months
26 patients

Nepbeol Dia Transplant (3019} -1
o 10183 w95

ndt

Nepvdegy i Irrasbstation

Cinacalcet use in paediatric dialysis: a position statement from
the European Society for Paediatric Nephrology and the

= At the start of cinacalcet
- PTH792[411-1397] ng/
12[6-20] ULN

Chronic Kidney Disease-Mineral and Bone Disorders Working
Group of the ERA-EDTA

Calcium 2.56[2.43-2.75] mmol/L
Phosphate 1.5[1.2-1.7] mmol/L ; 5
ALP :so[4927955] |U/7L] Justine Bacchetta"***, Claus Peter Schmitt’, Gema Ariceta®, Sevcan A. Bakkalogly', Jaap Groothoff®,
y g Mandy Wan®, Marc Vervioet @ "', Rukshana Shrofi** and Dieter Haffner'"'+ on behalf of the European
25-D 69[50-89] nmol/L Society for Paediatric Nephrology and the Chronic Kidney Disease-Mineral and Bone Disorders and
= - a Dialysis Working Group of the ERA-EDTA**
= Initial cinacalcet dose 0.4[0.2-0.8] Naive fnum dmmwe Gmcoe S ilmemelmttimen
mg/kg/day " & Claude Bernard Lyce 1, Lye
= Maximal dose 1.1[0.6-1.2] am Nepbrol and Adolescent Medicine crmany, *Pedatric Nephralogy.
s of Pedistric Nephrology, Gan Usiver
mg/kg/day. o gm e g : ety o At do, A Th e
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The 2019 European consensus paper on the use of cinacalcet in children above 3

! o . - E Concomitant drugs that are contra-indicated with cinacalcet
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Clm Pt Optmate f oo -t gt 0 bl Dol it
v =t P
o i o
= Table & oncomiant drags tha re contryndiated with skt
i s on R i s
Endustacfcioum e o s 4 . Dl o ks o
- i I i
R S [T —
Aot
Sibutamed

Inbibitors of CYPYAS Grapefnut fuice

Evabtion.of omarbidties of ser

Erpatati o purans Risk of increased QT interval
G e 2240 . U ———

phosphie v

Bologal parmecers tohibitors o CYP2DS

Cinacacst witudrmsd E<abcion v
i

Nortropeyline
Clomipramine

wcral

This . o xhusive before preceibiog cnicakict o e therasies o
Prrsitont and scondary SHPT. 70 ents e resporaiti foe
PIH theeshald el ety

et

resdy ncciving cinalae,
checking the porcatil

Wenkdy evaiation of PTH bvels, 12
24 h e cinscaeat

R—————

Bacchetta et al, NDT 2019 Bacchetta et al, NDT 2019

The effect of primary kidney disease etiology on renal
osteodystrophy: not only « genetic » diseases!

Genetic renal diseases, specific bone

impairment and future targeted management7 « CAKUT patients: greater mineralization defect with elevated ALP

Table 3. Bone Histamorphometric Variables According to Primary Kidney Disease

Nen-glomerular
Parameter CAKUT (1 —82)  Hereditary 0= 220 Glomenular (o — B5)  Kruskal-Wallis p value  Normal range
Bone tumaver

BFRBS (pmVpmyr) 795 (317, 124.4) 511(255,810) 59.9(16.0,945) 018 80-734
Bone mineralization

OV/BY (%) B6 (5.0, 14.0) 49(32,67" 69(39,112° L) 0.2-59
OS/BS %] 477+ 180 29+ 1100 435 = 184° <001 43317
QTh i) 134 (92, 2041 102(83,125" 1.4 (9.2 1487 001 20132
QMT (d) 136193, 2261 10.1 (64, 1259 11.2(82,15. <001 12115
MLT (d) 398(232,827) 278(145, 443" 315(203,78.7) (A 23-638
Bone volume:

BVTY (%) 890253355 274(206,325) 64(220,30.7) 007 89314
ThTh fuen) 139 £ 25 : 008 72177
Thin (fmm) 20017,22) 19(12,2.) 19017,22) 083 13-27
Thisp fum) 351 (268, 429 366 317, 477) 367 (301, 4551 Az 299-587
Bone fibrosis

FhyTV (%) 1.00 (000, 1.00) 0.00 (0.00, 1.00) 0.15(0.00, 1.00) 027 a

Sirimongkolchaiyakul JBMR Plus 2022




Primary hyperoxaluria 1 and bone: oxalate osteopathy

The emerging concept of CMBD: cystinosis bone disease
What will be the effects of the new RNAi therapies???

2019 international guidelines
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2019 international guidelines for CMBD: evaluation 2019 international guidelines for CMBD: management

TABLE2 Recommended tests for CMBD TABLE Y, mniat of CNBD
Avesment  Methods and frequency Tl Tke
ooy NGt o et LA bl et il Fhungbate o Susing dose of 30-40 mp/kghd biscd on elemental phosgbors i 108 doses equally spaced
o o Calculste geneic target height based on parental heigh i
o Plot beightlength and weight on growth charts in infsnts (monhly) and preschool children (3 mooibly) and older childeen

o Trean

i mecds 0 b individualized in order o control rickets and o wider sange of 20-80 mphgAl
used. Misimal effecive dosage sboukd bo wsed

o Cakulste annwal beight velocity  Dosape shoukd be adjusin 10 the sage of CKD

 Measure head circumference every 3 months in infants and small children
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Cireeicaonst. . ci 34 times daily
PTH, calcium, phosphate, ALP, levels every | gLy
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ADPKD and new insights into the pathophysiology of CKD-MBD ADPKD and new insights into the pathophysiology of CKD-MBD
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Hruska Kidney Int 2020

ADPKD and new insights into the pathophysiology of CKD-MBD

Figure 1] Conceptual osteocyte microenvironment and the primary dlivm. With koading,
interssiial fuid flow (bive) may bend the pimary clium (brown) projecting from the
aateccyte’s (orange] surface. Inset: Proposed sdenylyl cyclase cilia mediated pathwoy. The
flow-induced calcium inflax inhibits adenylyl cyclase fsofom 6 (C6: blue), which in tum leads

cobs CR. Emenging role of primary cilla 35 mechanasensors in osteocytes. Bone. 2013;54:196-
204, with permission from Hseves.

SOST antibodies are being developed for osteoporosis,
but we will have to be cautious in CKD+++

Ciliopathies associated with skeletal developmental defects

Table 1| Ciliopathies associated with
skeletal developmental defects

Alstrom syndrome

Jeune asphyxiating thoracic dystrophy

Bardet-Bied! syndrome
Ellis-van Creveld syndrome
Joubert syndrome
Mainzer-Saldino syndrome
Meckel-Gruber syndrome
Nephronophthisis
Oral-facial-digital syndrome
Polycystic kidney disease
Senior-Loken syndrome

Simpson-Golabi-Behmel syndrome

Primary cilia were noted in

[Hruska Kidney Int 2020

rat osteocytes in 1974!

Conclusion

CKD-MBD: more and

more complex!

Intrinsic factors Biological abnormalities
Impaired GH/IGF1 axis
ron deficiency Hormonal resistance: VDR, PTH, CasR

Inflammation Modifications of pathways crucial for

Therapies
Affecting differently FGF23
Affecting OB/OC/OCy

25-D deficiency
Acidosis
Oxydative stress

phosphorus excretion Low Kloth

!

Food additvesand .

Reduction in nephron number

ia —» High FGF23 — Decreased1,25 D

bone and vessels biology
Warforin
H
Corticosteroids
© L renal hydroxylation
\L Uremic milieu

Uremic toxins
Hyperhomocysteinemia

Abnormal turnover and mineralization

and LIFE EXPECTANCY

[CKD-MBD chapter from Pediatric Nephrology 2021 Epub; Wesseling-Perry, Shroff and Bacchetta

Nutrition e
Overnutrion High PTH A e
b Hypocalcemia Decreased Fetuin A
natrtion o ﬂman

BONE VESSELS

Fracture risk and bone pain Vascular calcification Arterial
Growth failure and bowing Increased risk of cardio-vascular events hypertension
Dysiipemia
DECREASED QUALITY OF LIFE Smoking

Framingham

Abnormal cIMT and arterial stiffness risk factors

Take-home messages of CKD-MBD in pediatrics

CKD-MBD: Bone and vessels
A close interaction between these two compartments

On the long-term
Bone pain, fracture, deformations, vascular calcifications, but also...
Quality of life, social and professional (re)integration, self-esteem

The assessment of CKD-MBD is of utmost importance in pediatric CKD
Biological markers are crucial

Bone imaging techniques are interesting for research protocols

We need to improve our evaluation of vessels for daily practice...

Child with CKD = a growing skeleton
The question of calcium supplementation in pediatric CKD remains open
Exact threshold that would become too much?

Guidelines
To improve our daily management
Many of them have been recently updated/written

Conclusion

= Small changes every week are better
than big changes every month...

= Especillay in the youngest patients...

= Some may say that pediatric
nephrologists are obsessional...

= Let’s see us rather as « Swiss watch-
makers »...

2023: to avoid uncontrolled PTH
levels in pediatric KF, keep
phosphate under control and
do not forget calcium intake!
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