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Histology of Renal Osteodystrophy

OSTEOMALACIA

MIXED LESION i\ ADYNAMIC BONE



Bone B|opsy in Adynamic Bone disease K/DOQI-recommended intact PTH levels do not
b prevent low-turnover bone disease in hemodialysis

patients

FC Barreto', DV Barreto', RMA Moysés®, KR Neves®, MEF Canziani', SA Draibe', V Jorgetti® and
AB Carvalho'

iPTH® <150 150-300 =300
OHT mLT @ NL fpg MY (p=13)  (n=16)  (n=35)

Bone Biopsy in patient with CKD LT DN O HT

Kidney International 2008

A) Biopsy from a patient with secondary
hyperparatiroidism demonstrating a large resorption
cavity and peritrabecular fibrosis

B) Mixed uremic disease with an increased number and
extent of osteoid seams ( osteomalacia ), resorption cavities
and fibrosis ( hyperparatiroidism




Q00

The new Classification of ROD
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Definition, evaluation, and classification of renal
osteodystrophy: A position statement from Kidney
Disease: Improving Global Outcomes (KDIGO)
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Malluche et al., JBMR 2011
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...The finding of an association between trabecular thinning and low
cancellous bone volume—observed mainly in patients with low bone
turnover—is explained by a low bone-formation rate...
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...The finding of no association between resorption parameters and low
bone volume suggests no major contribution of hyperresorption to low
cancellous bone volume Therefore, therapeutic efforts to improve
cancellous bone volume by antiresorptive agents appear not
indicated...

LOW Normal Hign
Cancellous bone volume

Malluche et al., JBMR 2011



Adynamic Bone Disease: From Bone to Vessels in Chronic Kidney

Disease
““TEETH‘* Disturbances in Wnt- Relative o~
signaling — hypoparathyrodism il
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M | b Ca loading:
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without affecting Mineralization
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Bover et al Seminars in Nephrology 2014



Adynamic Bone Disease: From Bone to Vessels in Chronic Kidney
Disease

: ‘%“f i(A) Normal bone histology is made of a

dl  connected trabecular network.

(B) ABD is characterized by low or normal bone
: volume and the trabecular network might be
diminished and trabeculae are thin. In addition,
the number of osteoblasts and osteoclasts are
diminished markedly and marrow fibrosis is mini
mal or absent. Normal mineralization is
represented by an absence of osteoid
accumulation.

Bover et al Seminars in Nephrology 2014



Role of PTH on bone fractures

-Osteitis fibrosa cystica
-Mixed Uremic Osteodystrophy
L]

Fracture on

Cancellous Cortical
Bone side Bone side




Current treatment of secondary
Hyperparathyroidism

Dietary Restriction

Use of
Phosphate binder

Calcimimetics

"VDRA

Parathyroidectomy

Dialisate Calcium
concentration




Hyperphosphatemia is a combined function of
high serum PTH and high dietary protein intake

in dialysis patients

Elani Streja1'3, Wei Ling Lau'® Leanne Goldstein', John J. Sim?, Miklos Z. Molnar',
Allen R. Nissenson®”, Csaba P. Kovesdy>® and Kamyar Kalantar-Zadeh"’

1.5

0.5

015

Odds of High phos = 5.5 ma/dl

0.05

0.0

**Relationship between
the dependent variable,
log
odds ratio of serum
phosphorus >5.5 mg/dI
and independent
variables, serum intact
parathyroid hormone
(iPTH), and
normalized protein
catabolic rate (nPCR)



Association with all cause mortality and serum phosphate in midweek
and post weekend patients

Midweek Midweek vs. Post-weekend Post-weekend
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Comparison of KDOQI and KDIGO recommended targets and COSMOS
lowest mortality ranges (midweek and post weekend)

Serum phosphate

Serum Phosphorus
Targets ?

KDOQl
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COSMOS (midweek) Timing to dose?
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COSMOS Study, NDT 2018



4.1.8: In patients with CKD G3a—G5D, we suggest limiting
dietary phosphate intake in the treatment of hyper-
phosphatemia alone or in combination with other
treatments (2I2). It is reasonable to consider phos-
phate source (eg., animal, vegetable, additives) in
making dietary recommendations (Not Graded).

Low phosphorus
diet?

KDOQI US Commentary on the 2017 KDIGO Clinical Practice
Guideline Update for the Diagnosis, Evaluation, Prevention,
and Treatment of Chronic Kidney Disease—Mineral and
Bone Disorder (CKD-MBD)

Tamara Isakova, MD, MMSe," Thomas L. Nickolas. MD, MS =
Michelle Denburg, MD, MSCE, ™" Sri Yarlagadda, MD.” Daniel E. Weiner, MD, MS,"
Orlando M. Gutiérrez, MD, MMSe.”* Vinod Bansal MD,” Sylia E. Rosas, MD.™°
Sagar Nigwekar, MD, MMSc,'" Jerry Yee, MD,'* and Holly Kramer, MD, MPH®*

Mational Kidney
Foundation

KDOQI

KIDNEY DISEASE
OUTCOMES
QUALITY IMITIATIVE

work group has concern that there may be an unin-
tended consequence of discouraging climicians from
recommendmg reductions in dietary phosphate mtake
(in a way that does not impede adequate protein
intake) in a patient with gradually increasing serum
phosphate levels within the normal range. Such di-
etary interventoons might prevent or delay the onset of
secondary hyperparathyroidism, and their reduced use
may result in greater incidence of severe secondary
hyperparathyroidism later in the course of CKD,
which may lead to greater use of expensive PTH-
lowering therapies. It is mportant to emphasize that



Phosphate Binders: timeline for entry and principles side effects

Aluminum-
based
» Encephalopathy /
“Dialysis
dementia”
* Osteomalacia
* Anemia
1970s 1980s
Magnesium-
based
* Hypermagnesemia
* Diarrhea

Calcium-based

¢ Hypercalcemia

» Soft tissue
calcification

* Vascular
calcification

1990s

2000s

Lanthanum

* Accumulation?

Sevelamer

= Acidosis (HCI salt)

* Binding to fat-
soluble vitamins

Iron-based

* Enhanced
aluminum
absorption
(ferric citrate)

* Potential for
iron overload
(ferric citrate)

2010s

Modified from St Peter et al, Drugs 2017



Which phosphate binders???

4.1.6: In adult patients with CKD G3a-G5D receiving
phosphate-lowering treatment, we suggest restrict-
ing the dose of calcium-based phosphate binders
(2B). In children with CKD G3a—G5D, it is reason-
able to base the choice of phosphate-lowering
treatment on serum calcium levels (Not Graded).

In studies of adults with CKD G5D treated with dialysis, SEVELAMER may
lower death (all causes) compared to calcium-based binders and incur less
treatment-related hypercalcaemia, while we found no clinically important
benefits of any phosphate binder on cardiovascular death, my o cardial
infarction, stroke, fracture or coronary artery calcification...

The effects of binders on patient important outcomes compared to placebo
are uncertain In patients with CKD G 2 to G 5 the effects of sevelamer,
lanthanum and iron based phosphate binders on cardiovascular, vascular
calcification, and bone outcomes compared to placebo or usual care, are
also uncertain

Cochrane Database 2018



Which phosphate

binders?
BEE ——— Calcium Carbonate

0.25

Event-free survival from the
composite end point among
patients treated either with
sevelamer or calcium carbonate
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B. Di lorio et al, AJKD 2013



Which phosphate
binders?

AN UNSOLVED PROBLEM

Executive summary of the 2017 KDIGO Chronic ®<h
Kidney Disease-Mineral and Bone Disorder (CKD-MBD)
Guideline Update: what's changed and why it matters

Markus Ketteler , Geoffrey A. Block”, Pieter Evenepoel”, Masatumi Fukagawa®, Charles A. Herzog”,
Linda McCann®, Sharon M. Moe'”, Rukshana Shroff”, Marcello A. Tonelli'™, Nigel D. Toussaint ',
Aarc G. Vervioet © and Mary B. Leonard ~

Finally, because KDIGO guidelines are intended for a global audience and calcium Free
agents are not available or affordable in all jurisdictions, recommending against the use
of calcium based binders would imply that no treatment is preferable to using calcium
based agents

Despite the understandable clinical desire to have numeric targets and limits, the Work
Group could not make an explicit recommendation about a maximum dose of calcium
based binders , preferring to leave this to the judgment of individual physicians while

acknowledging the potential existence of a safe upper limit of calcium dose .



Serum phosphorus (mmol/L)

Long-term effects of the iron-based phosphate binder, sucroferric
oxyhydroxide, in dialysis patients

Jiirgen Floege', Adrian C. Covic’, Markus Ketteler’, Johannes F.E. Mann®*, Anjay Rastogi’, Bruce Spinowitz’,
Edward M.F. Chong’, Sylvain Gaillard’, Laura J. Lisk” and Stuart M. Sprague®, on behalf of the Sucroferric
Oxyhydroxide Study Group

=
[N

3.0 -
=== Sucroferric oxyhydroxide %
E
25 - —+s—Sevelamer carbonate E 00 8
E =@ Sucroferric oxyhydroxide
_ 2
2.0 ' KDOQI upper limit g a5 4 —s—Sevelamer carbonate
s
15 E
g -0.4
10 $
£
ﬁ-ﬂ.ﬁ 1
0.5 .E
< 0.8
0.0 . . ; . ]
5 = o4 B8 8 =& 8 3§ &
C e =
‘J':-. o ] '2' = -1.0 . . ; : . . . T
53 =  si g ¥ 2 o 8 B & /8 & 8 8 8 2 8
[ | v O =
C @ C £ [
Do La m
o5 Weeks on study treatment &5 @ Weeks on study treatment

Serum Phosphorus and its change from baseline

SUCROFERRIC OXYHYDROXIDE vs SEVELAMER CARBONATE

Floege et al. NDT 2015



Schematic view of the action of oral inhibitors of active intestinal
phosphate absorption compared with the chelation of phosphate in the
gut lumen by oral phosphate binders

Nn:.;. K o HPDf_ MNa*
[ ”*;TP! A;i_“' Active o J [ [ Enterocyte ]
Pi
- ﬁlﬂﬂ?l‘lﬂmldg
Tenapanor = ™= icotinic aci
HPDE‘

Gut lumen

HPDf_ V Phosphate binders
( Passive J [ Enterocyte ]

HPO,*- HPO,*

T. B. Drueke et al, Clin ] Am Soc Nephrol 2018



Pati

ent parathyroid hormone (PTH) levels from August
2010 to August 2014

COSMOS

: the dialysis scenario of CKD MBD in DOPPS Practice Monitor Update*
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PTH levels by Dialysis Outcomes and Practice Patterns Study region and
phase.

PTH (pg/mL)
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F. Tentori et al, Clin J Am Soc Nephrol 2015



Associations of PTH levels with mortality and hospitalizations
among all Dialysis Outcomes and Practice Patterns Study

participants
A e All-Cause ST
1501 acCardiovascular
1251¢ ’ {
1 o . 1
1.00 ‘ T +.| — . I |
075+ <50 £D-149 150-300 301-450 451800 = 600
B -+
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125+

H}JU

1.00 +T| : .H' ——

075+ < S0 50-149 150-300 301-450 451600 > 600
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% patients: 12% 2% 9% 14% T% "%

F. Tentori et al, Clin J Am Soc Nephrol 2015



Risk of all cause mortality associated with combinations of
baseline serum P and Ca categories by parathyroid hormone
(PTH) level

HR +Ca<85m 8.5<Ca<10.0. Ca>10.0
2.5 -
PTH< 300 PTH=> 300
4 - i
21 A

— 4 i
=y
|
——q
—'i .
s f

0.5

<35 36-50 5160 6170 >7.0 <35 36-50 5160 6.17.0 >7.0
Phosphorus (mg/dL)

4 N
.... In patients with PTH levels of 300 pg/mL or less, patients with calcium

levels of 8 5 mg/dL or less appeared to be at greatest risk at all
phosphorus levels ....

... In patients with PTH levels greater than 300 pg/mL (ng/ patients with

calcium levels greater than 10 0 mg/dL appeared to be at greatest risk ...
A\ g

F. Tentori et al, Am. J. Kidney Dis. 2008



Nephrol Dial Transplant (2013) 28: 146152
doi: 10.1093/ndt/gfs356
Advance Access publicanon 30 September 20112

Protocol adherence and the progression of cardiovascular
calcification in the ADVANCE study

Pablo A. Urefia-Torres', Jurgen Floeg re”, Carmel M. “dW]E}" Eugenie Pedd[,n;;,m
William G. Goodman®, Frank Pétavy”, Maureen Reiner’ and Paolo Raggi’
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The Effects of Cinacalcet in Older and Younger Patients
on Hemodialysis: The Evaluation of Cinacalcet HCI
Therapy to Lower Cardiovascular Events (EVOLVE) Trial

o
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Subiects at risk:

dotted line: placebo

solid line: Cinacalcet Parfrey et al, Clin J Am Soc Nephrol, 2015



EVOLVE: Cumulative Incidence of Fractures

A Patients less than 65 years old

0.20
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0.04 -
0.02 -
0.00 -

Treatment assignment = Cinacalcet s Placebo

Cumulative incidence

Months of study

Patients 65 years old or more

Treatment assignment == Cinacalcet Placebo
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0.10
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0.00 -

Cumulative incidence

Months of study

Sharon M. Moe et al, ] Am Soc Nephrol 2015



Evolution of type of renal
osteodystrophy after
cinacalcet treatment

B. Di lorio et al, AJKD 2013



AMG 416 and Cinacalcet: Calcimimetic Agents With Similar
Characteristics but Different Structures and Routes of

Administration
° AMG 41623 Cinacalcet®>
@ @ - .. . . . .
o Catt @ / o Calcimimetic Calcimimetic
- \ \ / o = MG 416 Synthetic 8-amino acid Small organic molecule;
Loay B ¢ peptide compound molecular weight = 393.9

I
/ rCinacaIcet a/mo

| Interacts with the Interacts with
ey T Hr"t‘ '| extracellular domain membrane-spanning
b . of CaSR to enhance segments of CaSR and
signal transduction, enhances signal
thereby reducing transduction, thereby
PTH secretion reducing PTH secretion

Parathyroid
Gland e
Chief Cell O v

< 4
i

Long-acting Short-acting

IV form

Oral form

Increased
Intracellular Regulation and
Signaling / Decreased Secretion
Cartoon representation. Of PTH

Nucleus
Walter S, et al.J Pharmacol Exp Ther 2013 346:229 240

Mimpara® (cinacalcet) prescribing information,

Goodman WG.Adv Ren Replace Ther . 2002;9:200 208. IV = intravenous ; CaSR = calcium sensing receptor; PTH = parathyroid hormong
Goodman WG, et al.Kidney Int . 2008;74:276 288.

Silver J, et al.Kidney Int . 2009;75:898 905.

Moallem E, et al.J Biol Chem . 1998;273:5253 5259.

Brown EM.Rev Endocr Metab Disord . 2000;1:307 315.




Research

JAMA | Original Investigation
Effect of Etelcalcetide vs Cinacalcet on Serum Parathyroid

Hormone in Patients Receiving Hemodialysis
With Secondary Hyperparathyroidism
A Randomized Clinical Trial

Geoffrey A. Block, MD; David A. Bushinsky, MD; Sunfa Cheng, MD; John Cunningham, MD; Bastian Dehmel, MD; Tilman B. Drueke, MD;
Markus Ketteler, MD; Reshma Kewalramani, MD; Kevin J. Martin, MB, BCh; Sharon M. Moe, MD; Uptal D. Patel, MD;
Justin Silver, MD; Yan Sun, M5; Hao Wang, PhD; Glenn M. Chertow, MD, MPH

1006 Patlents undergoéng hemodialysis with
FTH concentrations =500 pg/mid screened




Recaarch

. The primary efficacy end point was the
y proportion of patients with greater than 30%
: reduction from baseline in mean PTH during the

efficacy assessment phase (weeks 20-27).
I"'IUI IHIVIIT I FAdLUICIHILS NCLCIVII IS rcii IUUII:IIy".JIb

With Secondary Hyperparathyroidism
A Randomized Clinical Trial

. Secondary end points included the proportion
‘,f;f of patients with mean PTH levels of 300 pg/mL
Ju or lower and percentage reductions in PTH,

calcium, calcium x phosphate, and phosphate.

1006 Patlents undergoéng hemodialysis with
FTH concentrations =500 pg/mid screened

. Exploratory end points included change in
FGF 23 and the bone turnover markers of bone-
specific alkaline phosphatase and collagen type
1 cross- linked C-telopeptide




Recaarch

. The primary efficacy (noninferiority) end point
y was the proportion of patients with more than
: 30 reduction from baseline in mean PTH
concentrations during the efficacy assessment
F phase (weeks 20 27
With Secondary Hyperparathyroidism
Ae Key secondary end points included the
B proportion of patients with more than a 30%
M and more than a 50% reduction in PTH

Ju

concentrations (superiority), and the mean
weekly days of self reported nausea and
vomiting over the first 8 weeks

| T S Pl T LW D = I Je Tl Il I

. Relative effects on FGF 23 bone specific alkaline
phosphatase, and collagen type 1 cross linked
C-telopeptide were considered exploratory end
points




Parathyroid Hormone, Calcium, and Biochemical parameters (ITT):

Phosphate Concentrations in Patients  g,bstantial reductions in PTH and Ca
Receiving Cinacalcet or Etelcalcetide by 10.9-

Study Week 10.6- Median serum calcium
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Geoffrey A. Block et al JAMA, 2017 Chertow GM, et al. N Engl J Med. 2012



Incidence (%) of most frequent adverse drug
reactions

r

Most frequent
adverse events

Placebo-contrelled studies

Cinacalcet-controlled studies

Placebo n=513

Etelcalcetide =503

Cinacaleet n=34|

Etelecalecetide n=338

Diarrhea

Mausea

Womiting

Calcium reduction
Hypocalcemia®
Hyperkalemia
Muscle spasms
Paraesthesia
Hypotension

8.6
6.2
5.1
10.1
0.2
3.1
6.6
1.2

10.7
10.7
8.9
63.8
7.0
4.4
1.5
6.2

10.3
226
13.8
59.8
2.3
5.3
5.9
2.6
29

6.2
18.3
13.3
68.9
5.0
3.8
6.5
3.3
6.8

Mete: *Hypocalcemia definition: symptomatic reduction in serum corrected calcium <28.3 mg/dL.

Cozzolino et al Therapeutics and Clinical Risk Management 2017



Patient characteristics affecting adverse events and calcemic

reduction
PTH
Age < r
< 600 pg/ml PTH ( ge < 6> years J

>1000 pg/ml
With regard to the incidence of serious < : B
AEs, these were less frequent 21 4 in -Blood calcium
patients with a PTH value of 1 000 decreased 69.6%
pg/mL at the screening compared with _
subjects with PTH 600 1 000 pg/mL 26 -Hypocalcemia
2 or 600 pg/mL 28 2 (symptomatic)

J \_ 7.1% )

EMA Assessment Report 15 September 2016



One year safety and efficacy of intravenous Etelcalcetide in
patients on hemodialysis with secondary hyperparathyroidism

Proportion of patients receiving each dose level = Mean (SE) predialysis PTH (A), Ca (B) and P
of etelcalcetide (mg/session) at selected visits. (C) concentrations over time. BL, baseline;
.One patient received 17.5 mg of Ca, albumin corrected calcium; P,
etelcalcetide in Week 26, although the phosphate.
maximum dose per protocol was 15 mg. o SR
5 - B_ a5 —— i
. | \\-.«H_;,,_E_ -

Bushinsky et al Nephrol Dial Transplant (2019) 1-10 ez s e ez o 2= : e






Osteporosis

Disease where decreased bone strength due to low bone
mineral density and poor bone quality increases the risk of a

broken bone

Screening test for OP = BMD

Osteoporosis

* Normal= T-score of -1.0 or higher

* Osteopenia= between -1.0 and -2.5

* Osteoporosis=-2.5 or lower, meaning a bone density
that is two and a half standard deviations below the
mean of a thirty-year-old man/woman.

Healthy bone Osteoporosis
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...the operational clinical differentiation among the diseases accompanying CKD lies in
distinguishing between adynamic bone disease, hyperparathyroid bone disease, mixed
renal bone disease, osteomalacia, and osteoporosis, all of which may have low BMD

and/or be associated with fragility (including hip) fractures...
...The challenge for physicians managing fragility fractures in patients with CKD is
discriminating fractures due to osteoporosis from fractures due to the traditional bone

diseases accompanying CKD...

Miller AJKD 2014

Bover et al, ] Nephrol (2017)



Effects of antiresorptive and anabolic drugs on bone
remodelling and modelling

Bone rerodefing
Yioung adult i ge- refated bore los
| S S et
increzsed nummiber of bone
remodefing units
+ Megatre remodelling bafancs
Therapewtic approaches
Anbtre=omdne Arabobc
e I S e e s R ST S
Redured remodelling W ndelling- based one formratian Increasmed remcdiefing
Fositie remodeling balanoe

Age-related bone loss is
associated with an increase
in remodelling and a negative
remodelling balance in
individual bone remodelling
units. Antiresorptive agents
act predominantly by
reducing remodelling rate.
Anabolic agents produce
their effects by increasing
remodelling in combination
with a positive remodelling
balance, or stimulating bone
modelling

Juliet E Compston et, Lancet 2019



Effects of denosumab on bone

RANKL Denosumab targets and
s N %@ binds receptor activator of
R e ©penosumas]  NFK ligand (RANK-L)

with high affinity and

specificity. RANK-L
inhibition leads to
suppression of osteoclasts
differentiation, activity and
survival.
The final effect is the
reduction of bone
resorption sites and
increased bone volume.

1-----—-Formation---——---1

ﬁ = osteablasts, L& =osteoclasts; .. = 0stenoyies
ALr e

Tartaglione et al, J of Nephrology 2017
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Stage 4 CKD eGFR Stage 3 CKD eGFR Stage 2 CKD eGFR Stage 1 CKD/normal
15 to 29 mL/min 30 to 59 mbL/min 60 to 89 mL/min eGFR = 90mbL/min
Qutcome N=73) (N=2817) (N=4069) (IN=842)
Lumbar spine BMD, % change 50 (—0.8-10.8) 8.9 (8.4-93) 9.0 (8.6-94) 8.1 (7.2-89)
Femoral neck BMD, % change 59 (3.3-8.5)" 5.1 (4.7-55) 5.2 (49-55) 5.6 (4.9-6.3)"
Total-hip BMD, % change 59 (3.0-8.7)7 64 (6.1-67) 64 (6.2-6.7) 5.B (5.2-6.3)7

N= number of randomized subjects, A difference in BMD% change > 0 in favor of denosumab,

‘p < .0002.
S.A.Jamal et al Journal of Bone and Mineral Research



4 = 0.310, p= 0,006
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r=-0L2%E, p= 0.008

Correlations between the absolute
reduction in cCa concentration from
baseline to day 7 (AcCa0-7 days) and

clinical parameters following
denosumab administration
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Effects of previous treatment,
including denosumab, on AcCao7ay

D. Miyaoka et al Osteoporosis int 2019



Percentage change from baseline to 6 and 12 months for lumbar spine aBMD (A),
total hip aBMD (B ) and TBS C
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Waterfall plot of TBS changes in
percentage from baseline to 6 months
in control KTR (n%20) (A) and
denosumab-treated KTR

(n¥23) (B). P%0.007 for group
difference by Chi-square test.

D. Miyaoka et al Osteoporosis int 2019



Role and mecchanism of action of Wint /B eta Catenine

WINT Proteins

Wint/B catenine
Signaling
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Osteoclast Precursor

!

IBone
Resorption
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1Bone
Formation

Osteocytes

J D Delgado Colle e al Bone 2016
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Plasma parameter

Increase

Decrease

Changing bone patterns with progression of @Cmm
chronic kidney disease

Tilman B. Driieke' and Ziad A. Massy'~

"Institut National de la Santé et de lo Recherche Médicale (inserm) Unité 1018, Centre de recherche en épidémiologie et santé des
populations, Equipe 5, Villejuif; Paris-5ud University and University of Paris=Ouest, Versailles-Saint-Quentin-en-Yvelines; Paris, France;
and ~“Division of Nephrology, Ambroise Paré Hospital, Assistance Publique Hopitaux de Paris, Boulogne-Billancourt/Paris; University of
Paris-0uest, Versailles-Saint-Quentin-en-Yvelines; Paris, France

= finao S
— FGFE‘ E"' 60 -
— 8 - *
— 7 T
2 40
."ﬁ
———— Normal 4 30 -
P SE—— range £
\ G 20
O
w— 1 ,25(1 Q@ =
- Klott U% L T
L 0
NL CKD HD

=

Low bone turnover . Sabbagh J Bone Min Res 2016. Bone biopsy from NL or
CKD patients, showing highest Sclerostin expression in
High bone ‘“’"W:' non-dialysis CKD

Normal' 2 3 4 5
CKD stage

Kidney International (2016) 89, 289-302



Effects of Romosozumab on bone.

RANKL Romosozumab targets
0cs o, i1 and binds sclerostin
ey - ' (Scl). Physiologically,

ord 4 “TrRomosozumag | Sclreduces

e osteoblastogenesis
= - and promotes

osteoclastogenesis.
Thus, Scl inhibition
leads to both anabolic
(increased osteoblast
activation) and anti-
resorptive (reduced
osteoclastogenesis)
effects

| BB e eeee e

I---Resorption---|

B= esteablasts, L@ e = osteaclasts; i = DstROCytes
T

Tartaglione et al J of Nephrology 2017



Double-Blind Period

*kkk

Open-Label Period

3591 received placebo

Received denosumab,

subcutaneously —a=| 60 mg subcutaneously |
every month every 6 mo
71RB0 Patients ; . T .
S Daily calcium and vitamin D L= | Extension study
I8 rerkivee Received denosumab,
romosozumab, _
. | 60 mg subcutaneously [
210 mg subcutaneously ;
: : every b mo
every month
| | | | |
| I 1 I 1
0 6 12 18 24
Month
Radiography of the thoracic and lumbar spine @ [ ] ] L
Dual-energy x-ray absorptiometry L e L L e
Serum studies of bone-turnover markers o » = ] (] ] ® -]

Women were randomly assigned, in a 1:1 ratio, to receive subcutaneous injections of 210 mg of romosozumab or placebo once
monthly for 12 months during the double blind phase of the trial. Patients then received open label denosumab, administered
subcutaneously at a dose of 60 mg every 6 months for an additional 12 months; the initial group assignment was still blinded.
Patients were stratified according to age (<75 years vs. 275 years) and prevalent vertebral fracture (yes vs. no). In a subst udy of the
overall population that involved 128 patients, bone mineral density was assessed at baseline and every 6 months. In a substudy o f
the overall population that involved 129 patients, the levels of bone turnover markers were assessed at baseline, at day 14, and at
months 1, 3, 3+14 days, 6, 6+14 days, 9, 12, 13, 18, and 24. After the 24 month trial period, patients continue to receive open label

denosumabi n a 1 year extension study (data not shown).

F. Cosman Et al NEJM
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Percentage Change from Baseline in Bone Mineral Density
and Levels of Bone Turnover Markers.
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A. Key Fracture Endpoints Through 36 Months
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B Placebo (N = 3591) M Romosozumab (N = 3589) & Placebo-to-denosumab 2 Romosozumab-to-denosumab

12 Months 24 Months 36 Months
4% 4
RRR = 66%
- RRR = 75% P<0.001
= 3%+ P <0.001 —
E RRR = 73%
T P<0.001
g 2% 4 —
1]
2
S 1%
Wy
0% - - AT
New Vertebral Fracture
nfN1 = 593322 16/3321 B43327 21/3325 9413327 3213327

The RRR was assessed among

subjects in the romosozumabgroup as compared with those in the placebo group at 12,
24 and 36 months. N=number of subjects randomized; n=number of subjects with
fractures; N1=number of subjects in the analysis set; RRR = relative risk reduction

E Michael Lewiecki Et al IBMR
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We need to know how employ best these drugs in CKD!






Sclerostin levels in CKD patients:
an important, but not definitive,
step on the way to clinical use

Pierre Delanaye', Etienne Cavalier®, Antoine Bouquegneau® and

Arif Khwaja®
Mechanical
stimulation
\ Sclerostin
DKK1 @
o2 .
©
Age ", \
CKD PTH
Osteocyte

precursor

Figure 1| Sclerostin: regulation, bone effect, and (hypothetical] link with vascular cakifications. The absence of mechanical stimulation
induces sderastin secretion by osteacytes. Sclerastin inhibits the Wnt receptor (LRPS/), inducing inhibition of differentiation and profiferation of
osteoblast precursors into mature osteoblasts. Age and CKD increase sclerostin secretion. Pamathyroid hormone (PTH) decreases sclerostin
production. Green arrow: Promotion of sclerostin production by osteocytes. Red solid line: Inhibition of sclerostin secretion by osteocytes, Yellow line
inhibiton of the Wnt pathway by sclerastin in bones through the LRPS/6 receptor. Black arrow: Regular way of bone formation. The link beteeen
sclerastin and vascular caleifications remains hypothetical (red dotted line). Red solid line: Inhibition of sclerostin secretion by osteocytes. Grey solid
lire: Stimulation of sclerostin secretion by osteocytes. Yellow line: Inhibidon of the Wnt pathway by sclerostin in bones through the LRPS/6 receptor.
Black arrone: Regular way of bone formation. The link between sclerostin and vascular calcifications remains hypothetical (red dotted line).

Modified from Kidney International 2015



Administration of etelcalcetide may be associated with
QT prolongation secondary to hypocalcaemia

* Decreases in serum calcium

_ _ can prolong the QT interval,
- Placebo-controlled pivotal studies potentially resulting in

Placebo Etelcalcetide ventricular arrhythmia.
(N =513) (N = 503) * Significant, but clinically
n (%) n (%) silent, QT prolongation was

observed in some

Maximum QTc increased from baseline (msec) _
etelcalcetide-treated

> 30 to 60 29 (5.7) 99 (19.7) batients, which may be
> 60 0 (0.0) 6 (1.2) related to changes in
Maximum QTc post-baseline (msec) calcium,
5480-500 5 c 75 °.EC.G categorical analy§es
indicated that the subject
>500 1.9 4.8

incidence of post-baseline
increases in QTc was higher
in the etelcalcetide group
than the placebo group.

Cunningham J et al-ERA EDTA Congress 2015



—e—FEtelcalcetide —e— Cinacalcet
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45% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B 2 4 6 8 10 12 14 16 18 20 22 24 26
Weeks
Etelcalcetide n= 338 336 334 331 328 321 314 313 307 304 302 299 297 292
Cinacalcet n=341 340 333 333 331 325 323 320 316 315 314 312 311 306

Use of calcium supplements or
calcium-containing binders over
time

Proportion

Etelcalcetide n=338 336

Cinacaleest n=341 340

80%
75%
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65%
60%
55%
50%
45%
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Weeks
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314
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292
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Use of calcitriol or active vitamin D

analogs over time

Block GA, Bushinsky DA, Cheng S, et al. Supplement 9 JAMA 2017



Bone: a new endocrine organ at the heart of chronic kidney
disease and mineral and bone disorders

Mare G Vervloet, Zind A Massy, Vincent M Brandenburg, Sandro Mazzaferro, Mario A Cozzoling, Pablo Urefia-Torres, jordi Bover, David Goldsmith,
on behalf of the CKD-MBD Working Group of ERA-EDTA®

Ingracelular

Figure 2- Inhibition of Wnt signalling

Within the canorical pathesay, Wit ligands interact with a tensmenmbirane receplor comple including frizded
(Fed) and LEPSIG. Activation of the receptor complex stabilises optosolic f-catenin by blecking degradation
processes, Hence, mare f-catenin can enter the nocleus and assist activation of target genes. Wit inhibitors such as

sclerostin interfere with Wnt-receptor cormplesx activation and finally reduce intranudear §-catenin activity by
stimulating phospho ndation degradation.

The Lancet 2014



Turning over renal
osteodystrophy dogma: direct
actions of FGF23 on osteoblast
p-catenin pathway

Susan C. Schiavi' and Rosa M.A. Moysés™
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Figure 1| Current concept of the natural history of CKD-MBD updated with the
hypothesis provided by Carrilo-Lopaz et al.® (a) Natural history of chronic kidney disease

mineral and bone disorder (CKD-MBD). In early

et of CKD, sclerostin expression is

increased, leading to Wnt pathway inhibition and f-catenin phasphorylation. As CKD
progresses, parathyroid hormone (PTH) rises and inhibits sclerostin. Howewver, late in the

disease, other Wnt
Carrilo-Lopez et al,

i

thway inhibitors, such as SFRPs and DEK1 are elevated. (b) According to
the combined action of high fibroblast growth factor 23 (FGF23) and

maintained soluble Klotho (sKlotha) increase levels of the inactive form of B-catenin through
upregulation of DKK1. TGF-§, transforming growth factor fi.

Kidney International 2016



Median (IQR) percent change in BSAP and CTX
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BSAP CTX
—e— (Cinacalcet
] ! !
Week 12 Week 27* Week 12 Week 27*
n= 284 298 270 280 274 285 259 208

*p-value < 0.0001 for both BSAP and CTX by Wilcoxon rank-sum test

Block GA, Bushinsky DA, Cheng S, et al. Supplement 9 JAMA 2017



Hyperphosphatemia is a combined function of
high serum PTH and high dietary protein intake

in dialysis patients

Elani Streja'®, Wei Ling Lau'®, Leanne Goldstein', John J. Sim?, Miklos Z. Molnar',
Allen R. Nissenson®*, Csaba P. Kovesdy>® and Kamyar Kalantar-Zadeh"’
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015
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0.0

**Relationship between
the dependent variable,
log
odds ratio of serum
phosphorus >5.5 mg/dI
and independent
variables, serum intact
parathyroid hormone
(iPTH), and
normalized protein
catabolic rate (nPCR)



Increased bone fractures among elderly United States
hemodialysis patients

Jathry Wapney

i e P Renal Osteodystrophy in the First Decade of the New

Rates of central bone breaks:
By White > 65 years

Millennium: Analysis of 630 Bone Biopsies in Black
and White Patients

== White > 65 years -

Fracture Rate /1000 parson-yoars of dialysis

Fracture Rate/ 1000 person-years of dialysis
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Impact of chronic kidney disease on parathyroid hormone
metabolism and signaling

| MHz-terminal | COOH-terminal | @
3

PTH
® “ | CooH fragments |

iy
s

P Evenepoel et al, Kidney International (2016)



Renal Osteodystrophy in the First Decade of the New
Millennium: Analysis of 630 Bone Biopsies in Black
and White Patients

Hartmut H Malluche, Hanna W Mawad, and Marie-Claude Monier-Faugere
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Fig. 5. Prevalence of low, normal, and high trabecular thickness in CKD

stage 5 patients on maintenance dialysis with low, normal, or high
cancellous bone volumeftissue volume. Significant difference in distribu-

tion (chi-square, p =< 001).
JBMR 2011



The pitfall of treating low bone turnover: Effects on cortical porosity

@ Crosshark

Maria Julia C.L.N. Araujo 2, Cristina Karohl ®, Rosilene M. Elias ?, Fellype C. Barreto ©, Daniela Veit Barreto %,
Maria Eugenia F. Canziani °, Aluizio B. Carvatho ¥, Vanda Jorgetti *, Rosa M.A. Moyses ***
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Fig. 3. Correlations between Cortical Porosity at Baseline and after one-year treatment. A Relationship between cortical porosity (Cr.Pa) and parathyroed hormone [FTH ], both measured at
baseline. B. Relationship between comical porosity (O] and cortcal thickness, both measured at baselme. C Relatonship between the delta of corical porosity (Cti'o) and the delta of
phosphate (P). [ Relatonship between the delta of cormical porosy ((t.Po) and the delta of parathyrold hormone (PTH). Delta; change from baseline to ane year later.

Araujo et al., Bone 2016



Management of ventricular arrhythmia and QT
prolongation secondary to hypocalcaemia:

e Decreased in serum calcium can prolong the QT
interval, potentially resulting in ventricular
arrhythmia

e Serum calcium levels should be closely monitored
on patients with

— congenital long QT syndrome

— previous history of QT prolongation

— family history of long QT syndrome or sudden
cardiac death

— other conditions that predispose to QT
prolongation and ventricular arrhythmia



Proportion of patients treated with dialysate calcium
concentrations of 2.5, >2.5 and <3.5 and 3.5 mEqg/L at

baseline and end-of-study

Etelcalcetide Cmacalcet
IN=337) (N =342)
Dhalysate Calcium Concentration n (%) n (%)
Baseline (mEq/L)
25 185 (54.9) 185 (54.1)
=25-=33 144 (42.7) 143 (41.8)
35 8(2.4) 14 (4.1)
End of Study (mEq/L)
25 139 (41.2) 137 (40.1)
=25-<33 155 (46.0) 162 (47 4)
35 43 (12.8) 43 (12.6)

Block GA, Bushinsky DA, Cheng S, et al. Supplement 9 JAMA 2017
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Comparison of cortical compartments in bone biopsies

Bone biopsy with normal Bone biopsy with high
cortical thickness and porosity and low
cortical porosity from a cortical thickness from a

non CKD patient dialysis patient
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E Parathyroid hormone concentrationsin trial A
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[A] Parathyroid hormone concentrations in trial A Parathyroid hormone concentrations in trial B
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Effect of Etelcalcetide vs Placebo on Serum Parathyroid
Hormone in Patients Receiving Hemodialysis

With Secondary Hyperparathyroidism

Two Randomized Clinical Trials
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The ADVANCE study: a randomized study to evaluate the effects of
cinacalcet plus low-dose vitamin D on vascular calcification in

patients on hemodialysis

Paolo Rabg ; G]E:nn M. Chertow”, Pab]u Urena Torres® Bntund Csﬂc} Agpnshnn Naso®,
Kaldun Nossuli®, MDllthfEl Mmﬁtdfd William G. (mnl:lman Nicole ann:z Gierry DDwnE:y :
Bastian Dt:hmf:] , Jiirgen Floege'' and on behalf of the ADVANCE Study Group
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Parathyroid Hormone, Calcium, and
Phosphate Concentrations in Patients
Receiving Cinacalcet or Etelcalcetide by
Study Week
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M Cinacalcet

M Etelcalcetide

Proportion of Patients (%)

Week 12 Week 27*

# of patients:
Cinacalcet 291 273
Etelcalcetide 281 262
*p-value=0.0001 by CMH test stratified by screen PTH and region

—a— Etelcalcetide

Proportion of patients with >30% 20 -
reduction in FGF 23

—s— Cinacalcet

20 4

Percent change from baseline (%)

-80 -

-100

Week 12 Week 27%
n= 294 306 274 293

Median (IQR) percent change in
FGF 23

Block GA, Bushinsky DA, Cheng S, et al. Supplement 9 JAMA 2017



Static bone parameters (%)

Changing bone patterns with progression of ®mm¢
chronic kidney disease

Tilman B. Driieke' and Ziad A. Massy'~

"Institut National de la Santé et de la Recherche Médicale (Inserm) Unité 1018, Centre de recherche en épidémiologie et santé des
populations, Equipe 5, Villejuif; Paris-5ud University and University of Paris-Ouest, Versailles-5aint-Quentin-en-Yvelines; Paris, France;
and “Division of Nephrology, Ambroise Paré Hospital, Assistance Publique Hépitaux de Paris, Boulogne-Billancourt/Paris; University of
Paris=Ouest, Versailles-5aint-Quentin-en-Yvelines; Paris, France

... ... available clinical studies indicate higher prevalence of low

turnover early and of increased turnover later in CKD
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Repression of Osteocyte Wnt/3-Catenin Signaling Is an
Early Event in the Progression of Renal Osteodystrophy

Yves Sabbagh,'* Fabiana Giorgeti Graciolli,”* Stephen O'Brien,' Wen Tang,'

Luciene Machado dos Reis,” Susan Ryan,' Lucy Phillips,' Joseph Boulanger,' Wenping Song,'
Christina Bracken,' Shiguang Liu,' Steven Ledbetter,' Paul Dechow,* Maria Eugenia F Canziani,"
Aluizio B Carvalho,* Vanda Jorgetti,” Rosa MA Moyses,” and Susan C Schiavi’
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Fig. 10. Unified model demonstrating that early in disease, sclerostin inhibits B-catenin pathway and increases osteoclast activity. Late in disease,
elevated PTH levels contribute to the high turmover and the decrease in sclerostin levels. However, sFRPS levels rise with dizease progression leading to

continuous B-catenin repression and possibly affecting osteoblast function.

Modified from Journal of Bone and Mineral Research, 2012



I ead Study: Etelcalcetide vs C

Proportion of Patients Achieving > 30% Reduction in Serum PTH During the

EAP
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* The proportion of patients achieving > 30% reduction from baseline in serum PTH was greater
with etelcalcetide vs cinacalcet (68.2% vs 57.7%)

* The estimated treatment difference (cinacalcet —etelcalcetide) was —10.5% (95% Cl
—17.5%, —3.5%; noninferiority was met; P= 0.004 for superiority)

EAP was defined as weeks 20-27. Cl = confidence interval; EAP = efficacy assessment phase; PTH = parathyroid hormone.

Block GA, et al. JAMA.2017;317:156-164.



I ead Study: Etelcalcetide vs C

Secondary Endpoint: Proportion of Patients Achieving
> 50% Reduction in Serum PTH During the EAP
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P=0.001

Proportion of Patients With
Mean PTH (%)

> 50% Reduction From Baseline in

Cinacalcet Etelcalcetide

n= 138 178
N = 343 340

The proportion of patients achieving > 50% reduction from baseline in serum PTH was greater

with etelcalcetide vs cinacalcet (52.4% vs 40.2%; P =

EAP was defined as weeks 20-27.
EAP = efficacy assessment phase; PTH = parathyroid hormone.

Block GA, et al. JAMA. 2017;317:156 164.



