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Objectives

1. Discuss the pathogenesis of secondary
hyperparathyroidism in ESRD and highlight distinct aspects
of CKD-MBD for PD patients

2. Describe pros and cons of calcimimetics in the
management of PD patients

3. Discuss therapeutic considerations for calcimimetics in PD
patients
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Chronic Kidney Disease-Mineral Bone Disease (CKD-MBD)

Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work Group.
Kidney Int Suppl. 2009 Aug;(113):51-130. - 17th Congress of the

International Society for Peritoneal Dialysis
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The deck is stacked against preventing hyperphosphatemia in ESRD
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Fibroblast Growth Factor 23 (RU/ml)

Temporal aspects of disordered mineral metabolism in CKD
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Pathogenesis of CKD-MBD

FGF-23

Klotho
FGFR1
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Cannata-Andia JB, Martin KJ. Nephrol Dial Transplant. 2016 Apr;31(4):541-7.



CKD influences many aspects of
PTH metabolism and signaling

1) increased synthesis and secretion,
parathyroid cell proliferation, and VDR
and CaSR down-regulation

2) accumulation of C-terminal PTH
fragments

3) posttranslational modification of PTH

4) competitive inhibition between (1-84)
PTH and its fragments

5) PTHI1R down-regulation

6) PTHIR dysfunction

7) inhibitory or competing downstream
signals

Evenepoel P, et al. Kidney Int. 2016 Dec;90(6):1184-1190.
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Moderate to severe hyperparathyroidism associates with increased

mortality in HD patients (n=40,538)
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The rationale for calcimimetic agents

Calcimimetics allosterically

Extracellular activats RCas

Parathyroid cellZd
membrane 4

. . 17th Congress of the
Morales et al. Transplantation Reviews 24 (2010) 79-88 - International Society for Pertoneal Dialysis
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Cinacalcet lowered PTH
levels and improved
calcium—phosphorus
homeostasis in patients
receiving hemodialysis who
have uncontrolled
secondary
hyperparathyroidism
(n=741 patients)

Block et al. N Engl J Med. 2004 Apr 8,;350(15):1516-25

Patients (%)

No. of Patients

[J Placebe (n—370) Il Cinacalcet (n—=371)

Cinacalcet

<

230% Reduction in Parathyroid

Hormone Level (%)

70
60—
2<0.001
50
ELE
30+
20—
]
10—
o
Mean Parathyroid =30%% Reduction
Hormone Level in Parathyroid
=250 pg/ml Hormone Level
70— . 2
<+—— Dose titration ————& +——— Efficacy assessment ———=
g 60— o
po=r - - =
i &f% P<0.001 - if
E = - Cinacalcet
EE 40 -~
S = >
x &8 S
= o 30+ b
] /
= 20 o
B S pPlacebec
= 10 - - § S e —O—O o S
o 1 T T 1
o 10 12 1 20
Week
O 10 309 30 285 70
o S 327 305 30 a9
| | bo (n O B C { )
80—
0.001
e P o.ooxj :
S
€196 635
60—
50—
40—
30—
20—
1026
10— 25
o
300-500 pg/ml S01-200 pg/ml =800 pg/mi

Base-Line Parathyroid Hormone Level




Among patients receiving HD with moderate to severe secondary hyperparathyroidism, use of
etelcalcetide compared with placebo resulted in greater reduction in serum PTH over 26 weeks
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Question 1: An approximate percentage of my peritoneal
dialysis patients who are on a calcimimetic is:

A. <5%

B. 5-25%
C. 26-50%
D. 51-75%

E. >75%

https://manage.eventmobi. com/en/ars/resuIts/questlon/14514/3784
41/14ff012014c9a4a96d26f376ef708481/
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What about PD patients?

Mean percentage change in iPTH at each study
visit, according to dialysis modality
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Phase 3, multicenter,
randomized, placebo-controlled,
double-blind study

HD and PD patients with iPTH
>300 pg/ml despite traditional
therapy

395 patients received once-daily
oral cinacalcet (260 HD, 34 PD)
or placebo (89 HD, 12 PD)
titrated from 30 to 180 mg to
achieve a target iPTH level of
<250 pg/ml




What about PD patients?

Mean percentage change in Ca X P at each study visit, according to dialysis
modalitv
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Cinacalcet in PD- effectiveness? (n=27, iPTH>500 ng/mL)
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Cinacalcet in PD- adverse events (n=27, |PTH>500 ng/mL)

Age (years) 46. 3 15.7
Gender — male (n/%) 15 (55.6%9%0)
Diabetes (n/%) 6 (22.2%)
BMI (Kg/m*) 26.4 + B .2
Time under PD {(months) 31 = 16.6
Time under cinacalcet (months) 156 = 13.4
Cinacalcet doses (mg/day) 45 (15-90)
Adverse Gl effects (n/%) 21 (77.8%)

Patients treated with wvitamin D

analogs/phosphorus binders (n/%) 25 (92.6%)

17th Congress of the
Conde et al. J Bras Nefrol. 2017 ~ intemationl Scityfor Peritoneal i ayss

AAAAAAAAAAAAAAAAAAAAAAAA



Cinacalcet cost and utility in dialysis patients

“If we assume that cinacalcet use (yearly cost of $547,500,000)
eliminates the need for parathyroidectomy (cost of $40,000,000)
while reducing the use of paricalcitol by 25% ($200,772,000), the

overall use of cinacalcet will increase the overall cost of health care
by S300 million/year.”

Cohen E, Uribarri J. Semin Dial. 2005 Jul-Aug;18(4):353-4.

: International Society for Peritoneal Dialysis
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No improvement in most “hard” clinical end-points
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What about calcimimetics and “hard” outcomes in

PD patients?
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Drug-drug interactions

 Medications metabolized by CYP2D6 (e.g. flecainide, vinblastine,
thioridazine and most tricyclic antidepressants) may require dose

adjustment

* Dose adjustments of cinacalcet may be necessary if a patient
initiates or discontinues therapy with a CYP3A4 inhibitor (e.g.
ketoconazole, erythromycin, itraconazole)

* There is no evidence of pharmacodynamic interactions between
phosphate binders or vitamin D sterols and cinacalcet

Padhi D, Harris R. Clin Pharmacokinet. 2009;48(5):303-11. “ . Tt
’ ’ i y for Peritoneal Dialysis



Cinacalcet is efficacious in pediatric dialysis;
however, there is a potential concern for
negative impact on linear growth

Alharthi et al. Medicine. (Baltimore). 2015 Jan;94(2):e401




Low PTH predicts mortality in hemodialysis and
peritoneal dialysis patients (n=345 HD; n= 277 PD)
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Avram MM, et al. Am J Kidney Dis. 2001 Dec;38(6):1351-7.



Renal osteodystrophy
Panel A- normal bone

Panel B- osteitis fibrosa
Panel C- osteomalacia

Panel D- mixed disease

Panel E- adynamic bone disease

- concern for overtreatment with \
calcium and vitamin D, elderly, diabetic,| [
PD, protein energy malnutrition

e 17th Congress of the
International Saciety for Peritoneal Dialysis
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Hruska KA, Teitelbaum SL. N Engl J Med. 1995 Jul 20;333(3):166-74.



Question 2: Bone mineral density assessment should
be included in the routine care of peritoneal dialysis

patients

A. Yes
B. No

C. Unsure

https://manage.eventmobi.com/en/ars/results/question/14514/3784
42/c8d44cc6e40e9b3d17bf109bc9938615/
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CKD-MBD: PD vs. HD
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Dialysis modality does not affect cinacalcet
pharmacokinetic properties (AUC and Cmax)
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01971 Log rank P < 0.01

The incidence rate
of hip fracture in
patients on HD is
twice that in
patients on PD
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0.04 -

0.02 -
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| T T | T | T T |
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From start dialysis to hip fracture (years)
Number at risk

HD 47986 42336 36459 31414 23086 16398 11299 7265 4092

Li l. B . 2014 Jul;64:235-9.
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Prevalence of vascular calcification in
dialysis patients

70% patients with significant coronary artery
and aortic calcification

50% patients with calcified valves

e 17th Congress of the
BRRR [nternational Society for Peritoneal Dialysis

AAAAAAAAAAAAAAAAAAA -8, 2018




Table 1. Risk Factors for Calciphylaxis.*
The NEW EMNGLAND JOURNAL of MEDICINE

End-stage renal disease

Female sex

REREVIEW ARTICLE Obesity

Diabetes mellitus
Hypercalcemia
Julie R. Ingelfinger, M.D., Editor Hyperphosphatemia

Hyperparathyroidism (both primary and secondary) V
C- EI.]. Cl1 ph?l AdX1S Oversuppressed PTH with adynamic bone disease (low

bone tumover)

Sagar U. Nigwekar, M.D., M.M.Sc., Ravi Thadhani, M.D., M.P.H., Elevated alkaline phosphatase
and Vincent M. Brandenburg, M.D. Vitamin K deficiency

Hepatobiliary disease

I\/Iay 3,2018 Thrombophilia (e.g., antithrombin deficiency, protein C
deficiency, or lupus anticoagulant)

Autcimmune disorders (e.g., systemic lupus
erythematosus)

Hypoalbuminemia

Metastatic cancers (e.g., colon or lung cancer)

POEMS syndrome

Genetic polymorphisms (e.g., rs4431401 and rs9444348)
Skin trauma (e.g., from subcutaneous injections)
Recurrent hypotension

Rapid weight loss

Exposure to ultraviclet light

Exposure to aluminum

Medications (e.g., warfarin, calcium, vitamin D, iron, and
recombinant PTH)




Factors affecting vascular calcification- a complex interplay
between PTH and treatments to treat hyperparathyroidism

Promoting factors Osteocalcin

TNF Oncostatin

- Wnt Leptin

‘ / Osteonectin
Calcium \ ,‘é RUNX2
L 25(0H),DJ \ET

Pyrophosphate

_— % Osteoprotegerin >
@ i NPP-1

< Kiotho >
Inhibitory factors

Ott SM. Nat Rev Nephrol. 2013 Nov;9(11):681-92

Vascular
calcification

s 17th Congress of the
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A number of factors aggravate CKD-MBD... e.g. diet
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Vervloet MG, et al. Nat Rev Nephrol. 2017 Jan;13(1):27-38.



A number of factors aggravate CKD-MBD...

e.g. socioeconomic status

4.0
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A number of factors aggravate CKD-MBD...

e.g. medications
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Annals of Internal Medicine CLinicaL (GUIDELINE

Diagnosis, Evaluation, Prevention, and Treatment of Chronic Kidney

Disease-Mineral and Bone Disorder: Synopsis of the Kidney Disease:
Improving Global Outcomes 2017 Clinical Practice Guideline Update

Markwus Kettalor, MD: Geofirey A. Block, MO Pigter Evenepoal, MD. FhD: Massfumi Fukagaes, MDD, PhDc Charlas A Horzog, MDs
LUndz MoCamn, RD, CSE;: Sharon M. Moo, MD: Bokshens Shroft, MDD, PhD: Marcollo 8. Tonelli, MDD, S, M

Higsel O Towssaink, MBBS, Phil: Mart &. Vervioet, MDD, FhO: and Mary B Leonard, MID, MSCE

AJKD

KDOQI Commentary

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

e 17th Congress of the
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ASSESSMENT OF ABNORMAL PTH

4.2.1: In patients with CKD G3a-G5 not on dialysis, the optimal PTH Ievel is not

known. However, we suggest that patients with levels of intact PTH progressively rising or

persistently above the upper normal limit for the assay be evaluated for modifiable factors,
including hyperphosphatemia, hypocalcemia, high phosphate intake, and vitamin D deficiency
(2C).

4.2.3: In patients with CKD G5D, we suggest maintaining intact PTH levels in the

range of approximately 2 to 9 times the upper normal limit for the
assay (2C).

We suggest that marked changes in PTH levels in either direction within this range

prompt an initiation or change in therapy to avoid progression to levels outside of this range
(2C).
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A suggested approach for a PD patient with hyperparathyroidism

1. Optimization of PD prescription
2. Reduce phosphate intake (diet, drugs)
3. Phosphate binders for hyperphosphatemia

* Avoid calcium-based binders in patients with extensive vascular
calcifications, calciphylaxis
4. Active vitamin D (provided no hypercalcemia or
hyperphosphatemia)
* Avoid (high dose) in patients with extensive vascular calcifications,
calciphylaxis
5. Cinacalcet

« Starting with low doses (30 mg/day), increasing the dose if a failed response
is observed over at least 2 months, and associating calcitriol when calcium
and phosphorus levels return under the above-described limits

6' Surgical paratherideCtomy for refraCtory disease “ International Society for Peritoneal Dialysis
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Prognostic implications of individual biochemical components of CKD—MBD
largely depend on their context within the full array of MBD biomarkers
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