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Defination

* Chronic kidney disease mineral and bone
disorder (CKD-MBD) is characterized by:

— Biochemical abnormalities (calcium, phosphate,
parathyroid hormone [PTH], and vitamin D)

— Abnormalities in bone turnover, mineralization,
volume linear growth, or strength

— Extraskeletal calcification.



Secondary Hyperparathyroidism

* Secondary hyperparathyroidism occurs in response to
the following series of abnormalities that initiate and
maintain increased parathyroid hormone (PTH)
secretion

— Phosphate retention
— Decreased free ionized calcium concentration

— Decreased 1,25-dihydroxyvitamin D (calcitriol)
concentration

— Increased fibroblast growth factor 23 (FGF23)
concentration

— The reduced expression of vitamin D receptors (VDRSs),
calcium-sensing receptors (CaSRs), fibroblast growth factor
receptors, and klotho in the parathyroid glands



Pathogenesis of Secondary Hyperparathyroidism
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Strategies of Treatment of CKD-MBD

Treat hyperphosphatemia

Maintain normocalcemia

Treat vitamin D deficiency

Calcitriol and synthetic vitamin D analogs
Calcimimetics

parathyroidectomy



Mineral Metabolism, Mortality, and Morbidity
in Maintenance Hemodialysis

* For determining associations among disorders of
mineral metabolism, mortality, and morbidity in
hemodialysis patients, data on 40,538 hemodialysis
patients with at least one determination of serum
phosphorus and calcium during the last 3 mo of 1997
were analyzed.

* Unadjusted, case mix—adjusted, and multivariable-
adjusted relative risks of death were calculated for
categories of serum phosphorus, calcium, calcium x
phosphorus product, and intact parathyroid hormone
(PTH) using proportional hazards regression.

J Am Soc Nephrol 2004; 15(8), 2208-18



Mineral Metabolism, Mortality, and Morbidity
in Maintenance Hemodialysis

After adjustment for case mix and laboratory variables,
serum phosphorus concentrations >5.0 mg/dl were
associated with an increased relative risk of death (1.07,
1.25,1.43, 1.67, and 2.02 for serum phosphorus 5.0 to 6.0,
6.0to 7.0, 7.0 to 8.0, 8.0 to 9.0, and 9.0 mg/dl).

Higher adjusted serum calcium concentrations were also
associated with an increased risk of death, even when
examined within narrow ranges of serum phosphorus.

Moderate to severe hyperparathyroidism (PTH
concentrations 2600 pg/ml) was associated with an
increase in the relative risk of death.

Whereas more modest increases in PTH were not.



Figure 1. Unadjusted, case mix—adjusted, and multivariable-adjusted relative risks (RR; of

death) and 95% confidence intervals (Cl) for eight categories of serum phosphorus (referent
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Figure 2. Unadjusted, case mix—adjusted, and multivariable-adjusted RR (of death) and 95%
Cl for eight categories of measured serum calcium (referent range, 9.0 to 9.5 mg/dl).
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Figure 3. Unadjusted, case mix—adjusted, and multivariable-adjusted RR (of death) and 95%
Cl for eight categories of adjusted serum calcium (measured calcium adjusted for serum
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Figure 4. Unadjusted, case mix—adjusted, and multivariable-adjusted RR (of death) and 95%
Cl for 12 categories of calcium x phosphorus product (referent range, 40 to 45 mg2/di2).
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Figure 5. Unadjusted, case mix—adjusted, and multivariable-adjusted RR (of death) and 95%
Cl for four categories of intact parathyroid hormone (referent range, 150 to 300 pg/ml).
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Serum iPTH, calcium and phosphate, and the risk of
mortality in a European haemodialysis population

The association between the markers of mineral and bone disease
and clinical outcomes was examined in 7970 patients.

. Hazard ratio (HR) estimates from baseline analysis for iPTH were
U-shaped [>600 pg/mL, HR = 2.10, 95% confidence interval (Cl)
1.62-2.73; <75 pg/mL, HR = 1.46, 95% Cl 1.17-1.83]. Confirmed by

TD analysis.

Baseline analysis showed that calcium >2.75 mmol/L increased risk
of death (HR = 1.70, 95% Cl 1.19-2.42).

TD analysis showed that both low (HR =1.19, 95% ClI 1.04-1.37) and
high calcium (HR = 1.74, 95% Cl 1.30-2.34) increased risk of death.

Baseline analysis for phosphate showed a U-shaped pattern
(<1.13 mmol/L, HR =1.18, 95% Cl 1.01-1.37; >1.78 mmol/L, HR =
1.32,95% Cl 1.13-1.55). Results confirmed by TD analysis.

NDT 2011, 26(6), 1948-55



Fig. 1 (a) Relative risk of all-cause mortality for iPTH comparing

baseline versus time-dependent Cox regression ...
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Fig. 2 Relative risk of all-cause mortality for iPTH baseline Cox
regression using fractional polynomials in ...
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K/DOQI-recommended intact PTH levels do not prevent low-
turnover bone disease in hemodialysis patients

serum markers of bone turnover have been used to evaluate bone
turn over in CKD patients. Measurement of intact parathyroid
hormone (iPTH) has long been considered the principal biochemical
marker for diagnosis and monitoring therapy of ROD.

A target range of plasma iPTH for stage 5 CKD patients has been
suggested to be between 150 and 300 pg ml.

A total of 101 patients were enrolled in the study. Ninety-seven
patients provided adequate bone samples for histomorphometric
analysis.

LT was the most common finding (64%) in the ideal range of iPTH.

an association between LT and being of white race and a trend
toward an association with older age (P=0.07) and diabetes
(P=0.07) was noticed.

KI 2008, VOL 73, ISSUE 6, 771- 777
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K/DOQI-recommended intact PTH levels do not prevent low-
turnover bone disease in hemodialysis patients

Despite not using aluminum-based phosphate binder and
strictly controlling water quality in the dialysis centers
involved in this study, aluminum intoxication (Al.S/BS>25%)
was present in 41% of the entire population.

However, one should notice that the amount of aluminum
bone surface was not that high (Al.S/BS=24.3+28.6%).

Other aluminum exposure source that may be important in
patients with CKD, such as aluminum kitchen utensils.

NKF K/DOQI guidelines. LT was quite frequent in the
recommended iPTH range. Thus, the so-called ideal range
of iPTH does not seem to guarantee a healthy bone.

Additionally, one might conclude that the upper cut-off of
iPTH (300 pg ml~1) should be revised.



Effects of Calcium on Cardiovascular Events in Patients with
Kidney Disease and in a Healthy Population

* A key risk factor for CVD in patients with ESRD is
vascular calcification.(typically medial
calcification)

* Vascular calcification is not a passive deposition
of Ca and phosphate but rather a well organized
active process.

* The first critical step involves transformation of
vascular smooth muscle cell to osteoblast like
cells.

 Elevated serum level of Ca and P facillitate this
transformation.

clin J Am Soc Nephrol 5:541-547, 2010



Effects of Calcium on Cardiovascular Events in Patients with
Kidney Disease and in a Healthy Population

 Measurement of serum Ca is not a good
surrogate for overall calcium balance.

* In healthy subject, bone mass measurement and
fracture rate is the most commonly used indirect
measure of Ca adequacy.

* Bone mass and fracture rate in CKD patients
associated with different factors.

 Because of alteration in mineral metabolism, the
recommendation of Ca intake in healthy subjects
can not be directly applied to patients with CKD.

clin J Am Soc Nephrol 5:541-547,2010



Effects of Calcium on Cardiovascular Events in Patients with
Kidney Disease and in a Healthy Population

* |t seems 3 factor must be considered before
perscribing Ca or Ca based phosphate binder:

— Calcium based phosphate binders are a substantial
source of elemental Calcium

— Elevated PTH in CKD caused by hyperphosphatemia
rather than hypocalcemia

— There are no data to support a benefitial effect of
calcium supplementation in patients with CKD.

* There is no data showing that giving calcium
reduce risk of osteoporotic fractures, among
patients with CKD.

clin J Am Soc Nephrol 5: S41-S47, 2010



Effects of Phosphate Binders in Moderate CKD

randomly assigned 148 patients with estimated GFR=20-
45 ml/min per 1.73 m? to calcium acetate, lanthanum
carbonate, sevelamer carbonate, or placebo.

Serum phosphorus decreased from a baseline mean of 4.2
mg/dl in both active and placebo arms to 3.9 mg/dl with
active therapy and 4.1 mg/dl with placebo (P=0.03).

Median serum intact parathyroid hormone remained stable
with active therapy and increased with placebo (P=0.002).

Active therapy did, however, significantly increase
calcification of the coronary arteries and abdominal aorta
(coronary: median increases of 18.1% versus 0.6%, P=0.05;
abdominal aorta: median increases of 15.4% versus

3.4%, P=0.03).

It is possible that noncalcium-containing phosphate
binders also enhance the availability of free intestinal
calcium and result in a positive calcium balance.
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Effect of Cinacalcet on Cardiovascular
Disease in Patients Undergoing Dialysis

The primary composite end point was the time until death,
myocardial infarction, hospitalization for unstable angina, heart
failure or peripheral vascular event.

Secondary end points included the time to the individual
components of the primary composite end point, death from
cardiovascular causes, stroke, bone fracture, and
parathyroidectomy.

The primary composite end point was reached in 938 0f1948
patients(48.2%) in the cinacalcet group and 952 of 1935
patients(49.2%) in placebo group(relative hazard in cinacalcet group
versus placebo, 0.93)

Hypocalcemia and gastrointestinal adverse events more frequent in
patients receiving cinacalcet.

Cinacalcet did not significantly reduce the risk of death or major
cardiovascular events in patients with moderate to severe
secondary hyper parathyroidism who were undergoing

hemodialysis.
N EnglJ Med 2012; 367: 2482-94
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Effects of Cinacalcet on Fracture Events in Patients
Receiving Hemodialysis: The EVOLVE Trial

placebo-controlled trial that randomized 3883
hemodialysis patients with secondary hyperparathyroidism
to receive cinacalcet or placebo for <64 months.

This study was a prespecified secondary analysis of the trial
whose primary end point was all-cause mortality and non-
fatal cardiovascular events, and one of the secondary end
points was first clinical fracture event.

In conclusion, using an unadjusted intention-to-treat
analysis, cinacalcet did not reduce the rate of clinical
fracture. However, when accounting for differences in
baseline characteristics, multiple fractures, and/or events
prompting discontinuation of study drug, cinacalcet
reduced the rate of clinical fracture by 16%—29%.



12

=
(]

Incidence of fractures per 100 patients per year
o

All sites Non-hip cortical sites Hip
Patients less than 65 years old

All sites Non-hip cortical sites Hip
Patients 65 years old or more

mCinacalcet
= Placebo



Cumulative incidence

0.20

Patients less than 65 years old

0.18 -
0.16
0.14
0.12
0.10 4
0.08 A
0.06 -
0.04 4
0.02 1

0.00 -

Treatment assignment —— Cinacalcet

Months of study

Cumulative incidence

0.20

Patients 65 years old or more

0.18
0.16 -
0.14
0.12
0.10 A
0.08 A
0.06 A
0.04 -
0.02 A

Treatment assignment —— Cinacalcet

0.00 -

Months of study




Subgroup H
Crunrall raatmand efect 3883
Less than B6 years  207H
G poars or monz 00k
Farialy 1578
Mala 2305
Haoe group
Wh 2aap
Black nar
Cifher 1111
Riagicn
ﬁgrmmsmm }:gg
i
Lnlmﬂmam;:a RAT
Russia 283
Cainada 146
Alsrala 144
Dibetes
bl ] 12
Mo 2581
EL vitamin 0
a5 230
i 1573
FTH
) i B0 pgimL 1571
B L B0 primL e
B 1o 12 H.';Iml- 550
Pes thary 1200 p'ml. 831
Dialysis v
Lizss than 1038
2015 s 1285
G s oF more 1459
Fraciuns history
bl TR
Mz 314
Siroke hi
Yes e 365
[1x] i
Tobacn usa
Nigvar 2184
Fermar e
Curmanl 632

Cincaloal Beder  Placabe baiier

== | 1]

002040808 10121416 10202224 262830323436

HR (86% 1)
0.72 (0,54, 0.90)

.74 ﬁlﬂ, 1.0d
(.60 |0.44, D.BE

B (048, 0,90
701058, 1.07

T

.44, [
|§. 2

el = — _e
=

=4

Pl e

=
e

SoSoSs
EH—II\.‘IQ -] Mﬂ:—g
el == =t ) =

===

349 50 5k
== b= L | [ ==
L= T ) 3

=8

55

£8 BE HB3557
e
==

a1
=i
==
Hid

==t
=8s
[

Irieracticn
pewilun
[l e
0421

Qs

IR Fo<

Q612
0744

0.

0.I08

0.266
0E13

0T




Interaction

Subgroup N HR (95% CI) p-value
Overall treatment effect Jaa3 —— 0.72(058.090)
Vitamin D Sterol use 0.999
Yes 2260 . 0.72(054.098)
Mo 1623 —— 0.72(052.1.01)
Phospate binder use 0.208
Yes 3433 Eoe 069 (055,087)
No 450 : { 1.11(055,2.23)
Calcium-based phosphate binder use 0.009
Yes 2062 e 0.55(040,0.74)
Mo 1821 e 0.98(0.72,135)
Dialysate Calcium 0.150
>= 3.0mEqlL 1452 F—— 0.55(0.38,080)
25-<30mEgL 2035 e 0.81(060,1.08)
<25mEql 395 b { 1.06 (0.53,2.16)
Treatment better Placebo better

02 04 06 08 10 12 14 16 18 20 22 24 126




Cinacalcet in patients with chronic kidney disease: a cumulative
meta-analysis of randomized controlled trials.

 Two independent reviewers identified trials, extracted data,
and assessed risk of bias. Eighteen trials comprising 7,446
participants compared cinacalcet plus conventional therapy
with placebo or no treatment plus conventional therapy in
adults with CKD.

e Cinacalcet had little or no effect on all-cause mortality
(relative risk, 0.97 [95% confidence interval, 0.89-1.05]),
had imprecise effect on cardiovascular mortality (0.67
[0.16-2.87])

* |t prevented parathyroidectomy (0.49 [0.40-0.59]) and
hypercalcemia (0.23 [0.05-0.97]), but increased
hypocalcemia (6.98 [5.10-9.53]), nausea (2.02 [1.45-2.81]),
and vomiting (1.97 [1.73-2.24]).
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Effect of Etelcalcetide vs Cinacalcet on Serum Parathyroid
Hormone in Patients Receiving Hemodialysis With Secondary
Hyperparathyroidism: A Randomized Clinical Trial

Etelcalcetide is an octapeptide type 2 calcimimetic that
interacts with the calcium sensing receptor at a site distinct
from cinacalcet.

Although the acute pharmacodynamic effects of
etelcalcetide are similar to those of cinacalcet, the
pharmacokinetic profile is distinct.

Etelcalcetide is renally cleared, with a half-life allowing
thrice weekly administration (concurrent with
hemodialysis), yielded sustained reductions in PTH over the
48- to 72-hour dosing interval

680 stable patients on hemodialysis randommized 1:1 to IV
etelcalcitide 5 mg 3 times weekly(each session of dialysis)
and oral pelacebo (388 cases) or oral cinacalcet30 mg daily
and IV pelacebo (341 cases).

JAMA 2017;317(2); 156-164



Effect of Etelcalcetide vs Cinacalcet on Serum Parathyroid
Hormone in Patients Receiving Hemodialysis With Secondary
Hyperparathyroidism: A Randomized Clinical Trial

* Dose titration increment 2.5 to 5 mg for etelcalcidate
(2.5 -15 mg) and 30 mg for cincalcet (30-180 mg)

 The primary efficacy (noninferiority) end point was the
proportion of patients with more than 30% reduction
from baseline in mean PTH concentrations during the
efficacy assessment phase (weeks 20-27)

e Secondary endpoint included the proportion of
patients with more than a 50% and more than a 30%
reduction in PTH concentrations (superiority).



Parathyroid Hormone, Calcium, and Phosphate Concentrations
in Patients Receiving Cinacalcet or Etelcalcetide by Study Week
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Effect of Etelcalcetide vs Cinacalcet on Serum Parathyroid
Hormone in Patients Receiving Hemodialysis With Secondary
Hyperparathyroidism: A Randomized Clinical Trial

* the estimated difference between patients randomized to
cinacalcet was 57.7% (198 of 343) and to etelcalcetide was 68.2%
(232 of 340) in proportions achieving the end point was -10.5%
(-17.5% to —3.5%; P for noninferiority, <.001; P for superiority,
.004).

* One hundred seventy-eight patients (52.4%) randomized to
etelcalcetide achieved a reduction in PTH concentrations of more
than 50%, whereas 138 patients (40.2%) randomized to cinacalcet
achieved a reduction in PTH concentrations of more than 50%

(P =.001, difference in proportions, 12.2%; 95% Cl, 4.7% to 19.5%)

e for a reduction of more than 30%, the difference in proportions was
10.5% (95% Cl, 3.3% to 17.7%). The relative proportion of patients
achieving a reduction in PTH concentrations of more than 30% did
not differ significantly across any of the patient subgroups
examined
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Table 2. Treatment Emergent Adverse Events®

Patients, No. (2%)

Etelcalcetide Cinacalcet
Preferred Term (n = 338) (n = 341)
Blood calcium decreased® 233 (68.9) 204 (59.8)
Nausea 62 (18.3) 77 (22.6)
Vomiting 45 (13.3) 47 (13.8)
Hypotension 23 (6.8) 10 (2.9)
Headache 22 (6.5) 24 (7.0)
Muscle spasms 22 (6.5) 20 (5.9)
Diarrhea 21 (6.2) 35 (10.3)
Hypertension 21 (6.2) 23 (6.7)
Anemia 37 (510) 15 (4.4)
Hypocalcemia 17 (5.0) 8 (2.3)
Pain in extremity 17 (5.0) 14 (4.1)
Bronchitis 5rC1E5) 17 (5.0)

2 Adverse events occurring among 5% or more patients in either group. The
term treatment emergent refers to a condition either not present before
exposure to a study drug that develops after drug exposure or a condition
present before exposure that worsens in frequency or severity. Adverse
events occurring after the first dose of study drug and up to 30 days after the
last dose of study drug were included. Counts and proportions refer to
patients rather than to adverse events. In other words, patients may have one
or more adverse event.

b Defined as an albumin-corrected serum calcium concentrations lower than 8.3
mg/dL (to convert to mmol/L, multiply by O.25) that resulted in a medical
intervention.
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A Randomized Trial of Cinacalcet versus Vitamin D
Analogs as Monotherapy in Secondary
Hyperparathyroidism (PARADIGM)

This was a prospective, multicenter, phase 4,
randomized, open-label study that enrolled
participants from 2010 to 2012. Adult
participants (n=312) on hemodialysis with PTH
>450 pg/ml were randomized 1:1 to 12 months of
treatment with either cinacalcet (n=155) or
vitamin D analogs (n=157)

The mean percentage change in plasma PTH level
(primary end point) and the proportion of
participants achieving plasma PTH <300 pg/ml or
a 230% decrease in PTH (secondary end points).

clin J Am Soc Nephrol 2015, 10(6), 1031-40
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A Randomized Trial of Cinacalcet versus Vitamin D
Analogs as Monotherapy in Secondary
Hyperparathyroidism (PARADIGM)

In this study evaluating the relative efficacy of
cinacalcet and vitamin D analogs as
monotherapy for the treatment of SHPT in
participants receiving chronic hemodialysis,
there was no difference between treatment
arms in the mean decrease in PTH (the
primary end point), the percentage of
participants achieving 230% reduction in PTH,
or the percentage achieving a PTH<300 pg/ml.



Vitamin D Therapy and Cardiac Structure and Function in Patients
With Chronic Kidney DiseaseThe PRIMO Randomized Controlled Trial

 Multinational, double-blind, randomized placebo controlled trial
among 227 patients with chronic kidney disease, mild to moderate
left ventricular hypertrophy, and preserved left ventricular ejection
fraction, conducted in 11 countries from July 2008 through
September 2010

* Change in left ventricular mass index over 48 weeks by
cardiovascular magnetic resonance imaging.

* At 48 weeks, the change in left ventricular mass index did not differ
between treatment groups (paricalcitol group, 0.34 g/m2.7 [95% ClI,
-0.14 to 0.83 g/m2.7] vs placebo group, -0.07 g/m2.7 [95% ClI,
-0.55t0 0.42 g/m2.7]).

* Doppler measures of diastolic function including peak early diastolic
lateral mitral annular tissue velocity (paricalcitol group, -0.01 cm/s
[95% ClI, -0.63 to 0.60 cm/s] vs placebo group, —-0.30 cm/s [95% ClI,
-0.93 to 0.34 cm/s]) also did not differ

JAMA 2012, 307(7), 674-84



Effect of Paricalcitol on Left Ventricular Mass
and Function in CKD—The OPERA Trial

Subjects with echocardiographic criteria of LV hypertrophy were
randomly assigned to receive either oral paricalcitol (1 pg) one time
daily (n=30) or matching placebo (n=30) for 52 weeks. (60 patients)

The primary end point was change in LV mass index over 52 weeks,
which was measured by cardiac magnetic resonance imaging.
Secondary end points included changes in LV volume,
echocardiographic measures of systolic and diastolic function,
biochemical parameters of mineral bone disease, and measures of
renal function.

Change in LV mass index did not differ significantly between groups
(median [interquartile range], -2.59 [-6.13 to 0.32] g/m? with
paricalcitol versus —4.85 [-9.89 to 1.10] g/m? with placebo).

The primary analysis did not change and remained insignificant
(P=0.90), even after adjustment was made for RAS blockers use and
baseline heart failure.

J Am Soc Nephrol 2014, , 25(1), 175-186



IPTH and ALP decreased over 52-week of paricalcitol treatment but increased with placebo
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Effect of active vitamin D on cardiovascular outcomes
in predialysis chronic kidney diseases: A systematic
review and meta-analysis

Seven RCTs (five studies with paricalcitol and two studies with
calcitriol, 731 patients) were included.

Compared with control groups, active vitamin D reduced the
incidence of cardiovascular events (RR, 0.27; 95% Cl, 0.13—-0.59),
induced an increase in those with proteinuria reduction (RR, 1.9;
95% Cl, 1.34-2.71), but did not alter left ventricular mass index
and systolic function (MD, 0.42 g/m?7; 95% Cl, -0.23—

1.07 g/m?’, P =0.21 for left ventricular mass index and MD, -0.33;
95% Cl, -0.74-0.07, P = 0.1 for left ventricular ejection fraction).

Neither systolic blood pressure nor diastolic blood pressure was
reduced by active vitamin D (MD, 0.3 mmHg; 95% Cl, -4.95—
5.56 mmHg; MD, -0.24 mmHg; 95% Cl: -6.21-5.72 mmHg,
respectively).

Increased probability of hypercalcaemia after paricalcitol therapy
was found (RR, 7.85; 95% Cl, 2.92-21.10).

Nephrology 2015; 20, 706-14



Parathyroidectomy in the Management of
Secondary Hyperparathyroidism

e Patterns of parathyroid hyperplasia in
secondary hyperparathyroidism are classified
into four categories:

— Diffuse hyperplasia
— Early nodularity in diffuse hyperplasia
— Nodular hyperplasia
— Single nodular gland

CJASN 2018, 13(6), 952-61



Pathophysiology of secondary hyperparathyroidism in CKD. Circulating fibroblast growth
factor-23 increases early in CKD and suppresses la-hydroxylase in the kidney, leading to
deficiency of active vitamin D [1a,25(0OH)2D].

Low calcium
High phosphorus
Low 1a,25(OH),D

LIvDR
llcasSR

O O QO
Polyclonal proliferation - Monoclonal proliferation
Normal Diffuse Early Nodular Single
gland hyperplasia nodularity hyperplasia nodular gland

Wei Ling Lau et al. CJASN 2018;13:952-961
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Pharmacologic Therapies for
Hyperparathyroidism and Their Limitations

e Vitamin D Therapy

— Narrow therapeutic window(hypercalcemia and
hyperphosphatemia may promote vascular
calcification)

— Resistance to vitamin D analogs in patients in
whom severe secondary hyperparathyroidism has
progressed to nodular hyperplasia with decreased
vitamin D receptor expression



Pharmacologic Therapies for
Hyperparathyroidism and Their Limitations

* Calcimimetics

— Whether calcimimetics affect mortality, major
cardiovascular events, or fracture rate remains

controversial.
— Cost-effectiveness is another consideration

* Phosphorus Binders
— Are not approved for use in the predialysis population

— use of calcium-containing salts in patients on dialysis
increases the risk of hypercalcemia and vascular
calcification

— Calcium-free binders, such as sevelamer and lanthanum
carbonate, as well as iron-based binders may be associated
with less arterial calcification, but the effect on survival is

unclear



Combination Therapy

* Both agents (Vit D or calcimimetics) must be used early
in the disease when the vitamin D and calcium-sensing
receptors are intact.

 There is evidence from clinical trials that more patients
were able to achieve PTH targets when cinacalcet was
added onto standard therapy with active vitamin D
agents and phosphorus binders, and the combination
therapy allowed for downtitration of vitamin D doses

 Combination therapy may also avoid blood calcium
derangements, because vitamin D therapy can lead to
hypercalcemia, whereas calcimimetics can induce
hypocalcemia.



Indication of Parathyroidectomy

* Persistently elevated PTH values >800 pg/ml (>6
months) that remain nonresponsive to pharmacologic
therapy, including maximally tolerated doses of vitamin
D analogs and calcimimetics, are generally accepted as
a criterion for parathyroidectomy

* Especially if nodular hyperplasia is confirmed on
Imaging.
* Hyperplastic parathyroid gland volume >500 mm?3 or

glands >1 cm in long diameter strongly suggest nodular
transformation, which is often refractory to medical

therapy



Indication of Parathyroidectomy

e There is no definitive lower PTH threshold

* Parathyroidectomy in patients on dialysis is reasonable
when levels are in the 600- to 800-pg/ml range if there
IS:

(1) persistent hypercalcemia or hyperphosphatemia
(corrected serum calcium >10.2 mg/dl [>2.5 mmol/L] or
phosphorus >5.5 mg/dl [>1.8 mmol/L]) despite patient

compliance to diet and optimized vitamin D
analog/calcimimetic doses

(2) elevated risk or presence of calciphylaxis

(3) erythropoietin-resistant anemia when other modifiable
factors, such as iron deficiency or gastrointestinal bleeding,
have been ruled out



Perioperative considerations for parathyroidectomy in patients on dialysis.

When to consider parathyroidectomy in dialysis patients

* Persistent (>6 months) elevated PTH despite maximal management with
vitamin D analogs and calcimimeticst

and

* Patient is a surgical candidate

and

* Refractory hypercalcemia or hyperphosphatemia; presence or high risk of
calciphylaxis; or anemia hypo-responsive to erythropoietin

Y

Surgical referral

* Parathyroid ultrasound
and/or

» 9MTe_gastamibi radionuclide scan*
and/or

* Intraoperative blood PTH sampling

v

Monitor for Hungry Bone Syndrome

* Occurs in >25% of patients; serum calcium nadirs 1-3 weeks post-op
High risk if young age <45 years, post-op calcium 8.4 mg/dL, high
alkaline phosphatase >120 |U/L (pre-op PTH level is not predictive)

* Treatment includes high-doses of oral and IV calcium and vitamin D

(calcitriol is preferred), and high calcium dialysate (3.0 mmol/L)

CJASN

Wei Ling Lau et al. CJASN 2018;13:952-961
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Long—term mortality after parathyroidectomy among chronic
kidney disease patients with secondary hyperparathyroidism: a
systematic review and meta-analysis

Study or Subgroup HR (95% C1) Weight
Duration of follow-up< 36 months
Valeria Costa-Hong(2007) —— 043(0.19,080) 4R
Patricia Taschner(2013) e 024(0.13,046)  $02
Diana Moldovan(2015) - 029(0.09,092) 181
Hirotaka Komaba(2015) —— 0.78(0.64,095) 152
Weidong Li(2015) - 092(085,098) 1888
Subtotal (I-squared = 84.9%, p = 0,000) <> 0.58(040,083) 4507
Duration of follow-up= 36months
Jytirmay Sharam(2012) —_— 063(041,097) 834
Bertrand Dusso}(2007) —— 092(065,130) 104
Noriyuki lwamoto(2012) - 026(0.08,088)  1.71
BRYAN KESTENBAUM(2004) . 085(0.75,097) 1747
Kerstin M, Ivarsson(2015) .- 080(065,099) 1481
Tsung-LiangMa(2015) -~ 034(0.12,099) 21
Subtotal (I-squared = 40.5%, p = 0.135) O 078(065,093) 5493
Overall (I-squared = 72.5%, p = 0.000) O 071(0.61,084) 100,00
1

05

Favours parathyroidec tomy
renal Failure 2016, issue 7
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Long—term mortality after parathyroidectomy among chronic
kidney disease patients with secondary hyperparathyroidism: a
systematic review and meta-analysis

* A recent meta-analysis by Chen et al.
extracted data from 13 cohort studies
involving 22,053 patients, of whom
approximately 10,000 underwent
parathyroidectomy, where parathyroidectomy
was associated with an overall 28% reduction
in all-cause mortality and a 37% reduction in
cardiovascular mortality.



Cumulative incidence of hip fracture in parathyroidectomy (PTX) and matched control
groups.

0.04 0.06 0.08 0.10
| | L

Cumulative Incidence

0.02
|

0.0

0 2 4 6 8 10
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PTX 5918 3965 2735 1858 1285 879 611 417 255 146 66
NO PTX 16328 10993 7217 4775 3240 2130 1470 974 597 331 161

Number at risk
Kyle D. Rudser et al. JASN 2007;18:2401-2407
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