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Abstract

Introduction Secondary hyperparathyroidism is associated with osteoporosis and fractures. Etelcalcetide is an
intravenous calcimimetic for the control of hyperparathyroidism in patients on hemodialysis. Effects of
etelcalcetide on the skeleton are unknown.

Methods In a single-arm, open-label, 36-week prospective trial, we hypothesized that etelcalcetide improves
bone quality and strength without damaging bone-tissue quality. Participants were 18 years or older,
on hemodialysis =1 year, without calcimimetic exposure within 12 weeks of enrollment. We measured
pretreatment and post-treatment areal bone mineral density by dual-energy X-ray absorptiometry, central
skeleton trabecular microarchitecture by trabecular bone score, and peripheral skeleton volumetric bone
density, geometry, microarchitecture, and estimated strength by high-resolution peripheral quantitative
computed tomography. Bone-tissue quality was assessed using quadruple-label bone biopsy in a subset of
patients. Paired t tests were used in our analysis.

Results Twenty-two participants were enrolled; 13 completed follow-up (mean=SD age 51+14 years,
53% male, and 15% White). Five underwent bone biopsy (mean=SD age 52+16 years and 80% female). Over
36 weeks, parathyroid hormone levels declined 67%*9% (P < 0.001); areal bone mineral density at the spine,
femoral neck, and total hip increased 3%*1%, 7%*2%, and 3%*1%, respectively (P < 0.05); spine
trabecular bone score increased 10%*2% (P < 0.001); and radius stiffness and failure load trended to a
7%*4% (P = 0.05) and 6%=*4% increase (P = 0.06), respectively. Bone biopsy demonstrated a decreased
bone formation rate (mean difference —25+4 um3/um? per year; P < 0.01).

Conclusions Treatment with etelcalcetide for 36 weeks was associated with improvements in central skeleton
areal bone mineral density and trabecular quality and lowered bone turnover without affecting bone material
properties.

Clinical Trial registry name and registration number: The Effect of Etelcalcetide on CKD-MBD (Parsabiv-MBD),
NCTO03960437

CJASN 18: 1456-1465, 2023. doi: https://doi.org/10.2215/CJN.0000000000000254

Introduction

Chronic Kidney Disease-Mineral Bone Disorder
(CKD-MBD) is a complication of kidney failure.!
CKD-MBD causes impairments in calcium, phos-
phate, vitamin D metabolism, and fibroblast growth
factor 23 (FGF23), leading to secondary hyperpara-
thyroidism. Elevated levels of parathyroid hormone
(PTH) result in higher risk of fractures, cardiovascular
events, and death.23 The high PTH level increases
bone turnover rates, decreases cortical bone mass,
destroys cortical and trabecular microarchitecture,
and alters bone mineral and collagen content and
structure. The resulting global impairment in bone
strength is associated with a more than four-fold
higher fracture risk in patients with kidney failure

1456 Copyright © 2023 by the American Society of Nephrology

treated by hemodialysis compared with age-matched
individuals.*#® PTH suppression has been the main-
stay of fracture prevention therapeutics in patients
treated by hemodialysis. According to the Kidney
Disease Improving Global Outcomes workgroup, pa-
tients with kidney failure and concurrent hyperpara-
thyroidism should have PTH levels targeted toward
two-to-nine times the upper limit of the reference
PTH range.® PTH suppression to this range is be-
lieved to minimize the risk of adverse skeletal effects
and is associated with better patient survival.”
Calcimimetics are Food and Drug Administration—
approved agents that suppress PTH production for
the treatment of hyperparathyroidism in patients
with kidney failure.® Cinacalcet and etelcalcetide are
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administered orally and intravenously, respectively.®® De-
spite known relationships between hyperparathyroidism,
bone loss, fractures, and cardiovascular events in patients
with CKD,10-13 clinical trials have not shown that
cinacalcet-induced PTH suppression reduces fracture or
cardiovascular events in patients on hemodialysis.>!* Etel-
calcetide is associated with greater adherence and remains
at therapeutic concentrations for a longer period, thus re-
sulting in superior PTH suppression.”'”""” We hypothe-
sized that etelcalcetide would result in sustained PTH
suppression and have favorable effects on bone density
and quality in patients with kidney failure on hemodialysis.
Thus, this pilot trial investigated relationships between 36
weeks of PTH suppression by etelcalcetide and skeletal
changes using a multimodality approach to provide in-
depth skeletal phenotyping both before and after etelcalce-
tide use.

Methods
Trial Site and Population

This pilot trial was conducted at the Rogosin Institute
Dialysis Clinics of NewYork-Presbyterian Hospital, New
York, NY, between May 23, 2019, and July 13, 2021 (NCT
NCT03960437; registry date May 23, 2019). The trial was
approved by the Columbia University Irving Medical
Center Institutional Review Board and conducted in ac-
cordance with the Declaration of Helsinki. Owing to
the coronavirus disease 2019 (COVID-19) pandemic,
this trial was terminated early before full enrollment
(Figure 1). Eligibility criteria are discussed in detail in
the Supplemental Methods.

Trial Design

This was a trial of adult patients with kidney failure
treated by hemodialysis (Supplemental Figure 1). The trial
was originally designed for three primary outcomes: (1)
change in hardness on bone biopsy by nanoindentation, (2)
change in areal bone mineral density at the femoral neck by
dual-energy X-ray absorptiometry (DXA), and (3) change in
calcification propensity by T50. Secondary outcomes in-
cluded change in bone mineral density of the spine and
total hip by DXA and change in bone formation rate (BFR)
and mineralization density by biopsy. Owing to the
COVID-19 pandemic and early termination, the trial did
not meet its recruitment goal. Reanalysis of the power
calculations using the final sample size of 13 participants
who completed the investigation at the time of termination
demonstrated adequate power to assess the primary out-
come of percent change in femoral neck areal bone mineral
density and the secondary outcomes of change in areal bone
mineral density of the spine and total hip. We also deter-
mined that other imaging measures with high relevance to
bone quality were also powered with 13 participants
(i.e., trabecular bone score and high-resolution peripheral
quantitative computed tomography [HR-pQCT] outcomes);
these were included post hoc as secondary outcomes. A
subset that qualified and consented for bone biopsy
underwent a quadruple-label transiliac crest bone biopsy
procedure. Details on etelcalcetide administration, blood
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collection, and skeletal imaging are discussed in the
Supplemental Methods.

Laboratory Measurements
The analysis of the laboratory studies is discussed in
detail in the Supplemental Methods.

DXA, Trabecular Bone Score, and HR-pQCT Measurements

Areal bone mineral density by DXA was measured
using a Hologic Horizon densitometer (Hologic, Inc.,
Waltham, MA) in the array (fan beam) mode. Volumetric
bone mineral density and microarchitecture were measured
at the distal radius and tibia using the second-generation
HR-pQCT scanner (XCT2; Scanco Medical AG, Briittisellen,
Switzerland).'"®° Estimated bone strength (stiffness and
failure load) was estimated from the HR-pQCT images
using microfinite element analysis on the basis of a voxel
conversion approach. Details on measurements are in-
cluded in the Supplemental Methods.

Bone Biopsy and Histomorphometry and Analysis of Bone
Tissue Properties

This trial used a quadruple-label transiliac crest biopsy
method. Biopsies underwent colocalized Raman spectros-
copy and nanoindentation using a custom hybrid system to
assess composition and nanomechanical properties be-
tween the two different labels within trabecular bone. De-
tails on bone biopsy performance and analysis are included
in the Supplemental Methods.

Statistical Analyses

Statistical analyses were conducted using SAS (version
9.4, SAS Institute, Cary, NC). Categorical data were com-
pared using the chi-squared test. Continuous data were
evaluated for normality and outliers before statistical test-
ing. Data were log-transformed when appropriate. Outliers
were kept in the dataset if their outcomes were consistent
with known relationships between PTH and bone out-
comes. A before-after treatment comparison using a com-
plete case analytic approach was conducted using paired ¢
tests for all primary and secondary outcomes. Relationships
between biochemical measures and skeletal outcomes were
assessed using Spearman correlations. Mixed model linear
regression was used to explore relationships between
changes in PTH and bone turnover markers (BTMs) and
skeletal measures pretreatment and post-treatment (see
Supplemental Methods for sample size calculation).

Results
Demographics

Twenty-two participants enrolled in this trial, 13 partic-
ipants completed skeletal imaging studies, and five com-
pleted the bone biopsy substudy (Figure 1). At baseline, the
mean age*+SD (years), weight*SD (kg), and height=SD
(cm) were 52+14 years, 79%18 kg, and 163+7 cm, respec-
tively. Most participants self-identified as male (54%) and
non-Hispanic Black (54%). The most prevalent comorbidities
among the participants were hypertension (93%), coronary
heart disease (46%), and type II diabetes (31%) (Table 1).
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Enrollment

Allocation

Follow Up

Assessed for Eligibility (n=389)

Excluded (n=367)
* Not meeting inclusion criteria (n=228)
| * Did not complete pre-screen

y

Enrolled (n=22)

procedures (n=131)
* Declined to participate (n=6)
* Other reasons (n=2)

v

Planned to receive Etelcalcetide (n=22)
* Received Etelcalcetide (n=18)

* Did not receive Etelcalcetide (n=4)
¢ 1 lost to follow-up
¢ 2 had no drug coverage for study
drug
¢ 1 did not participate in study
procedures beyond initial blood
draw

y

Lost to follow up (n=2)
* 1 had COVID-19 infection
¢ 1 hospitalized for several weeks

Discontinued Etelcalcetide (n=3)
¢ 2 deceased (1 due to COVID-19, 1

v

Enrolled in bone biopsy (n=10)

l

Planned to receive Etelcalcetide (n=10)
* Received Etelcalcetide (n=8)

¢ Did not receive Etelcalcetide (n=2)
* 1 had no drug coverage for study
drug
¢ 1 did not participate in study
procedures beyond initial blood
draw

Unable to be biopsied (n=2)
* 2 due to COVID-19 lockdown

Discontinued Etelcalcetide (n=1)

due to multiorgan failure)

¢ 1 underwent parathyroidectomy

* 1 deceased (due to COVID-19)

v

Imaging analysis (n=13)
Biochemical analysis (n=13)

Bone biopsy (n=5)

Figure 1. Consort diagram. COVID-19, coronavirus disease 2019. Figure 1 can be viewed in color online at www.cjasn.org.

Baseline Levels of Biochemical Studies and Areal Bone
Mineral Density

Before the dose titration period began, the mean first
and second screening PTH was 1288+488 and 1434+522
pg/ml, respectively. Baseline blood and areal bone min-
eral density by DXA were measured before etelcalcetide
administration (Table 2 and Supplemental Table 3). Base-
line median levels of bone-specific alkaline phosphatase
and C-telopeptide were approximately two-fold and ten-
fold greater than the premenopausal reference ranges,
respectively. Levels of intact and C-terminal FGF23 and
sclerostin were markedly elevated above their respective
reference ranges.

Mean T-scores were within the osteopenic range for all
sites except the lumbar spine. The first quartile of the
T-score for both the one-third (—2.69) and ultra-distal ra-
dius (—2.69) were within the osteoporotic range.

Serum Studies at Each Visit

On the basis of the levels of intact PTH obtained in
the hemodialysis unit for clinical management, median
levels of intact PTH required 24 weeks to reach the trial-
specific target range of 2-5 times upper limit of normal
(Supplemental Figure 2). Fifty-three percent and 69% of
participants met the PTH target by 24 and 36 weeks, re-
spectively. The levels of whole PTH 1-84 and the bone
formation and resorption markers, bone-specific alkaline
phosphatase, and C-telopeptide, respectively, at baseline
and 36 weeks are presented in Table 2. At 12 and 36 weeks
compared with the baselined levels of PTH 1-84 levels
(P < 0.05 for both), bone-specific alkaline phosphatase
(P < 0.001 for 36 weeks), C-telopeptide (P < 0.05 for
both), and sclerostin (P < 0.01 for 36 weeks) decreased.
The levels of C-terminal FGF23 did not change significantly
over the course of the trial.
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Table 1.
conducted in New York

Characteristic

Baseline characteristics of participants who completed a prospective, open-label, single-arm clinical trial of etelcalcetide

Completed Trial (n=13)

Biopsy (1n=>5) No Biopsy (n=8)

Baseline age, median (IQR)
Sex, n (%)
Female
Race, n (%)
White
Black
Native Hawaiian
Unknown
Ethnicity, n (%)
Hispanic/Latinx
Non-Hispanic
Weight, kg, median (IQR)
Height, cm, median (IQR)
Tobacco usage, n (%)
Never
Current
Past
Alcohol use, n (%)
Never
Former
Current
Comorbidities, n (%)
Hypertension
Congestive heart failure
Coronary heart disease
MI
Hyperlipidemia
Stroke
Type II diabetes
Liver disease
Known osteoporosis at any skeletal site, n (%)
Yes
No
Menopause?, n (%)
Premenopausal
Menopausal
Medications, n (%)
Prednisone
Vitamin D2/D3 supplement
Vitamin D receptor analog
Phosphate binder
Calcium acetate
Sevelamer
Calcium carbonate
Atraumatic fractures, n (%)
Yes
No
Biochemical screenings mean (min, max)
PTH time 1 (KDIGO reference range: 160-721 pg/ml)
PTH time 2 (KDIGO reference range: 160-721 pg/ml)
Calcium (reference range 8.6-10.0 mg/dl)
Total alkaline phosphatase (reference range
46-116 IU/L)
Phosphorus (reference range 2.8-4.5 mg/dl)

1288 (815, 2570)
1434 (957, 2632)

51 (44-61) 55 (40-61) 50 (45-55)
6 (46) 4 (80) 2 (25)
2 (15) 0 (0) 2 (25)
7 (54) 4 (80) 3 (38)
3 (23) 0 (0) 337)
1(8) 1 (20) 0(0)
2 (15) 1 (20) 1 (13)
11 (85) 4 (80) 7 (88)

79 (66-86) 86 (79-91) 67 (58-82)

163 (155-168) 155 (155-161) 164 (163-169)
6 (46) 1 (20) 5 (62.5)
5 (39) 2 (40) 3 (37.5)
2 (15) 2 (40) 0 (0)
3 (23) 0 (0) 3 (38)
7 (54) 4 (80) 3 (38)
3 (23) 1 (20) 2 (25)
12 (92) 4 (80) 8 (100)
4 (31) 2 (40) 2 (25)
6 (46) 3 (60) 3 (38)
1) 0 (0) 1(13)
3 (23) 1 (20) 2 (25)
1(8) 0 (0) 1 (13)
4 (31) 2 (40) 2 (25)
1(8) 0 (0) 1 (13)
1(8) 0 (0) 1 (13)
12 (92) 5 (100) 7 (88)
1(1.7) 1 (25) 0 (0)

5 (833) 3 (75) 2 (100)
3 (23) 2 (40) 1 (13)
5 (39) 2 (40) 3 (38)
11 (85) 5 (100) 6 (75)
1(7.7) 0 (0) 1 (13)
7 (53.9) 2 (40) 5 (63)
1(7.7) 0 (0) 1 (13)
4 (31) 1 (25) 3 (38)
9 (69) 4 (75) 5 (63)

1122 (836, 1553)
1429 (957, 2632)
94 (9,9.7)
116 (85, 163)

1393 (815, 2570)
1437 (962, 1998)
9.2 (8.7, 9.7)
116 (51, 182)

93 (8.7,9.7)
116 (51, 182)
62 (52, 6.8)

6.0 (5.0, 6.9) 6.3 (5.4, 6.8)

Global Outcomes.

IQR, interquartile range; MI, myocardial infarction; PTH, parathyroid hormone; KDIGO, Kidney Disease Improving

“Six female participants were included in the trial, four of them were in the biopsy arm and two were not in the biopsy arm.

Skeletal Imaging Pretreatment versus Post-Treatment
DXA, trabecular bone score, and HR-pQCT were used
to compare differences in areal and volumetric bone
density, microarchitecture, geometry, and biomechanical
estimates of bone mechanical properties at the central
and peripheral skeleton before and after 36 weeks of
etelcalcetide-induced PTH suppression (Table 2). By

DXA, there were increases in areal bone mineral density
at the spine, femoral neck, and total hip, respectively.
These corresponded to increases in age-adjusted and
sex-adjusted Z-scores of 0.3+0.1, 0.4=0.1, and 0.2*0.1
at the lumbar spine, femoral neck, and total hip, respec-
tively. By trabecular bone score, spine trabecular micro-
architecture improved by 10%*2%. By HR-pQCT at the
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Table 2. Biochemical and bone imaging baseline, follow-up, and change data throughout the trial

Biochemicals Baseline Visit 36-wk Visit Change (%) P Value

Whole PTH 1-84, pg/ml* 692 (561-732) 156 (82-239) —67*9 <0.001

Calcium, mg/dl 9.3 (9.0-9.6) 9.3 (8.4-10.1) —2*3 0.5

Phosphate, mg/dl 6.2 (5.2-6.8) 59 (4.8-6.8) —-1+11 0.7

Bone-specific alkaline 59.9 (40.0-71.3) 26.0 (20.5-36.7) —45+4 <0.001
phosphatase, U/L,°

C-telopeptide, ng/ml," 6.7 (3.8-10.6) 2.2 (0.8-5.4) —63*6 <0.001

FGF23 C-terminal, RU/mL,° 9148 (6678-13,176) 8856 (1694-19,465) -15*13 0.2

FGF23 intact, pg/ml,° 10,868 (5544-13,834) 8569 (1755-22,530) —18+13 0.2

Sclerostin, ng/ml,” 1.98 (1.11-2.46) 2.18 (1.38-3.30) 34x11 0.01

Areal bone mineral density (mg HA/cm?) mean+SEM
Lumbar spine 0.99=0.17 1.01+0.17 31 0.04
Femoral neck 0.72+0.13 0.77+0.15 7x2 0.002
Total hip 0.83x0.14 0.85x0.15 3x1 0.04
s radius 0.66>0.12 0.65+0.13 —0.6x1 0.6
Ultra-distal radius 0.39+0.09 0.39+0.09 -1=*1 0.4

Spine trabecular bone score
Trabecular bone score 1.2+0.2 1.3*0.1 102 <0.001

HR-pQCT at the radius
Stiffness 49,253+17,257 53,341+19,979 7x4 0.05
Failure load 2686+948 2903+1107 6*4 0.06
Cortical area 51*15 50+14 -3x1 <0.001
Cortical thickness 0.8+0.2 0.8+0.2 —2=*1 <0.005
Cortical pore diameter 0.2+0.02 0.18+0.03 5+3 0.07
Trabecular endocortical area 258+55 262+57 0.7£0.3 0.02
Trabecular number 1.36+0.30 1.34+0.28 —3=*1 0.01

HR-pQCT at the tibia
Stiffness 160,724 +44,270 159,507+41,150 -0.1x2 0.6
Failure load 8778+2317 8726+2157 0.02x2 0.6
Cortical area 241+47 234+45 —2=*1 0.04
Cortical thickness 48+1.0 47+1.0 —2*1 0.05
Cortical pore diameter 0.20+0.04 0.21%+0.05 4+2 0.03
Trabecular endocortical area 606+104 599+107 0.2+0.1 0.1
Trabecular number 1.2%0.2 1.1+0.2 11 0.2

N=13 for all cells except N=12 for HR-pQCT at the radius at the 36-week visit and N=11 for HR-pQCT at the tibia at the 36-week

visit. PTH, parathyroid hormone; FGF23, fibroblast growth factor 23; HR-pQCT, high-resolution peripheral quantitative

computed tomography.

Cell contents are median (interquartile range), mean (SD), or percent change (+SEM).

“Healthy population reference range 5-39 pg/ml.

PPremenopausal reference range bone-specific alkaline phosphatase 11.6-29.6 U/L, C-telopeptide 0.112-0.738 ng/ml, sclerostin

range 0.026-0.273 ng/ml.

“No reference ranges reported.

radius, finite element modeling estimates of stiffness and
failure load trended to a 7%=*4% (P = 0.05) and 6%*4%
increase (P = 0.06), respectively. In contrast to the in-
creases in the estimates of mechanical properties, there
were decreases in cortical area and thickness and trabec-
ular number and increases in trabecular endocortical
area. By HR-pQCT at the tibia, there were no changes
in finite element modeling estimates of stiffness and fail-
ure load. There were decreases in cortical area and thick-
ness and increases in average cortical pore diameter.

Relationships between PTH Suppression and Changes in
Skeletal Imaging

We used Spearman correlations and linear mixed re-
gression models to evaluate relationships between base-
line and post-treatment changes in PTH, bone-specific
alkaline phosphatase, C-telopeptide, and post-treatment
changes in skeletal imaging outcomes. By Spearman cor-
relations, there were no relationships between biochemical
measures and areal bone mineral density at any skeletal
site. At the radius by HR-pQCT, decreases in bone-specific

alkaline phosphatase and C-telopeptide were related to
increases in cortical area (rho —0.63 and —0.65; P < 0.05
for both), and decreases in C-telopeptide were associated
with increases in cortical thickness (rho —0.64; P < 0.05).
At the tibia by HR-pQCT, decreases in C-telopeptide
were associated with decreases in periosteal circumference
(rho 0.62; P < 0.05). Mixed linear models were adjusted
for baseline bone imaging and biochemical measures
(Supplemental Table 1). By DXA, decreases in PTH,
bone-specific alkaline phosphatase, and C-telopeptide
were associated with decreased areal bone mineral density
at the spine. By contrast, decreases in PTH and bone-
specific alkaline phosphatase predicted increased areal
bone mineral density at the cortical one-third radius. By
HR-pQCT at the radius, decreases in PTH and bone re-
modeling markers predicted cortical thickening and an
expansion of cortical area. However, total bone and tra-
becular density and trabecular microarchitecture im-
proved in response to either less robust decreases or
even an increase in PTH and remodeling markers. By
HR-pQCT at the tibia, decreases in PTH and bone
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Figure 2. Dynamic measures of histomorphometry from quadruple-label bone biopsy after 36 weeks of etelcalcetide treatment. Data
presented as individual values for each of the five patients. *P < 0.05; **P < 0.01; ***P < 0.001. Reference ranges (mean+SD, on the basis
of postmenopausal women aged 45-74 years)21 are as follows: MAR (0.5340.08), MS/BS (7.0+4.1), and BFR/BS (8+6). BFR/BS, bone
formation rate/bone surface; MAR, mineral apposition rate; MS/BS, mineralizing surface/bone surface.

remodeling markers predicted increases in cortical density
and decreases in cortical porosity. Similar to the radius,
less robust decreases or even an increase in PTH and bone
remodeling markers predicted increases in total and tra-
becular density, improvements in trabecular microarchi-
tecture, and increases in computational measures of bone
mechanical properties—stiffness and failure load.

Bone Biopsy

Quadruple-label bone biopsy with quantitative histo-
morphometry was used to measure pretreatment and
post-treatment dynamic measures of histomorphometry
(Figure 2 and Supplemental Figure 3) and material prop-
erties.2! There were decreases in the cancellous BFR
(mean difference —25*+4 um3/um? per year; P < 0.01),
mineralizing surface to bone surface ratio (mean difference
—18%*2%; P < 0.001) and mineral apposition rate (mean
difference 0.5+0.2 um/d; P < 0.05). Changes in dynamic
parameters at the cortical compartment were not significant
(Supplemental Figure 4). Nanoindentation and Raman
spectroscopy revealed no difference in modulus, hardness,
or collagen-mineral properties (Supplemental Figures 5
and 6).

Adverse Events

Five participants experienced adverse events during the
duration of the trial, none of which were believed to be
related to the trial intervention. The three serious adverse
events included a cardiac event during anesthesia for
arteriovenous fistula revision (N=1), a 2-week hospitali-
zation for vertigo (N=1), and COVID-19 infection (N=1).
Two participants reported nonserious adverse events,
including a gastrointestinal disorder (N=1) and cold sores
(N=1). There were two deaths, both unrelated to the trial
drug. One participant died secondary to COVID-19 in-
fection, and one participant died from multiorgan failure.

Discussion
In this single-arm pilot trial of participants on hemo-
dialysis with severe secondary hyperparathyroidism, we

found that after administration of etelcalcetide, PTH lev-
els were lowered and maintained to the lower half of the
Kidney Disease Improving Global Outcomes PTH range
in most patients by 24 weeks of drug administration and
that mean levels of circulating markers of bone formation
and resorption were suppressed compared with pretreat-
ment. By DXA and trabecular bone score at the central
skeleton, there were increases in areal bone mineral den-
sity at the spine and hip and in the trabecular bone
quality score at the spine, respectively. In contrast, by
HR-pQCT at the peripheral skeleton, we found changes
that are associated with worsening bone quality—
increases in cortical pore diameter and decreases in
cortical area and thickness. We report that PTH and
bone remodeling had differential effects on cortical and
trabecular bone, which were associated with paradoxical
findings on bone mechanical property estimates. By
quadruple-label bone biopsy, there were improvements
(via suppression) in bone remodeling without effects on
tissue material properties. These findings suggest that
PTH reduction and control by etelcalcetide in patients
on hemodialysis with severe hyperparathyroidism im-
proves areal bone mineral density and trabecular micro-
architecture at the central skeleton and suppresses bone
turnover rates.

Studies in patients with CKD stages 3—4,%? on dialysis,*®
and after transplantation?®> demonstrated that patients
with CKD have a 2- to 100-fold higher fracture risk
compared with age-matched and sex-matched individu-
als without CKD. Although antifracture strategies are
needed to mitigate the effects of CKD and osteoporosis
on morbidity and mortality,?*25 there are no therapies
with proven efficacy for the prevention of bone loss and
fracture in CKD.22” We reported increases in areal bone
mineral density at the spine, femoral neck, and total hip.
Not only are these increases in areal bone mineral density
over 36 weeks of treatment in the range of yearly gains
reported for osteoporotic agents in the general popula-
tion, but the Study to Advance Bone Mineral Density
as a Regulatory End Point reported that increases in
total hip bone mineral density of 2.7% over 24 months
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was associated with at least a 10% reduction in all-type
fractures.?® Therefore, these findings suggest that PTH
suppression with etelcalcetide may have efficacy as a
bone-protective agent in patients with hyperparathyroidism
on hemodialysis.

Owing to direct relationships between impairments in
bone density and quality and fracture risk, an optimal
antifracture agent in patients with kidney failure should
improve both these aspects of bone mechanical proper-
ties. Hyperparathyroidism impairs bone mechanics,
making it an important cause of bone loss and fractures
in patients with CKD. However, despite treatments tar-
geting biochemical abnormalities of CKD-MBD, fracture
incidence of the peripheral skeleton more than doubled
from 1992 to 2009 in patients with CKD grade 5 requiring
dialysis.?? Cinacalcet failed to significantly reduce frac-
ture incidence in the Evaluation of Cinacalcet Hydrochlo-
ride Therapy to Lower Cardiovascular Events (EVOLVE)
trial in the primary intention-to-treat analysis but did
demonstrate an antifracture signal in post hoc analyses of
older patients with more severe hyperparathyroidism.3°
Although cinacalcet has been shown to improve bone
mineral density at the proximal femur, it did not affect
spine bone mineral density.3132 Therefore, there is sig-
nificant interest in the ability of more potent PTH sup-
pression to improve both bone density at all skeletal sites
and bone quality and to lower fracture risk. Etelcalcetide
is a Food and Drug Administration-approved calcimi-
metic for the treatment of hyperparathyroidism in pa-
tients on hemodialysis.®!” In a head-to-head clinical trial
against cinacalcet, etelcalcetide was shown to provide
superior control of PTH.® We found that treatment
with etelcalcetide reduced the levels of PTH over time.
This reduction in PTH is likely responsible for our find-
ings including (1) maintained suppression of circulating
markers of bone turnover, suggesting decreased global
skeletal bone remodeling rates; (2) increased age-adjusted
and sex-adjusted Z-scores at the spine and femoral neck;
(3) improved spine trabecular microarchitecture; and (4)
lowered BFRs measured by bone biopsy. These findings
strongly support the need for large-scale investigations
on the utility of PTH reduction by etelcalcetide to protect
the skeleton in patients with hyperparathyroidism on
hemodialysis.

Although we reported improvements in areal bone
mineral density and trabecular microarchitecture at the
central skeleton and in bone remodeling, we found par-
adoxical changes in bone density and quality at the
peripheral skeleton by HR-pQCT. PTH anabolic effects
on trabecular bone may have offset catabolic effects
on cortical bone, resulting in increases in stiffness and
failure load. Although we did not detect relationships
between changes in bone turnover markers and areal
bone mineral density by DXA, we attribute this to
DXA'’s two-dimensional and low-resolution image. Over-
all, these findings are difficult to interpret in the absence
of a control group, with our small sample size, and PTH
levels not meeting the target range for most trial partic-
ipants until week 24 of the investigation. The small sample
size did not enable assessments of relationships between
variability in PTH levels, a proxy for PTH pulsatility, and
anabolic effects on the skeleton. However, numerous

studies have shown that bone loss in the setting of
hyperparathyroidism negatively affects the cortical
skeleton.1033-35 Cortical bone comprised more than
85% of the skeleton and is essential to supporting axial
loads.3¢-38 In simulated models of bone loss, reductions in
cortical thickness had greater negative effect on whole bone
strength than reductions in trabecular number or thick-
ness.* Thus, small increases in cortical porosity, from
high PTH, may disproportionately affect bone mechanics
and contribute substantially to the risk of fractures.3® Our
data suggest that more successful PTH suppression might
have mitigated cortical losses.

This is the first trial to assess bone tissue-level effects of
PTH reduction by etelcalcetide and is the first bone biopsy
trial of a calcimimetic to assess tissue effects with nano-
scale measures of bone quality. Several studies have used
paired bone biopsy methods to assess effects of the oral
calcimimetic, cinacalcet, on dynamic measures of remod-
eling.40-42 Yajima et al.*? reported that 52 weeks of cina-
calcet lowered activation frequency and fibrosis in four
patients with hyperparathyroidism on hemodialysis. Mal-
luche et al.*! evaluated the effects of 12-month treatment
with cinacalcet versus a standard-of-care comparator
group on bone histology in 32 patients (19 cinacalcet,
13 standard of care). Cinacalcet lowered activation
frequency, BFR, and fibrosis surface. The Bone Biopsy
Study for Dialysis Patients with Secondary Hyperpara-
thyroidism of End Stage Renal Disease (BONAFIDE)
study was a multicenter, open-label, single-arm study
to characterize the skeletal response of 6-12 months of
cinacalcet treatment in adult patients with hyperparathy-
roidism treated by hemodialysis.*’ Cinacalcet lowered
BFRs, and in 25% of study participants, bone histology
was normalized. The current trial used a novel quadruple-
label approach to evaluate pretreatment and post-
treatment effects of PTH suppression by etelcalcetide
on bone-tissue. We found that PTH suppression led to
reduced BFRs. All patients had high turnover before
etelcalcetide, and with 36 weeks of treatment, bone turn-
over decreased to normal or near normal (on the basis of
laboratory historical controls). Raman spectroscopy and
nanoindentation, which measure collagen and mineral
quality and bone hardness/modulus, respectively, did
not change with treatment. Although our small sample
size affected our ability to test for these outcomes, we did
not detect trends toward worsening bone tissue-level
quality due to PTH suppression.

Our trial has limitations. The small sample size is
attributed to the enrollment period coinciding with the
COVID-19 pandemic and the need for early termination.
Although the sample size affected generalizability, the
effect of etelcalcetide on suppressing PTH production
permitted adequate power to assess a primary and
some secondary trial outcomes. This was a single-arm
trial and uncontrolled; therefore, it is not possible to
determine whether the observed changes were due to
temporal trends in PTH decline rather than treatment
with etelcalcetide. Our study design permitted assessment
of the effects of etelcalcetide on skeletal outcomes rather
than identifying independent effects of PTH reduction
per se. Patients selected for this trial had high PTH despite
standard treatment for secondary hyperparathyroidism;
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thus, regression to the mean, unrelated to treatment,
may have affected some of the longitudinal PTH trends.
Furthermore, there was substantial loss to follow-up,
which could have led to selection bias.

Bone imaging assesses important aspects of bone
strength, such as bone mass (i.e., density) and micro-
structural aspects of bone quality, and can identify how
bone-targeted strategies affect the skeleton. However,
fracture studies are needed to determine efficacy of bone-
targeted therapies. The quadruple-label approach used in
our trial has not been validated against the turnover, min-
eralization, and volume system in CKD; thus, the results
may not exactly mirror those from that approach. The
quadruple-label approach quantifies changes in dynamic
but not static measures of histomorphometry. Only post-
treatment and not pretreatment bone volume is assessed by
the method. We also note that the biopsy subset of the trial
is not representative of the general CKD population because
it comprised 80% female and 80% Black participants. This
investigation used imaging methods to quantify bone vol-
ume at the peripheral skeleton where associations between
imaging-based bone volume and fracture risk have been
established. Despite these limitations, this pilot trial was
strengthened by its prospective design and use of state-of-
the-art multimodality methods to evaluate skeletal re-
sponses to PTH suppression by etelcalcetide.

In conclusion, this pilot single-arm trial found that the
use of etelcalcetide in patients with kidney failure treated
by hemodialysis was associated with improved areal bone
mineral density and trabecular bone properties at the cen-
tral skeleton. At the same time, at the peripheral skeleton,
persistent elevations in PTH were associated with cortical
bone losses along with anabolic effects on trabecular bone.
Bone biopsy demonstrated significant suppression of re-
modeling. These data suggest that etelcalcetide improves
bone properties and may be a potent therapeutic agent to
prevent bone loss and fractures in kidney failure patients
on hemodialysis. Double-blinded active comparator-
controlled trials are needed to determine whether etelcal-
cetide has antifracture efficacy in patients with kid-
ney failure.
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Supplemental Material

This article contains the following supplemental material online
at http://links.lww.com/CJN/B799.

Supplemental Methods.

Supplemental Table 1. Relationships between post-treatment
changes in levels of PTH, bone-specific alkaline phosphatase,
and C-telopeptide and post-treatment changes in bone imaging
using mixed linear models adjusted for baseline bone imaging and
biochemical measures.

Supplemental Table 2. Phosphate binders, vitamin D supple-
ment, and vitamin D receptor analog use at baseline and at
study completion.

Supplemental Table 3. Doses of phosphate binders and vitamin D
receptor analogs at baseline and at study completion.

Supplemental Table 4. Biochemical and bone imaging baseline,
follow-up, and change data throughout the trial for the participants
who underwent a bone biopsy.

Supplemental Figure 1. Study outline for the assessments of
measures collected over 36 weeks of study participation.

Supplemental Figure 2. Median levels of serum intact para-
thyroid hormone (PTH) obtained by the hemodialysis unit for
clinical management.

Supplemental Figure 3. Quadruple-label method to assess dy-
namic indices of histomorphometry. Tetracycline double label was
used at baseline before initiation of etelcalcetide (white arrow,
green fluorescence), and declomycin double label was used 36
weeks after treatment (red arrow, blue-green fluorescence). Dy-
namic indices of histomorphometry were assessed between the
individual labels.

Supplemental Figure 4. Dynamic measures of histomorphometry
in cortical bone from quadruple-label bone biopsy before and after
36 weeks of etelcalcetide treatment.

Supplemental Figure 5. Bone material strength measured by
nanoindentation in trabecular bone before and after 36 weeks of
etelcalcetide treatment.

Supplemental Figure 6. Bone crystal and collagen properties
measured by Raman spectroscopy before and after 36 weeks of
etelcalcetide treatment.
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