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Rationale & Objective: Some US hemodialysis
(HD) facilities switched from oral cinacalcet to
intravenous etelcalcetide as the primary calcimi-
metic therapy to control parathyroid hormone
(PTH) levels after the introduction of etelcalcetide
in 2017. Although clinical trials have demonstrated
the superior efficacy of etelcalcetide versus cina-
calcet, evidence comparing real-world
effectiveness is lacking.

Study Design: Prospective cohort.

Setting & Participants: Patients receiving HD
enrolled in US Dialysis Outcomes and Practice
Patterns Study facilities.

Exposure: We classified HD facilities on the basis
of whether >75% of calcimimetic users were pre-
scribed etelcalcetide (“etelcalcetide-first”) or cina-
calcet (“cinacalcet-first”) from March-August 2019.

Outcomes: PTH, calcium, and phosphorus levels
among calcimimetic users, all averaged in the 6
months after the exposure assessment period.

Analytical Approach: We used adjusted linear
regression to compare outcomes using 2 ap-
proaches: (1) cross-sectional comparison of
etelcalcetide-first and cinacalcet-first HD facilities;
(2) pre-post comparison of HD facilities that
switched from cinacalcet-first to etelcalcetide-first
using facilities that remained cinacalcet-first as a
comparison group.

Results: We identified 45 etelcalcetide-first and
67 cinacalcet-first HD facilities; etelcalcetide-first
(vs cinacalcet-first) facilities were more likely to
be from small or independent dialysis
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organizations (86% vs 22%) and had higher total
calcimimetic use (43% vs 29%) and lower active
vitamin D use (66% vs 82%). In the cross-
sectional analysis comparing etelcalcetide-first
and cinacalcet-first HD facilities, the adjusted
mean difference in PTH levels was −115 pg/mL
(95% CI, −196 to −34) and the prevalence of a
PTH level of >600 pg/mL was lower (prevalence
difference, −11.4%; 95% CI, −19.3% to −3.5%).
Among facilities that switched to etelcalcetide-
first, the mean PTH level decreased from 671 to
484 pg/mL and the prevalence of a PTH level of
>600 pg/mL decreased from 39% to 21%.
Among facilities that remained cinacalcet-first, the
mean PTH level increased from 632 to 698 pg/
mL and the prevalence of a PTH level of >600
pg/mL increased from 37% to 43%. The adjusted
difference-in-difference between the switch to
etelcalcetide-first and the continuation of
cinacalcet-first was −169 pg/mL (−249 to −90
pg/mL) for the mean PTH and −14.4% (−22.0%
to −6.8%) for a PTH level of >600 pg/mL. We
also observed slightly lower serum calcium levels
and minimal differences in serum phosphorus
levels between the etelcalcetide-first and the
cinacalcet-first facilities.

Limitations: Residual confounding.

Conclusions: We observed better PTH control in
HD facilities that switched from using cinacalcet to
etelcalcetide as the primary calcimimetic therapy.
Further research is needed to investigate how the
greater real-world effectiveness of intravenous
etelcalcetide (vs oral cinacalcet) may affect
clinical outcomes.
Secondary hyperparathyroidism is common among
patients receiving hemodialysis (HD),1 particularly in

the United States where parathyroid hormone (PTH) levels
of >600 pg/mL have become increasingly common in the
past decade.2 PTH levels of >600 pg/mL are beyond the
upper limit of the KDIGO (Kidney Disease Improving
Global Outcomes) clinical practice guidelines (2-9 times
the normal range, equating to w130-585 pg/mL)3 and
have been associated with elevated mortality risk in mul-
tiple large observational studies of patients receiving HD.4

Calcimimetic therapy is often used to control PTH levels
in patients receiving HD; oral cinacalcet therapy was
approved for US commercial use in 2004, whereas intra-
venous (IV) etelcalcetide was introduced in 2017. Etel-
calcetide was shown to be safe and effective in randomized
trials,5-7 demonstrating superior efficacy compared with
placebo8 and cinacalcet.9 Daily oral cinacalcet is susceptible
to challenges of self-management and adherence.10-13 IV
etelcalcetide has a longer half-life14,15 and is administered
thrice weekly at the end of the HD session, thus improving
adherence and decreasing pill burden.

Etelcalcetide use in the US HD setting must be placed
into the context of payment reimbursement. Under the
Medicare end-stage renal disease prospective payment
system introduced in 2011, oral renal medications without
an injectable equivalent, such as cinacalcet, were reim-
bursed outside the bundled payment via Medicare Part D.16

The introduction of IV etelcalcetide triggered a transitional
drug add-on payment adjustment period during which
calcimimetics were reimbursed under Medicare Part B for
1
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Figure 1. Facility calcimimetic type in US hemodialysis (HD)
facilities from April 2017 to February 2020. The denominator is
the total number of enrolled US Dialysis Outcomes and Practice
Patterns Study (DOPPS) HD facilities each month. Proportions
represent the percentage of calcimimetic users within each facil-
ity prescribed etelcalcetide (Etel) or cinacalcet (Cina), which will
always sum to 100% (e.g., 90% Cina implies 10% Etel). We did
not calculate % Etel/Cina for HD facilities with <5 total users
or <10% total calcimimetic use because facility calcimimetic
preference could not be reliably defined.

PLAIN-LANGUAGE SUMMARY
Elevated parathyroid hormone levels are associated with
higher mortality risk and can be treated with 2 types of
calcimimetic medications: oral cinacalcet, limited by
patient nonadherence, and intravenous etelcalcetide, a
newer but more expensive drug shown to be superior
to cinacalcet in a randomized trial setting. To gain real-
world data insights, we performed a natural experiment
by leveraging variation in US hemodialysis facility cal-
cimimetic preference and found that facilities that
switched from cinacalcet to etelcalcetide as the primary
calcimimetic therapy had lower parathyroid hormone
levels than facilities that continued to use cinacalcet as
the primary calcimimetic therapy following the intro-
duction of etelcalcetide in 2017. Despite the demon-
strated comparative effectiveness, etelcalcetide use
remains limited because of cost incentives in the US
dialysis setting.
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3 years (January 1, 2018-January 1, 2021) before the fixed
bundled payment was adjusted to include both drugs.16 As
a result of these incentives, etelcalcetide use increased
dramatically throughout 2018, particularly in small
and independent dialysis organizations that may have had
greater flexibility to evaluate etelcalcetide during the
transitional drug add-on payment adjustment period.17

Etelcalcetide use remained high (20%-25%) in small and
independent dialysis organizations in 2019 despite the
new availability of generic cinacalcet.17 With etelcalcetide
use expected to be disincentivized in favor of cinacalcet
following the expiration of the transitional drug add-on
payment adjustment period on January 1, 2021,
evidence comparing outcomes between the 2 calcimi-
metics is needed.16

In this study, we investigated the comparative effec-
tiveness of etelcalcetide versus cinacalcet in terms of PTH
control and other mineral and bone disorder (MBD)
markers, including serum calcium and phosphorus. A
prior study of US patients receiving HD showed that PTH
levels are very high among etelcalcetide initiators (median
762 [interquartile range: 510-1158 pg/mL]),16 likely
because etelcalcetide may, in some facilities, be reserved
for only those with the highest PTH levels. We performed
a natural experiment to limit the impact of this con-
founding by indication by leveraging the variation in HD
facility calcimimetic preference. We identified and
compared US HD facilities that transitioned most or all of
their calcimimetic users to etelcalcetide (“etelcalcetide-
first”) with facilities that continued to use cinacalcet as the
primary calcimimetic therapy (“cinacalcet-first”) to
address the hypothesis that etelcalcetide is more effective
at reducing PTH levels than cinacalcet in the real-world
setting.
2

METHODS

Data Source

The Dialysis Outcomes and Practice Patterns Study
(DOPPS) is an international prospective cohort study of
adult in-center patients receiving HD, ongoing since
1996.18-21 Study approval and patient consent were
obtained as required by Ethical and Independent (E&I)
Review Services. In this analysis, the source population of
potentially eligible patients included those receiving HD in
US DOPPS facilities between October 2016 and February
2020 (most updated DOPPS data when beginning anal-
ysis). This US DOPPS sample consisted of data from 3
electronic health record sources, including 2 large dialysis
organizations and a separate data extract from medium/
small dialysis organizations and independent units.

Study Design

To evaluate the comparative effectiveness of etelcalcetide
versus cinacalcet in terms of PTH control, we used 2
complementary approaches: (1) Between-facility cross-
sectional comparison—do HD facilities that use etelcalce-
tide as the primary calcimimetic therapy have better PTH
control than HD facilities that use cinacalcet as the primary
calcimimetic therapy?; (2) Within-facility pre-post com-
parison—do HD facilities that transitioned from cinacalcet
to etelcalcetide as the primary calcimimetic therapy have
subsequently better PTH control than HD facilities that
continued to use cinacalcet as the primary calcimimetic
therapy?

Etelcalcetide use was first observed in US DOPPS facil-
ities in April 2017, with prevalence steadily increasing
through early 2019. Figure 1 illustrates that many facilities
Kidney Med Vol 4 | Iss 6 | June 2022 | 100475



Figure 2. Flow chart illustrating the inclusion/exclusion criteria
for HD facilities and patients in (A) approach 1 and (B) approach
2. Exclusions were first made at the HD facility level to identify
eligible facilities, and then at the patient-level to identify eligible
patients within these facilities. Approach 1 was a cross-
sectional analysis focused on Period 2 (March-August 2019).
Approach 2 was a pre-post analysis where HD facilities were
required to be eligible in both periods whereas individual patients
could contribute to one or both periods depending on their
period-specific eligibility.
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transitioned all, or nearly all, of their calcimimetic users
from cinacalcet to etelcalcetide by early 2019 (“etelcalce-
tide-first”). In contrast, other facilities continued to pre-
scribe cinacalcet as the primary calcimimetic therapy
(“cinacalcet-first”), providing us the opportunity for a
natural experiment. On the basis of these empirical data
(Fig 1), we chose to utilize the most contemporary data for
approach 1 (2019+, after etelcalcetide use had plateaued).
For approach 2, we defined a period 1 (pre-April 2017, to
coincide with the pre-etelcalcetide era) and period 2
(2019+, as the post period) to evaluate changes in PTH
control among HD facilities that switched to etelcalcetide
as the primary calcimimetic therapy using facilities that
continued to use cinacalcet as the comparison group.

Exposure

For both approaches, the exposure of interestwasHD facility
calcimimetic preference. We defined “etelcalcetide-first”
HD facilities as >75% of calcimimetic users prescribed
etelcalcetide and “cinacalcet-first” HD facilities as >75% of
calcimimetic users prescribed cinacalcet. We used 75% as
the cut-off to flag HD facilities where a large majority of
patients were treatedwith 1 type of calcimimetic, indicating
a clear facility preference. This 75% cut-off pointwas chosen
as a compromise between 50% (larger sample, but no clear
preference) and 100% (very clear preference, but limited
sample size). We excluded facilities with little to no calci-
mimetic use (<10% use or <5 total users) because calcimi-
metic preference could not be reliably defined and facilities
with no clear calcimimetic preference (25%-75% etelcal-
cetide use among calcimimetic users). Calcimimetic type
was assessed during a single 6-month run-in period for
approach 1 (March-August 2019) and during 2 distinct
6-month run-in periods for approach 2 corresponding to
before (period 1: May-October 2016) and after (period 2:
March-August 2019) the introduction of etelcalcetide in the
United States. Facility percent etelcalcetide use during each
run-in period was based on the total number of patient-
months with a prescription for etelcalcetide divided by the
total number of patient-months with a prescription for any
calcimimetic.

Outcomes

The primary outcome was serum intact PTH level, and
secondary outcomes included albumin-corrected serum
calcium and serum phosphorus. All MBD marker outcomes
were averaged across all available measurements over the 6
months after each exposure run-in period; patients were
not required to survive or remain in the study during the
entire 6-month outcome ascertainment period, and all
patients were weighted equally regardless of the number
of PTH measurements during the outcome ascertainment
period. These patient-level outcomes were assessed as the
difference in mean values and as the difference in pro-
portion above the target range, corresponding to KDIGO
guideline recommendations for the upper limit of PTH
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level (approximately >600 pg/mL), lower limit of serum
calcium (<8.4 mg/dL), and upper limit of serum phos-
phorus (>5.5 mg/dL).3,22

Inclusion/Exclusion Criteria

Patients aged 18 years and older undergoing maintenance
HD in a US DOPPS facility during the study period were
eligible for this analysis. To address our research question
in an appropriate target population, patients were required
to have been prescribed a calcimimetic at any time during
the 6-month exposure run-in period and to have at least 2
PTH measurements (to provide a more stable estimate of
PTH control) during the subsequent outcome ascertain-
ment period. Patients with a prior history of para-
thyroidectomy at study enrollment were excluded. All the
inclusion/exclusion criteria were implemented separately
for approach 1 and approach 2 and separately for period 1
and period 2 within approach 2 (Fig 2).

Statistical Analysis

When treating the outcome (PTH, calcium, phosphorus)
as a continuous or binary variable, we used linear mixed
3
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models with a random facility intercept; for binary out-
comes, these linear models are often referred to as “linear
probability models.” Models were adjusted for both
facility-level confounders (dialysis organization size,
facility size, facility percent Black race, hospital-based, and
facility percent total calcimimetic use) and patient-level
confounders (age, sex, Black race, dialysis vintage, body
mass index, serum albumin, hemoglobin, serum potas-
sium, 13 summary comorbid conditions, and catheter
use). As a secondary analysis, we also present models that
include potential mediators (facility percent vitamin D use,
facility percent calcium-based and non–calcium-based
phosphate binder use, and facility mean dialysate calcium
concentration) that may be potentially influenced by
facility calcimimetic preference. Additionally, we per-
formed a sensitivity analysis stratifying the results by
dialysis organization size to confirm that the results were
robust to any imbalance of facility calcimimetic preference
by dialysis organization size.

For approach 1, the parameter of interest was the
coefficient of an indicator variable for the etelcalcetide-first
(reference group: cinacalcet-first) HD facility. For
approach 2, we used a difference-in-differences approach
to compare the pre-post (period 1 to period 2) difference
in MBD marker outcomes in HD facilities that switched
from cinacalcet-first to etelcalcetide-first with that in
facilities that remained cinacalcet-first in period 2. The
difference-in-differences approach implicitly accounts for
differences in period 1 PTH levels by estimating the
between-group difference between their differences in
period 2 versus period 1 PTH levels. The parameter of
interest for approach 2 was the interaction effect between
period and facility calcimimetic preference, which reflects
whether the within-facility change in PTH levels from
period 1 to period 2 differed for facilities that switched
from cinacalcet-first to etelcalcetide-first versus facilities
that remained cinacalcet-first in both periods.
RESULTS

Study Sample

For approach 1, our study sample included 2,156 calci-
mimetic users: 969 patients from 45 etelcalcetide-first
facilities and 1,187 patients from 67 cinacalcet-first facil-
ities. We excluded 38 HD facilities with little to no calci-
mimetic use (<10% use or <5 total users) because
calcimimetic preference could not be reliably defined and
44 HD facilities with no clear calcimimetic preference
(25%-75% etelcalcetide use among calcimimetic users).
For approach 2, our study sample included 34 HD facilities
that were cinacalcet-first in both period 1 and period 2 and
32 facilities that were cinacalcet-first in period 1 but
switched to etelcalcetide-first in period 2. The number of
calcimimetic users eligible for the approach 2 analysis
ranged from 500-800 per period in each group (Fig 2).
4

Patient and Facility Characteristics

The mean (standard deviation) dose among users was
15.6 (9.2) mg/week for etelcalcetide and 45.6 (32.9)
mg/day for cinacalcet. The proportion of calcimimetic
users who initiated treatment during the 6-month
exposure period was 16% in etelcalcetide-first facilities
and 15% in cinacalcet-first facilities. Other patient and
facility characteristics for etelcalcetide-first and
cinacalcet-first HD facilities are shown in Table 1.
Etelcalcetide-first (vs cinacalcet-first) HD facilities were
much less likely to be affiliated with a large or medium
dialysis organization (10+ affiliated HD facilities) (14%
vs 78%) and thus also had a higher proportion that was
hospital-based (28% vs 4%). Etelcalcetide-first (vs
cinacalcet-first) facilities also had a higher proportion of
patients prescribed any calcimimetic (43% vs 29%) and a
lower proportion of patients prescribed active vitamin D
(66% vs 82%). Patients in etelcalcetide-first (vs
cinacalcet-first) facilities tended to be older (64 vs 59
years) and less likely Black (36% vs 45%), with a shorter
median dialysis vintage (3.6 vs 4.7 years). Similar pat-
terns were observed when comparing HD facilities that
switched to etelcalcetide-first with those that remained
cinacalcet-first (Table S1).

Approach 1: Between-Facility Cross-Sectional

Comparison

MBD markers in etelcalcetide-first versus cinacalcet-first
HD facilities are summarized in Table 2. During the
outcome ascertainment period (September 2019-
February 2020), the mean PTH was 479 pg/mL in
etelcalcetide-first facilities compared with 715 pg/mL in
cinacalcet-first facilities. The proportion of calcimimetic
users with a PTH level of >600 pg/mL was 21% in
etelcalcetide-first facilities and 44% in cinacalcet-first
facilities. Comparing etelcalcetide-first with cinacalcet-
first facilities in models adjusted for confounders, the
mean PTH difference was −115 (95% confidence interval
[CI], −196 to −34) pg/mL and the prevalence difference
of PTH >600 pg/mL was −11.4% (95% CI, −19.3%
to −3.5%). Adjusted mean levels of serum calcium and
serum phosphorus were slightly lower in etelcalcetide-
first versus cinacalcet-first facilities (Table 2). Because
of the substantial differences between the crude and
adjusted estimates, we summarized the impact of step-
wise adjustment for different sets of covariates; the large
crude association with PTH was somewhat attenuated by
adjustment for facility characteristics (eg, dialysis orga-
nization size, total calcimimetic use) rather than patient
factors (Table S2). The adjusted mean PTH difference
comparing etelcalcetide-first and cinacalcet-first facilities
was similar among large and medium dialysis organi-
zations (−121; 95% CI, −250 to 8) and among small and
independent dialysis organizations (−142; 95% CI, −266
to −17) (Table S3).
Kidney Med Vol 4 | Iss 6 | June 2022 | 100475



Table 1. Patient and Facility Characteristics in Etelcalcetide-First Versus Cinacalcet-First HD Facilities

Characteristics Cinacalcet-First (n = 1,187) Etelcalcetide-First (n = 969)
N facilities 67 45
Demographics
Age (y) 59 ± 14 64 ± 14
Sex (% male) 56% 56%
Race (% Black) 45% 36%
Dialysis vintage (y) 4.7 (2.6-7.8) 3.6 (1.8-7.0)
Body mass index (kg/m2) 29.6 ± 7.7 30.6 ± 7.9

Comorbid history (%)
Coronary artery disease 27% 23%
Cerebrovascular disease 7% 9%
Heart failure 20% 24%
Peripheral vascular disease 15% 11%
Hypertension 92% 81%
Other cardiovascular disease 14% 25%
Cancer (nonskin) 5% 5%
Diabetes 63% 62%
Gastrointestinal bleeding 6% 7%
Lung disease 5% 8%
Neurologic disease 9% 4%
Psychiatric disorder 26% 27%
Recurrent cellulitis, gangrene 9% 6%

Markers of nutrition and inflammation
Serum albumin (g/dL) 3.9 ± 0.3 3.8 ± 0.3
Hemoglobin (g/dL) 10.8 ± 1.0 10.7 ± 1.1
Serum potassium (mEq/L) 4.8 ± 0.5 4.7 ± 0.5

Dialysis treatments
Catheter use (%) 10% 17%

Facility-level characteristics
Dialysis organization size (% LDO/MDO vs SDO/Ind) 78% 14%
Facility size (N patients) 87 ± 40 73 ± 31
Facility % Black race 38 ± 30 32 ± 30
Facility % calcimimetic use 29 ± 10 43 ± 17
Facility % vitamin D use 82 ± 9 66 ± 14
Facility % phosphate binder (calcium-based) use 47 ± 28 52 ± 23
Facility % phosphate binder (non–calcium-based) use 47 ± 22 49 ± 21
Facility mean dialysate calcium (mEq/L) 2.5 ± 0.1 2.6 ± 0.2
Facility type (% hospital-based) 4% 28%
Facility location (% rural) 19% 8%
Note: Results are shown as mean ± standard deviation, median (interquartile range), or percentage. The proportion with missing data was <2% for all variables, except
for Black race (14%) and dialysis vintage (7%).
Abbreviations: HD, hemodialysis; Ind, independent HD units; LDO/MDO, large/medium dialysis organizations with 10+ affiliated HD units; SDO, small dialysis
organizations (<10 affiliated units).
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Approach 2: Within-Facility Pre-Post Comparison
MBD markers in HD facilities that switched to
etelcalcetide-first versus those that remained cinacalcet-
first are summarized in Table 3. From period 1 to
period 2, the mean PTH level decreased from 671 to 484
pg/mL in facilities that switched to etelcalcetide-first and
increased from 632 to 698 pg/mL in facilities that
remained cinacalcet-first. The adjusted difference-
in-difference between facilities that switched versus
those that continued was −169 (95% CI, −249 to −90)
pg/mL. From period 1 to period 2, the percentage of
calcimimetic users with PTH level >600 pg/mL
Kidney Med Vol 4 | Iss 6 | June 2022 | 100475
decreased from 39% to 21% in facilities that switched to
etelcalcetide-first and increased from 37% to 43% in fa-
cilities that remained cinacalcet-first. The adjusted
difference-in-difference for percent PTH >600 pg/mL
was −14.5% (95% CI, −22.4% to −6.7%). Serum calcium
levels were slightly lower in facilities that switched to
etelcalcetide-first versus those that remained cinacalcet-
first, whereas serum phosphorus was not associated
with facility calcimimetic preference (Table 3). As in
approach 1, the large crude association with PTH was
attenuated more so by adjustment for facility character-
istics than patient factors (Table S4).
5



Table 2. MBD Marker Outcomes in Etelcalcetide-First Versus Cinacalcet-First US HD Facilities: Approach 1 Results.

Etelcalcetide-First
HD Facilities

Cinacalcet-First
HD Facilities

Adjusted Difference
(95% CI) P

N facilities 45 67 – –

N calcimimetic users 969 1,187 – –

Continuous outcomes

PTH (pg/mL) 479 ± 365 715 ± 564 −115 (−196, −34) 0.005
Serum Ca (mg/dL) 8.9 ± 0.6 9.1 ± 0.6 −0.12 (−0.25, 0.01) 0.07
Serum P (mg/dL) 5.5 ± 1.4 5.8 ± 1.5 −0.18 (−0.40, 0.04) 0.11

Binary outcomes

PTH >600 pg/mL 21% 44% −11.4% (−19.3, −3.5) 0.005
Ca <8.4 mg/dL 21% 13% 5.0% (−3.0, 13.0) 0.22
P >5.5 mg/dL 45% 53% −1.1% (−8.0, 5.8) 0.76
Note: Results are shown as crude mean ± standard deviation and prevalence (%). Linear mixed models with random facility intercept adjusted for HD facility char-
acteristics (dialysis organization size, facility size, facility% Black race, hospital-based, facility% total calcimimetic use) and patient characteristics (age, sex, Black race,
dialysis vintage, body mass index, serum albumin, hemoglobin, serum potassium, 13 summary comorbid conditions, catheter use). After implementing inclusion criteria
requiring PTH data, >99% of patients also had data on serum calcium and serum phosphorus.
Abbreviations: Ca, calcium; CI, confidence interval; HD, hemodialysis; P, phosphorus; PTH, parathyroid hormone.
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DISCUSSION

In this large cohort of US patients receiving HD, we
identified HD facilities that transitioned from cinacalcet to
etelcalcetide as the primary calcimimetic therapy (etelcal-
cetide-first), and found that PTH levels in these facilities
were considerably lower than those in HD facilities that
continued to use cinacalcet as the primary calcimimetic
therapy (cinacalcet-first). Results were consistent with our
hypothesis that IV etelcalcetide would have greater effec-
tiveness, with respect to PTH control, than oral cinacalcet
in the real-world setting, likely because of a combination
of greater efficacy9 and improved adherence to IV
compared with oral administration. When comparing
etelcalcetide-first to cinacalcet-first HD facilities, we also
observed slightly lower serum calcium levels and a mini-
mal difference in phosphorus levels.
Table 3. MBD Marker Outcomes in US HD Facilities That Sw
Approach 2 Results.

Switched to Etelcalcetide-
first Rem
Period 1 Period 2 Peri

N facilities 32 32 34
N calcimimetic users 612 793 536
Continuous outcomes
PTH (pg/mL) 671 ± 580 484 ± 379 632
Serum Ca (mg/dL) 9.1 ± 0.6 8.9 ± 0.6 9.1 ±
Serum P (mg/dL) 5.5 ± 1.3 5.5 ± 1.4 5.6 ±

Binary outcomes
PTH >600 pg/mL 39% 21% 37%
Ca <8.4 mg/dL 12% 19% 10%
P >5.5 mg/dL 48% 46% 48%
Note: Results shown as crude mean ± standard deviation and prevalence (%) in pe
adjusted for HD facility characteristics (dialysis organization size, facility size, faci
characteristics (age, sex, Black race, dialysis vintage, body mass index, serum albumi
Adjusted diff-in-diff (95% CI) parameter derived from the interaction effect betwe
confidence interval; HD, hemodialysis; P, phosphorus; PTH, parathyroid hormone; O
assessed September 2019-February 2020. After implementing inclusion criteria re
phosphorus.

6

We leveraged variation in US HD facility practice to
conduct a natural experiment following the introduction
of etelcalcetide therapy in 2017. Etelcalcetide is often
reserved for patients with severe secondary hyperpara-
thyroidism16; many patients are prescribed etelcalcetide as
a last resort because alternative therapies (potentially
including cinacalcet) have not effectively reduced their
PTH levels. Thus, a standard approach directly comparing
initiators of etelcalcetide to cinacalcet would likely be
severely confounded by indication. By isolating HD facil-
ities with a clear preference for one calcimimetic, the
prescribed calcimimetic type for patients included in our
study was more likely determined by facility preference
rather than biased by patient indication.

Effect estimates for the difference in PTH levels—w115
pg/mL in approach 1 and w170 pg/mL in approach
itched to Etelcalcetide-First Versus Remained Cinacalcet-First:

ained Cinacalcet-first
Adjusted Diff-in-diff
(95% CI) P

od 1 Period 2

34 – –

673 – –

± 463 698 ± 534 −169 (−249, −90) <0.001
0.5 9.0 ± 0.6 −0.10 (−0.20, −0.01) 0.04
1.4 5.8 ± 1.5 0.04 (−0.17, 0.25) 0.71

43% −14.4% (−22.0, −6.8) <0.001
13% 5.5% (−0.2, 11.3) 0.06
53% −1.9% (−9.6, 5.8) 0.62

riod 1 and period 2 columns; Linear mixed models with random facility intercept
lity % Black race, hospital-based, facility % total calcimimetic use) and patient
n, hemoglobin, serum potassium, 13 summary comorbid conditions, catheter use);
en period and facility calcimimetic preference. Abbreviations: Ca, calcium; CI,
utcomes in period 1 assessed November 2016-April 2017; outcomes in period 2
quiring PTH data, >99% of patients also had data on serum calcium and serum
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2—were even larger before covariate adjustment. Given
the HD facility-based design, it was important to account
for differences in not only patient characteristics but also
facility characteristics that may have influenced both fa-
cility calcimimetic preference and PTH levels, such as
dialysis organization size and overall percent calcimimetic
use. While imbalance between etelcalcetide-first and
cinacalcet-first HD facilities was observed for other facility-
level characteristics (eg, percent active vitamin D use), we
considered these factors to be possible mediators rather
than confounders (eg, greater etelcalcetide use may
effectively reduce PTH levels such that less vitamin D is
required); thus, in the primary analyses, we did not adjust
for these variables thought to be in the causal pathway.
Nonetheless, adjustment for these potential mediators had
minimal impact on our results (Tables S2, S4).

While Block et al9 demonstrated greater efficacy of
etelcalcetide than cinacalcet in reducing PTH levels, real-
world evidence has been limited to a handful of small
studies evaluating the impact of individual patients
switching from cinacalcet to etelcalcetide.23,24 To our
knowledge, this is the first large-scale study to formally
evaluate the comparative effectiveness of etelcalcetide
versus cinacalcet in a real-world setting. These prior small
studies,23,24 as well as a meta-analysis of randomized tri-
als25 all demonstrated better PTH control—with a poten-
tially higher risk of hypocalcemia—with etelcalcetide than
with cinacalcet. Our results were consistent with these
studies with respect to PTH control although we found
only modestly lower (w0.1 mg/dL) levels of albumin-
adjusted serum calcium levels in etelcalcetide-first versus
cinacalcet-first facilities, perhaps because of an increase in
medications to control calcium levels.17

The greater effectiveness of etelcalcetide compared to
cinacalcet is likely driven by a combination of superior
efficacy9 and increased adherence to a medication
administered intravenously (vs orally). Indeed, prior work
by Arenas et al24 showed that patients switching from
cinacalcet to etelcalcetide had improved PTH con-
trol—dramatically better among patients who were not
adherent to cinacalcet, but also better among patients who
were adherent to cinacalcet. In our facility calcimimetic
preference study, decisions to “switch” from cinacalcet to
etelcalcetide were made largely at the HD facility level, and
thus unlikely due predominantly to tolerability or adher-
ence among individual patients.

Transitioning from cinacalcet to etelcalcetide as the
primary calcimimetic therapy may improve the achieve-
ment of KDIGO guideline recommendations,3 which has
been relatively poor in the United States where >20% of
patients have PTH >600 pg/mL.2 Elevated mortality risk at
PTH >600 pg/mL has been demonstrated in large obser-
vational studies of patients receiving HD,4,26 though
treatment with cinacalcet (vs placebo) did not result in a
statistically significant reduction in the composite outcome
of mortality + cardiovascular events in the EVOLVE trial
(hazard ratio, 0.93; 95% CI, 0.85-1.02), despite effectively
Kidney Med Vol 4 | Iss 6 | June 2022 | 100475
reducing PTH levels (EVOLVE 2012).27 One may speculate
that initiating etelcalcetide as the primary calcimimetic
therapy, rather than in patients “failing” cinacalcet, may
help to control PTH levels before they become more
difficult to lower into the target range, potentially by
limiting the development of parathyroid gland hyperplasia.
Our results showing slightly lower serum calcium levels in
etelcalcetide-first than in cinacalcet-first HD facilities also
underscore the importance of monitoring calcium levels
following etelcalcetide initiation, though trials have shown
a low frequency of symptomatic hypocalcemia.5,6

Our study had some general limitations. First, residual
confounding may have biased results, given the observa-
tional study design. We implemented 2 distinct ap-
proaches, with complementary strengths and weaknesses,
and accounted for many potential confounders to mitigate
this potential bias. Second, we do not have access to
provider protocols to understand motivations for specific
treatment strategies. We thus chose to define preference
(etelcalcetide-first vs cinacalcet-first) empirically, based on
actual usage patterns. Third, the PTH assay was not stan-
dardized across US DOPPS facilities, so interassay vari-
ability may have resulted in measurement error, which
would artificially increase variability in the outcome but
would be unlikely to bias results in either direction.
Fourth, while the mean PTH models could be biased due
to the skewed distribution of PTH, we also identified
strong associations between facility calcimimetic prefer-
ence and the binary outcome (PTH >600 pg/mL), con-
firming that the associations estimated in the mean PTH
models were not driven by outlier values. Our study also
had some approach-specific limitations. For approach 1,
we observed differences between etelcalcetide-first and
cinacalcet-first facilities—many of which were likely
driven by small and independent dialysis organizations
being far more likely than large/medium dialysis organi-
zations to transition to etelcalcetide as the primary calci-
mimetic therapy. Reasons for this discrepancy in treatment
protocols were not studied; we adjusted for many con-
founders, including facility percentage total calcimimetic
use, but may not have been able to fully account for dif-
ferences in the patient populations (including socioeco-
nomic status) and other facility protocols/practices.
However, we demonstrated the robustness of results
within strata of dialysis organization size (Table S3). For
approach 2 (evaluating change within facilities), differ-
ences between facilities were mitigated, but differences in
PTH levels between period 1 and period 2 may have been
influenced by other factors changing within the same fa-
cility that may not have been fully accounted for in our
models.

Our study also had some strengths. First, we took
advantage of the introduction and adoption of etelcalcetide
in some, but not all, US HD facilities to conduct this
natural experiment. Second, the large US DOPPS sample
allowed us to compare calcimimetic users across >100 US
HD facilities. We excluded many facilities where
7
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calcimimetic preference could not be reliably defined,
either because of little to no calcimimetic use or a balanced
mix (25%-75%) of etelcalcetide and cinacalcet use among
calcimimetic users. Although it may appear that results are
no longer fully generalizable to the US HD population
once all of these facilities were excluded, our approach
required the comparison of facilities with a clear calcimi-
metic preference, and so these excluded facilities would
have biased results. Third, the detailed collection of de-
mographics, comorbidities, labs, and treatments in the
DOPPS allowed us to account for many potential con-
founders. Finally, we utilized 2 distinct approaches that
complemented one another, as each approach addressed
limitations inherent to the other approach: approach 1
used a cross-sectional between-facility design to compare
etelcalcetide-first versus cinacalcet-first HD facilities, while
approach 2 used a difference-in-differences design to
assess within-facility changes in PTH levels among HD
facilities that transitioned from cinacalcet-first to
etelcalcetide-first, using those that remained cinacalcet-first
as the comparison group. Obtaining qualitatively similar
results when using different methods with unique
strengths and weaknesses strengthens our findings.28

Our results demonstrate superior real-world effective-
ness of etelcalcetide versus cinacalcet as the primary cal-
cimimetic therapy to control PTH levels, using an
innovative HD facility calcimimetic preference approach.
Although superior efficacy of etelcalcetide compared with
that of cinacalcet has been shown in a randomized trial,9

we extended these results to a real-world setting, where
the advantages of etelcalcetide versus cinacalcet could be
expected to be even more pronounced because of better
adherence of IV versus oral medications. Despite advan-
tages in efficacy and effectiveness, etelcalcetide use remains
limited, largely because of the cost environment in the
United States.29 With the transitional drug add-on pay-
ment adjustment period expiring on January 1, 2021,
continued monitoring and analysis of trends in MBD
markers and treatments will be needed to assess the impact
of incentivizing the use of generic oral cinacalcet versus a
more expensive, but more effective, medication.16 Further
research is also needed to investigate the degree to which
the greater real-world effectiveness of IV etelcalcetide (vs
oral cinacalcet) may be driven by therapy adherence and
the impact on clinical outcomes.
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