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Abstract
Background: Early secondary hyperparathyroidism (SHPT)
diagnosis and treatment are crucial to delay the pro-
gression of SHPT and related complications, in particular,
cardiovascular events and bone fractures. Extended-
release calcifediol (ERC) has been developed for the
treatment of SHPT in patients with stage 3/4 chronic
kidney disease (CKD) and vitamin D insufficiency (VDI).
Summary: This review compares baseline characteristics
and treatment responses of SHPT patients receiving ERC in
phase 3 studies with those treated with ERC in a real-world
study. Mean ± standard deviation baseline parathyroid
hormone (PTH) levels were 147 ± 56 pg/mL and 148 ±
64 pg/mL in the phase 3 ERC cohorts, and 181 ± 98 pg/mL
in the real-world study. Other baseline laboratory pa-
rameters were consistent between the clinical and real-
world studies. ERC treatment increased 25-hydroxyvitamin
D (25(OH)D) and significantly reduced PTH levels, re-
gardless of baseline CKD stage, in all studies. In the pooled
phase 3 per-protocol populations, 74% of the ERC cohort

were uptitrated to 60 μg/day after 12 weeks at 30 μg/day,
97% attained 25(OH)D levels ≥30 ng/mL, and 40%
achieved ≥30% PTH reduction. Despite a much lower rate
of uptitration in the real-world study, 70% of patients
achieved 25(OH)D levels ≥30 ng/mL, and 40% had a ≥30%
reduction in PTH. Key Messages: These data establish a
“continuum” of clinical and real-world evidence of ERC
effectiveness for treating SHPT, irrespective of CKD stage,
baseline PTH levels, and ERC dose. This evidence supports
early treatment initiation with ERC, following diagnosis of
SHPT, VDI, and stage 3 CKD, to delay SHPT progression.

© 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Chronic kidney disease (CKD) is associated with signif-
icant morbidity and has risen up the list of leading causes of
death over the past 3 decades [1]. CKD patients contribute
significantly to the global health burden because progression
of CKDmay be associatedwith cardiovascular events, leading
to hospitalization and increased risk of death [2].
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Secondary hyperparathyroidism (SHPT) is charac-
terized by excessive secretion of parathyroid hormone
(PTH) and commonly accompanies CKD progression
[3]. SHPT is present from as early as stage 2 CKD [3, 4],
and 40% of individuals with stage 3 CKD and 82% of
individuals with stage 4 CKD are affected [5]. Prolonged
and progressive elevations in PTH levels increase the risk
of bone disease, fractures, vascular and soft tissue cal-
cification, morbidity, and mortality [3, 6–8]. In the ab-
sence of effective treatment, SHPT is progressive both in
terms of adverse changes within the parathyroid glands
and detrimental effects on multiple organ systems [2, 9,
10]. As the disease advances, the parathyroid glands
undergo nodular transformation which is accompanied
by reduced vitamin D receptor and calcium-sensing re-
ceptor expression and decreased sensitivity to the effects
of calcium and 1,25-dihydroxyvitamin D (1,25[OH]2D),

the active vitamin D hormone (shown in Fig. 1) [9, 11]. The
resulting autonomous and prolific PTH secretion, coupled
with therapeutic resistance, may eventually result in the need
for surgical intervention, i.e., parathyroidectomy [9, 12, 13].

Role of Vitamin D in SHPT in Patients with CKD

SHPT develops as a consequence of mineral metabolism
disturbances involving several biochemical parameters, in-
cluding fibroblast growth factor 23 (FGF-23) and vitamin D
metabolites, namely, 25-hydroxyvitamin D (25[OH]D) and
1,25(OH)2D [3, 6]. Vitamin D insufficiency (VDI), along
with hypocalcaemia and hyperphosphataemia, are identified
as key drivers of SHPT in the 2017 Kidney Disease: Im-
proving Global Outcomes (KDIGO) guideline for the
management of CKD-mineral bone disorder [13]. Low levels

Fig. 1. Progressive parathyroid gland hyperplasia and its effects on calcium-sensing receptor and vitamin D
receptor expression.
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of 25(OH)D, which occur more frequently in CKD patients
than in the general population [14], are independently as-
sociated with an increased risk of CKD progression, mor-
bidity, and mortality in non-dialysis CKD patients [15], as
well as being linked to elevations in PTH [3]. In the setting of
CKD, these PTH elevations are part of an adaptive process
that gradually becomes maladaptive in response to declining
kidney function [6, 9, 13]. FGF-23 levels increase to facilitate
phosphate excretion, leading to reduced production of vi-
tamin D hormone which contributes to hypocalcaemia and
increased PTH secretion from the parathyroid gland [13, 16].
The combined effect of thesemultiple pathways is to promote
the progression of SHPT [6, 9, 13].

Management of SHPT in Patients with Non-Dialysis
CKD

Published clinical data suggest that higher levels of serum
25(OH)D must be achieved in patients with CKD in order
to maximally reduce PTH than in the general population
[17–19]. According to the KDIGO guideline, dietary vita-
minD supplements (cholecalciferol or ergocalciferol) can be
used to suppress PTH, although their efficacy is unproven
[13]. Due to the increased risk of hypercalcaemia, calcitriol
and vitamin D analogues should not be routinely used in
CKD stage 3–4 [13]. Parathyroidectomy can be an effective
treatment approach; however, it is associated with a risk of
severe hypocalcaemia, and potentially persistence or re-
currence of SHPT due to residual or auto-transplanted
parathyroid tissue, as well as increased risk of hospital-
isation and mortality [7, 9, 12]. The KDIGO guideline,
therefore, suggests that parathyroidectomy should be re-
served for CKD patients with severe SHPT which is re-
sistant to pharmacological therapy [13].

Early elevations of PTH and accompanying changes in the
parathyroid glands are frequently observed fromCKD stage 2
onwards (shown in Fig. 1) [3, 4]. Defining exactly when this
process shifts from adaptive to maladaptive is challenging,
and relying on evidence from commonly used biomarkers,
such as serumphosphate, couldmeanwaiting until estimated
glomerular filtration rate (eGFR) falls below 30 mL/min/
1.73 m2 [9, 20], which could be too late. KDIGO recom-
mends that patients with CKD stages 3 and 4 with pro-
gressively rising or persistently elevated PTH levels above the
upper limit of normal should be evaluated for VDI, which
should be corrected as it is a modifiable risk factor [21].
Initiating an effective management option for SHPT at an
earlier stage of CKD may delay progression and reduce the
risk of related complications such as cardiovascular-related
events and bone fractures [9]. However, as there is currently

no globally accepted standard of care for the management of
SHPT in non-dialysis CKD patients, practice patterns can
vary by region and country. Optimal treatment for SHPT in
the early stages of CKD therefore remains undefined [4].

Management of VDI in Non-Dialysis CKD Patients with
Secondary Hyperparathyroidism

Dietary vitamin D supplements are widely used to treat
SHPT in patients with non-dialysis CKD [13]. Clinical
studies show that serum 25(OH)D levels can be raisedmore
rapidly with immediate-release formulations of calcifediol
than with supplements [22], but clinically meaningful re-
ductions in PTH are not observed [8]. Analysis of the results
of nine randomized controlled trials demonstrates that
physiological doses of immediate-release calcifediol are at
least 3 timesmore effective than cholecalciferol in increasing
25(OH)D levels [22]. However, the increases in serum
25(OH)D levels, as well as elevations in 1,25(OH)2D levels,
occur rapidly after use of immediate-release calcifediol, and
these pharmacological ‘surges’ trigger downregulation of
cytochrome P450 (CYP) 27B1 [23] and stimulate upre-
gulation of vitamin D catabolism via CYP24A1 [23–25].
This feedback loop limits further conversion of 25(OH)D to
1,25(OH)2D and leads to inactivation of vitamin D me-
tabolites and accounts for theminimal reductions in plasma
PTH levels seen with immediate-release calcifediol [24, 25].

The risks of using vitamin D receptor activators/1α-
hydroxylated drugs, namely, calcitriol, paricalcitol, dox-
ercalciferol, and alfacalcidol, include hypercalcaemia and
accelerated vascular calcification [26–29]. These were
clearly demonstrated in the PRIMO and OPERA studies,
which were designed to determine the efficacy of par-
icalcitol on cardiac endpoints such as left ventricular mass
and function in patients with stage 3–5 non-dialysis CKD
and SHPT [30, 31]. Hypercalcaemia developed in 23% of
patients in the PRIMO study and 43% of patients in the
OPERA study. The high rate of hypercalcaemia observed
in the OPERA study is of particular note as a lower dose
of paricalcitol was used than in the PRIMO analysis.
Hypercalcaemia reported in the PRIMO and OPERA
studies accounted for a large proportion of the adverse
events included in a recent meta-analysis of 6 randomized
controlled trials involving almost 800 non-dialysis CKD
patients treated with paricalcitol or alfacalcidol. Even
when the PRIMO and OPERA studies were excluded, the
meta-analysis demonstrated that there was still a sig-
nificantly increased risk of hypercalcaemia in patients
treated with active vitamin D or its analogues [26]. This
risk of hypercalcaemia prompted a reevaluation of the
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benefit/risk profile of these agents, and the 2017 KDIGO
guideline no longer recommends routine use of
1,25(OH)2D or active vitamin D analogues in patients
with stage 3–5 non-dialysis CKD [13, 21].

Assessing the Role of Extended-Release Calcifediol in
Patients with Non-Dialysis CKD: Insights from Clinical
Trials and Real-World Analyses

Extended-release calcifediol (ERC) is approved for the
treatment of SHPT in patients with stage 3 and 4 CKD
and VDI [32, 33]. Data are now available from both
randomized clinical trials and real-world studies. This
provides an opportunity to evaluate whether baseline
characteristics of patients receiving ERC in real-world
clinical settings reflect those reported in clinical trials and
to assess the clinical changes achieved with treatment in
real-world practice.

Baseline Characteristics of Patients Initiating ERC
during Phase 3 Clinical Trials and in a Real-World
Clinical Setting
Studies 3001 (NCT01651000) and 3002 (NCT01704079)

were two identical multicentre, randomized, double-blind,
26-week placebo-controlled studies of ERC in patients with
stage 3 or 4 CKD, SHPT, and VDI [34]. The common
protocol has been described previously, but to summarize,
patients received oral ERC (30 μg for 12 weeks and upti-
trated, as needed, to 60 μg until the end of the study), or
placebo, once daily at bedtime [32]. A total of 285 patients
received ERC during these studies, and an open-label ex-
tension phase allowed patients to continue ERC for up to an
additional 6 months after completing the double-blind pe-
riod (NCT02282813) [34, 35]. Patients with stage 3 or 4CKD
were also included in the MBD-AWARE real-world cohort.
A retrospective analysis of this cohort reviewed medical
records from 15 nephrology clinics in the USA and reported
the characteristics of patients who met the study criteria and
were treated with ERC (n = 174) [35].

The baseline characteristics of patients included in the
clinical trial programme were generally similar to those in
the MBD-AWARE cohort (Table 1) [34, 35]. Where the
clinical trials aimed to enrol a similar proportion of patients
with stage 3 or 4 CKD, in the real-world cohort patients
were slightly more likely to be in stage 4 (53%) when being
considered for treatment with ERC. Background co-
morbidities (primarily diabetes and hypertension) were
similar in both clinical settings. The primary cause of CKD
was unknown in 60% of patients enrolled in the MBD-
AWARE cohort, but among patients with a known cause of

CKD, a high proportion had CKD attributed to hyper-
tension (52.2%) or diabetes (43.5%). This was consistent
with the background data of CKD cause in the randomized
phase 3 clinical trial settings.

Overall, kidney function was similar between the three
populations studied, as reflected by similar baseline eGFR
measurements (Table 1). Similarities between the clinical
trial and real-world settings were also apparent when
comparing baseline levels of serum calcium, phosphorus,
and 25(OH)D. Notably, however, patients in the MBD-
AWARE cohort had higher levels of baseline intact PTH
(iPTH) than was seen in the phase 3 studies: mean iPTH
was 181.4 pg/mL in the real-world cohort versus under
150 pg/mL in the clinical trials (Table 1). When iPTH levels
in the MBD-AWARE cohort were stratified by CKD stage,
higher mean iPTH levels were seen in patients with stage 4
CKD (mean ± standard deviation [SD]: 203.6 ± 109 pg/mL)
than in patients with stage 3 CKD (156.0 ± 75 pg/mL) [35].

Dose and Duration of ERC Used in Clinical Trials and
in the Real World
In the phase 3 studies, 74% of patients were upti-

trated to the maximum dose of 60 μg after the first
12 weeks of the studies. Patients could have received
ERC for up to 52 weeks during the double-blind and
open-label extension phases with efficacy determined
at set intervals during the treatment period [34]. For
the MBD-AWARE cohort, only three (1.7%) patients
were uptitrated to the 60 μg dose and 1 patient was
downtitrated to 30 μg every other day during the re-
view period (reason for dose titration was not speci-
fied) [35]. Reasons for the lower rates of dose titration
in the real-world setting compared with the phase 3
studies may have included fewer patient visits to the
clinic and reduced monitoring of safety laboratory
parameters, resulting in less opportunity for dose ti-
tration. Alternatively, clinicians may have been unsure
of the target PTH level at different stages of CKD due
to ambiguity in the guideline and, therefore, were
comfortable leaving the dose unchanged as long as
PTH was not trending upwards. This low rate of
uptitration may also reflect a current approach where
clinicians wait to see the impact on clinical laboratory
parameters before changing ERC dose. For patients in
the MBD-AWARE cohort, the timing of laboratory
assessments after initiating therapy could have varied
between patients, and in certain instances, these as-
sessments might not have been conducted at all. Both
of these factors may have had an impact on the data
available for making informed decisions about dose
titration.
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Effectiveness and Safety of ERC in Patients with CKD
Treated during Clinical Trials and in the Real World
Pre- and post-treatment measurements of serum

25(OH)D, iPTH, serum calcium, serum phosphorus,
and eGFR are shown in Table 2. Significantly greater
declines in iPTH levels were achieved with ERC than
with placebo when assessed at the efficacy assessment
phase (EAP), defined as the average of the last 6 weeks
of the 26-week double-blind treatment period in the
phase 3 studies (primary efficacy assessment), with
33–34% of patients in the intent-to-treat cohorts of the
two phase 3 studies achieving a ≥30% reduction in
iPTH versus 7–8% in the placebo group (shown in
Fig. 2) [34]. In the real-world study, after a mean
treatment duration of 23.4 weeks (a similar length of
treatment to that assessed in the clinical trial pro-

gramme), 40.2% of patients had achieved a ≥30% re-
duction from baseline (shown in Fig. 2) with a mean
reduction of 34.1 pg/mL demonstrated [35]. The high
levels of iPTH recorded at baseline in the MBD-
AWARE cohort may have influenced the results
reported.

In the real-world cohort, levels of serum 25(OH)D
were assessed after a mean treatment duration of 24.6
weeks, and at this timepoint, 70.1% of patients had
25(OH)D levels ≥30 ng/mL [35]. Mean 25(OH)D levels
increased from 20.3 ng/mL at baseline to 44.0 ng/mL
during treatment. The proportion of patients achieving
the ≥30 ng/mL threshold in the clinical programme was
higher with between 80.2% and 83.3% of the intent-to-
treat populations achieving this level at the primary ef-
ficacy assessment [34]. This difference was more apparent

Table 1. Baseline demographics and disease characteristics of patients from the ITT population enrolled in the extended-release
calcifediol (ERC) treatment arms of the phase 3 clinical trials or included in the MBD-AWARE ERC cohort [29–31]

Phase 3 clinical trials Real-world dataset

CTAP101-CL-3001 CTAP101-CL-3002 MBD-AWAREa (n = 174)

ERC (n = 141) ERC (n = 144)

Patient demographics
Age, years, mean (SD) 65.1 (10.3) 66.8 (10.9) 69.0 (13.2)
Male, n (%) 70.0 (49.6) 73.0 (50.7) 84.0 (48.3)
Race, n (%)

White 85 (60.3) 98 (68.1) 113 (64.9)
Black or African-Americanb 50 (35.5) 43 (29.9) 34 (19.5)
Other 6 (4.2) 2 (1.4) 19 (10.9)
Not available 0.0 1 (0.7) 8 (4.6)

Body mass index, kg/m2, mean (SD) 34.1 (8.3) 34.7 (7.9) 34.2 (20.7)

CKD characteristics
CKD stage, n (%)

3 71 (50.4) 80 (55.6) 81 (46.6)
4 70 (49.6) 64 (44.4) 93 (53.4)

Primary cause of CKD, n (%)
Hypertension 54 (38.3) 49 (34.0) 36 (20.7)
Diabetes 55 (39.0) 74 (51.4) 30 (17.2)
Other 5 (3.5) 5 (3.5) 3 (1.7)
Unknown cause 27 (19.1) 16 (11.1) 105 (60.3)

Laboratory parameters
Serum calcium, mg/dL, mean (SD) 9.2 (0.29) 9.3 (0.35) 9.2 (1.3)
Serum phosphorus, mg/dL, mean (SD) 3.7 (0.55) 3.8 (0.56) 3.8 (1.3)
Plasma iPTH, pg/mL, mean (SD) 146.8 (56.01) 147.6 (64.21) 181.4 (97.6)
eGFR, mL/min/1.73 m2, mean (SD) 30.3 (11.07) 30.9 (9.90) 31.1 (14.5)
Serum 25(OH)D, ng/mL, mean (SD) 20.2 (5.08) 19.7 (5.56) 20.3 (9.2)

25(OH)D, 25-hydroxyvitamin D; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ERC, extended-release
calcifediol; iPTH, intact parathyroid hormone; NVD, nutritional vitamin D; SD, standard deviation; VDA, vitamin D analogues. aThe
MBD-AWARE study included 374 patients in total. In addition to the ERC cohort shown, 55 patients were included in the VDA cohort
and 147 patients were included in the NVD cohort. bOnly includes African-American patients in the MBD-AWARE cohort.
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in the per-protocol population, with more than 95% of
patients achieving 25(OH)D ≥30 ng/mL, and may be
attributed to the use of a lower daily dose of ERC in the
real-world cohort given the lack of uptitration [35]. The
high levels of iPTH recorded at baseline in the MBD-
AWARE cohort may have also influenced the 25(OH)D
results. Importantly, the analysis demonstrated that a
high proportion of patients obtain benefit from ERC
despite the high baseline iPTH levels and use of a low
daily ERC dose [35]. It is likely that an increased treat-

ment response may be observed in real-world settings
when ERC is uptitrated to its full dose based on clinical
decisions made following observed PTH reductions
over time.

As described in previous publications, the beneficial
impact of ERC on iPTH and 25(OH)D levels was not
accompanied by safety concerns in the clinical trial
programme [34]. Hypercalcaemia is the first sign of vi-
tamin D toxicity, but mean percentage changes in calcium
levels at EAP were <3% overall and when stratified by

Table 2. Pre- and post-treatment measurements of 25-hydroxyvitamin D, iPTH, calcium, phosphorus, and estimated glomerular
filtration rate in patients from the ITT population treated with extended-release calcifediol (ERC) in the phase 3 clinical trials or
included in the MBD-AWARE ERC cohort [34–36]

Phase 3 clinical trials Real-world dataset

CTAP101-CL-3001 CTAP101-CL-3002 MBD-AWAREa (n = 174)

ERC (n = 141) ERC (n = 144)

pre post pre post pre post

Serum 25(OH)D,
ng/mL, mean

20.2 (SD: 5.08) 67.0 (SD: 22.25)b 19.7 (SD: 5.56) 66.8 (SD: 21.41)c 20.3 (SE: 0.7) 44.0 (SE: 1.7)

Plasma iPTH, pg/mL,
mean

146.8 (SD: 56.01) 109.6 (SD: 50.95)d 147.6 (SD: 64.21) 113.1 (SD: 76.29)c 181.4 (SE: 7.4) 147.4 (SE: 7.1)

Serum calcium,
mg/dL, mean

9.2 (SD: 0.29) 9.4 (SD: 0.49)e 9.3 (SD: 0.35) 9.4 (SD: 0.35)f 9.2 (SE: 0.1) 9.3 (SE: 0.1)

Serum phosphorus,
mg/dL, mean

3.7 (SD: 0.55) 3.9 (SD: 0.62)e 3.8 (SD: 0.56) 4.0 (SD: 0.68)f 3.8 (SE: 0.1) 3.9 (SE: 0.1)

eGFR, mL/min/
1.73 m2, mean

30.3 (SD: 11.07) 29.8 (SD: 11.84)e 31.0 (SD: 9.93)g 29.4 (SD: 11.51)h 31.1 (SE: 1.1) 28.0 (SE: 0.9)

25(OH)D, 25-hydroxyvitamin D; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ERC, extended-release
calcifediol; iPTH, intact parathyroid hormone; ITT, intention-to-treat; NVD, nutritional vitamin D; PP, per protocol; SD, standard
deviation; VDA, vitamin D analogues. aThe MBD-AWARE study included 374 patients in total. In addition to the ERC cohort shown,
55 patients were included in the VDA cohort and 147 patients were included in the NVD cohort. bn = 118. cn = 124. dn = 117. en =
131. fn = 136. gn = 143. hn = 132.

Fig. 2. Proportion of patients treated with
ERC with a reduction in iPTH levels of at
least 30%* in the phase 3 and real-world
patient populations [34, 35].
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CKD stage (shown in Fig. 3). However, statistically sig-
nificant increases occurred in the CKD stage 3 group
treated with ERC in study 3001 at EAP (p < 0.005, mean ±
SD: 2.1 ± 3.16%) and in the CKD stage 4 group treated
with ERC in study 3002 at week 12 (p < 0.05, mean ± SD:
1.4 ± 4.29%) and at EAP (p < 0.005, mean ± SD: 2.2 ±
3.11%). Significant increases in serum calcium levels were
not observed when ERC was used in the MBD-AWARE
cohort with only 1.8% of patients reporting hyper-
calcaemia, a percentage consistent with the clinical trials
[35, 36].

Discussion: A Data Journey from Phase 3 to
Real-World Evidence with ERC

The goal of vitamin D therapy in patients with normal
kidney function is to replete an insufficiency of the vi-
tamin. In patients with advanced CKD, higher levels of
25(OH)D need to be reached [17, 18] in order to achieve
significant PTH reductions through both renal and ex-
trarenal production of 1,25(OH)2D [19, 37, 38]. ERC
supports both mechanisms, as was most recently shown
in data from haemodialysis and overweight non-dialysis
CKD patients with SHPT [38, 39]. An increasing volume
of data now supports the concept that patients with CKD
could benefit from early initiation of ERC to control PTH

in a physiological manner [34–36, 40]. This approach
would likely prevent an increased risk of adynamic bone
disease without the risk of adverse events usually asso-
ciated with immediate-release formulations of calcifediol
and activated vitamin analogues like calcitriol and par-
icalcitol [34–36, 40]. Clinical studies in non-dialysis CKD
patients have shown that ERC gradually and reliably
increases serum 25(OH)D, resulting in physiologically
regulated increases in serum 1,25(OH)2D and sustained
clinically relevant reductions in PTH [34], and suggest
that initiating ERC early could alleviate the long-term
challenges in controlling PTH within the desired range.
Following on from the results of the phase 3 clinical
studies, the real-world evidence summarized here sup-
ports the tolerability and effectiveness of ERC in routine
clinical practice [19, 34–36].

Up to 82% of patients with stage 3 or 4 CKD have
SHPT [3, 5] and are at increased risk of cardiovascular
events and fractures [3, 41, 42]. In both the phase 3 and
real-world settings, ERC effectiveness was unaffected
by CKD stage [34–36]. Despite the difference of
baseline PTH values characterized by higher PTH
levels in patients with stage 4 CKD in the MBD-
AWARE cohort, the achievement of a clinically rele-
vant response through increasing 25(OH)D levels,
alongside the reduction of PTH, shows consistency in
both clinical study settings. Similarly, despite lower

Fig. 3. Percentage change from baseline in serum calcium levels in patients treated with placebo or ERC at week
12 of treatment or at the end of assessment period in the phase 3 clinical trials.
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doses of ERC, a higher percentage reduction of PTH
was achieved in the MBD-AWARE cohort, which may
be in part due to the high levels of PTH recorded at
baseline. Based on the clinical evidence of benefit
gained from these datasets, initiating ERC as an early
and maintained treatment approach should be con-
sidered to prevent SHPT progression and thus limit
long-term complications.

The 2017 KDIGO clinical practice guideline rec-
ommends correcting VDI in patients with CKD
G3a–G5D using treatment strategies recommended
for the general population; however, the optimal
level of serum 25(OH)D remains undefined [13, 19].
A post hoc analysis of the phase 3 ERC data in non-
dialysis patients demonstrated that sufficiently re-
ducing plasma iPTH and bone turnover markers
required mean serum 25(OH)D levels of at least
50.8 ng/mL, a target higher than those often adopted
in clinical practice (20–30 ng/mL) [19]. During ERC
therapy, higher serum 25(OH)D levels progressively
reduced plasma iPTH levels, with a steady increase
in the percentage of patients showing at least a 30%
decrease in PTH up to the highest mean serum
25(OH)D level assessed (92.5 ng/mL) [19]. The
gradual elevation of 25(OH)D was not associated
with adverse elevation of serum calcium, phos-
phorus, or FGF-23 levels and did not increase mean
serum 1,25(OH)2D above the upper limit of normal.
Reduced kidney function and its resultant effect on
declining expression of renal CYP27B1 did not
impact conversion of 25(OH)D to 1,25(OH)2D,
which demonstrates that 25(OH)D can be activated
extra-renally by CYP27B1 in the parathyroid gland
and other tissues [19].

In conclusion, the combined analysis and outcomes
from phase 3 clinical studies and real-world evidence
provide a “continuum of clinical evidence” supporting
early and sustained treatment with ERC (starting at
30 μg/day for 12 weeks and then uptitrating, as needed,
to 60 μg/day) in non-dialysis CKD patients. This
therapeutic approach, based on adequate monitoring
of key laboratory parameters, should be established as
soon as SHPT is diagnosed in patients with stage 3
CKD as its effectiveness and tolerability in this pop-
ulation have been demonstrated. The expectation is
that this treatment approach would delay progression
of SHPT over time in patients with CKD who are at
high risk of bone fractures and cardiovascular events.
However, further research is warranted to confirm
whether PTH could be lowered to just above the upper
limit of normal for the assay and kept at a relatively

constant range, which may result in improvement in
bone integrity and lower risk of worsening vascular
calcifications.
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