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Abstract

Context: Secondary hyperparathyroidism (SHPT) is a complication of chronic kidney disease (CKD) affecting mineral and bone metabolism and
characterized by excessive parathyroid hormone (PTH) production and parathyroid hyperplasia.

Objective: The objective of this analysis was to compare the efficacy and adverse effects of extended-release calcifediol (ERC) and paricalcitol
(PCT) by assessing their effect on the biomarkers PTH, calcium, and phosphate in patients with non-dialysis CKD (ND-CKD).

Methods: A systematic literature research was performed in PubMed to identify randomized control trials (RCTs). Quality assessment was done
with the GRADE method. The effects of ERC vs PCT were compared using random effects in a frequentist setting.

Results: Nine RCTs comprising 1426 patients were included in the analyses. The analyses were performed on 2 overlapping networks, due to
nonreporting of outcomes in some of the included studies. No head-to-head trials were identified. No statistically significant differences in PTH
reduction were found between PCT and ERC. Treatment with PCT showed statistically significant increases in calcium compared with ERC
(0.2 mg/dL increase; 95% Cl, —0.37 to —0.05 mg/dL). No differences in effects on phosphate were observed.

Conclusion: This network meta-analysis showed that ERC is comparable in lowering PTH levels vs PCT. ERC displayed avoidance of potentially
clinically relevant increases in serum calcium, offering an effective and well-tolerated treatment option for the management of SHPT in patients
with ND-CKD.

Key Words: bone/mineral metabolism, hypercalcemia, hyperparathyroidism, metabolic bone disease, vitamin D

Abbreviations: 1,25(0H)2D, 1,25-dihydroxyvitamin D; 25(0H)D, 25-hydroxyvitamin D; CKD, chronic kidney disease; ER, extended-release; ERC, extended-release
calcifediol; FGF23, fibroblast growth factor 23; GRADE, Grades of Recommendation, Assessment, Development and Evaluation; KDIGO, Kidney Disease:
Improving Global Outcomes; ND-CKD, non-dialysis chronic kidney disease; PCT, paricalcitol; PRISMA, Preferred Reporting Items for Systematic Reviews
and Meta-Analysis; PTH, parathyroid hormone; RCT, randomized controlled trial; SHPT, secondary hyperparathyroidism; VDRA, vitamin D receptor activator.

Secondary hyperparathyroidism (SHPT) is a common and ma-
jor complication of chronic kidney disease (CKD) among pa-
tients on dialysis and in patients with non-dialysis chronic
kidney disease (ND-CKD). SHPT in CKD is caused by distur-
bances in metabolic parameters, including phosphate, calcium,
fibroblast growth factor 23 (FGF23), and vitamin D. The de-
creasing ability of the kidney to activate vitamin D (25[OH]
D) to its most active metabolite (1,25(OH)2D) is a key factor
that leads to an excessive secretion of parathyroid hormone
(PTH) and high blood levels of PTH. If left unaddressed, ele-
vated levels of PTH can cause bone disease and extraskeletal
calcification and increase cardiac disease risk through vascular
and visceral calcification. Additionally, prolonged hyperpara-
thyroidism leads to parathyroid hyperplasia (enlargement of
the parathyroid glands) which can cause therapeutic resistance

and the need for parathyroidectomy (a high-risk procedure to
remove or partially remove the parathyroid glands) (1). As
such, simultaneous control of various biomarkers, including
PTH, calcium, and phosphate, is essential for effective treat-
ment of SHPT and PTH-related issues in CKD.

Paricalcitol, other active vitamin D analogues (doxercalci-
ferol and alfacalcidol), and active vitamin D (calcitriol) have
been commonly used to treat SHPT in ND-CKD for several
years. However, studies indicate that these therapies aver-
sively increase serum calcium, phosphate, and FGF23 levels
(2-4). The increased risk of hypercalcemia from these treat-
ments has been demonstrated in randomized controlled
trials (RCTs), such as the PRIMO and OPERA trials of pari-
calcitol vs placebo (35, 6), and in Cozzolino et al (2021) (7).
Consequently, the latest Kidney Disease: Improving Global
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Outcomes (KDIGO) guidelines (8) highlighted this risk as the
predominant reason for changing the treatment recommenda-
tions for ND-CKD stage 3-5 patients. In the updated guide-
lines, routine use of paricalcitol, calcitriol and the other
vitamin D receptor activators (VDRAs) in CKD stages 3 to
5 is no longer recommended. Instead, these agents should be
reserved for severe and progressive SHPT in CKD stages 4-5
(8). Extended-release (ER) calcifediol (extended-release calci-
fediol is the term used within the United States, while in
Europe, the term prolonged-release calcifediol is used) has
been developed as an alternative treatment for SHPT in
CKD stages 3-4.

The objective of this study was to compare the effectiveness
of paricalcitol and ER calcifediol in impacting the biomarkers
PTH, calcium, and phosphate in patients with ND-CKD. A
systematic literature review was conducted to build a compre-
hensive collection of RCTs in which paricalcitol and ER calci-
fediol were evaluated. To study the comparative effectiveness,
study-level results identified in the systematic literature review
were synthesized using network meta-analysis (NMA).

Methods

Search Strategy and Study Selection

We conducted a systematic literature review, according to
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines (9), to identify studies
for inclusion in the NMA. The systematic literature review
was not registered with PROSPERO. The PubMed database
was searched using a predefined search strategy with
database-appropriate terms for CKD and outcomes and treat-
ment alternatives for SHPT. No restrictions were imposed on
publication date. Non-English language publications and
publications that were reviews, comments, or meta-analyses
were excluded in the search. The reference lists of all studies
that fulfilled the inclusion criteria were also searched for add-
itional publications which had not been identified in the
search strategy. Two reviewers independently performed all
stages of the study selection and data extraction.

To be included in the NMA, the publication had to present
results from an RCT comprising more than 20 adult patients
(18 years+) with documented ND-CKD. At least one patient
group in the study must have been administered ER calcifediol
or paricalcitol, and the comparator group(s) had to receive pla-
cebo treatment or no treatment. In line with the approved pos-
ology of paricalcitol and ERC, only data from the trial arms in
which patients were administered 1 to 2 pg/day of paricalcitol
and 30 to 60 pg/day of ER calcifediol were included in the ana-
lyses. If 2 or more publications reported results from the same
underlying trial and the reporting of results overlapped, only
one of the publications was included (without loss of data).
The full set of inclusion criteria are described in Table 1 and
the PubMed search facets are included in Table 2.

Data Extraction

A standardized data extraction form was created and tested
using a random sample of included publications. The 2 re-
viewers independently extracted all data to the prespecified
data form. Once extracted, disparities in the data were cor-
rected by joint re-examination of the source material by the re-
viewers. Any unresolved disagreements were adjudicated by
an arbiter.
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Quality Assessment of Evidence

The quality of the evidence was assessed using the Grades of
Recommendation, Assessment, Development and Evaluation
Working Group (GRADE Working Group) methodology.
Each outcome was assessed to be of high, moderate, low,
or very low quality through joint assessment of the 5
domains included in the GRADE approach: risk of bias (do-
main 1), inconsistency (domain 2), indirectness (domain 3),
imprecision (domain 4), and publication bias (domain 5).
Evidence gathered from RCTs are initially regarded as high-
quality evidence, but can be downgraded to moderate, low,
or very low quality depending on the evaluation of these 5
domains (10).

Outcomes

The treatment outcomes recorded were the mean or median
differences in absolute values of the biomarkers PTH, cal-
cium, and phosphate from baseline to the end of the study
for all patient groups in the included studies. When not re-
ported directly, the mean or median difference was calculated
by subtracting the baseline biomarker values from the values
at the end of the study period. In such cases, the SD of the ef-
fect measure was calculated using the formula presented in the
Cochrane Handbook for Systematic Reviews of Interventions,
with the correlation coefficient set to a conservative value of
0.4 (11). If a biomarker value was reported with an accom-
panying interquartile range, the SD of the value was approxi-
mated by dividing the range of the interquartile range by
1.35 (11).

Values for PTH were converted to the common unit of pico-
grams per milliliter (pg/mL) and values for calcium and phos-
phate were converted to milligrams per deciliter (mg/dL).

Statistical Analysis

The association between treatment and impact on PTH, cal-
cium, and phosphate were estimated using mean or median
differences in all analyses.

Random-effects NMA in a frequentist framework was used
to synthesize evidence from indirect comparisons within a sin-
gle analytical framework (12, 13). Transitivity is assumed in
conducting an NMA, ie, that the comparisons of treatments
A and B can be made using indirect evidence if both have
been tested against treatment C. If evidence from direct and in-
direct comparisons are available, the validity of the transitiv-
ity assumption can be tested by assessing the consistency of
direct and indirect evidence. Given that no direct comparisons
between paricalcitol and ER calcifediol have been identified,
the data collected for this study does not allow for such tests
of consistency. Rather, regular meta-analytic procedures
were used to assess the heterogeneity of study-level results us-
ing the common I*-statistic.

To utilize the results from studies that had 2 intervention
arms and one placebo arm, the data from the placebo arm
was duplicated and compared separately to each intervention
arm. The number of patients in these duplicated placebo arms
was divided by 2 to avoid double counting of these patients in
the analyses (11).

The NMA was performed in Statal6, using the network
family of commands (14). Forest plots at the intervention level
illustrate the treatment effects on each outcome. These are
presented both separately, for paricalcitol and ER calcifediol
compared to placebo-treated patients, and for paricalcitol
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Table 1. Eligibility criteria for clinical studies used in the systematic literature review

Eligibility criteria Included

Excluded

Population

Interventions/

e Adults (18+ years) with ND-CKD, with or without SHPT o Pediatric patients

e Patients on dialysis
e Patients who have undergone parathyroidectomy

¢ Any pharmacological intervention or combination of ¢ Non-pharmacological therapies eg, surgery, dietary

comparators

interventions commonly used for the treatment of SHPT or
adjustment of SHPT-relevant biomarkers, specifically:
e nutritional vitamin D (NVD) supplementation

e cholecalciferol
e ergocalciferol
calcitriol (the active form of vitamin D)

analogues

e alfacalcidol

e paricalcitol

o doxercalciferol

calcifediol

o extended-release (PR) calcifediol

vitamin D receptor activators (VDRA)/active vitamin D

¢ immediate-release (IR) calcifediol (referred to as

calcifediol in this report)
calcimimetic
e cinacalcet

Outcomes o Treatment-specific efficacy/effectiveness

¢ Changes in biomarker levels from baseline; PTH, vitamin D
metabolites (25(OH)D and 1,25(OH)2D), Calcium,

Phosphate, FGF23
¢ Treatment-specific outcomes

¢ Hypercalcemia, hyperphosphatemia, CV event, fracture,
mortality, CKD progression, hospitalization, anemia,

reduced BMD, parathyroidectomy
Study design e Comparative RCT

Other eligibility e Studies of patients with >20 patients
criteria ¢ English language only

Comparative CCT, comparative observational studies, case
studies, case reports, economic evaluations, reviews,
meta-analyses

e Publication year: any year (until date of search: May 31,

2022)

Abbreviations: 1,25(OH)2D, 1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; BMD, bone mineral density; CKD, chronic kidney disease; FGF23,
fibroblast growth factor 23; ND-CKD, non-dialysis chronic kidney disease; PTH, parathyroid hormone; RCT, randomized controlled trial; SHPT, secondary

hyperparathyroidism.

and ER calcifediol compared to each other using the indirect
evidence.

Forest plots from a random effects meta-analysis model
were produced to assess heterogeneity between studies
through the I*-statistic. Funnel plots were used to assess pub-
lication bias and small study effects.

Results

Study Selection

The initial search for articles yielded a total of 1175 hits
on May 31, 2022. Of these, 18 publications were eligible for
inclusion in the network meta-analysis (NMA) and 9 articles
were included in the final NMA. Figure 1 shows the
PRISMA diagram for the search process.

Study and Patient Characteristics

A total of 1443 patients were randomized to study arms in the
included studies; 507 in the studies that evaluated ER calcife-
diol and 936 in studies that evaluated paricalcitol (Table 3).
Levels of PTH at baseline were elevated above normal levels

in all studies (average over all studies and patient groups:
126.8 pg/mL). Baseline levels of calcium and phosphorus
were 9.3 and 3.7 mg/dL, respectively, in the included studies.

Effect sizes were reported as unadjusted mean changes in
nearly all publications and for all outcomes. The exceptions
are Wang et al (2014) (6), which reported median changes
in PTH and Thadhani et al (2012) (5), which reported ad-
justed least-squares mean changes from a model including
treatment, visit, treatment by visit interaction, country, and
baseline value of the biomarker for all outcomes. One publica-
tion (15) reported no numerical results for PTH and another
publication (16) presented no results for calcium and phos-
phate. Therefore, it was possible to utilize 8 publications in
the analyses of each outcome and different networks are
used in the analysis of PTH compared to analyses of Ca and
P (see Table 3).

Four included publications (1 evaluating ER calcifediol and
3 evaluating paricalcitol) reported results from 3-armed trials,
where patients in 2 of the arms were administered different
doses of the active intervention (1 or 2 pg/day of paricalcitol
or 30 or 60 pg/day of ER calcifediol) (16-19). The 5 remain-
ing publications (4 evaluating paricalcitol (4-6, 15) and 1
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Table 2. PubMed search facets
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Ref Facet Search terms

1 Chronic kidney disease

(“chronic kidney disease” OR CKD OR “kidney failure” OR “renal outcome” OR “renal

outcomes” OR “renal failure”):[tiab]

2 Biomarkers or outcomes
OR

calcium OR phosphorus

OR

(“secondary hyperparathyroidism” OR SHPT

“vitamin D” OR “25(OH)D” OR “1,25(OH)”

OR

pth OR “parathyroid hormone” OR ipth OR parathormone OR
FGF-23 OR FGF23 OR “fibroblast growth factor 23”

OR

BSAP OR PINP OR CTX OR hepcidin OR “TRAP 5b” OR “calcification propensity”

OR
proteinuria
OR

hypercalcaemia OR hypercalcemia OR hyperphosphatemia

OR
progression
OR

CVD OR “cardiovascular disease” OR “cv event” OR “cardiovascular event” OR
“cardiovascular events”

OR
mortality OR death
OR

fracture OR fractures OR fx

OR

hospitalization OR hospitalisation

OR

anemia OR anaemia

OR

parathyroidectomy OR ptx

OR

“bone mineral density” OR “bone turnover” OR “bone metabolic” OR BMD OR “bone
disease” OR MBD OR “CKD-MBD”):[tiab]

3 Treatments

(calcitriol OR paricalcitol OR alfacalcidol OR alphacalcidol OR 1-hydroxycholecalciferol OR

doxercalciferol OR “vitamin D receptor agonist” OR “vitamin D receptor activator” OR
“vitamin D receptor activation” OR VDRA OR VDRAs OR calcifediol OR calcidiol OR NVD
OR “nutritional vitamin D” OR cholecalciferol OR ergocalciferol OR calcimimetic OR

cinacalcet):[tiab]
Language English[lang]
Publication type

Effect of drug therapy on biomarker levels
or outcomes in CKD

NOT (review OR comment OR meta-analysis)
#1 AND #2 AND #3 AND #4 NOT #5

evaluating ER calcifediol (20)) reported results from 2-armed
trials, in which dosing of the intervention was allowed to be
titrated over the study period.

Quality of Evidence

The assessed risk of study-level bias was generally “very low”
or “low,” with the exception of 2 studies; Alborzi et al (2008)
(16) and Lundwall et al (2015) (19) were assessed to have a
“moderate” and “high” risk of bias, respectively. All studies
were reported to be randomized and double-blinded. No trial
was stopped early. The randomization process was described
in more detail in 4 publications (6, 15, 16, 18). The random-
ization process for the study by Coyne (2013) (19) is described
in de Zeeuw (2010) (15), which presents the study design of
the underlying trial more thoroughly, while the method of
blinding was described more specifically in 2 publications
(4, 15). The number of dropouts were low in the included

studies and the dropout rate was higher than 20% in only 2
studies (5, 18).

No publication bias was detected. While some association
to the pharmaceutical industry was reported in all publica-
tions, no asymmetries or small study effects indicative of pub-
lication bias was detected in the funnel plots for any of the
outcomes (Supplementary Fig. S1 in the supplementary mate-
rials (21)). The sample sizes in the publications were generally
of low to moderate size and the number of publications uti-
lized in the analyses were moderate (8 publications, in all ana-
lyses). All in all, no limitations in the GRADE domains of risk
of bias, imprecision, or publication bias were considered se-
vere enough to warrant a downgrading of the overall quality
of evidence.

Forest plots (Supplementary Fig. S2, S3, and S$4 in the sup-
plementary materials (21)) indicate a likely presence of sub-
stantial heterogeneity in study-level effect sizes (with
P-statistics ranging from 47.1% to 78.4%). Additionally,
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Selection process of the systematic
literature review
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952 articles identified and
screened

88s articles excluded

67 full-text articles assessed for
eligibility

23 full-text articles
excluded
Reasons for exclusion:
relevant results from trial

44 articles included in
systematic literature review

Selection process for network
meta-analysis

reported in other articles
(n = 12); insufficiently

large patient group (n = 4);
non-relevant patient

group (n = 4); no relevant
results reported (n =3)

14 articles that evaluated ERC
or PCT

g articles included in NMA of
ERCand PCT

Figure 1. Study selection.

the lack of any direct comparison between paricalcitol and ER
calcifediol prohibits any evaluation of the consistency of the
network. This heterogeneity and lack of direct comparison
constitute limitations in the GRADE domains of inconsistency
and indirectness. Given these limitations, the quality of the
evidence was downgraded from high to low quality for all
outcomes.

Treatment Outcomes

PTH results

Paricalcitol and ER calcifediol both showed statistically sig-
nificant PTH-lowering effects compared to placebo (Fig. 2).
While the estimated PTH reduction from paricalcitol
(=59.5 pg/mL, 95% CI: —80.4 to —38.6 pg/mL) was larger
than the PTH reduction from ER calcifediol (—45.3 pg/mL,
95% CI: —=73.8 to —16.7 pg/mL), the resulting 14.2 pg/mL dif-
ference (95% CI: —21.4 to 50.0 pg/mL) in treatment effects
did not show statistical significance.

Calcium results

Treatment with paricalcitol caused statistically significant in-
creases in calcium vs placebo (increase: 0.31 mg/dL, 95% CI:
0.22 to 0.40 mg/dL), while the marginal increase in calcium
from treatment with ER calcifediol (increase: 0.10 mg/dL,
95% CI: —0.03 to 0.23 mg/dL) did not exhibit statistical sig-
nificance (Fig. 3). The estimated difference in effects showed
that paricalcitol raised the level of calcium by a statistically
significant 0.2 mg/dL compared to ER calcifediol (95% CI:
—0.37 to —0.05 mg/dL). Hypercalcemia was more common

5 articles not included in
network meta-analysis.
Reasons for exclusion:

relevant results from trial

reported in other articles
(n =1); non-applicable
study design (n = 3); no

relevant results reported

(n=1)

among patients that received PCT (9.25%, 47/508 patients)
than among patients who received ER calcifediol (2.1%, 7/
332 patients).

Phosphate results

Levels of phosphate increased marginally from treatment with
paricalcitol (increase: 0.15 mg/dL, 95% CI: 0.05 to 0.25 mg/
dL) and ER calcifediol (increase: 0.11 mg/dL, 95% CI:
—0.04 to 0.26 mg/dL) when compared to placebo (Fig. 4).
While the increase in phosphate from paricalcitol vs placebo
was statistically significant, the marginal 0.04 mg/dL differ-
ence (95% CI: =0.22 to 0.15 mg/dL) in effect between parical-
citol and ER calcifediol did not show statistical significance. In
most publications, the number of patients with hyperphos-
phatemia was either not reported or no cases were observed.
One publication reports 1 case of hyperphosphatemia (20)
and one publication reports that 10% of patients treated
with PCT and 12% of patients given placebo experienced hy-
perphosphatemia (135).

Discussion

In this network meta-analysis, we found comparable reduc-
tions in PTH from treatment with ER calcifediol compared
to treatment with paricalcitol, whereas treatment with pari-
calcitol increased levels of calcium compared to treatment
with ER calcifediol. Increases in phosphate were observed
upon treatment with both paricalcitol and ER calcifediol,
but these increases were small and similar between the 2
drugs. As such, reductions in PTH achieved through treatment

€202 1940100 0€ UO Jasn BOGSIT 8P BAON SPepISISAUN AG 818081 L/ L9/ 1 L/80L/SI0Ie/Wwaolwod dno-olwapese)/:sdpy Woij popeojumoq



e1429

The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 108, No. 11

Downloaded from https://academic.oup.com/jcem/article/108/11/e1424/7180818 by Universidade Nova de Lisboa user on 30 October 2023

(ponuruoo)
yim Tuy/3d 005< HId (9)
31 p/3d 7 10 Tw/3d o> (¥102)
VIN (44 €6 10°9¢1 16°€C 0'v¢ 809 0€  HIdJrp/sd 1 asop Sunrerg [oa[edIeg J ‘8D ‘HILd Suem
VIN 18°€ 196 107901 107 1€ Y4 099 49" VN 0qa9¢e[d
wnioed
JO S[2A9] U0 paseq p/3d | (s)
03 uonennumop aqissod (Z102)
VIN L€ 196 107001 10°9¢€ €re 0'¥9 STL i p/3il 7 asop Sunrelg [oad[edteg €D ‘HId  Iweypeyl,
65T e I'e L'L8 91y 0°¢¢ L'6s [4" VN 0qa3¢E[ (61)
8°LT '€ 1’6 099 'ty 0€e 8°0L 4 Aep/3 ¢ [0ID[ELIE] (§107)
L'8T y'e 1'6 889 6'8¢ 08 1'99 4! Lep/3d | Josd[edle] J ‘BD ‘HId  [[empuni
V/IN 8¢ €6 001 0'6¢ 0°¢¢ 059 €6 VN 0qade|d (81)
VIN 8¢ ¥'6 0’16 0y 0°LT 059 S6 Lep/3d ¢ [O3[EILIE] (€107)
VIN 6€ €6 0'L6 00 06T 0'v9 €6 Aep/3 1 [oadpedtied d ‘e) ‘HLd suko)
VIN 0y ¥'6 0°08¢ 0°¢T 0°¢ce 819 €Il VN 0qade|d
(Aep/3 9¢'1
JO 3sop AJiep 93e1oAe)
areydsoyd pue wniofed
“H.Ld JO S[9A9] UO paseq
uonenn asop Juanbasqns
s “qui/dd 00s<
HLd 3 Apppam o1y St 4
10 Aep/3tl 7 30 Tui/3d 005> (D)
HLLd 31 APfaam 2ot (9007)
VIN 0y €6 0°89¢ ee 0ce 9°€9 £0T 8t g 10 Lep/3d 1 asop Sunieig [O3[EILIE] d‘ed aufo)
VN b €6 6 ¥l 0'bh 00 +'89 8 VN 0qa0e|d (o1)
V/N €€ 6 0°9L VLY 0°S¢T LY 8 Lep/3d ¢ [O3[EILIE] (8007)
VIN (43 6 8'99 SLy 0'sT 9TL 8 Aep/3 1 [0I[EILIE ] HLd  'zoqy
oqade[d 01 joad[eotred Sutredwod suonedrqny :g [Pued
(wmns) Y [Pueq
661 (98e1oae) ¢ (o8eroAeR) ¢'g (9SBIdAR) )pf]  (99eIoAR) ¢'9¢ (aSeIdAR) ('7¢ (98eIdAB) £°€9 £20S Arewruung
€6l 8¢ 6 6'8v1 0ce 008 6'¥9 144" VN 0qa3¢e[d
wnpped pue q(HO)ST
‘H.Ld JO S[2A3] UO paseq
‘9T-€1 syoam Lep/3l 09 (07)
01 uonenn dn sqissod (9102)
661 L€ 6 LYl 9°0¢ 8’61 099 S8T WM TT-0 s2am 103 Lep/Srl o¢ [O1pajIo[Ed YH  d ‘BD ‘H.Ld angexdg
L6l e ¥'6 LSyl L'8¢ S¥9 89 53 VN 0qa3¢E[ (£1)
9'€T 9'¢ €6 §'811 9Tk Ty L'b9 LT Lep/3tt 09 [01PaJIOEd Y (¥107)
11T 8¢ €6 €981 L'9€ 8¢S T8s €1 Aep/3tt o¢ [o1pajIo[ed Y ‘D ‘HLd ~ 2ndeds
oqaoe[d 03 [OIPaJId[Ed dsLI[AI-PapuUANX? Surredwod suonedrqng 1y [Pueg
(qui/8u) $I0MI9U
(afHO)s7T) (Tp/Bu) (1P (QueL T symoned ur
( urnelA sreydsoyd /Swr) wnioyed (Tui/8d) Juru/ ) jo uorsnpout (1834)
surpseq surpseq surpseqg  HIJdulpseqg YIDHo duldseq s[ewdy 9, a8y  IpqunN aso(g swe Apmg Apmig loymy

suonesiqnd papnjoul ayj Jo sdnsLIdloeIRYD JUdlled "€ d|qe]



e1430 The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 108, No. 11

A a Effect (95% CI)
5 [
.83
S EQE
qé g = < : :i b ; PCT vs placebo s -59.50 (-80.40, -38.60)
248
nE—-= Z = - - - ERC vs placebo _— -45.30 (-73.80, -16.70)
T 3 ERC vs PCT — 14.20 (-21.40, 50.00)
2 < 5]
o & — 5 5 T T T T
<4 = = 85 45 -5 35
= T < <
D D= = =
@ O b
cg -‘ég a ; i ; 2 Figure 2. Estimated effects on PTH (pg/mL) from treatment with
paricalcitol (PCT) and extended-release calcifediol (ERC), compared
= ?n g with placebo (first rows) and directly compared using the indirect
© E ] ] evidence (last row).
g g [ 4
= B < <
O = — —
» QO —~
S T <2 N < @ . . . . . . . .
RO o © N with paricalcitol come with a risk of simultaneous increases in
T T levels of calcium
Q L .
E g £ The beneficial effect of paricalcitol in reducing PTH levels in
E = & 3 patients with CKD has been widely established but has been
2 E S 2 S o accompanied by an unproven belief of a greater
s 8 § § § § § PTH-lowering effect compared with calcitriol (22, 23).
Additionally, the 2016 meta-analysis by Cai et al (10 trials,
% EP ’% s 734 Patlients(i, which lcorpparefi thg efficacy and safety Qf par-
D~ S g g icalcitol and nonselective vitamin D receptor activators
g ~ 4 L . . .
N g : = % (VDRAS), did not find any difference between the therapeutic
2 E 0 R 2 = options (24). In a recent comparison of ER calcifediol and the
[ = = N e e g immediate-release formulations of calcifediol, it was shown
P £ that ER calcifediol produces larger reductions in PTH while
o g g 8 consistently attaining threshold levels of 25(OH)D (30 and
g 8 3 o 50 ng/mL) that immediate-release calcifediol was not able to
‘9-; s 2 22 2 I~ reliably attain (25). The spikes in 25(OH)D levels from
e o ™ o g immediate-release calcifediol can also lead to overexpression
—_ —_ [ . . .
% 05 = of CYP24A1, further causing increased catabolism of
< < o . .
5 5 O 25(OH)D and 1,25(OH)2D and increased expression of
L
CR 3 FGF23 (26, 27).
— - = s
% 3z S5 3 % The findings of the present analyses indicate that there are
< oo N o no statistically significant differences in PTH reduction be-
5 g == L:A tween paricalcitol and the extended-release formulation of
£ 5 R 8 calcifediol. We thereby reach a similar conclusion of nonsupe-
2w 8 2= T g rior PTH reductions from paricalcitol as have been found in
- 8 the previous comparative studies vs calcitriol and other
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Figure 3. Estimated effects on calcium (mg/dL) from treatment with
paricalcitol (PCT) and extended-release calcifediol (ERC), compared
with placebo (first rows) and directly compared using the indirect
evidence (last row).

Effect (95% CI)

PCT vs placebo —— 0.15(0.05, 0.25)
ERC vs placebo -——— 0.11(-0.04, 0.26)
ERC vs PCT —_— -0.04 (-0.22, 0.15)
225 0 25

Figure 4. Estimated effects on phosphate (mg/dL) from treatment
with paricalcitol (PCT) and extended-release calcifediol (ERC),
compared with placebo (first rows) and directly compared using the
indirect evidence (last row).

assessments of the safety of ER calcifediol in clinical practice
are needed to verify this.

The main limitations in the present study stem from the lim-
ited amount of data that was available for inclusion in the
NMA. Additional studies comprising comparable popula-
tions would allow more precise estimation of true overall ef-
fect sizes and provide statistical power to enable analyses of
effects among, for example, subsets of patients and different
drug dosing regimens. Such subset analyses could be used to
better understand the mechanisms underlying the observed
treatment effects and would hence be useful in guiding
day-to-day treatment with these drugs. Furthermore, the
lack of head-to-head trials between paricalcitol and ER calci-
fediol prevents evaluation of the consistency of the network.
While this issue is somewhat diminished by the generally com-
parable study populations in the included articles, the lack of a
direct comparison contributed to the downgrading of the
quality of evidence using the GRADE approach. At the indi-
vidual study level, however, the overall risk of bias was as-
sessed to be low, and the study designs were typically of
high quality.

The measured values of the biomarker outcomes also con-
tain uncertainties and variability, depending on, for example,
test timing, unobserved patient characteristics, and the test as-
say used. PTH in particular has been observed to have a wide
variability within patients over short time spans. Such inher-
ent measurement uncertainties in the biomarkers can affect
the study-level effects and contribute to the heterogeneity of
study-level estimates that was observed. This type of variabil-
ity might also be amplified by features of the designs of the in-
cluded studies, for instance, if the patient-level effect in a study
is determined by a single measurement or repeated measure-
ments at the end of the study period.

Despite these limitations, this NMA presents a comprehen-
sive collection of evidence regarding the comparative

e1431

effectiveness of paricalcitol and ER calcifediol in controlling
the biomarkers PTH, calcium, and phosphate in the treatment
of SHPT and PTH-related issues in CKD. The evidence pre-
sented suggests that while both paricalcitol and ER calcifediol
are equally effective in reducing levels of PTH, calcium levels
tended to increase from treatment with paricalcitol.
Therefore, ER calcifediol may be a treatment option for
SHPT in ND-CKD patients, especially in those for whom par-
icalcitol is not recommended by KDIGO guidelines, with
CKD-mineral and bone disorder (CKD-MBD).
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