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Abstract

Purpose Anemia of chronic kidney disease (CKD) has traditionally been treated with recombinant human erythropoietin
(rhEPO). Recently, daprodustat, a hypoxia-inducible factor prolyl-hydroxylase inhibitor, has also been shown to increase
hematocrit. It remains unclear whether daprodustat or rhEPO should be the treatment of choice for anemia of CKD. We
aimed to assess the efficacy and cardiovascular safety of daprodustat versus rhEPO in CKD patients.

Methods Online databases were queried in April 2022 for articles comparing the efficacy and safety of daprodustat in DD-
CKD and NDD-CKD subgroups. Results from trials were pooled using a random-effects model.

Results Data on 8245 CKD patients from eight clinical trials were included. Our results show that in comparison to
rhEPO, daprodustat maintained the same efficacy in increasing hemoglobin levels in both the DD-CKD (MD: 0.10; 95% CI
[—0.13,0.34]; p=0.50) and NDD-CKD (MD: —0.01; 95% CI [—0.38,0.35]; p =0.95) subgroups. Daprodustat significantly
lowered hepcidin levels and significantly increased TIBC in both subgroups. Additionally, daprodustat significantly reduced
the incidence of major adverse cardiovascular events (MACE) (RR: 0.89; 95% CI: 0.89-0.98; p=0.02) and its myocardial
infarction (MI) component (RR: 0.74; 95% CI: 0.59-0.92; p=0.006) in the DD-CKD subgroup.

Conclusion Daprodustat has similar efficacy compared to rhEPO for the treatment of anemia of CKD. On treatment, the
reduced experience of MACE was reported in DD-CKD patients as compared to thEPO. Furthermore, effects on iron metabo-
lism varied by parameter, with daprodustat being superior to rhEPO in some cases and inferior in others.
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Introduction

CKD is a highly prevalent condition and the third most
rapidly growing cause of mortality worldwide [1, 2]. The
2021 European Society of Cardiology (ESC) guidelines
highlighted CVD to be the leading cause of mortality in
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CKD patients, with poor mortality outcomes being prog-
nosticated even after adjusting for coronary artery disease
(CAD) comorbidities, including diabetes mellitus and hyper-
tension [2]. Anemia is a common complication of CKD [3],
and the currently recommended recombinant human eryth-
ropoietin (thEPO) or its analogs (erythropoiesis-stimulating
agents [ESAs]) and iron supplementation (intravenous and/
or oral) [4—6] are subject to safety concerns [7] with high
dose ESAs being associated with an elevated risk of car-
diovascular events and all-cause mortality [7, 8] in anemic
patients with CKD.

Daprodustat, a novel hypoxia-inducible factor prolyl
hydroxylase inhibitor (HIF-PHI), offers a potential alter-
native as an erythropoiesis stimulant in both patients with
DD-CKD and NDD-CKD. While daprodustat is known to
significantly increase hemoglobin levels as compared to pla-
cebo [9], its efficacy and cardiovascular safety in comparison
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to rhEPO remain uncertain, especially considering emerging
evidence from new trials.

Recently, a meta-analysis [10] evaluating the cardiovas-
cular safety of this drug revealed that daprodustat did not
significantly reduce the risk of the composite cardiovascular
outcome as compared to control (placebo or an active com-
parator, like erythropoietin). However, they did not compare
results against thEPO specifically. Additionally, their analy-
sis was restricted to a single broad composite outcome and
individual components namely cardiovascular death, MI,
stroke, and hospitalization for heart failure (HHF) decom-
pensation, were not evaluated independently. In addition,
the recently published Anemia Studies in CKD: erythro-
poiesis via a Novel PHI Daprodustat in Incident Dialysis
(ASCEND-ID) trial [11] studied the effects of daprodustat
in incident dialysis patients Therefore, given the conflicting
findings and paucity of evidence, we conducted an updated
meta-analysis to evaluate the efficacy and cardiovascular
safety of daprodustat in patients with DD-CKD and NDD-
CKD in comparison to those of rhEPO.

Material and methods

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement and the A Measurement Tool to Assess
Systematic Reviews (AMSTAR 2) criteria [12].

Search strategy

A comprehensive database search of MEDLINE (via Pub-
Med), Embase, Scopus, Cochrane Central Register of Con-
trolled Trials (CENTRAL), and International Clinical Trials
Registry Platform (ICTRP) was performed on 19 April 2022
to search for all relevant articles between the search date
and the conception of the databases, using keywords related
to “daprodustat,” “GSK1278863,” and “chronic kidney dis-
ease.” Additional studies were identified by manual search-
ing and snowballing by examining the references of narra-
tive reviews, systematic reviews, and meta-analyses done on
similar and related topics. Furthermore, all available gray
literature was searched, and no time or language restrictions
were set. Only relevant randomized controlled trials (RCTs)
were considered eligible for inclusion in the study.

Study selection criteria

The inclusion criteria consisted of (1) studies that were
RCTs; (2) studies with participants who have CKD and are
over the age of 18; (3) studies reporting and/or comparing
patient outcomes between thEPO (epoetins or their bio-
similars or darbepoetin) versus daprodustat; (4) studies that
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assessed at least one of the following outcomes: change in
hemoglobin levels, change in iron metabolism parameters
(hepcidin, ferritin, transferrin saturation (TSAT), total iron
binding capacity (TIBC), and total serum iron (TSI)) and
incidence of all-cause mortality, stroke, MI, MACE, and
HHF.

The exclusion criteria consisted of (1) studies without
a comparison group; (2) studies that involved individuals
without chronic kidney disease; (3) studies with data that
was neither extractable nor analyzable based on our study
aim.

Screening process and data extraction

Two reviewers (W.A. and M.U.M.) independently screened
the initially retrieved articles based on titles and abstracts,
with all relevant articles undergoing a subsequent full-text
review to determine whether they met the study selection
criteria mentioned above. Any discrepancies were resolved
via consensus or by a third reviewer (A.S.F.). If data were
missing from the manuscript or the supplementary files,
corresponding authors were contacted to gather additional
data. If SD were missing, these were imputed using the
average relative standard deviation (RSD) among studies
reporting the same outcome. This is calculated by express-
ing the SD as a percentage of the sample mean. Wherever
RSD could not be calculated due to the mean being reported
as 0, a mean of the available standard deviations was used
to estimate the SD. These approaches are approved by the
Cochrane Guide for Systematic Review for use in cases of
missing data [13].

Graphical data extraction was performed for studies
(where needed) with WebPlotDigitizer version 4.5 [14],
which is a free-to-use application employed to accurately
extract graphical data. It has been validated and proven to
have outstanding inter-rater correlations [15] (>95%) and
has been recommended for use in systematic reviews to
extract otherwise inaccessible graphical data.

Extracted parameters

Data extraction was performed by two authors, and incon-
sistencies were resolved by a third reviewer who referred
to the full-text manuscripts of the included articles. Param-
eters extracted included general article publication informa-
tion, study participant characteristics, and details regarding
change in hemoglobin levels, change in iron metabolism
parameters (hepcidin, ferritin, TSAT, TIBC, and TSI),
and incidence of all-cause mortality, stroke, MI, MACE,
and hospitalization for HHF. For studies that reported the
measured outcomes at more than one time-point after the
administration of the treatment, the most recent measure-
ment was used.
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Quality assessment (risk of bias) and certainty
in evidence

The risk of bias in individual studies was assessed using
the Cochrane risk-of-bias tool for randomized trials
[16], while certainty in evidence was assessed using the
GRADE approach [17] using the GRADEpro Software
(McMaster University and Evidence Prime Inc, Ontario,
Canada). These were done by two reviewers independently
(A.A. and M.T.M.), and in case of any disagreements, a
third reviewer was consulted (A.S.F.). Publication bias
was not assessed for any outcome since our meta-analysis
included less than ten studies [13].

Statistical analysis

All meta-analyses were performed using Review Manager
version 5.4.1 (the Cochrane Collaboration, Copenhagen,
Denmark). In the case of different follow-up intervals or
time periods, the value of the most recent available follow-
up time point was used for analysis. The pooled measure
of effect was reported as risk ratios (RRs) with a 95%
confidence interval (CIs) for dichotomous outcomes and as
mean differences (MDs) with 95% ClIs for continuous out-
comes. Forest plots were generated for all meta-analyzed
outcomes, with a minimum of two studies being used to
meta-analyze an outcome.

Due to variations among the studies, such as differ-
ences in the study setting and patient population, we used
the Mantel-Haenszel random effects model to report the
pooled RRs and the inverse variance random effects model
to report the pooled MDs. Heterogeneity was assessed
using the Higgins /? statistic, with an I* > 50% being con-
sidered significant heterogeneity. All p-values were two-
sided, and a p-value < 0.05 was considered significant for
all analyses. Sensitivity analyses were performed for out-
comes by removing one study at a time. Furthermore, sub-
group analyses were performed based on whether patients
were undergoing dialysis or not.

Results
Literature search

The initial literature search yielded 391 potentially rel-
evant articles. After applying our predetermined eligi-
bility criterion, eight studies [11, 18-24] were included
in this meta-analysis. The PRISMA flow chart (Supple-
mentary Fig. S9.2) depicts the search and study selection
process.

Study characteristics and risk of bias assessment

Our shortlisted studies included 8245 patients (51.5% males;
mean age, 62 years) with 3839 patients with DD-CKD
(daprodustat, 2013; control, 1826) and 4406 patients with
NDD-CKD over a median follow-up of 52 weeks. Supple-
mentary Table S9.1 outlines the baseline characteristics of
included studies. All our included studies had an overall
minimal risk of bias (Supplementary Figs. S2.1 and S2.2).

Effects on hemoglobin level

This outcome was reported by all eight studies (Fig. 1).

There was no difference between the daprodustat and
rhEPO arms in altering hemoglobin levels overall (MD:
0.05; 95% CI [—0.10,0.21]; p =0.50; I*=96%), as well
as independently in both the DD-CKD (MD: 0.10; 95%
CI [-0.13,0.34]; p=0.50; I’=97%) and NDD-CKD
(MD: —0.01; 95% CI [—-0.38,0.35]; p=0.95; I*’=91%)
subgroups. No significant difference was observed
between the two subgroups (p =0.60; I =0%). On per-
forming sensitivity analysis, removing the study by
Holdstock et al. [24] from the NDD-CKD group reduced
the heterogeneity (MD: 0.14; 95% CI [- 0.08,0.36];
p=0.21; = 43%), while results pertaining to DD-CKD
patients remained unchanged.

Effect on iron metabolism parameters

The outcomes concerning iron metabolism, including
changes in ferritin, hepcidin, TSAT, TIBC, and TSI were
reported by all studies (Table 1, Supplementary Figs.
S$8.1-S8.5).

The overall effect of daprodustat in improving fer-
ritin levels (MD: —17.29; 95% CI [-29.69, —4.89];
p=0.000; = 40%), hepcidin levels (MD: —26.27; 95%
CI [-34.22,-18.33]; p<0.00001; >=11%), and TIBC
(MD: 6.10; 95% CI [4.60, 7.59]; p <0.00001; I>=96%),
was significant, when compared to thEPO. In DD-CKD
patients, daprodustat significantly decreased hepcidin lev-
els (MD: —32.37; 95% CI [-41.16,—23.28]; p <0.00001;
I?=0%) and significantly increased TIBC (MD: 5.98; 95%
CI[4.26,7.71]; p<0.00001; P =95%), but demonstrated no
significant improvement in ferritin levels (MD: —17.14; 95%
CI [-39.41,5.14]; p=0.13; > =34%), TSAT (MD: — 1.23;
95% CI [—4.54, 2.08]; p=0.47; ’=76%), and TSI (MD:
1.43;95% CI1[-0.45, 3.30]; p=0.14; P=77%), when com-
pared to rhEPO. In NDD-CKD patients, daprodustat, in
comparison to thEPO, significantly lowered hepcidin levels
(MD: —19.77; 95% CI [—30.86, — 8.67]; p=0.0005; ’=0%)
and TSAT (MD: — 12.06; 95% CI [—22.89, —1.22]; p=0.03;
I?=99%) while significantly increasing TIBC (MD: 5.98;
95% CI [4.26,7.71]; p<0.00001; I>=95%). Additionally,

@ Springer



1870 European Journal of Clinical Pharmacology (2022) 78:1867-1875

Daprodustat rhEPO Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

1.8.1 DD-CKD

Holdstock 2016 -0.71 087 60 -0.25 081 20 76% -0.46[0.88,-0.04 2016

Meadowcroft 2019 029 104 171 -072 08 39 104% 1.01[0.71,1.31] 2019 =

Akizawa 2020 -016 117 133 001 102 134 11.3%  -017[-043,009 2020 =

ASCEND-D 028 077 1487 01 077 1477 164% 0.18[0.12,0.24 2021 »

ASCEND-ID 102 009 157 112 009 155 167% -010[-0.12,-0.08 2022 .

Subtotal (95% ClI) 2008 1825 62.3%  0.10[-0.13,0.34] o

Heterogeneity: Tau® = 0.06; Chi*= 141.69, df= 4 (P < 0.00001); F=97%

Testfor overall effect: Z=0.87 (P = 0.39)

1.8.2 NDD-CKD

Holdstock 2019 016 081 156 055 066 79 133% -0.39[-058,-0.20] 2019 ===

ASCEND-ND 074 088 1937 066 088 1935 16.4% 0.08[0.02,0.14] 2021 l

Nangaku 2021 156 153 108 1.21 143 109 8.0% 0.35[-0.04,0.74] 2021 !

Subtotal (95% ClI) 2201 2123 37.7% -0.01[-0.38,0.35] il

Heterogeneity: Tau®= 0.09; Chi*= 23.27, df= 2 (P < 0.00001), F=91%

Test for overall effect: Z= 0.06 (P = 0.95)

Total (95% Cl) 4209 3948 100.0%
Heterogeneity: Tau*= 0.04, Chi*= 181.03, df= 7 (P < 0.00001); F= 96%
Testfor overall effect: Z= 0,67 (P=0.50)

Testfor subaroup differences: Chi*= 027, df=1 (P = 0.60), F= 0%

Fig. 1 Forest plot displaying the effects of daprodustat vs thEPO on
hemoglobin levels of patients with DD-CKD and NDD-CKD. Leg-
end: SD, standard deviation; IV, inverse variance; CI, confidence

in this subgroup, there was no difference between the
daprodustat and thEPO arms in decreasing ferritin levels
(MD: — 18.30; 95% CI [—39.84, 3.25]; p=0.10; *=56%)
and TSI (MD:—0.30; 95% CI [-1.36, 0.77]; p=0.59;
F=38%).

On performing sensitivity analysis, removing the study
by Akizawa et al. [22] caused daprodustat to demonstrate
a significant decrease in TSAT levels in the DD-CKD sub-
group (MD: —3.67; 95% CI [-4.77,—2.56]; p <0.00001;
I?=0%), while eliminating heterogeneity as well.

0.05[-0.10, 0.21]

-1 1 2
Favours rhEPO Favours Daprodustat

'
ot

interval; df, degrees of freedom; P, probability value; DD-CKD,
dialysis-dependent chronic kidney disease; NDD-CKD, non-dialysis
dependent chronic kidney disease

Cardiovascular safety of daprodustat
MACE

This outcome was reported by five studies (Fig. 2).

The overall effect of daprodustat in reducing occur-
rences of MACE was similar to rhEPO (RR: 0.98; 95% CI.:
0.84-1.14; p=0.80; 12=45%). However, in the DD-CKD
subgroup, daprodustat significantly reduced the incidence
of MACE (RR: 0.89; 95% CI: 0.89-0.98; p=0.02; I*=0%)

Table 1 Effect of daprodustat

. . Outcomes Subgroup Number  Mean difference [95% CI]  Test for Heterogeneity
on iron metabolism parameters of studies effect P (%)
(p-value)
AHepcidin (ng/ml) DD-CKD 5 —32.37 [-41.46,—23.28] <0.001 0
NDD-CKD 3 —19.77 [-30.86,—8.67] 0.0005 O
APFerritin (ng/ml)  DD-CKD 5 —17.14 [-39.41, 5.14] 0.13 34
NDD-CKD 3 —18.30 [—-39.84, 3.25] 0.10 56
ATIBC (ug/dL) DD-CKD 5 7.00 [4.27,9.73] <0.001 92
NDD-CKD 3 5.98 [4.26,7.71] <0.001 95
ATSAT (%) DD-CKD 5 —1.23 [-4.54, 2.08] 0.47 76
NDD-CKD 3 —12.06 [-22.89,—1.22] 0.03 99
ATSI (ug/dL) DD-CKD 5 1.43 [-0.45, 3.30] 0.14 77
NDD-CKD 2 —0.30 [-1.36, 0.77] 0.59 38

DD dialysis-dependent, NDD non-dialysis dependent, CI confidence interval, TIBC total iron-binding
capacity, TSAT transferrin saturation, 7S total serum iron
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Daprodustat rhEPO Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.1.1 DD-CKD
Meadowcroft 2019 7 177 0 39 0.3% 3.37(0.20,57.81] 2019 >
ASCEND-D 455 1487 514 1477 481% 0.88[0.79,0.98) 2021 R
ASCEND-ID 19 157 15 155 52% 1.25[0.66, 2.37] 2022 S
Subtotal (95% CI) 1821 1671 53.6% 0.89 [0.80, 0.98] &
Total events 481 529
Heterogeneity: Tau®= 0.00; Chi*=1.99, df=2{(P=0.37), F=0%
Test for overall effect: Z=2.26 (P=0.02)
1.1.2 NDD-CKD
Holdstock 2019 5 170 1 80  05% 2.35[0.28,19.81] 2018 >
ASCEND-ND 464 1837 441 1935 459% 1.05[0.94,1.18] 2021 :
Subtotal (95% CI) 2107 2015 46.4% 1.05[0.94, 1.18]
Total events 469 442
Heterogeneity: Tau*= 0.00; Chi*=0.55, df=1 (P = 0.46), F=0%
Test for overall effect: Z=0.90 (P = 0.37)
Total (95% ClI) 3928 3686 100.0% 0.98 [0.84, 1.14] <&
Total events 950 971
Heterogeneity: Tau®= 0.01; Chi*=7.32, df= 4 (P=0.12); F= 45% 042 045 é é

Test for overall effect: Z=0.25 (P = 0.80)
Test for subaroup differences: Chi*=4.74, df=1 {P=0.03), F=78.9%

Fig.2 Forest plot displaying the risk of MACE for daprodustat vs
rhEPO in patients with DD-CKD and NDD-CKD. Legend: M-H,
Mantel-Haenszel method; CI, confidence interval; df, degrees of

when compared with rhEPO. In contrast, in the NDD-CKD
subgroup, only two trials were available for analysis, and
there was no difference in the risk of incidence of MACE
between the daprodustat and rhEPO arms (RR: 1.05; 95%
CI: 0.94-1.18; p=0.37; 12=0%). Meanwhile, a signifi-
cant difference was observed between the two subgroups
(p=0.03; ’=78.9%).

All-cause mortality

This outcome was reported by five studies (Supplementary
Fig. S8.6). The overall effect of daprodustat in reducing the
incidence of all-cause mortality was similar to rhEPO (RR:
1.00; 95% CI: 0.90-1.11; p=1.00; 12=0%). Furthermore,
there was no difference between the daprodustat and rhEPO
arms in reducing the risk of all-cause mortality in both the
DD-CKD (RR: 0.99; 95% CI: 0.86-1.14; p=0.88; > =0%)
and NDD-CKD (RR: 1.01; 95% CI: 0.87-1.17; p=0.87;
I’ =0%) subgroups. No significant subgroup differences
(»p=0.83; P= 0%) were observed.

Myocardial infarction

This outcome was reported by five studies (Supplementary
Fig. S8.7). The overall effect of daprodustat in reducing
occurrences of MI was similar to thEPO (RR: 0.88; 95%
CIL: 0.68-1.15; p=0.37; PP=30%). However, in the DD-CKD
subgroup, daprodustat significantly reduced the incidence
of MI (RR: 0.74; 95% CI: 0.59-0.92; p=0.006; I*=0%)
when compared with thEPO. In the NDD-CKD subgroup,

Favours Daprodustat Favours rhEPO

freedom; P, probability value; DD-CKD, dialysis-dependent chronic
kidney disease; NDD-CKD, non-dialysis dependent chronic kidney
disease

only two studies were available for analysis, and the effect
of daprodustat in increasing the risk of MI was similar to
thEPO (RR: 1.08; 95% CI: 0.84-1.38; p=0.55; ’=0%). A
significant difference was, however, observed between the
two subgroups (p =0.02; I>=80.8%).

Stroke

This outcome was reported by five studies (Supplementary
Fig. S8.8). The overall effect of daprodustat in increasing
occurrences of stroke was similar to hEPO (RR: 1.01; 95% CI:
0.61-1.67; p=0.96; P= 42%). Additionally, there was no dif-
ference between the daprodustat and rhEPO arms in reducing
the incidence of stroke in both the DD-CKD (RR: 0.78; 95%
CI: 0.50-1.20; p=0.26; ’=0%) and NDD-CKD (RR: 1.41;
95% CI: 0.86-2.29; p=0.17) subgroups. No significant differ-
ence existed between the two subgroups (p=0.08; I*=68.3%).

Hospitalization for heart failure

This outcome was reported by four studies, with only two
studies reporting data for each subgroup (Supplementary
Fig. S8.9). The overall effect of daprodustat in increasing
the risk of HHF was similar in the daprodustat and thEPO
arms (RR: 1.15; 95% CI: 0.83-1.61; p=0.40; 12=61%)
and the results of both the DD-CKD (RR: 1.01; 95% CI:
0.82-1.25; p=0.90; I°=0%) and NDD-CKD (RR: 1.02;
95% CI: 0.36-2.87; p=0.97; I’ =62%) subgroups were also
consistent with the overall effect. No significant difference
was observed between the two subgroups (p=0.99; I =0%).
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Discussion

The salient finding of our study was that changes in Hb
levels were similar across patients in both the daprodus-
tat and rhEPO arms and overall and across sub-groups.
Meta-analysis of iron metabolism data further attributed a
significant advantage to daprodustat in raising TIBC and in
lowering hepcidin and ferritin levels, regardless of dialysis
status. However, interestingly, daprodustat was found to be
significantly disadvantaged when compared to thEPO in
raising TSAT levels in the NDD-CKD subgroup. Another
notable finding was a statistically significant decrease in
the risk of MACE for patients in the DD-CKD subgroup
when treated with daprodustat vs thEPO. In the context
of their different pharmacological properties, our results
suggest that daprodustat may be the better choice for some
anemic CKD patients beyond simply being a viable alter-
native therapy.

Our meta-analysis revealed no significant difference in
change in Hb levels between patients in the daprodustat and
rhEPO treated arms, overall and across both DD-CKD and
NDD-CKD subgroups. The preceding meta-analysis [25] on
the subject also demonstrated such findings for both DD-
CKD (MD: —0.01; 95% CI [—0.38,0.35]; p=0.95; I*=91%)
and NDD-CKD (MD: 0.15; 95% CI [—0.29,0.60]; p=0.50;
I*=93%) subgroups. It is important to recognize and assess
the heterogeneity seen in these results. One possible cause
of this variation in study effect sizes may be the differences
in the durations of these studies. For instance, in the NDD-
CKD subgroup, removing the study from 2019 by Holdstock
et al. lowered the heterogeneity to 43%. This may be because
the study was less than half the duration of the others. Simi-
larly, the 2016 study by the same author in the DD-CKD
subgroup was less than a 10th duration of some of the others.
Interpreted in the context of this heterogeneity, which we
discuss further in the limitations section ahead, our results
incorporate new evidence and confirm previous studies’
conclusions that the efficacy of daprodustat in managing
anemia in patients with CKD is similar to that of rhEPO/
ESAs. This suggests that daprodustat is a potentially viable
alternative to the current standard therapy—rhEPO/ESAs
(and iron supplementation). Importantly, daprodustat is a
once-daily oral medication, whereas the current standard
treatment options are injectables. Given that their efficacy is
the same, the alleviation of risks and discomfort associated
with injections by switching to an oral drug could improve
the quality of life in anemic patients with CKD. This may be
especially true for patients requiring dialysis who are already
subject to repeated cannulation. This represents an avenue
for future research.

Our results also highlight significant differences
between daprodustat and rhEPO therapy with respect to

@ Springer

their effects on iron metabolism in patients. Daprodustat
lowered hepcidin and ferritin levels and increased TIBC
significantly more than thEPO. For hepcidin and TIBC,
these findings persisted down to the individual subgroups.
Our results for TIBC concur with those of the most recent
meta-analysis, which demonstrated a significant increase
in both the DD-CKD (MD: 33.85; 95% CI [25.06,42.64];
p<0.01; =76%) and NDD-CKD MD: 29.00; 95% CI
[19.65,38.35]; p<0.01; P=70%) subgroups. However,
our results update their findings regarding hepcidin lev-
els, for which the former study did not find a significant
advantage to daprodustat in lowering hepcidin levels in the
DD-CKD subgroup (MD: —9.26; 95% CI [—-33.69,15.16];
p=0.46; I’=87%). Furthermore, our analysis suggests
that daprodustat was significantly disadvantaged to rhEPO
in raising TSAT levels in the NDD-CKD subgroup. The
implications of these findings are of the utmost importance
since deranged iron metabolism directly contributes to the
pathogenesis of anemia in CKD patients and comes to bear
on their risk of cardiovascular disease. For instance, hep-
cidin is a key mediator in the anemia of chronic inflam-
mation and sequesters iron in a manner that precipitates
a functional iron deficiency [26]. In fact, in patients with
higher levels of inflammation, hypo-responsiveness to
rhEPO can manifest as a challenge in the effective man-
agement of anemia [25].

Moreover, TIBC is used as a biomarker for anemias of
several etiologies and is a prognostic indicator for patients
post-operatively or for those on hemodialysis, where lower
levels indicate a poorer prognosis, malnutrition, muscle loss,
and protein-energy wasting [27]. These results may thus help
illustrate aspects of daprodustat’s clinical value. Similarly,
daprodustat’s significant disadvantage to thEPO in raising
TSAT levels in the NDD-CKD subgroup may be a factor
limiting its clinical benefit. In addition to being a biomarker
for iron deficiency, low TSAT levels indicate an increased
risk for cardiovascular and cerebrovascular incidents and
death, including in dialysis-dependent patients [28, 29]. It
is interesting, then, to note that daprodustat did not have a
significantly lower risk of MACE in the NDD-CKD group
than thEPO, where it also had a significant disadvantage to
rhEPO in raising TSAT levels. Whether or not these differ-
ences in the risk of MACE between daprodustat and thEPO
are related to the corresponding differences in TSAT level
changes is a question that remains to be answered by future
research. Regarding TSAT results for the DD-CKD subgroup,
it was noted that excluding Akizawa et al.’s [22] data from
the analysis lowered the /* value from 76 to 0%, conferring
a statistically significant disadvantage to daprodustat in rais-
ing TSAT levels, similar to the findings seen in the NDD-
CKD group. This suggests that the proportion of variance
in effect size due to sampling error, for this result, decreased
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significantly with the inclusion of this study and that actual
differences in the true effect size came into play. These differ-
ences could be associated with the fact that Akizawa et al.’s
study was restricted to Japan, whereas the other studies in
the subgroup analysis were multinational. Whether restricted
only to the NDD-CKD subgroup or also applicable to the
DD-CKD subgroup, differences in TSAT level changes and
how they are associated with cardiovascular adverse events
in patients require further investigation.

The efficacy and safety of these drugs are thus signifi-
cantly affected by and reflected in their effects on patients’
iron metabolism. To that end, our analysis demonstrates
daprodustat to be superior to current therapies in several
regards, while inferior in a few cases. However, the iron
supplementation received by patients along with these treat-
ments must also be considered. In patients showing hypore-
sponsiveness to rhEPO as described previously, those treated
with daprodustat required lower doses of parenteral iron than
those treated with thEPO [18]. Investigating if this repre-
sents a decrease in the risk to patients of adverse effects
associated with excess iron supplementation, such as toxicity
due to free radical generation or the increased risk of bacte-
rial growth and infection, may yield valuable insight that
helps identify clinical scenarios where daprodustat is the
preferred treatment [25].

A major source of concern in the management of ane-
mic patients with CKD is the adverse effects associated
with treatment. These include the risks and ill effects of
iron supplementation, as discussed previously, as well as
those associated with rhEPO/ESAs. Cardiovascular dis-
ease and complications such as stroke and hypertension
are particularly important causes of patient morbidity
and mortality. Our analysis revealed daprodustat to sig-
nificantly decrease the risk of MACE when compared to
rhEPO in DD-CKD patients. Further analysis revealed
this to be attributable primarily to MI, which was the
only MACE component whose occurrence significantly
decreased in response to daprodustat therapy. Our results
refine those of a recent meta-analysis by Patoulias et al.
[10] which demonstrated no significant effect of daprodus-
tat in reducing the incidence of a composite outcome of
CV death, MI, stroke, and HHF decompensation in DD-
CKD patients (RR: 0.95; 95% CI: 0.84-1.07; p=0.39;
I=0%). Thus, in analyzing adverse outcomes separately,
we were able to identify the heightened MACE/MI risk
in some patients, as described previously. It is pertinent
to note that studies involving hemodialysis patients have
shown that levels of endogenous erythropoietin produced
in response to daprodustat are significantly lower than
those administered exogenously as thEPO/ESAs [20].
This may be of significance as, like some of the derange-
ments in iron metabolism discussed earlier, the adminis-
tration of high doses of ESAs are also associated with the

heightened risk of cardiovascular adverse events [25]. It
has been stated in the literature, therefore, that decreased
EPO levels like those seen with the use of daprodustat
instead of rhEPO may translate to lower rates of related
adverse effects [3]. However, the DD-CKD subgroup
analysis included just three studies, and only one of these
independently demonstrated a risk reduction for MACE.
Similarly, the NDD-CKD subgroup analysis was based
on just 2 studies. The result seen thus warrants cautious
interpretation and perhaps serves to raise questions for
future research to answer. In summary, further insights
into CVD risk and patient EPO levels across therapies
are needed. These may emerge from more investigations
of the interplay between the choice of therapeutic agent,
renal function, iron metabolism, and EPO levels in DD-
CKD patients.

It is crucial to emphasize that additional questions
remain to be addressed before the clinical utility of
daprodustat, in comparison to current standard therapies,
is clearly delineated. Since daprodustat acts on patients’
kidneys to stimulate endogenous EPO production, long-
term studies to assess changes in the drug’s efficacy with
the disease progression of CKD may be required. Moreo-
ver, the effect of daprodustat in producing increased VEGF
levels, which is implicated in several pathological pro-
cesses such as diabetic retinopathy and tumor metastases,
also merits the use of caution and highlights the need for
further investigation [25].

Conclusions

In conclusion, our findings incorporate new evidence and
confirm the comparative efficacy of daprodustat and stand-
ard therapy as seen in previous systematic reviews. Fur-
thermore, we highlight differences in the changes in iron
metabolism in anemic CKD patients across treatments. In
assessing the difference in MACE risk between patients
treated with daprodustat and rhEPO, we found that DD-
CKD patients are less likely to experience MACE if treated
with daprodustat. When examining these findings in the
context of the differences between the pharmacology of
daprodustat and current treatment options, it becomes clear
that there are patient cohorts where daprodustat may be a
superior choice beyond just a viable alternative medication.
However, concerns raised in previous articles regarding the
effects of daprodustat on VEGF levels and subsequent con-
sequences [3, 24] coupled with the need for more long-term
studies and a greater understanding of the implications of
the benefits to iron metabolism, represent the scope for fur-
ther research before major conclusions can be drawn. The
results of ongoing phase III trials, as well as the clinical use
of daprodustat in Japan, where it has now been approved,
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will add further clarity to our understanding of the potential
applications of this drug to improve patient outcomes.

Limitations

There are several limitations to our meta-analysis which
must be emphasized. Firstly, among the studies pooled,
only two assessed the effect of daprodustat on the outcomes
of NDD-CKD; the accurate estimation of the true effect of
the drug on the group’s outcomes is thus difficult and will
require the availability of more evidence. Furthermore, only
two included studies investigated the impact of daprodustat
on HHF for DD-CKD, precluding the drawing of conclu-
sions in this context for either subgroup. It is important to
recognize possible sources of heterogeneity seen in some of
our results, in addition to those discussed previously. Vari-
ous forms of thEPO were used across the studies analyzed,
which may have contributed to some of the heterogene-
ity seen in the results, such as the change in Hb levels and
TIBC levels that was not attributable to chance. Moreover,
heterogeneity may have been produced by the variation in
the cardiovascular disease history, disease stage, and eryth-
ropoietin sensitivity/hypo-responsiveness in patients. Fur-
thermore, the dosages of the drugs in both daprodustat and
control groups varied between different trials and across
different time points within the same studies. Fortunately,
the observed heterogeneity does not invalidate the findings
of our meta-analysis since the adverse effects investigated
(cardiovascular and iron metabolism) are associated with
erythropoiesis-stimulating agents (ESA) and all studies use
rhEPO agents as controls that act by stimulating erythro-
poiesis. As for the results regarding the change in Hb levels,
our findings confirm those of the previous meta-analysis.
However, it remains true that the effect sizes reported by
the various RCTs investigating daprodustat are quite vari-
able. While our meta-analysis does synthesize the overall
results of these trials, more and larger clinical trials will bet-
ter clarify the specific use cases of these drugs and identify
the causes of these variations. Another challenge we faced
was the unresponsiveness of corresponding authors whom
we emailed. This necessitated the graphical extraction of
data that was not provided in tables or the manuscript in
numerical form. In addition, in several studies, the standard
deviation was not reported in certain outcomes. As a result,
we imputed these missing standard deviations, as has been
described in the methods section. This reduced the accu-
racy of computed results where relevant and produced an
inferior estimate when compared to the true standard devia-
tions that were not reported. Lastly, it was challenging to
standardize the change from baseline measurements of the
hemoglobin levels and iron metabolism parameters as dif-
ferent time points and evaluation periods were used in the
included studies.
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