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Hypoxia-inducible factor–proline hydroxylase inhibitors (HIF-
PHIs) are an emerging approach in the treatment of erythropoi-
etin (EPO) deficiency among chronic kidney disease (CKD) pa-
tients with anaemia. In recent years, fibroblast growth factor 23
(FGF23) has been shown to interact with renal anaemia [1]. How-
ever, evidence on the direct effect that HIF-PHIs exert on the
change in FGF23 levels in the context of anaemic patients with
CKD is limited. Based on our previous trial of roxadustat treat-
ment in CKD patients with anaemia [2], we examined the effect
of roxadustat on the change in levels of FGF23 and the associated
mineral parameters in patients undergoing peritoneal dialysis
(PD). Paired t-tests and Wilcoxon signed-rank tests were used to
compare parameter differences between baseline and the end of
follow-up.We performed amixedmodel analysis of variance ad-
justing for baseline corresponding values to compare the effects
of the different doses of roxadustat on the absolute parameter
changes at 12 weeks from baseline.

A total of 100 patients were included. In the entire popu-
lation, roxadustat significantly increased haemoglobin levels
both in the standard-dose group and the low-dose group
(107.8 ± 6.8 g/l versus 114.8 ± 10.3 g/l, P < .001; 108.1 ± 6.5 g/l
versus 113.9 ± 13.0 g/L, P = .005) at week 12. Hepcidin levels
were decreased after 12 weeks of roxadustat administration,

with borderline significance in the entire cohort {140.2 ng/ml
[interquartile range (IQR) 85.2–194.4] versus 110.5 ng/ml [IQR
46.1–167.1], P = .050} (Table 1). Overall, there were no differences
in the changing trend of intact FGF23 (iFGF23), C-terminal FGF23
(cFGF23) and the iFGF23:cFGF23 ratio after adjusting for the
baseline corresponding values between the initial dose groups
(P > .05 for all) (Fig. 1). There were no differences in terms of
cFGF23 (5507.4 ± 4868.6 pg/ml versus 5991.6 ± 4215.7 pg/ml,
P = .201), iFGF23 [7362.9 pg/ml (IQR 3097.3–18 406.9) ver-
sus 9088.5 pg/ml (IQR 3729.4–21 218.0), P = .217) and the
iFGF23:cFGF23 ratio (3.6 ± 5.3 versus 3.6 ± 5.4, P = .994) between
baseline and week 12 in the entire population (Fig. 1).

We next analysed the effect of roxadustat on the change
in serum phosphate, calcium and intact parathyroid hormone
(iPTH).As shown in Fig. 2, therewere no differences in the chang-
ing trend of serum phosphate, calcium and iPTH between base-
line andweek 12 in the standard-dose group and low-dose group
(P > .05 for all). Compared with baseline, levels of phosphate,
calcium and iPTH remained unchanged at week 12 in the entire
population (P > .05 for all).

An in vivo study suggested that plasma FGF23 levels were
elevated after HIF-PHI treatment, but the peak levels of
FGF23 were lower when equivalent hematopoietic doses were
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Table 1: Changes in the haemoglobin and iron parameters between baseline and week 12 in the two roxadustat initial-dose groups.

Total population Standard-dose group Low-dose group

Variable Baseline Week 12 P-value Baseline Week 12 P-value Baseline Week 12 P-value
Haemoglobin
(g/l), mean ± SD

108.0 ± 6.6 114.4 ± 11.7 <.001 107.8 ± 6.8 114.8 ± 10.3 <.001 108.1 ± 6.5 113.9± 13.0 .005

Serum iron
(mmol/l),
mean ± SD

15.2 ± 6.5 15.2 ± 5.5 .948 14.5 ± 7.1 15.2 ± 6.0 .541 15.8 ± 5.9 15.2 ± 5.0 .560

Ferritin (ng/ml),
median (IQR)

279.1
(147.0–396.4)

238.2
(111.4–360.9)

.028 291.0
(151.7–386.9)

257.6
(133.4–343.8)

.076 273.7
(129.8–405.2)

230.7
(98.8–419.0)

.205

TIBC (mmol/l),
mean ± SD

45.7 ± 7.1 51.8 ± 9.2 <.001 45.7 ± 7.5 50.2 ± 8.2 <.001 45.7 ± 6.7 53.3 ± 9.9 <.001

TSAT (%),
mean ± SD

34.0 ± 15.1 30.4 ± 12.5 .035 33.0 ± 17.1 31.0 ± 12.9 .460 35.0 ± 13.0 29.8 ± 12.2 .015

Hepcidin
(ng/ml), median
(IQR)

140.2
(85.2–194.4)

110.5
(46.1–167.1)

.050 140.2
(95.8–202.3)

148.4
(45.7–191.4)

.566 142.0
(64.4–193.2)

93.6
(45.5–165.3)

.024

SD: standard deviation; TIBC: total iron binding capacity; TSAT: transferring saturation.

Figure 1: Comparison of cFGF23, iFGF23 and cFGF23:iFGF23 levels between the standard-dose group and the low-dose group. Data are presented as mean ± standard
deviation for cFGF23 and iFGF23:cFGF23 and median (IQR) for iFGF23.

applied compared with recombinant human EPO [3]. In patients
with CKD, anaemia, iron deficiency and inflammation were
all marked factors associated with higher FGF23 levels [4, 5].
Alleviating these risk factors would counteract the original
HIF-PHIs’ induction of FGF23. For example, circulating iFGF23
was significantly attenuated (>60%) in the HIF-PHI-treated
anaemic CKD mice [6]. In addition, exogenous hepcidin injec-
tion can stimulate FGF23 production, preferentially increasing
circulating concentrations of cFGF23 [4].

Our study demonstrated that roxadustat decreased iron-
regulatory hormone hepcidin levelswith borderline significance,
indicating an improvement in the functional iron deficiency sta-
tus. Given that the half-life of roxadustat is only ≈10 hours,
we cannot fully exclude the short-term fluctuation of the tar-
get parameters influenced by drugmetabolism.Also, the sample
size of this study was relatively small and the follow-up period
was 12 weeks, which precluded our ability to find more modest

effects on FGF23 levels that may have been observed through a
longer period. Independent studies with larger sample sizes are
needed to validate the findings between the FGF23 change and
HIF-PHI administration.

In conclusion, this post hoc analysis of a previous random-
ized study showed that 12 weeks of oral roxadustat therapy did
not affect plasma iFGF23, cFGF23 and mineral parameters in
anaemic patients on peritoneal dialysis.
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Figure 2: Comparison of serum phosphate, calcium and iPTH levels between the standard-dose group and the low-dose group. Data are presented as mean ± standard
deviation for phosphate and calcium and median (IQR) for iPTH.
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