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Abstract
Background  Vadadustat is an oral hypoxia-inducible factor prolyl hydroxylase inhibitor developed for treating anemia in 
chronic kidney disease (CKD). The purpose of this post-hoc analysis was to investigate the factors affecting the responsive-
ness to vadadustat in anemia patients with nondialysis-dependent (NDD) or hemodialysis-dependent (HDD) CKD in two 
Japanese phase 3 studies.
Methods  Of 151 and 162 patients enrolled in NDD-CKD and HDD-CKD studies, 136 and 140 patients, respectively, were 
included and divided into subgroups for the analysis. To assess vadadustat responsiveness, the resistance index was defined 
as the mean body weight-adjusted dose of vadadustat (mg/kg) at weeks 20–24 divided by the mean hemoglobin (g/dL) at 
weeks 20–24. Multivariate analysis was performed to identify the variables affecting the resistance index.
Results  Independent factors identified as determinants for better response to vadadustat were as follows: high baseline 
hemoglobin, low baseline eGFR, high week-20–24 ferritin, and CKD not caused by autoimmune disease/glomerulonephritis/
vasculitis in NDD-CKD; and male sex, high baseline C-reactive protein, and low baseline erythropoiesis-stimulating agent 
resistance index (ERI) in HDD-CKD.
Conclusions  In this post-hoc analysis, several factors were identified as affecting the response to vadadustat. These results 
may provide useful information leading to an appropriate dose modification for vadadustat.
Clinical trial registration  NCT03329196 (MT-6548-J01) and NCT03439137 (MT-6548-J03).

Keywords  Anemia · Chronic kidney disease · Hypoxia-inducible factor prolyl hydroxylase inhibitor · Responsiveness · 
Subgroup analysis · Vadadustat

Introduction

Anemia is a common complication of chronic kidney dis-
ease (CKD). The frequency and severity of anemia increase 
as renal function declines [1, 2]. The standard treatment 
for renal anemia until the recent past has been injectable 
erythropoiesis-stimulating agents (ESAs), but recently 
oral hypoxia-inducible factor prolyl hydroxylase (HIF-PH) 
inhibitors have been approved in Japan, China, Europe, and 
the United States [3–7]. In addition to these agents, iron 

supplementation is advised for assistance in maintaining 
target hemoglobin or to avoid iron deficiency [8].

In Japanese phase 3 studies involving patients with ane-
mia and either nondialysis-dependent (NDD) or hemodial-
ysis-dependent (HDD) CKD, vadadustat, an oral HIF-PH 
inhibitor, was non-inferior when compared to darbepoetin 
alfa, an ESA, as evident from the maintenance of hemo-
globin levels [9, 10]. In the study of vadadustat in patients 
with anemia in HDD-CKD, several subgroup analyses car-
ried out on patients selected on the basis of pre-specified 
patient background on efficacy have also been reported [10]; 
however, the use of two separate indicators, namely main-
tenance dose and maintenance hemoglobin levels, both of 
which vary according to responsiveness, makes interpreta-
tion of the results difficult. In the Japanese phase 3 study of 
vadadustat in anemia patients with NDD-CKD, no subgroup 
analysis on efficacy has been conducted based on patient 
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background. In Japanese phase 3 studies of roxadustat, 
another HIF-PH inhibitor, in anemia patients with NDD-
CKD or HDD-CKD, only maintenance doses were used to 
measure efficacy among subgroups known to be related to 
ESA hyporesponsiveness [11, 12]. In addition, subgroup 
analyses regarding the efficacy of HIF-PH inhibitors were 
not adjusted for confounding factors.

This study aimed to investigate the responsiveness to 
vadadustat in anemia patients with NDD-CKD or HDD-
CKD by a post-hoc subgroup analysis of the data from two 
Japanese phase 3 studies. We analyzed the efficacy of vada-
dustat on the basis of patient backgrounds using a vadadustat 
resistance index (VRI), a composite measure of maintenance 
doses and hemoglobin levels. A multivariate analysis was 
carried out to identify independent patient background fac-
tors affecting responsiveness to vadadustat.

Materials and methods

Study design

In a phase 3, open-label, active-controlled noninferiority 
MT-6548-J01 study (NDD-CKD study, ClinicalTrials.gov, 
NCT03329196), 304 Japanese adults with anemia in NDD-
CKD were randomized to receive either oral vadadustat or 
subcutaneous darbepoetin alfa for 52 weeks [9]. In another 
phase 3, double-blind, active-controlled noninferiority 
MT-6548-J03 study (HDD-CKD study, ClinicalTrials.gov, 
NCT03439137), 323 Japanese patients who were currently 
receiving hemodialysis and being treated with ESAs were 
randomized and switched to either vadadustat or darbepoetin 
alfa for 52 weeks [10]. These studies were approved by the 
Institutional Review Boards of each study site and were con-
ducted in compliance with the International Conference on 
Harmonisation of Technical Requirements for Registration 
of Pharmaceuticals for Human Use, Good Clinical Practice 
guidelines, and the Declaration of Helsinki. All individuals 
voluntarily provided their written informed consent to par-
ticipate in these studies. Following the agreement based on 
the contract with Kyowa Kirin Co., Ltd, Tokyo, Japan, the 
supplier of the control drug darbepoetin alfa, the results of 
darbepoetin alfa were not included in this post-hoc analysis.

Study population

In the NDD-CKD study, patients aged ≥ 20 years with CKD 
who were not on dialysis and had an estimated glomerular 
filtration rate (eGFR) of < 60 mL/min per 1.73 m2 were eli-
gible. Both “ESA users” and “ESA non-users” were included 
in the study. ESA users had mean hemoglobin levels of 
9.0–12.5 g/dL at the last two visits during the screening 
and had received the same ESA therapy for at least eight 

weeks before screening. ESA non-users included in the study 
had mean hemoglobin levels of 8.0–11.0 g/dL and had not 
received an ESA for eight weeks before screening. During 
the screening, patients with serum ferritin levels of ≥ 100 ng/
mL or transferrin saturation (TSAT) of ≥ 20% were allowed 
to participate in the study. In the HDD-CKD study, eligible 
patients were at least 20 years of age; were diagnosed with 
CKD; underwent either hemodialysis or hemodiafiltration 
three times a week for ≥ 12 weeks before screening; received 
the same ESA therapy for at least eight weeks before screen-
ing; had a mean hemoglobin level of 9.5–12.0 g/dL, a serum 
ferritin level of ≥ 100 ng/mL, or a TSAT of ≥ 20%. Details 
of the inclusion and exclusion criteria in the NDD-CKD and 
HDD-CKD studies have been reported previously [9, 10].

Interventions

Starting dose of vadadustat was 300 mg once daily, and 
doses were adjusted (dose range: 150–600 mg once daily) 
according to a dose-adjustment algorithm, for maintaining 
hemoglobin levels within the predefined target ranges of 
11.0–13.0 g/dL and 10.0–12.0 g/dL for anemia patients with 
NDD and HDD-CKD, respectively [9, 10]. These ranges are 
recommended as treatment targets by the Japanese Society 
for Dialysis Therapy guidelines [8].

Endpoints

Considering that the primary endpoint was the mean hemo-
globin level at weeks 20–24 of vadadustat treatment in 
NDD-CKD and HDD-CKD studies [9, 10], the primary 
endpoint of this post-hoc analysis was set to be equivalent to 
the VRI at weeks 20–24, stratified by patient backgrounds to 
assess the vadadustat responsiveness. The VRI was defined 
as the mean body weight-adjusted dose of vadadustat (dose/
kg) at weeks 20–24 divided by the mean hemoglobin (g/dL), 
referring to the erythropoiesis resistance index [13]. In the 
HDD-CKD study, dry weight was used as the body weight. 
The other endpoints included the mean daily dose of vada-
dustat (mg/day) and mean hemoglobin levels (g/dL) from 
weeks 20–24, evaluated by the subgroup analysis.

The analysis set for this post-hoc study included patients 
who had measurement data on “mean dose at weeks 20–24,” 
“mean hemoglobin level at weeks 20–24,” and “body weight 
at baseline” and from whom all endpoints were available.

Statistical analysis

The demographics and characteristics were summarized using 
descriptive statistics. The mean value (95% confidence interval 
[CI]) was calculated for the following subgroup categories: 
age at baseline (< 75, ≥ 75 years old); baseline hemoglobin 
level (tertile); eGFR (< 15, ≥ 15 to < 30, ≥ 30 mL/min/1.73 
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m2; NDD-CKD study only); duration of dialysis at baseline 
(< 5, ≥ 5 to < 10, ≥ 10 years; HDD-CKD study only); base-
line iron repletion (TSAT ≥ 20% and ferritin ≥ 100 ng/mL, 
TSAT < 20% and ferritin ≥ 100 ng/mL, TSAT ≥ 20% and fer-
ritin < 100 ng/mL, TSAT < 20% and ferritin < 100 ng/mL); 
week-20–24 iron repletion (TSAT ≥ 20% and ferritin ≥ 100 ng/
mL, TSAT < 20% and ferritin ≥ 100 ng/mL, TSAT ≥ 20% and 
ferritin < 100 ng/mL, TSAT < 20% and ferritin < 100 ng/mL); 
baseline ferritin (tertile); week-20–24 ferritin (tertile); base-
line TSAT (tertile); week-20–24 TSAT (tertile); presence of 
diabetes mellitus comorbidity; presence of CKD etiology 
(diabetes mellitus, hypertension, or autoimmune disease/
glomerulonephritis/vasculitis); baseline C-reactive protein 
(CRP) (< 0.31, ≥ 0.31 mg/dL), baseline erythropoietin resist-
ance index (ERI; tertile, ESA non-user category was set only 
in the NDD-CKD study); and baseline geriatric nutritional risk 
index (GNRI) (< 96, ≥ 96 [NDD-CKD study]; < 91.2, ≥ 91.2 
[HDD-CKD study]) [14, 15].

Univariate and multivariate analyses were performed to 
examine the impact of patients' background factors on the pri-
mary endpoint. Considering the possibility that the effect of 
each factor on the VRI may not be linear, the factors observed 
as continuous variables were classified into 3 or 4 categories 
for analysis. In univariate analysis, the mean and standard 
deviation (SD) of the VRI for each factor were calculated, and 
differences in means between categories were tested and 95% 
CIs were estimated. For the multivariate analysis, we selected 
explanatory variables by a forward stepwise method (p < 0.05) 
from factors that were considered general factors (sex, age) and 
clinically significant (eGFR) as well as those found statisti-
cally significant in the univariate analysis of NDD-CKD or 
HDD-CKD (baseline Hb, week-20–24 ferritin, week-20–24 
TSAT, CKD etiology: autoimmune disease/glomerulonephri-
tis/vasculitis, baseline CRP, and baseline ERI). Week-20–24 
iron repletion was not included for the multivariate analysis 
because it was a composite variable of week-20–24 ferritin 
and week-20–24 TSAT and highly correlated between them. 
Then, a multivariate analysis, wherein all explanatory vari-
ables are categorical, was performed. In multivariate analysis, 
the LSmean and standard deviation (SD) of the VRI for each 
factor were calculated, and differences in LSmeans between 
categories were tested and 95% CIs were estimated. P values 
of < 0.05 (two-sided) were considered statistically significant.

The reference was set for the upper column category in each 
factor listed in Tables.

SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was 
the software used for all statistical analyses.

Results

Of 151 and 162 patients in the vadadustat group in the 
NDD-CKD and HDD-CKD studies, respectively, 15 
patients from the NDD-CKD study and 22 patients from 
the HDD-CKD study were excluded because either they 
had never received vadadustat, had no efficacy data after 
randomization, or did not have the data to calculate all 
endpoints. The remaining 136 and 140 patients, respec-
tively, were included in the analysis set of this post-hoc 
study, and the VRI was calculated. The demographics 
and baseline characteristics of NDD-CKD and HDD-
CKD patients are shown in Tables 1 and 2, respectively. 
The mean (SD) age was 71.44 (10.69) years and 65.56 
(11.45) years, and the mean baseline hemoglobin level 
was 10.46 (0.92) g/dL and 10.73 (0.73) g/dL in the NDD-
CKD and HDD-CKD studies, respectively. The mean 
baseline eGFR was 21.78 (11.77) mL/min/1.73 m2 in the 
NDD-CKD study, and the mean duration of dialysis was 
7.16 (6.61) years in the HDD-CKD study. The proportion 
of iron repletion (ferritin ≥ 100 ng/mL and TSAT ≥ 20%) 
at baseline was 53.7% and 50.0% in the NDD-CKD and 
HDD-CKD studies, respectively (Tables 4 and 5).

Mean and SD of VRI and its components, dose of vada-
dustat, and body weight in NDD-CKD and HDD-CKD are 
shown in Table 3. Baseline hemoglobin, week-20–24 iron 
repletion, week-20–24 ferritin, week-20–24 TSAT, CKD 
caused by autoimmune disease, glomerulonephritis, or 
vasculitis and baseline ERI were statistically significant in 
the univariate analysis performed in the NDD-CKD study 
(Table 4). The forest plots of the VRI in relation to patient 
background factors are shown in Supplementary Fig. 1. 
Multivariate analyses revealed that in patients with NDD-
CKD, high baseline hemoglobin, low baseline eGFR, high 
week-20–24 ferritin, and CKD not due to autoimmune dis-
ease/glomerulonephritis/vasculitis were independent factors 
associated with better vadadustat response (Table 4). In all 
categories by patient background, mean hemoglobin levels 
at weeks 20–24 were within the target range (11.0–13.0 g/
dL) (Supplementary Table 1). The mean doses at weeks 
20–24 in all categories were 282–482 mg/day, as shown in 
Supplementary Table 1. Irrespective of the baseline eGFR 
categories, vadadustat treatment decreased serum hepcidin 
to almost similar levels during the study (Supplementary 
Table 3). There was no clear difference in baseline CRP 
levels between patients with and without autoimmune dis-
eases or glomerulonephritis or vasculitis (Supplementary 
Table 4). Regardless of baseline CRP levels, vadadustat 
reduced serum hepcidin and maintained it at approximately 
similar levels (Supplementary Table 5).

In the HDD-CKD study, sex, baseline CRP, and base-
line ERI were statistically significant, as observed in 
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Table 1   Patient demographics and characteristics in patients with nondialysis-dependent CKD

SD standard deviation, Hb hemoglobin, eGFR estimated glomerular filtration rate, TSAT transferrin saturation, AD/DN autoimmune disease/glo-
merulonephritis, CRP C-reactive protein, ERI erythropoiesis-stimulating agent resistance index, GNRI geriatric nutritional risk index

Factor Category No. of patients (%) Mean SD

Age [years] All 136 71.44 10.69
 < 75 75 (55.15)
 ≥ 75 61 (44.85)

Sex Male 66 (48.53)
Female 70 (51.47)

Hb [g/dL], baseline All 136 10.46 0.92
 ≤ 10.0 49 (36.03)
 > 10.0– ≤ 10.9 43 (31.62)
 > 10.9 44 (32.35)

eGFR [mL/min/1.73 m2], baseline All 136 21.78 11.77
 < 15 52 (38.24)
 ≥ 15– < 30 49 (36.03)
 ≥ 30 35 (25.74)

Ferritin [ng/mL], baseline All 136 144.54 106.40
 > 162.0 46 (33.82)
 > 81.1– ≤ 162.0 45 (33.09)
 ≤ 81.1 45 (33.09)

Ferritin [ng/mL], week 20–24 All 136 105.28 75.43
 > 121.5 46 (33.82)
 > 66.4– ≤ 121.5 44 (32.35)
 ≤ 66.4 46 (33.82)

TSAT [%], baseline All 136 30.89 10.52
 > 35 43 (31.62)
 > 25– ≤ 35 46 (33.82)
 ≤ 25 47 (34.56)

TSAT [%], week 20–24 All 136 28.99 9.88
 > 31 46 (33.82)
 > 24– ≤ 31 43 (31.62)
 ≤ 24 47 (34.56)

Diabetic comorbidity No 87 (63.97)
Yes 49 (36.03)

CKD etiology: Diabetes No 96 (70.59)
Yes 40 (29.41)

CKD etiology: Hypertension No 90 (66.18)
Yes 46 (33.82)

CKD etiology: AD/GN/Vasculitis No 118 (86.76)
Yes 18 (13.24)

CRP [mg/dL], baseline All 136 0.24 0.61
 < 0.31 116 (85.29)
 ≥ 0.31 20 (14.71)

ERI [IU/kg/week/g/dL], baseline All 136 5.01 3.60
 ≤ 3.16 23 (16.91)
 > 3.16– ≤ 5.13 23 (16.91)
 > 5.13 24 (17.65)
No Pre ESA 66 (48.53)

GNRI, baseline All 136 99.71 9.32
 < 96 51 (37.50)
 ≥ 96 85 (62.50)
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univariate analysis (Table 5). The forest plots of the vada-
dustat resistance indices by patients' background factors 
are shown in Supplementary Fig. 2. Multivariate analysis 
identified male, baseline high CRP, and baseline low ERI 
as independent factors associated with better vadadus-
tat response (Table 5). In all categories by patient back-
ground, the mean hemoglobin level at weeks 20–24 was 
within the target range (10.0–12.0 g/dL) (Supplementary 
Table 2). The mean doses at weeks 20–24 in all categories 
were 307–445 mg/day in HDD-CKD studies (Supplemen-
tary Table 2). In the HDD-CKD study, there was no clear 
difference in baseline CRP levels between patients with 
and without autoimmune diseases or glomerulonephritis 
or vasculitis (Supplementary Table 4). Like in the NDD-
CKD, regardless of whether baseline CRP was high or 
low, vadadustat lowered serum hepcidin and maintained it 
at approximately similar levels (Supplementary Table 5).

Discussion

We evaluated the responsiveness to vadadustat in patients with 
anemia in NDD-CKD and HDD-CKD patients, stratified by 
patients' backgrounds, using the VRI in this post-hoc analysis 
of the Japanese phase 3 studies. Multivariate analyses dem-
onstrated that, as independent factors associated with better 
vadadustat response, high baseline hemoglobin, low baseline 
eGFR, high week-20–24 ferritin, and CKD with causes other 
than autoimmune disease/glomerulonephritis/vasculitis in 
patients with NDD-CKD; and male sex, high baseline CRP, 
and low baseline ERI in those with HDD-CKD.

This analysis identified baseline ERI as an independent 
factor influencing responsiveness in patients with HDD-
CKD, with a higher VRI at higher ERIs. Although not 
identified as an independent factor in NDD-CKD, a simi-
lar trend to HDD-CKD was observed. Similar results have 
been reported in the post-hoc studies of the HIF-PH inhibi-
tor roxadustat in patients with NDD-CKD and HDD-CKD, 
according to which the maintenance doses of roxadustat 
and darbepoetin alfa are higher if the baseline ERI is high 
[11, 12]. Previous studies have reported that iron deficiency, 
decreased renal function, and inflammation were predic-
tors of ESA hyporesponsiveness [16, 17]. Regarding iron 
deficiency status, low week-20–24 ferritin levels indicating 
lower levels of stored iron, negatively influenced responsive-
ness to vadadustat in NDD-CKD patients in this analysis. 
However, in patients with HDD-CKD, the VRI tended to 
increase with decreasing week-20–24 ferritin levels, which 
was not identified as an independent factor affecting vada-
dustat responsiveness. Since all patients switched from 
ESAs, hemoglobin levels were maintained from baseline to 
24 weeks following vadadustat administration in patients 

with HDD-CKD. In contrast, hemoglobin levels were found 
to increase by approximately 1 g/dL in patients with NDD-
CKD, suggesting that the amount of stored iron might have 
affected vadadustat responsiveness during the hemoglobin 
increase phase. The present results are consistent with the 
reports that iron supplementation was associated with a 
lower ESA dose and an augmented hemoglobin response 
by HIF-PH inhibitor [11, 12]. Therefore, especially during 
the hemoglobin elevation phase, appropriate iron supple-
mentation may be essential from the viewpoint of vadadustat 
responsiveness.

As for renal function, baseline eGFR was identified as an 
independent factor influencing the vadadustat responsiveness 
in patients with NDD-CKD, unexpectedly demonstrating a 
higher VRI at higher eGFR. It is not clear why high baseline 
eGFR was associated with lowered vadadustat responsive-
ness. Nevertheless, the vadadustat responsiveness was not 
attenuated in the low baseline eGFR population, who are 
assumed to have a reduced ability to produce erythropoietin 
and mechanistically decreased responsiveness to HIF-PH 
inhibitor [18]. Similar to our present study, in the post-hoc 
analysis of the phase 3 study of roxadustat, the mainte-
nance dose of roxadustat for patients with eGFR < 15 mL/
min/1.73 m2 at baseline was not increased than those with 
eGFR ≥ 15 mL/min/1.73 m2 [11]. In contrast, approximately 
twice the maintenance dose of darbepoetin alfa was required 
in the patients with eGFR < 15 mL/min/1.73 m2 as opposed 
to those with eGFR ≥ 15 mL/min/1.73 m2 [11], reinforcing 
the previous results that decreased renal function was associ-
ated with hyporesponsiveness to ESA [16]. Serum levels of 
hepcidin, which are known to negatively regulate iron utili-
zation during hematopoiesis, have been observed to increase 
with decreased renal function [17]. Serum hepcidin levels in 
the darbepoetin alfa group transiently decreased with hemat-
opoiesis but returned to baseline levels at 24 weeks, while 
serum hepcidin levels in the vadadustat group remained 
decreased after 24 weeks, even though maintained hemo-
globin levels between the two groups were comparable in the 
NDD-CKD study [9]. Although the baseline serum hepcidin 
levels were higher in patients with low eGFR, vadadustat 
reduced the serum hepcidin levels and maintained at almost 
similar levels, irrespective of the baseline eGFR categories 
(Supplementary Table 3). Taken together, the difference 
in the effect of HIF-PH inhibitors and darbepoetin alfa on 
responsiveness in the low eGFR population may partly be 
attributed to their different effects on serum hepcidin. In the 
present analysis, the fact that vadadustat responsiveness was 
not attenuated in patients with eGFR < 15 mL/min/1.73 m2, 
suggests that HIF-PH inhibitors would be a useful treatment 
option in patients with reduced renal function.

Regarding inflammation status, in patients with HDD-
CKD, baseline low CRP levels were independently associated 
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Table 2   Patient demographics and characteristics in patients with hemodialysis-dependent CKD

SD standard deviation, Hb hemoglobin, TSAT transferrin saturation, AD/DN autoimmune disease/glomerulonephritis, CRP C-reactive protein, 
ERI erythropoiesis-stimulating agent resistance index, GNRI geriatric nutritional risk index

Factor Category No. of patients (%) Mean SD

Age [years] All 140 65.56 11.45
 < 75 108 (77.14)
 ≥ 75 32 (22.86)

Sex Male 92 (65.71)
Female 48 (34.29)

Hb [g/dL], baseline All 140 10.73 0.73
 ≤ 10.3 47 (33.57)
 > 10.3– ≤ 11.0 46 (32.86)
 > 11.0 47 (33.57)

Dialysis period [years] All 140 7.16 6.61
 < 5 71 (50.71)
 ≥ 5– < 10 33 (23.57)
 ≥ 10 36 (25.71)

Ferritin [ng/mL], baseline All 140 147.97 147.84
 > 163.0 47 (33.57)
 > 82.7– ≤ 163.0 46 (32.86)
 ≤ 82.7 47 (33.57)

Ferritin [ng/mL], week 
20–24

All 140 150.10 173.91
 > 157.0 46 (32.86)
 > 78.35– ≤ 157.0 47 (33.57)
 ≤ 78. 35 47 (33.57)

TSAT [%], baseline All 140 28.28 10.15
 > 30.0 52 (37.14)
 > 22.0– ≤ 30.0 47 (33.57)
 ≤ 22.0 41 (29.29)

TSAT [%], week 20–24 All 140 28.78 8.93
 > 31.0 47 (33.57)
 > 24.0– ≤ 31.0 48 (34.29)
 ≤ 24.0 45 (32.14)

Diabetic comorbidity No 110 (78.57)
Yes 30 (21.43)

CKD etiology: diabetes No 115 (82.14)
Yes 25 (17.86)

CKD etiology: hypertension No 122 (87.14)
Yes 18 (12.86)

CKD etiology: AD/GN/
Vasculitis

No 87 (62.14)
Yes 53 (37.86)

CRP [mg/dL], baseline All 140 0.28 0.97
 < 0.31 115 (82.14)
 ≥ 0.31 25 (17.86)

ERI [IU/kg/week/g/dL], 
baseline

All 140 5.61 3.81
 ≤ 3.4818 47 (33.57)
 > 3.4818– ≤ 6.3429 47 (33.57)
 > 6.3429 46 (32.86)

GNRI, baseline All 140 94.86 8.02
 < 91.2 48 (34.29)
 ≥ 91.2 92 (65.71)
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with lower vadadustat responsiveness; however, this associa-
tion was not observed in the NDD-CKD study. The reason for 
these unexpected results in HDD-CKD is unclear; however, 
vadadustat responsiveness was not decreased with high CRP 
levels. In the post-hoc study of roxadustat in patients with 
NDD-CKD and HDD-CKD, while the maintenance dose of 
roxadustat was not affected by baseline high-sensitive (hs)-
CRP, the maintenance dose of darbepoetin alfa did show an 
increasing trend in the high hs-CRP group [11, 12]. Inflamma-
tory indices, such as CRP, are reportedly negatively correlated 
with ESA responsiveness, and inflammatory cytokines can 
increase hepatic hepcidin expression, suppressing iron utiliza-
tion [17]. The difference in the effects of HIF-PH inhibitors 
and darbepoetin alfa on hepcidin may also contribute to their 
responsiveness in inflammatory conditions similar to those in 
the case of reduced renal function. As the responsiveness to 
vadadustat did not decrease in inflammatory conditions with 
high CRP levels at baseline, vadadustat may be a better option 
for treating anemia in patients with inflammation. Because of 
the small number of patients with CRP ≥ 0.31 mg/dL (about 
1/5 of those with CRP < 0.31 mg/dL), further research is 
needed to conclude the effect of inflammatory status on the 
responsiveness to vadadustat.

The association between diabetes or gender and ESA 
hyporesponsiveness is still controversial [16, 19, 20]. In 
this analysis, diabetic comorbidity and CKD caused by 
diabetes were not related to VRI in patients with NDD-
CKD and HDD-CKD. Among the primary diseases of 
CKD, autoimmune disease/glomerulonephritis/vasculitis 
was identified as an independent factor and associated with 
relatively poor responsiveness to vadadustat in patients 
with NDD-CKD. However, in patients with HDD-CKD, 
CKD caused by autoimmune disease/glomerulonephri-
tis/vasculitis did not affect the resistance index. Since 
the number of patients with CKD caused by autoimmune 
disease/glomerulonephritis/vasculitis is small especially 
in NDD-CKD, further investigation is needed before any 
conclusions can be drawn. In patients with HDD-CKD, 

males were independently associated with relatively better 
responsiveness to vadadustat, however the same result was 
not observed in NDD-CKD. The reason why sex differ-
ence was identified as a factor affecting the responsiveness 
to vadadustat only in patients with HDD-CKD remains 
unclear, and a more detailed examination should lead to a 
definitive conclusion.

In this post-hoc analysis, among the factors such as ESA 
hyporesponsiveness, low eGFR, and high CRP positively 
affected vadadustat responsiveness, while low ferritin levels 
were negatively related to vadadustat responsiveness. Although 
several factors affecting the vadadustat responsiveness were 
identified, the mean hemoglobin levels in each subgroup strati-
fied by these factors were within the target range at weeks 
20–24, with adjustment of vadadustat dose (150–600 mg).

The following limitations should be considered when 
interpreting the results of this study. This is a post-hoc analy-
sis of the phase 3 studies (NCT03329196 and NCT03439137) 
conducted in patients with NDD and HDD-CKD, and the 
number of patients was not designed for this study; therefore, 
the results obtained from this analysis need to be validated. 
The sample sizes in some subgroups were small and may 
have been insufficient to obtain reliable results. Finally, it is 
not possible to investigate the confounding effects of patient 
background factors not obtained in the clinical trials.

Conclusions

This post-hoc analysis of the Japanese phase 3 studies iden-
tified independent factors associated with a better response 
to vadadustat in anemia patients: high baseline hemoglobin, 
low baseline eGFR, high week-20–24 ferritin, and CKD not 
caused by autoimmune disease/glomerulonephritis/vascu-
litis in NDD-CKD and male sex, high baseline CRP, and 
low baseline ERI in HDD-CKD. These results would be 
expected to provide useful information leading to an appro-
priate dose modification for vadadustat.

Table 3   VRI, dose of vadadustat, and body weight in patients with nondialysis-dependent or hemodialysis-dependent-CKD

VRI vadadustat resistance index, CI confidence interval, SD standard deviation

NDD-CKD HDD-CKD

N Mean 95% CI SD N Mean 95% CI SD

VRI 136 0.600 0.542, 0.658 0.340 140 0.644 0.582, 0.706 0.370
Mean dose (mg), 

week 20–24
136 379.26 347.53, 410.98 187.07 140 375.34 343.45, 407.23 190.85

Body weight 
(kg), baseline

136 57.40 55.34, 59.45 12.11 140 58.66 56.62, 60.70 12.19
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