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ABSTRACT

Introduction: Thromboembolic events have
occurred in clinical trials of roxadustat. This
post hoc analysis explored potential factors
related to thromboembolic events in dialysis-
dependent patients treated with roxadustat in
four phase 3 clinical trials in Japan.

Methods: Thromboembolic events with onset
before and after week 12 were evaluated. Baseline
risk factors for thromboembolic events were
investigated by Cox regression analyses. Nested
case-control analyses using conditional logistic
models with matched pairs of case-control data
explored relationships between thromboem-
bolic events and laboratory parameters.
Results: Of the 444 patients, 56 thromboem-
bolic events were observed in 44 patients dur-
ing B 52 weeks of treatment. The proportion of
venous and arterial thromboembolic events
gradually increased after week 12. Baseline risk
factors included hemodialysis (vs peritoneal
dialysis), advanced age (C 65 years), shorter
dialysis vintage (\ 4 months), and history of
thromboembolism. The absence of concomitant
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intravenous or oral iron therapy (including ferric
citrate) was associated with thromboembolic

events before week 12 (hazard ratio 11.25; 95%

confidence interval [CI] 3.36–37.71; vs presence).

Case-control analysis revealed that low average

transferrin saturation (\10%; unadjusted odds

ratio [OR] 6.25; 95% CI 1.52–25.62; vs C 20%),

high average transferrin level (C 2.5 g/L; unad-

justed OR 4.36; 95% CI 1.23–15.39; vs\2.0 g/L),

and high average roxadustat dose (C 150 mg;

unadjusted OR 5.95; 95% CI 1.07–33.16;

vs\50 mg) over the previous 8 weeks before the

event onset were associated with thromboem-

bolic events after week 12. However, adjustment

for iron status extinguished the significant rela-

tionship between roxadustat dose and events.

Multivariate case-control analysis showed that

increased transferrin from baseline (C 1.0 g/L;

adjusted OR 7.85; 95% CI 1.82–33.90; vs\ 0.5

g/dL) and decreased mean corpuscular volume

(\- 2 fL; adjusted OR 5.55; 95% CI 1.73–17.83;

vs C 0 fL) were associated with increased risk of

thromboembolic events.
Conclusion: In addition to established risk fac-
tors, iron deficiency may be related to throm-
boembolic events. Graphical Abstract available
for this article.
TrialRegistration: NCT02780726,NCT02952092,
NCT02780141, NCT02779764.

PLAIN LANGUAGE SUMMARY

Roxadustat is an oral medicine that treats ane-
mia in patients with chronic kidney disease
(CKD). Thromboembolic events, or blood ves-
sels blocked by a blood clot, have occurred in
clinical trials of roxadustat. This study explored
potential factors that may be related to throm-
boembolic events in roxadustat-treated patients
with anemia of CKD on dialysis before and after
week 12. This study found that hemodialysis (vs
peritoneal dialysis), advanced age (older than
65 years), short amount of time on dialysis (less
than 4 months), previous history of throm-
boembolic events, and not receiving iron ther-
apy were risk factors for thromboembolic events
before week 12. Iron deficiency and high rox-
adustat dose were risk factors for thromboem-
bolic events after week 12. When iron status was
also considered, we did not find that roxadustat
dose was related to thromboembolic events. A
different model found that increased levels of
transferrin, a protein that transports iron, from
baseline and decreased mean corpuscular vol-
ume, or smaller red blood cells, increased the
risk of thromboembolic events. Patients with
anemia of CKD on dialysis may benefit from
more intentional monitoring and management
of iron while receiving roxadustat.
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Graphical Abstract:
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Conclusions
• ing thromboembolic events and 

may be related to the thromboembolic events observed in patients treated with roxadustat
• sive monitoring and 

management of iron parameters while receiving roxadustat to treat their anemia of CKD

Risk Factors for Thromboembolic Events in 
Patients With Dialysis-Dependent CKD: Post Hoc 
Analysis of Phase 3 Roxadustat Trials in Japan
Takayuki Hamano, Yusuke Yamaguchi, Kashia Goto, Sho Mizokawa, Yuichiro Ito, 
Frank Dellanna, Jonathan Barratt, Tadao Akizawa

Introduction
Thromboembolic events 
have occurred in clinical trials 
of roxadustat

Methods
Data were pooled from four phase 3 studies of roxadustat in Japan (1517-CL-0302, 1517-CL-0307, 
1517-CL-0308, 1517-CL-0312)

Objective
To explore factors related to thromboembolic events 
in patients with anemia of dialysis-dependent chronic 
kidney disease (CKD) treated with roxadustat in Japan

After Week 12

Before Week 12:
Hazard ratio, 11.25; 
95% CI, 3.36–37.71; 
P<0.001; vs patients 
concomitantly using 
intravenous or oral 
iron therapy (including 
ferric citrate)

Baseline risk factors included hemodialysis (vs peritoneal dialysis), advanced age (≥65 years), shorter 
dialysis vintage (<4 months), and history of thromboembolism.

The graphical abstract represents the opinions of the authors. 
For a full list of declarations, including funding and author disclosure 
statements, please see the full text online. © The authors, CC-BY-NC-2023.

Patients who experienced any event with onset before Week 12 and did not experience any event with onset after Week 12 were excluded from the analysis.

aAdjusted for average roxadustat dose.

Results

Endpoints:
Incidence of 
thromboembolic 
events with 
onset before/
after Week 12

Analyses:
•  Baseline risk factors for thromboembolic events were investigated by 

Cox regression analyses
•  Nested case-control analyses using conditional logistic models with 

matched pairs of case-control data explored relationships between 
thromboembolic events and laboratory parameters

Category

Cases
N=23 
n (%)

Controls
N=164 
n (%)

Unadjusted 
Odds Ratio

(95% CI) P Value

Adjusted 
Odds Ratio
(95% CI)a P Valuea

Average TSAT over the previous 8 weeks before the event onset (%)
<10 5 (21.7) 10 (6.1) 6.25 (1.52–25.62) 0.011 4.29 (0.93–19.72) 0.061

10 to <20 7 (30.4) 47 (28.7) 1.67 (0.60–4.67) 0.330 1.54 (0.55–4.37) 0.414

≥20 11 (47.8) 107 (65.2) Ref Ref

Average transferrin over the previous 8 weeks before the event onset (g/L)
<2.0 4 (17.4) 42 (25.6) Ref Ref

2.0 to <2.5 7 (30.4) 83 (50.6) 0.97 (0.26–3.66) 0.962 0.73 (0.18–2.99) 0.667

≥2.5 12 (52.2) 39 (23.8) 4.36 (1.23–15.39) 0.022 3.16 (0.85–11.77) 0.086

Change of transferrin from Week 0 to average value over the previous 8 weeks before the event onset (g/L)
<0.5 7 (30.4) 97 (59.1) Ref Ref

0.5 to <1.0 9 (39.1) 51 (31.1) 3.48 (1.11–10.90) 0.032 3.13 (0.98–10.02) 0.055
≥1.0 7 (30.4) 16 (9.8) 9.79 (2.41–39.70) 0.001 7.85 (1.82–33.90) 0.006

Change of MCV from Week 0 to average value over the previous 8 weeks before the event onset (fL)
<−2 8 (34.8) 18 (11.0) 6.55 (2.11–20.28) 0.001 5.55 (1.73–17.83) 0.004
−2 to <0 5 (21.7) 41 (25.0) 1.98 (0.56–6.98) 0.289 2.28 (0.64–8.20) 0.206

≥0 10 (43.5) 105 (64.0) Ref Ref

1528 Adv Ther (2024) 41:1526–1552
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Key Summary Points

Why carry out this study?

Roxadustat, an oral medication, is a
hypoxia-inducible factor prolyl
hydroxylase inhibitor approved for the
treatment of anemia of chronic kidney
disease (CKD).

Thromboembolic events have occurred in
clinical trials of roxadustat, resulting in a
warning for potential development of
thromboembolism in the prescribing
information for roxadustat in Japan.

The current study explored the factors
related to the occurrence of
thromboembolic events in patients with
anemia of dialysis-dependent CKD treated
with roxadustat in Japan.

What was learned from the study?

Baseline risk factors for thromboembolic
events before week 12 were found to be
hemodialysis (vs peritoneal dialysis) and
shorter dialysis vintage (\4 months); risk
factors for events after week 12 were
advanced age (C 65 years) and history of
thromboembolism.

The absence of intravenous or oral iron
therapy early in treatment, before week 12,
was associated with an increased risk of
developing thromboembolic events; low
transferrin saturation and increased
transferrin levels were associated with an
increased risk of developing
thromboembolic events after week 12.

Decrease in mean corpuscular
hemoglobin/mean corpuscular volume
was associated with an increased risk of
thromboembolic events in the later
treatment period.

DIGITAL FEATURES

This article is published with digital features,
including a Graphical Abstract, to facilitate
understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.24466225.

INTRODUCTION

Anemia, a common complication for patients
with chronic kidney disease (CKD), is associated
with decreased health-related quality of life and
increased risk of cardiovascular events [1, 2].
Patients with advanced kidney disease have an
increased risk of thromboembolism compared
with those without kidney disease [3]. For adults
with anemia of CKD on hemodialysis (HD), the
Japanese Society for Dialysis Therapy (JSDT)
recommends target hemoglobin levels be
maintained in the range of 10–12 g/dL, and
they recommend initiating treatment in this
patient population when hemoglobin levels
are\ 10 g/dL at multiple examinations [4]. In
adults on peritoneal dialysis (PD), JSDT recom-
mends target hemoglobin levels be maintained
in the range of 11–13 g/dL; treatment in this
population should be initiated when hemoglo-
bin levels are\11 g/dL at multiple examina-
tions [4].

Erythropoiesis-stimulating agents (ESAs)
have been used to treat patients with anemia of
CKD since the early 1990s; however, they are
associated with safety concerns including
hypertension, stroke, vascular access thrombo-
sis, and thromboembolic complications [5].
Successful treatment for anemia of CKD
requires increasing hemoglobin levels to, or
maintaining hemoglobin levels within, the
recommended target range and may require
oral and/or intravenous (IV) iron supplementa-
tion [2]. Roxadustat, an oral medication, is a
hypoxia-inducible factor prolyl hydroxylase
inhibitor (HIF-PHI) that is approved in multiple
countries and regions for the treatment of ane-
mia of CKD [6].

Thromboembolic events have occurred in
clinical trials of roxadustat, with varied inci-
dence and severity depending on the patient
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population and thromboembolic site (e.g.,
artery or vein) [7, 8]. The Japanese prescribing
information for roxadustat includes a warning
for potential development of thromboem-
bolism [9]. A meta-analysis of 30 studies com-
prising 13,146 patients found that patients
treated with HIF-PHIs were more likely to
experience thromboembolic events compared
with patients treated with ESAs [10]. There is
little information available about the potential
relationship between thromboembolic events
and clinical characteristics, including labora-
tory values, of patients with dialysis-dependent
(DD) CKD who are administered roxadustat in
Japan.

The objective of the current study was to
explore factors related to the occurrence of
arterial and venous thromboembolic events in
patients with anemia of DD CKD treated with
roxadustat in Japan.

METHODS

Component Studies

This post hoc exploratory analysis pooled data
from four phase 3 clinical trials (1517-CL-0302,
1517-CL-0307, 1517-CL-0308, and 1517-CL-
0312), which are all the phase 3 trials of rox-
adustat conducted in Japan in the DD CKD
patient population (Table 1) [6, 7, 11]. The data
pooling was performed to supplement the lim-
ited number of patients and events observed in
each study and to increase the statistical power
for identifying risk factors. Studies 1517-CL-
0302 and 1517-CL-0308 were open-label,
24-week studies. 1517-CL-0307 was a random-
ized, 24-week, double-blind study. 1517-CL-
0312 was a 52-week, open-label study. Prior to
enrollment, patients in 1517-CL-0308 were
naive to ESA treatment, whereas patients in
1517-CL-0307 and 1517-CL-0312 were treated
with ESA prior to enrollment. Study 1517-CL-
0302 included two patient populations: patients
who had been treated with an ESA, as well as
patients who had not been treated with an ESA,

prior to enrollment. Patients in 1517-CL-0308
were randomized to receive a starting dose of
either 50 mg or 70 mg roxadustat. In 1517-CL-
0302, ESA-naive patients were randomized to
receive a starting dose of either 50 mg or 70 mg
roxadustat, and ESA-converted patients received
a conversion dose of either 70 mg or 100 mg
roxadustat. Patients in 1517-CL-0307 were ran-
domized to receive a conversion dose of either
70 mg or 100 mg roxadustat, or an active com-
parator. Roxadustat doses and dose conversions
for all studies are presented in Table S1 in the
electronic supplementary material.

All studies included in this post hoc analysis
were conducted in accordance with the Decla-
ration of Helsinki of 1964 and its later amend-
ments, the International Conference on
Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use guidelines,
Good Clinical Practice, and applicable local
laws and regulations. Individual study details
are available at https://clinicaltrials.gov/ct2/
show/NCT02780726, https://clinicaltrials.gov/
ct2/show/NCT02952092, https://clinicaltrials.
gov/ct2/show/NCT02780141, and https://
clinicaltrials.gov/ct2/show/NCT02779764, and
their associated publications [6, 7, 11].

As this was a pooled post hoc analysis,
approval by an ethics committee for this anal-
ysis was not necessary; however, institutional
review board approval was obtained prior to
initiating each of the studies. All participants
provided written informed consent.

Participants

All eligible patients were C 20 years of age, had
anemia of CKD, and were receiving either HD
(1517-CL-0307, 1517-CL-0308, 1517-CL-0312)
or PD (1517-CL-0302). Eligible patients from
1517-CL-0302 (ESA-converted patients),
1517-CL-0307, and 1517-CL-0312 had transfer-
rin saturation (TSAT) C 20% or serum ferritin
levels C 100 ng/mL. Eligible patients from
1517-CL-0302 (ESA-naive patients) and
1517-CL-0308 had TSAT C 5% or serum fer-
ritin C 30 ng/mL. These studies included
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patients who had been on dialysis for B 4
months (incident-dialysis [ID] patients) and[4
months (stable dialysis [SD] patients).

Exclusion criteria included prior treatment
with roxadustat, uncontrolled hypertension,
concurrent congestive heart failure (New York
Heart Association Class III or higher), history of
hospitalization for treatment of stroke,
myocardial infarction, or pulmonary embolism
within 12 weeks before screening, and recent
red blood cell transfusion and/or surgical pro-
cedure that promotes anemia. During dialysis
sessions, patients were undergoing anticoagu-
lation according to standard practice.

Iron Administration Protocols

IV iron therapy was permitted at the discretion
of the investigator if patients had TSAT\ 20%
or serum ferritin\100 ng/mL in 1517-CL-0302
(ESA-converted patients), 1517-CL-0307, and
1517-CL-0312, and was permitted at the dis-
cretion of the investigator if patients had
TSAT\5% or serum ferritin\ 30 ng/mL in
1517-CL-0302 (ESA-naive patients) and
1517-CL-0308. There were no restrictions on
the concomitant oral administration of iron
products in any of the studies.

Table 1 Component studies

Design feature 1517-CL-0302 1517-CL-0307 1517-CL-0308 1517-CL-0312

Open-label Yes Double-blind Yes Yes

Comparator None DA None None

Patients treated

with roxadustat,

n

56 150 75 163

Hemodialysis, n 0 150 75 163

Peritoneal dialysis,

n
56 0 0 0

Baseline

hemoglobin,

g/dL

\ 10.5 for ESA-naive patients

10.0 to B 12.0 for ESA-

converted patients

10.0 to B 12.0 B 10.0 10.0 to B 12.0

Previous ESA

treatment

ESA-naive/ ESA-converted ESA-converted ESA-naive ESA-converted

Iron-related

inclusion criteria

TSAT C 5% or serum ferritin

C 30 ng/mL for ESA-naive

patients

TSAT C 20% or serum ferritin

C 100 ng/mL for ESA-

converted patients

TSAT C 20% or

serum ferritin

C 100 ng/mL

TSAT C 5% or

serum ferritin

C 30 ng/mL

TSAT C 20% or

serum ferritin

C 100 ng/mL

Study duration 24 weeks 24 weeks 24 weeks 52 weeks

DA darbepoetin alfa, ESA erythropoiesis-stimulating agent, TSAT transferrin saturation
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Definition of Thromboembolic Events

Thromboembolic events were defined according
to preferred terms selected by Standardized
MedDRA Queries: embolic and thrombotic
events (narrow). Thromboembolic events were
categorized as arterial thromboembolic events,
venous thromboembolic events, and shunt-re-
lated thromboembolic events on the basis of
internal physician determination. Throm-
boembolic events with onset before week 12
were defined as any event with onset before
day 85 (exclusive), and thromboembolic events
with onset after week 12 were defined as any
event with onset day after day 85 (inclusive).

Analysis Method and Statistical Analysis

Two different approaches were used to evaluate
risk factors that may potentially be associated
with a thromboembolic event: a Cox regression
analysis and a nested case-control analysis (see
Fig. S1a in the electronic supplementary mate-
rial). The thromboembolic events were analyzed
as one event instead of being analyzed sepa-
rately with arterial, venous, and shunt-related
events. Analyses were performed separately for
events with onset before and after week 12.

Cox Regression Analysis
The time to first onset of thromboembolic
events before and after week 12, including time
to censoring, was analyzed using the Kaplan-
Meier method by subgroups, and the associa-
tion between the thromboembolic event and
each subgroup was evaluated by log-rank test.
Hazard ratios (HRs) and 95% confidence inter-
vals (CIs) were calculated using a Cox propor-
tional hazards model for each subgroup factor.
The Cox regression is a common technique to
analyze time-to-event data and is known to
have an advantage of not requiring distribu-
tional assumption for baseline hazard. The
subgroup factors included patient demographic
and clinical characteristics and ESA treatment
history.

Nested Case-Control Analysis
Patients with a thromboembolic event were
classified as cases, and patients without a
thromboembolic event were classified as con-
trols. For a patient with an event at a given time
point (days from first study drug taken),
potential controls who had not experienced any
events at the onset time of the case were selec-
ted. A matching algorithm was used to select
controls with similar characteristics with
respect to important confounding variables
from potential controls (see Fig. S1b in the
electronic supplementary material). We selected
the matching variables based on the results
from the Cox regression analysis. Cases were
matched to up to 10 controls with the same
level of binary matching variables and the
smallest Mahalanobis distance of continuous
matching variables. The patients experiencing
thromboembolic events and their matched
controls were compared in terms of the poten-
tial risk factors. By case and matched control
group, numbers and percentages of patients
were calculated for binary and categorical fac-
tors. A conditional logistic regression model was
used to calculate an odds ratio (OR) for cases
compared with matched controls with 95% CIs
and P values. The advantage of nested case-
control analysis is the flexibility to control for
confounding effects via matching techniques,
and thus relatively high statistical power is
expected even in this pooled analysis with only
44 patients experiencing the thromboembolic
events, where naive model adjustment for
multiple confounding factors may be challeng-
ing. More details on the methodology are
available in the Methods section of the elec-
tronic supplementary material.

RESULTS

Overview of Thromboembolic Events

The mean age of the 444 patients in this pooled
analysis was 64.2 years. Patients had a history of
diabetes (37.4%), thromboembolism (25.9%),
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and cardiovascular disease (14.0%). The mean
(SD) baseline hemoglobin level was 10.5 (1.2)
g/dL (Table 2).

Of the 444 patients, 56 events were observed
in 44 patients during the B 52-week treatment
period. There was a peak in event frequency in
the early treatment period (from 0 to 8 weeks),
and more shunt-related events were observed
during this period. The event frequency flat-
tened from 8 to 16 weeks and then gradually
increased until the end of the treatment period
(up to 52 weeks). The breakdown of events dif-
fered between the early and late stages of
treatment (Fig. 1a). Most events were shunt-re-
lated. There were 27 events with onset before
week 12 (shunt-related, 74%; arterial, 19%;
venous, 7%) and 29 events with onset after
week 12 (shunt-related, 55%; arterial, 31%;
venous, 14%; Fig. 1b, c). The proportion of
venous and arterial thromboembolic events
gradually increased as time passed.

Clinical Variables Measured Over Entire
Treatment Period

Hemoglobin levels, high-sensitivity C-reactive
protein (hsCRP), ferritin, TSAT, and transferrin
over the entire treatment period are displayed
in Figs. 2 and 3. The median hemoglobin levels
were slightly lower in patients with throm-
boembolic events compared with those without
thromboembolic events at most evaluation
time points during the treatment period.
Patients with thromboembolic events had
slightly higher median hsCRP, lower median
ferritin, lower median TSAT, and higher median
transferrin compared with those without
thromboembolic events, especially at the late
stage (weeks 36–52) of the treatment period.

Mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), MCH concen-
tration (MCHC), and platelets over the entire
treatment period are displayed in Figs. S2 and S3
in the electronic supplementary material. No
notable differences were observed for platelets,
and patients with thromboembolic events had
slightly lower median MCV, lower median
MCH, and lower median MCHC compared with
those without thromboembolic events,

Table 2 Baseline demographics and clinical characteristics

Characteristic Roxadustat
(N = 444)

Age (years), mean (SD) 64.2 (11.7)

Sex (male), n (%) 291 (65.5)

Dialysis vintage (months), mean (SD) 69.1 (80.2)

Dialysis vintage, n (%)

B 4 months 83 (18.7)

[ 4 months 361 (81.3)

History of diabetes, n (%) 166 (37.4)

History of thromboembolism, n (%) 115 (25.9)

History of cardiovascular disease, n (%) 62 (14.0)

Body mass index (kg/m2), mean (SD) 22.8 (3.7)

Previous ESA treatment, n (%)

Naive 88 (19.8)

Conversion 356 (80.2)

Concomitant antiplatelet agent use, n
(%)

202 (45.5)

Concomitant anticoagulant use, n (%) 18 (4.1)

Concomitant IV or oral iron therapy

use (including ferric citrate), n (%)

265 (59.7)

Concomitant IV iron therapy use, n (%) 110 (24.8)

Concomitant oral iron therapy use

(including ferric citrate), n (%)

173 (39.0)

Hemoglobin at week 0 (g/dL), mean

(SD)

10.5 (1.2)

Ferritin at week 0 (ng/mL), median

(min, max)

90.8 (6.9,

572.0)

TSAT at week 0 (%), mean (SD) 29.9 (11.9)

Transferrin at week 0 (g/L), median

(min, max)

1.8 (0.9, 3.3)

Platelets at week 0 (104/lL), mean (SD) 20.5 (6.3)

hsCRP at week 0 (mg/dL), median

(min, max)

0.06 (0.0, 6.3)

ESA erythropoiesis-stimulating agent, hsCRP high-sensi-
tivity C-reactive protein, max maximum, min minimum,
SD standard deviation, TSAT transferrin saturation
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especially at the late stage of the treatment
period (see Fig. S2 in the electronic supple-
mentary material).

Thromboembolic Events With Onset
Before Week 12

Cox Regression Analysis
Patients who were not concomitantly using IV
or oral iron therapy (including ferric citrate) had
an increased risk of thromboembolic events (HR
11.25; 95% CI 3.36–37.71) compared with
patients who were concomitantly using IV or
oral iron therapy (including ferric citrate)
(Table 3, Fig. 4).

Patients with shorter dialysis vintage (B 4
months) also had an increased risk of throm-
boembolic events (HR 2.74; 95% CI 1.20–6.26;
vs[4 months; Table 3). In relation to the
shorter dialysis vintage, ESA-naive patients may
be associated with thromboembolic events (HR
2.11; 95% CI 0.90–4.93 vs ESA-converted;
Table 3).

Thromboembolic events were observed in
24 out of 388 patients on HD, while no
thromboembolic events occurred in 56
patients on PD. Advanced age (C 65 years) may
also be associated with thromboembolic events
(HR 2.21; 95% CI 0.92–5.32; vs\ 65 years;
Table 3).

Other factors that were not associated with
thromboembolic events are shown in Table S2
in the electronic supplementary material.

Nested Case-Control Analysis
The case and control groups were well balanced
in terms of matching variables and other base-
line characteristics (see Table S3 in the elec-
tronic supplementary material). There was a
trend towards higher rate of hemoglobin rise
(C 0.5 g/dL/week) with increased risk of
thromboembolic events (unadjusted OR 2.40;
95% CI 0.73–7.86; vs\0.5 g/dL/week; Table 4).

There were no thromboembolic events
observed in patients who had concomitantly
used IV or oral iron therapy (not including ferric

citrate). When including ferric citrate adminis-
tration as iron therapy, the trend for increased
risk for thromboembolic events in patients
without concomitant IV or oral iron therapy
(including ferric citrate) persisted (unadjusted
OR 2.85; 95% CI 0.81–9.99; vs patients with
concomitant IV or oral iron therapy [including
ferric citrate]; Table 4).

Thromboembolic Events With Onset After
Week 12

Cox Regression Analysis
Patients aged C 65 years (HR 3.27; 95% CI
1.28–8.31; vs\65 years) and patients with a
history of thromboembolism (HR 3.05; 95% CI
1.34–6.93; vs patients without a history of
thromboembolism) were associated with
increased risk of thromboembolic events
(Table 5). A history of a cardiovascular event
may be associated with the occurrence of
thromboembolic events (HR 2.30; 95% CI
0.90–5.83; vs patients without a history of a
cardiovascular event; Table 5). Thromboem-
bolic events were observed in 23 out of 367
patients on HD, while no thromboembolic
events occurred in 56 patients on PD. Other
factors that were not associated with throm-
boembolic events are shown in Table S4 in the
electronic supplementary material.

Nested Case-Control Analysis
The case and control groups were well balanced
in terms of matching variables and other base-
line characteristics (Table S5 in the electronic
supplementary material).

Higher rate of hemoglobin decline (\- 0.25
g/dL/week) may be associated with increased
risk of thromboembolic events (unadjusted OR
3.31; 95% CI 0.813–13.4; vs C - 0.25 g/dL/
week). There was a trend towards low average
hemoglobin levels (\10.0 g/dL) over the pre-
vious 8 weeks before event onset with an
increased risk of thromboembolic events
(unadjusted OR 3.38; 95% CI 0.76–14.97; vs
C 11.0 g/dL; Table 6).
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Fig. 1 a Time to first onset of thromboembolic event and cumulative incidence. b Onset timing of thromboembolic events.
c Number and percentage of events with onset before/after week 12
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Low average TSAT (\ 10%) over the previ-
ous 8 weeks before event onset (unadjusted
OR 6.25; 95% CI 1.52–25.62; vs C 20%) and
high average transferrin (C 2.5 g/L) over the
previous 8 weeks before event onset (unad-
justed OR 4.36; 95% CI 1.23–15.39; vs\ 2.0
g/L) were associated with thromboembolic
events (Table 6). There was a trend towards
lower geometric mean ferritin levels (\ 30 ng/
mL) over the previous 8 weeks before event
onset with an increased risk of thromboem-
bolic events (unadjusted OR 2.77; 95% CI
0.93–8.25; vs C 50.0 ng/mL; Table 6).

High geometric mean hsCRP (C 0.3 mg/dL)
over the previous 16 weeks before event onset
tended to be associated with an increased risk of
thromboembolic events (unadjusted OR 2.85;
95% CI 0.98–8.35; vs\ 0.1 mg/dL; Table 6).
Low average MCH (\ 29 pg) over the previous
8 weeks before event onset was associated with
thromboembolic events (unadjusted OR 3.53;
95% CI 1.07–11.58; vs C 31 pg; Table 6).

High roxadustat dose (C 150 mg) over the
previous 8 weeks before event onset was asso-
ciated with thromboembolic events (unadjusted
OR 5.95; 95% CI 1.07–33.16; vs\50 mg;

Fig. 2 Medians ± interquartile ranges plot of a he-
moglobin levels and b hsCRP levels in patient subgroups
with and without thromboembolic events. hsCRP, high-

sensitivity C-reactive protein; LLN, lower limit of normal;
PSC, prescreening; SC, screening; ULN, upper limit of
normal
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Fig. 3 Medians ± interquartile ranges plot of a ferritin, b TSAT, and c transferrin in patient subgroups with and without
thromboembolic events. PSC, prescreening; TSAT, transferrin saturation
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Table 3 Univariate Cox regression analysis for thromboembolic events with onset before week 12

Category Number No. of events
(%)

Hazard ratio
(95% CI)a

P valueb

Age (years)

\ 65 206 7 (3.4) Ref 0.071

C 65 238 17 (7.1) 2.21 (0.92–5.32)

Previous ESA treatment

Naive 88 8 (9.1) 2.11 (0.90–4.93) 0.078

Conversion 356 16 (4.5) Ref

Previous ESA treatment, monthly dose (lg)c

\ 40 137 10 (7.3) Ref 0.276

40 to\ 160 254 10 (3.9) 0.52 (0.22–1.24)

C 160 53 4 (7.5) 0.98 (0.31–3.13)

Type of dialysis

Hemodialysis 388 24 (6.2) Inf 0.059

Peritoneal dialysis 56 0 (0.0) Ref

Dialysis vintage (months)

B 4 83 9 (10.8) 2.74 (1.20–6.26) 0.013

[ 4 361 15 (4.2) Ref

History of thromboembolism

No 329 16 (4.9) Ref 0.387

Yes 115 8 (7.0) 1.45 (0.62–3.39)

History of cardiovascular event

No 382 21 (5.5) Ref 0.822

Yes 62 3 (4.8) 0.87 (0.26–2.92)

Concomitant use of IV iron therapy

No 334 24 (7.2) Inf 0.003

Yes 110 0 (0.0) Ref

Concomitant use of oral iron therapy (including ferric citrate)

No 271 21 (7.7) 4.61 (1.38–15.46) 0.006

Yes 173 3 (1.7) Ref
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Table 6). However, when adjusted for average
TSAT over the previous 8 weeks before event
onset, the association between high roxadustat
dose (C 150 mg) and thromboembolic events
was attenuated (adjusted OR 3.77; 95% CI
0.57–25.11; vs\50 mg; Table 6). Conversely,
even after adjustment for average roxadustat
dose over the previous 8 weeks before event
onset, high average transferrin levels (C 2.5 g/L;
adjusted OR 3.16; 95% CI 0.85–11.77; vs\ 2.0
g/L), low average TSAT levels (\ 10%; adjusted
OR 4.29; 95% CI 0.93–19.72; vs C 20%), high
geometric mean hsCRP levels (C 0.3 mg/dL;
adjusted OR 2.86; 95% CI 0.97–8.40;
vs\0.1 mg/dL), and low average MCH
(\29 pg; adjusted OR 3.00; 95% CI 0.88–10.27;
vs C 31 pg) were numerically associated with
thromboembolic events (Table 6).

Results of nested case-control analyses of
change from week 0 in each laboratory param-
eter are shown in Table 7. Large increases in
average transferrin levels (C 1.0 g/L) over the
previous 8 weeks before event onset (adjusted
OR 7.85; 95% CI 1.82–33.90; vs\0.5 g/L) and
large decreases in average MCV (\- 2 fL) over
the previous 8 weeks before event onset (ad-
justed OR 5.55; 95% CI 1.73–17.83; vs C 0 fL)
were associated with thromboembolic events
(Table 7).

DISCUSSION

In this exploratory post hoc analysis, the factor
associated with the highest probability of a
thromboembolic event occurrence was the
absence of concomitant iron supplementation.
HD, advanced age, dialysis vintage, history of
thromboembolism, and history of cardiovascu-
lar disease were also identified as factors asso-
ciated with thromboembolic events in this
analysis [12–14]. High frequency of throm-
boembolic events occurred during the initial
stage of study drug administration (from 0 to
8 weeks) and they were mostly shunt-related.
Most of the arterial-related and venous-related
events occurred during the later period (after
week 12).

The absence of IV or oral iron therapy early
in treatment, before week 12, was associated
with increased risk of developing thromboem-
bolic events. Low TSAT and increased transfer-
rin levels were associated with increased risk of
developing thromboembolic events after
week 12. Prior studies have identified an asso-
ciation between iron deficiency anemia and
thromboembolic events [15, 16]. A previous
report [17] concluded that an increase in
transferrin induced by iron deficiency was
associated with increased hypercoagulability

Table 3 continued

Category Number No. of
events(%)

Hazard
ratio(95% CI)a

P valueb

Concomitant use of IV or oral iron therapy (including ferric citrate)

No 179 21 (11.7) 11.25 (3.36–37.71) \ 0.001

Yes 265 3 (1.1) Ref

CI confidence interval, ESA erythropoiesis-stimulating agent, Inf infinite, IV intravenous, Ref reference
aEstimated using Cox proportional hazards model
bP values based on log-rank test to test the null hypothesis of no difference in incidence across subgroup categories
cESA monthly dose was calculated by converting to darbepoetin alfa unit
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Fig. 4 Kaplan-Meier plot of time to first onset of thromboembolic events with onset before week 12: a concomitant IV or
oral iron therapy (including ferric citrate); b concomitant IV therapy. IV, intravenous
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Table 4 Nested case-control analysis for thromboembolic events with onset before week 12

Category Cases
N = 24
n (%)

Controls
N = 223
n (%)

Unadjusted odds ratio
(95% CI)

P value

Hemoglobin rate of change (g/dL/week)

\ 0.5 19 (79.2) 200 (89.7) Ref

C 0.5 5 (20.8) 23 (10.3) 2.40 (0.73–7.86) 0.149

Hemoglobin at end of week 4 (g/dL)

\ 10 7 (29.2) 53 (23.8) Ref

10 to\ 12 15 (62.5) 141 (63.2) 0.80 (0.23–2.78) 0.731

C 12 2 (8.3) 29 (13.0) 0.50 (0.08–3.10) 0.457

Ferritin at end of week 4 (ng/mL)

\ 30 7 (29.2) 78 (35.0) 0.49 (0.17–1.38) 0.178

30 to\ 50 3 (12.5) 55 (24.7) 0.33 (0.09–1.21) 0.096

C 50 7 (30.4) 90 (54.9) Ref

TSAT at end of week 4 (%)

\ 10 3 (12.5) 23 (10.3) 1.02 (0.27–3.76) 0.982

10 to\ 20 7 (29.2) 87 (39.0) 0.55 (0.20–1.51) 0.246

C 20 14 (58.3) 113 (50.7) Ref

Transferrin at end of week 4 (g/L)

\ 2.2 9 (37.5) 87 (39.0) Ref

2.2 to\ 2.6 10 (41.7) 83 (37.2) 1.09 (0.41–2.95) 0.860

C 2.6 5 (20.8) 53 (23.8) 0.94 (0.30–2.91) 0.912

hsCRP at end of week 4 (%)

\ 0.1 9 (37.5) 111 (49.8) Ref

0.1 to\ 0.3 11 (45.8) 77 (34.5) 1.71 (0.67–4.35) 0.259

C 0.3 4 (16.7) 35 (15.7) 1.32 (0.38–4.50) 0.661

MCV at end of week 4 (fL)

\ 95 12 (50.0) 129 (57.8) Ref

95 to\ 100 6 (25.0) 61 (27.4) 1.13 (0.40–3.17) 0.815

C 100 6 (25.0) 33 (14.8) 2.06 (0.71–5.92) 0.181
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Table 4 continued

Category Cases
N = 24
n (%)

Controls
N = 223
n (%)

Unadjusted odds ratio
(95% CI)

P value

MCH at end of week 4 (pg)

\ 30 9 (37.5) 76 (34.1) Ref

30 to\ 32 7 (29.2) 98 (43.9) 0.64 (0.23–1.80) 0.399

C 32 8 (33.3) 49 (22.0) 1.60 (0.54–4.69) 0.396

MCHC at end of week 4 (g/L)

\ 325 12 (50.0) 110 (49.3) 1.17 (0.41–3.37) 0.770

325 to\ 330 6 (25.0) 47 (21.1) 1.36 (0.42–4.43) 0.605

C 330 6 (25.0) 66 (29.6) Ref

Platelets at end of week 4 (104/lL)

\ 20 12 (50.0) 119 (53.4) Ref

20 to\ 28 8 (33.3) 75 (33.6) 1.02 (0.40–2.60) 0.969

C 28 4 (16.7) 29 (13.0) 1.25 (0.37–4.14) 0.720

Concomitant use of IV iron therapy

No 24 (100.0) 215 (96.4) Inf NE

Yes 0 (0.0) 8 (3.6) Ref

Concomitant use of oral iron therapy (including ferric citrate)

No 21 (87.5) 166 (74.4) 2.46 (0.69–8.73) 0.163

Yes 3 (12.5) 57 (25.6) Ref

Concomitant use of IV or oral iron therapy (including ferric citrate)

No 21 (87.5) 159 (71.3) 2.85 (0.81–9.99) 0.103

Yes 3 (12.5) 64 (28.7) Ref

CI confidence interval, hsCRP high-sensitivity C-reactive protein, Inf infinite, IV intravenous, MCH mean corpuscular
hemoglobin, MCHC mean corpuscular hemoglobin concentration, MCV mean corpuscular volume, NE not evaluable, Ref
reference, TSAT transferrin saturation
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Table 5 Univariate Cox regression analysis for thromboembolic events with onset after week 12

Category Number No. of events (%) Hazard ratio
(95% CI)a

P valueb

Age (years)

\ 65 199 6 (3.0) Ref 0.009

C 65 224 17 (7.6) 3.27 (1.28–8.31)

Previous ESA treatment

Naive 80 2 (2.5) Ref 0.712

Conversion 343 21 (6.1) 1.33 (0.29–5.99)

Previous ESA treatment, monthly dose (lg)c

\ 40 127 5 (3.9) Ref 0.150

40 to\ 160 246 12 (4.9) 0.91 (0.32–2.61)

C 160 50 6 (12.0) 2.28 (0.69–7.54)

Type of dialysis

Hemodialysis 367 23 (6.3) Inf 0.156

Peritoneal dialysis 56 0 (0.0) Ref

Dialysis vintage (months)

B 4 74 2 (2.7) 0.81 (0.18–3.61) 0.778

[ 4 349 21 (6.0) Ref

History of thromboembolism

No 314 12 (3.8) Ref 0.005

Yes 109 11 (10.1) 3.05 (1.34–6.93)

History of cardiovascular event

No 364 17 (4.7) Ref 0.072

Yes 59 6 (10.2) 2.30 (0.90–5.83)

Concomitant use of IV iron therapy

No 312 12 (3.8) 0.64 (0.28–1.47) 0.286

Yes 111 11 (9.9) Ref

Concomitant use of oral iron therapy (including ferric citrate)

No 253 17 (6.7) 2.01 (0.79–5.09) 0.134

Yes 170 6 (3.5) Ref

Adv Ther (2024) 41:1526–1552 1543



and risk of thromboembolism. This potential
mechanism could explain, in part, the increased
risk for thromboembolism in patients treated
with roxadustat who had increased transferrin
levels. Another study in patients with anemia
receiving chemotherapy suggested that treat-
ment with IV iron was associated with a reduced
risk of thromboembolic events by ESA [18].
Overall, the current analysis suggests that iron
deficiency during treatment with roxadustat
may be a risk factor related to thromboembolic
events. Indeed, many previous reports have
indicated that iron deficiency (measured by
serum ferritin and/or TSAT levels) increases the
risk for negative patient outcomes in patients
with anemia of CKD [19–24]. In contrast, excess
iron can cause organ damage, as well as exac-
erbation of an ongoing infection [25–27].

Clinicians need to weigh the benefits versus the
risks of concomitant iron therapy with rox-
adustat treatment, and awareness of iron levels
prior to initiating ESA or roxadustat may opti-
mize patient outcomes with treatment for ane-
mia. Further investigation is required to
understand the potential association between
iron deficiency and the risk of thromboembolic
events in patients treated with roxadustat.

In this post hoc analysis, incident-dialysis
(ID; i.e., initiated dialysis\4 months ago)
patients had a higher risk of developing
thromboembolic events early in treatment with
roxadustat. It is well established that patients
have an increased risk of mortality during the
first 4 months of dialysis [28]. Insufficient mat-
uration of shunts may increase the risk of
shunt-related thromboembolic events in ID

Table 5 continued

Category Number No. of events (%) Hazard
ratio(95% CI)a

P valueb

Concomitant use of IV or oral iron therapy (including ferric citrate)

No 160 8 (5.0) 1.40 (0.58–3.36) 0.455

Yes 263 15 (5.7) Ref

Patients who experienced any event with onset before week 12 and did not experience any event with onset after week 12
were excluded from the analysis
CI confidence interval, ESA erythropoiesis-stimulating agent, Inf infinite, IV intravenous, Ref reference
aEstimated using Cox proportional hazards model
bBased on log-rank test
cESA monthly dose was calculated by converting to darbepoetin alfa unit
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Table 6 Nested case-control analysis for thromboembolic events with onset after week 12

Category Cases
N = 23
n (%)

Controls
N = 164
n (%)

Unadjusted odds ratio
(95% CI)

P value Adjusted odds ratio
(95% CI)a

P valuea

Average hemoglobin over the previous 8 weeks before the event onset (g/dL)

\ 10.0 4 (17.4) 9 (5.5) 3.38 (0.76–14.97) 0.108 1.68 (0.28–9.98) 0.566

10.0 to\ 11.0 10 (43.5) 60 (36.6) 1.57 (0.59–4.19) 0.369 1.14 (0.39–3.38) 0.811

C 11.0 9 (39.1) 95 (57.9) Ref Ref

Geometric mean ferritin over the previous 8 weeks before the event onset (ng/mL)

\ 30 9 (39.1) 41 (25.0) 2.77 (0.93–8.25) 0.066 2.32 (0.77–6.98) 0.136

30 to\ 50 7 (30.4) 33 (20.1) 2.25 (0.72–7.06) 0.163 1.73 (0.51–5.86) 0.380

C 50 7 (30.4) 90 (54.9) Ref Ref

Average TSAT over the previous 8 weeks before the event onset (%)

\ 10 5 (21.7) 10 (6.1) 6.25 (1.52–25.62) 0.011 4.29 (0.93–19.72) 0.061

10 to\ 20 7 (30.4) 47 (28.7) 1.67 (0.60–4.67) 0.330 1.54 (0.55–4.37) 0.414

C 20 11 (47.8) 107 (65.2) Ref Ref

Average transferrin over the previous 8 weeks before the event onset (g/L)

\ 2.0 4 (17.4) 42 (25.6) Ref Ref

2.0 to\ 2.5 7 (30.4) 83 (50.6) 0.97 (0.26–3.66) 0.962 0.73 (0.18–2.99) 0.667

C 2.5 12 (52.2) 39 (23.8) 4.36 (1.23–15.39) 0.022 3.16 (0.85–11.77) 0.086

Geometric mean hsCRP over the previous 16 weeks before the event onsetb (mg/dL)

\ 0.1 8 (34.8) 88 (53.7) Ref Ref

0.1 to\ 0.3 7 (30.4) 47 (28.7) 1.58 (0.52–4.80) 0.417 1.55 (0.49–4.87) 0.453

C 0.3 8 (34.8) 29 (17.7) 2.85 (0.98–8.35) 0.056 2.86 (0.97–8.40) 0.056

Average MCV over the previous 8 weeks before the event onset (fL)

\ 90 5 (21.7) 21 (12.8) 1.90 (0.60–6.04) 0.275 1.69 (0.51–5.60) 0.389

90 to\ 95 6 (26.1) 56 (34.1) 1.83 (0.30–2.30) 0.717 1.14 (0.38–3.37) 0.819

C 95 12 (52.2) 87 (53.0) Ref Ref

Average MCH over the previous 8 weeks before the event onset (pg)

\ 29 6 (26.1) 19 (11.6) 3.53 (1.07–11.58) 0.038 3.00 (0.88–10.27) 0.080

29 to\ 31 7 (30.4) 52 (31.7) 1.44 (0.50–4.11) 0.498 1.60 (0.55–4.66) 0.391

C 31 10 (43.5) 93 (56.7) Ref Ref
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Table 6 continued

Category Cases
N = 23
n (%)

Controls
N = 164
n (%)

Unadjusted odds ratio
(95% CI)

P value Adjusted odds ratio
(95% CI)a

P valuea

Average MCHC over the previous 8 weeks before the event onset (g/L)

\ 320 10 (43.5) 40 (24.4) 2.63 (0.85–8.11) 0.092 2.15 (0.68–6.75) 0.191

320 to\ 330 7 (30.4) 64 (39.0) 1.11 (0.36–3.42) 0.858 1.08 (0.35–3.39) 0.893

C 330 6 (26.1) 60 (36.6) Ref Ref

Average platelets over the previous 8 weeks before the event onset (104/lL)

\ 15.0 6 (26.1) 38 (23.2) Ref Ref

15.0 to\ 25.0 12 (52.2) 95 (57.9) 0.86 (0.29–2.54) 0.783 0.77 (0.26–2.34) 0.648

C 25.0 5 (21.7) 31 (18.9) 0.94 (0.23–3.86) 0.933 0.82 (0.20–3.36) 0.779

Average roxadustat dose over the previous 8 weeks before event onset (mg)

\ 50 6 (26.1) 56 (34.1) Ref Ref

50 to\ 150 14 (60.9) 103 (62.8) 1.59 (0.54–4.66) 0.394 1.35 (0.45–4.07) 0.598

C 150 3 (13.0) 5 (3.0) 5.95 (1.07–33.16) 0.042 3.77 (0.57–25.11) 0.170

Concomitant use of IV or oral iron therapy (including ferric citrate)

No 8 (34.8) 70 (42.7) 0.96 (0.38–2.43) 0.934 1.00 (0.38–2.61) 0.995

Yes 15 (65.2) 94 (57.3) Ref Ref

Patients who experienced any event with onset before week 12 and did not experience any event with onset after week 12
were excluded from the analysis
CI confidence interval, hsCRP high-sensitivity C-reactive protein, IV intravenous, MCH mean corpuscular hemoglobin,
MCHC mean corpuscular hemoglobin concentration, MCV mean corpuscular volume, Ref reference, TSAT transferrin
saturation
aFor average roxadustat dose, we adjusted for average TSAT. For concomitant use of IV or oral iron therapy (including ferric
citrate), we adjusted for ferritin and TSAT just prior to the event onset. For other factors, we adjusted for average roxadustat
dose
bTo account for less frequent hsCRP assessments in each trial, the average hsCRP over the previous 16 weeks before event
onset was included in this analysis
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Table 7 Nested case-control analysis for thromboembolic events with onset after week 12: change from week 0 in labo-
ratory parameters

Category Cases
N = 23
n (%)

Controls
N = 164
n (%)

Unadjusted odds ratio
(95% CI)

P value Adjusted odds ratio
(95% CI)a

P valuea

Change of hemoglobin from week 0 to average value over the previous 8 weeks before the event onset (g/dL)

\- 0.5 6 (26.1) 37 (22.6) 0.97 (0.32–2.91) 0.956 0.67 (0.20–2.26) 0.518

- 0.5 to\ 0.0 5 (21.7) 36 (22.0) 0.94 (0.30–2.95) 0.920 0.73 (0.22–2.43) 0.614

C 0.0 12 (52.2) 91 (55.5) Ref Ref

Change of ferritin from week 0 to geometric mean over the previous 8 weeks before the event onset (ng/mL)

\- 50 6 (26.1) 56 (34.1) 1.22 (0.31–4.73) 0.777 1.36 (0.34–5.39) 0.662

- 50 to\ 0 13 (56.5) 67 (40.9) 2.83 (0.81–9.92) 0.103 2.68 (0.74–9.68) 0.132

C 0 4 (17.4) 41 (25.0) Ref Ref

Change of TSAT from week 0 to average value over the previous 8 weeks before the event onset (%)

\- 15 7 (30.4) 31 (18.9) 1.55 (0.49–4.88) 0.451 0.95 (0.26–3.43) 0.942

- 15 to\ 0 7 (30.4) 78 (47.6) 0.64 (0.21–1.95) 0.431 0.48 (0.15–1.53) 0.212

C 0 9 (39.1) 55 (33.5) Ref Ref

Change of transferrin from week 0 to average value over the previous 8 weeks before the event onset (g/L)

\ 0.5 7 (30.4) 97 (59.1) Ref Ref

0.5 to\ 1.0 9 (39.1) 51 (31.1) 3.48 (1.11–10.90) 0.032 3.13 (0.98–10.02) 0.055

C 1.0 7 (30.4) 16 (9.8) 9.79 (2.41–39.70) 0.001 7.85 (1.82–33.90) 0.006

Change of hsCRP from week 0 to geometric mean over the previous 16 weeks before the event onsetb (mg/dL)

\ 0.0 7 (30.4) 50 (30.5) Ref Ref

0.0 to\ 0.1 10 (43.5) 80 (48.8) 0.87 (0.31–2.45) 0.790 1.06 (0.36–3.17) 0.912

C 0.1 6 (26.1) 34 (20.7) 1.13 (0.34–3.73) 0.837 1.34 (0.40–4.50) 0.640

Change of MCV from week 0 to average value over the previous 8 weeks before the event onset (fL)

\- 2 8 (34.8) 18 (11.0) 6.55 (2.11–20.28) 0.001 5.55 (1.73–17.83) 0.004

- 2 to\ 0 5 (21.7) 41 (25.0) 1.98 (0.56–6.98) 0.289 2.28 (0.64–8.20) 0.206

C 0 10 (43.5) 105 (64.0) Ref Ref

Change of MCH from week 0 to average value over the previous 8 weeks before the event onset (pg)

\- 2 5 (21.7) 16 (9.8) 5.12 (1.40–18.71) 0.014 3.83 (0.98–14.87) 0.053

- 2 to\ 0 10 (43.5) 48 (29.3) 4.09 (1.26–13.30) 0.019 3.80 (1.16–12.44) 0.028

C 0 8 (34.8) 100 (61.0) Ref Ref
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patients [29]. Stable dialysis patients typically
require lower doses of ESAs to maintain hemo-
globin target levels compared with ID patients.
It has been previously reported that ESA-naive
patients had reduced levels of ferritin after the
administration of roxadustat compared with
ESA-converted patients treated with roxadustat
[11]. This is theorized to be due to the increased
amount of iron required to correct low hemo-
globin levels in patients who are ESA-naive [30].
Lower levels of supplemental iron may be nee-
ded to maintain hemoglobin levels within the
target range for ESA-converted patients, which
could explain the absence of iron therapy being
a risk factor for thromboembolic events only
before week 12.

This post hoc analysis identified decreases in
MCH/MCV as being correlated with the risk of
thromboembolic events in the later treatment
period. This is consistent with a previous report
determining that low MCH levels were associ-
ated with an increased risk for venous throm-
bosis [31]. Interestingly, there were no cases of

thromboembolic events in patients with ane-
mia of CKD on PD. However, this study inclu-
ded only 56 patients on PD treated with
roxadustat. HD was one of the factors associated
with thromboembolic events both before and
after week 12 in this analysis. Most of the
thromboembolic events that occurred in this
analysis were shunt-related. This may explain,
in part, the increased risk of thromboembolic
events observed in patients on HD, compared
with patients on PD, who did not have an
arteriovenous fistula. It cannot be ruled out that
this result may be inflated as a result of there
being no cases of thromboembolic events in
patients on PD; however, this finding warrants
further investigation.

Owing to the post hoc nature of this analysis,
these results should be cautiously interpreted
and viewed as hypothesis-generating. Multi-
plicity adjustment was not performed for any
statistical testing given the hypothesis-generat-
ing purpose of these analyses. The numbers of
patients and thromboembolic events within the

Table 7 continued

Category Cases
N = 23
n (%)

Controls
N = 164
n (%)

Unadjusted odds ratio
(95% CI)

P value Adjusted odds ratio
(95% CI)a

P valuea

Change of MCHC from week 0 to average value over the previous 8 weeks before the event onset (g/L)

\- 15 6 (26.1) 14 (8.5) 3.03 (0.93–9.87) 0.065 2.00 (0.51–7.80) 0.316

- 15 to\ 0 7 (30.4) 81 (49.4) 0.64 (0.23–1.79) 0.397 0.61 (0.21–1.73) 0.349

C 0 10 (43.5) 69 (42.1) Ref Ref

Change of platelets from week 0 to average value over the previous 8 weeks before the event onset (104/lL)

\ 0 8 (34.8) 75 (45.7) Ref Ref

0 to\ 2 10 (43.5) 40 (24.4) 2.75 (0.89–8.49) 0.078 2.63 (0.83–8.31) 0.100

C 2 5 (21.7) 49 (29.9) 0.87 (0.25–2.98) 0.825 0.80 (0.23–2.77) 0.719

Patients who experienced any event with onset before week 12 and did not experience any event with onset after week 12
were excluded from the analysis
CI confidence interval, hsCRP high-sensitivity C-reactive protein, MCH mean corpuscular hemoglobin, MCHC mean
corpuscular hemoglobin concentration, MCV mean corpuscular volume, Ref reference, TSAT transferrin saturation
aAdjusted for average roxadustat dose
bTo account for less frequent hsCRP assessments in each trial, the average hsCRP over the previous 16 weeks before event
onset was included in this analysis

1548 Adv Ther (2024) 41:1526–1552



studies were limited, and the studies were not
well powered to identify all potential risk fac-
tors. For example, a higher rate of hemoglobin
rise (C 0.5 g/dL/week) was numerically associ-
ated with increased risk of thromboembolic
events before week 12, and in contrast, a higher
rate of hemoglobin decline was numerically
associated with an increased risk of throm-
boembolic events after week 12. These findings
should be further investigated with larger
patient populations in global studies. The cur-
rent analyses did not include any comparison of
safety data versus ESAs, as the risk and safety
profile for ESAs has already been well estab-
lished [32–34]. Because of the small number of
events, these analyses were conducted with all
thromboembolic events (as opposed to a sepa-
rate analysis with arterial, venous, and shunt-
related events). The majority of thromboem-
bolic events in this post hoc analysis were
shunt-related. Generally, shunt-related throm-
boembolic events are associated with better
patient outcomes and can often be managed in
the clinic compared with systemic arterial or
venous thromboembolic events [35, 36].
Thrombosis in patients with anemia of CKD is
complex and multifactorial, and the analysis
may be limited because of confounding, miss-
ing data, and clinical correlation between vari-
ables such as hemoglobin, iron, and
inflammatory markers.

CONCLUSION

This post hoc analysis found that iron defi-
ciency, as well as other known risk factors, may
be related to thromboembolic events in patients
with DD CKD treated with roxadustat. Patients
treated with roxadustat who concomitantly
used IV or oral iron therapy (including ferric
citrate) early in treatment were less likely to
experience a thromboembolic event. Patients
with DD CKD in higher-risk groups may benefit
from more intentional monitoring and man-
agement of iron parameters while receiving
roxadustat to treat their anemia of CKD.
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