Adv Ther (2024) 41:1553-1575
https://doi.org/10.1007/s12325-023-02728-2

®

Check for
updates

ORIGINAL RESEARCH

Risk Factors for Thromboembolic Events in Patients
With Dialysis-Dependent CKD: Pooled Analysis
of Four Global Roxadustat Phase 3 Trials

Takayuki Hamano @ - Yusuke Yamaguchi

- Kashia Goto -

Shaka Martin - Alina Jiletcovici - Frank Dellanna - Tadao Akizawa

Jonathan Barratt

Received: July 11, 2023 / Accepted: November 1, 2023 / Published online: February 16, 2024

© The Author(s) 2024

ABSTRACT

Introduction: Risk factors for thromboembolic
events in patients with dialysis-dependent
chronic kidney disease (CKD) receiving rox-
adustat are unknown. Iron deficiency has been
reported as a risk factor for thrombosis in the
general population.
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Methods: Thromboembolic events with onset
before and after week 12 in patients receiving
roxadustat were evaluated in this pooled anal-
ysis of four global phase 3 trials, PYRENEES,
SIERRAS, HIMALAYAS, and ROCKIES. Baseline
risk factors for thromboembolic events were
investigated by Cox regression analyses. Nested
case-control analyses with matched pairs of
case-control data explored the relationship
between thromboembolic events and last
known laboratory parameters before event
onset.

Results: Of 2354 patients, 1026 thromboem-
bolic events were observed in 568 patients.
Baseline risk factors found included hemodial-
ysis (vs peritoneal dialysis), advanced age
(> 65 years), Black race, high high-sensitivity
C-reactive protein, and history of thromboem-
bolism, cardiovascular disease, or diabetes.
Univariate case-control analyses revealed that
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high hemoglobin rate of rise (> 0.5 g/dL/week;
odds ratio [OR] 2.09; 95% confidence interval
[CI] 0.98-4.46) showed a trend towards
increased risk of thromboembolic events before
week 12, and high rate of hemoglobin decline
was associated with events after week 12
(< — 0.5 g/dL/week; OR 3.73; 95% CI 1.68-8.27)
as compared to stable hemoglobin levels
(> — 0.1 to < 0.1 g/dL/week). Multivariate case-
control analyses showed that low last known
hemoglobin level (< 10 g/dL: adjusted OR 1.91;
95% CI 1.04-3.50; vs > 12 g/dL) and low last
known transferrin saturation (TSAT < 10%:
adjusted OR 3.78; 95% CI 1.71-8.39; vs > 30%)
before event onset were associated with events
after week 12. In patients with last known
TSAT < 30%, higher roxadustat dose was asso-
ciated with thromboembolic events; however,
no association was observed in those with
TSAT > 30%.

Conclusions: Among various risk factors for
thromboembolic events, it is reasonable to
avoid a rapid increase and decline in hemoglo-
bin levels as well as ensure TSAT > 30%, rather
than increasing the roxadustat dose. Graphical
Abstract available for this article.

Trial Registration: NCT02278341, NCT02273726,
NCT02052310, NCT02174731.

PLAIN LANGUAGE SUMMARY

Roxadustat is an oral treatment for patients
with anemia, or low hemoglobin levels, due to

chronic kidney disease. Thromboembolic
events are caused by a blood clot blocking blood
vessels, and they have occurred in clinical trials
of roxadustat. This analysis evaluated risk fac-
tors for thromboembolic events in patients
receiving roxadustat to treat anemia of chronic
kidney disease who are on dialysis. Two differ-
ent statistical approaches were used to investi-
gate risk factors for thromboembolic events that
occurred before and after 12 weeks of roxadustat
treatment. We found that rapid improvement
of anemia after starting roxadustat treatment
may be associated with an increased risk of
thromboembolic events occurring in the first
12 weeks of treatment. In contrast, severe ane-
mia or worsening of anemia was associated with
an increased risk of thromboembolic events
after week 12. Low iron levels in the blood or
greater decline of available iron in the blood
from baseline were also detected as risk factors
for the events after week 12, suggesting that
iron supplementation is important in patients
who are iron-deficient. Moreover, thromboem-
bolic events were also associated with older age
(> 65 years), Black race, high levels of inflam-
mation, and having had a previous throm-
boembolic event or having a history of
cardiovascular disease or diabetes. Some risk
factors, such as iron status and hemoglobin
levels, can be changed after beginning rox-
adustat treatment and should be monitored and
modified, as needed.
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Graphical Abstract:

Risk Factors for Thromboembolic Events in Patients
With Dialysis-Dependent CKD: Pooled Analysis of
Four Global Roxadustat Phase 3 Trials

Takayuki Hamano, Yusuke Yamaguchi, Kashia Goto, Shaka Martin, Alina Jiletcovici,
Frank Dellanna, Tadao Akizawa, Jonathan Barratt

Introduction Objective
Risk factors for thromboembolic To evaluate the patient characteristics and
events in patients with dialysis- laboratory parameters that may be related
dependent CKD receiving roxadustat to thromboembolic events in a larger, global
are unknown population of patients treated with roxadustat
Methods
Data were pooled from Endpoints: Analyses:
four phase 3 global studies Incidence of thromboembolic  + Cox regression analyses
(PYRENEES, SIERRAS, events with onset * Nested case-control
HIMALAYAS, ROCKIES) before /after Week 12 analyses
Results
Multivariate Cox Regression Analysis for Selected Subgroup Factors
Category Hazard Ratio (95% Cl) P Value Hazard Ratio (95% CI) P Value
Age (years), vs <65
265 I 0.88 (0.58-1.32) [ 0526 ] 1.32 (1.08-1.62) [ 0.007
Race, vs White
Asian 0.59 (0.25-1.36) 0.215 0.90 (0.62-1.30) 0.577
Black 1.04 (0.65-1.67) 0.870 1.55 (1.22-1.98) <0.001
Other 0.17 (0.02-1.21) 0.077 0.54 (0.30-0.97) 0.038
Type of dialysis, vs peritoneal dialysis
Hemodialysis I 3.40 (1.08-10.74) [ 0037 ] 1.72 (1.11-2.65) [ 0014
History of di: VS no
Yes 1.28 (0.85-1.91) [ 0237 ] 1.36 (1.11-1.68) [ 0.004
History of thromboembolism, vs no
Yes 0.85 (0.34—2.09) [ 0716 ] 1.74 (1.20-2.53) [ 0.003
History of CV event, vs no
Yes I 1.46 (0.99-2.16) [ 0055 ] 1.40 (1.15-1.71) [ 0.001
Baseline hsCRP level (mg/dL), vs 0.5
>05 I 1.64 (1.10-2.43) [ 0014 ] 1.20 (0.98-1.46) [ 0072

GV, cardiovascular; hsCRP, high-sensitivty C-reactive protein; ref, reference;

Restricted Cubic Splines for (a) Last Known TSAT and (b) Last Known Roxadustat Dose in
Subgroups of Patients With Last Known TSAT <30% and (c) 230% After Week 12
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Conclusions
Among various risk factors for thromboembolic events, it is reasonable to avoid

a rapid increase in hemoglobin, especially early in treatment, and a decline in
hemoglobin levels once treatment has been given for some time, as well as

ensure TSAT 230%, rather than increasing the roxadustat dose.
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Key Summary Points

Why carry out this study?

Roxadustat, an oral hypoxia-inducible
factor prolyl hydroxylase inhibitor, is
approved in multiple countries and
regions for the treatment of anemia of
chronic kidney disease (CKD).

Thromboembolic events have occurred in
clinical trials of roxadustat and further
information is needed to characterize
patients with dialysis-dependent CKD
who experienced thromboembolic events
following treatment with roxadustat.

The current post hoc exploratory analysis
evaluated patient characteristics and
laboratory parameters that may be related
to thromboembolic events in patients
with anemia of dialysis-dependent CKD
treated with roxadustat.

What was learned from the study?

In addition to established risk factors, a
high hemoglobin rate of rise (> 0.5 g/dL/
week) may augment the risk of
thromboembolic events at the early
period of treatment, highlighting the
importance of careful monitoring to
prevent too rapid of a rise in hemoglobin
when initiating roxadustat treatment.

In contrast, a low hemoglobin level

(< 10 g/dL) and rapid decline of
hemoglobin (< — 0.5 g/dL/week) were
each associated with an increased risk of
thromboembolic events after week 12; low
transferrin saturation (TSAT) (< 30%) and
greater decline of TSAT (> 15%) from
baseline were also detected as risk factors
for this late period.

In patients with last known TSAT < 30%,
higher roxadustat dose was associated
with thromboembolic events; however,
no association between dose and events
was observed in those with TSAT > 30%.

Failure to achieve the hemoglobin target
level should prompt a search for other
causative factors; one option may be iron
therapy until reaching TSAT > 30%,
rather than increasing the dose of
roxadustat.

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.24466201.

INTRODUCTION

A common complication of dialysis-dependent
(DD) chronic kidney disease (CKD) is anemia.
Patients with anemia of DD CKD have an
increased risk of cardiovascular events, hospi-
talization, and mortality [1, 2]. Adults with CKD
who have hemoglobin concentrations < 13.0 g/
dL (men) or < 12.0 g/dL (women) at multiple
examinations meet the criteria for diagnosis of
anemia according to the Kidney Disease
Improving Global Outcomes (KDIGO) guide-
lines [3]. Oral or intravenous iron therapy is
recommended for patients with anemia of CKD
if their transferrin saturation (TSAT) is < 30%
and ferritin levels are < 500 ng/mL [3]. The
European Renal Best Practice (ERBP) group rec-
ommends initiating either oral or intravenous
iron therapy in patients with DD CKD when
TSAT is < 25% and ferritin is < 300 ng/mL [4].
Treatment with an erythropoiesis-stimulating
agent (ESA) in this patient population is com-
monly used to increase, or maintain, hemoglo-
bin levels to their target range and may include
concomitant supplementation with iron ther-

apy [2].
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Roxadustat is approved in multiple countries
and regions for the treatment of anemia of
CKD. Roxadustat, an oral hypoxia-inducible
factor prolyl hydroxylase inhibitor (HIF-PHI),
raises hemoglobin levels through activation of
erythropoiesis and improved iron metabolism.
Elevated hepcidin is a cause of iron imbalance
observed in patients with CKD, as well as other
chronic inflammatory diseases. Roxadustat has
been shown to decrease hepcidin levels and
thereby improve iron metabolism [2].
Roxadustat has demonstrated efficacy across
multiple global phase 3 studies by increasing
and/or maintaining hemoglobin levels in
patients with anemia of CKD with accept-
able tolerability [5-8].

A recent meta-analysis comprising more
than 13,000 patients across 30 studies found
that treatment with HIF-PHIs may increase the
risk for thromboembolic events compared to
treatment with ESAs [9]. Since the analysis by
Chen et al. examined patients treated with any
HIF-PHI, further information is needed to
characterize patients with DD CKD who expe-
rienced arterial and/or venous thromboembolic
events following administration of roxadustat.

A post hoc analysis of four phase 3 studies in
Japan suggested that several patient character-
istics and laboratory parameters were related to
the occurrence of thromboembolism in patients
treated with roxadustat [10]. The objective of
the current post hoc analysis was to evaluate the
patient characteristics and laboratory parame-
ters that may be related to thromboembolic
events in a larger, global population of patients
treated with roxadustat.

METHODS

Component Studies

This post hoc exploratory analysis pooled data
from four phase 3, open-label, randomized, ESA
active comparator—controlled clinical trials in
patients with anemia of DD CKD:
NCT02278341 (PYRENEES), NCT02273726
(SIERRAS), NCT02052310 (HIMALAYAS), and
NCT02174731 (ROCKIES) [5-8]. Patients were
enrolled and randomly assigned on a 1:1 basis

to receive roxadustat or epoetin alfa in the
SIERRAS, HIMALAYAS, and ROCKIES studies
and either epoetin alfa or darbepoetin alfa in
the PYRENEES study. More details regarding the
component studies are available in the Methods
section of the electronic supplementary
material.

All studies included in this post hoc analysis
were conducted in accordance with the ethical
principles of the Declaration of Helsinki of 1964
and its later amendments, the International
Conference on Harmonisation of Technical
Requirements for Pharmaceutical for Human
Use guidelines, Good Clinical Practice, and
applicable local laws and regulations. Individual
study details are available at https://clinical
trials.gov/ct2/show/NCT02278341, https://clini
caltrials.gov/ct2/show/NCT02273726, https://
clinicaltrials.gov/ct2/show/NCT02052310, and
https://clinicaltrials.gov/ct2/show/NCT02174731,
and their associated publications [5-8].

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 included studies. All par-
ticipants provided written informed consent.

Participants

All eligible patients were adults (> 18 years),
had anemia of CKD, TSAT > 20%, and serum
ferritin > 100 ng/mL, and were receiving either
hemodialysis or peritoneal dialysis. Exclusion
criteria included recent red blood cell transfu-
sion, prior treatment with roxadustat or
another HIF-PHI, active/chronic gastrointesti-
nal bleeding, and anticipated elective surgery
with blood loss expected. Patients underwent
anticoagulation therapy during dialysis sessions
according to standard practice.

Iron Administration Protocols

Oral iron supplementation was permitted for
patients in all studies. Intravenous iron therapy
was permitted in patients treated with rox-
adustat if hemoglobin levels did not increase
sufficiently after > 2 dose increases, and their
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TSAT or ferritin levels fell to < 20% or < 100 ng/
mlL, respectively (ROCKIES, PYRENEES). Intra-
venous iron therapy was allowed if, in the
investigator’s opinion, a patient’s hemoglobin
levels had not responded adequately and their
TSAT or ferritin levels fell below 20% or 100 ng/
mlL, respectively (HIMALAYAS, SIERRAS).

Definition of Thromboembolic Events

All preferred terms, selected by Standardized
MedDRA Queries, embolic and thrombotic
events (narrow), were included as thromboem-
bolic events. An exploratory post hoc analysis
conducted using pooled data from four Japa-
nese phase 3 clinical trials [10] suggested that
there was a temporary peak in event frequency
during the early treatment period (from week O
to week 8) and more shunt-related events were
particularly observed during this period; the
event frequency decreased by week8 and
became stable over the period from week 8 to
week 16, and then gradually increased until
week 52. The breakdown of events differed
between the early period and the later period of
treatment, with shunt-related events account-
ing for the majority before week 12, while the
proportion of arterial-related events/vein-re-
lated events increased after week 12. The factors
potentially associated with the incidence of
thromboembolic events differed between the
early and later period of treatment.

Therefore, all analyses were performed sepa-
rately for events with onset before and after
week 12, the same cutoff time used in the
analysis of Japanese phase3 clinical trials.
Thromboembolic events before week 12 were
any events with onset before day 85 (exclusive),
and events after week 12 were any events with
onset after day 85 (inclusive). An event was
classified as on-treatment if it occurred on or
after day 1 and up to 7 days after the end of
treatment.

Analysis Method and Statistical Analysis

Cox regression analysis and nested case-control
analysis were used to evaluate the relationship

of risk factors with thromboembolic events in
patients treated with roxadustat.

Cox Regression Analysis

Time to first onset of thromboembolic events
before and after week 12 was analyzed by sub-
groups using the Kaplan-Meier methodology for
each factor, and the association between the
thromboembolic events and each factor was
tested by a log-rank test. Hazard ratios and 95%
confidence intervals (CIs) were calculated using
a univariate Cox proportional hazards model
for each factor, which included patients’
demographic and clinical characteristics and
ESA treatment history. Multivariate Cox
regression analysis was performed to further
explore the association between selected factors
and thromboembolic events, where the hazard
ratios and 95% CIs were calculated using a
multivariate Cox proportional hazards model.

Nested Case-Control Analysis

Cases were defined as patients with a throm-
boembolic event and controls were defined as
patients without a thromboembolic event. For a
patient with an event at a given time point
(days from first study drug taken), potential
controls who had not experienced a throm-
boembolic event at the onset time of the case
were selected. Controls with similar character-
istics, accounting for important confounding
variables, were selected from the potential
controls using a matching algorithm. Matching
variables were selected on the basis of the results
from the Cox regression analysis. Cases were
matched to up to three controls with the same
level of binary matching variables and the
smallest Mahalanobis distance of continuous
matching variables. The patients who experi-
enced thromboembolic events and their
matched controls were compared in terms of
the potential risk factors. Last known laboratory
parameters, defined by those measured at the
last known visit before event onset, were
assessed as the potential factors. The numbers
and percentages of patients were calculated for
binary and categorical factors by case and
matched control group. Conditional logistic
regression was used to calculate odds ratios
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(ORs) for cases compared with matched controls
with 95% Cls and P values. More details on the
methodology are available in the Methods sec-
tion of the electronic supplementary material.

Restricted cubic spline regression with three
knots was used to model a non-linear associa-
tion between ORs and last known TSAT, where
the reference value was set to 30%.

To further explore the association between
roxadustat dose and thromboembolic events,
last known roxadustat dose was analyzed using
restricted cubic spline regression with three
knots for subgroups of patients with TSAT
> 30% and TSAT < 30%, where the reference
value was set to a lower dose level of 150 mg/
week to be consistent with a similar analysis in
patients treated in Japan with a lower average
roxadustat dose [10].

RESULTS

Overview of Thromboembolic Events

The mean age of patients was S55.5 years.
Patients treated with roxadustat had a history of
diabetes  (43.2%), cardiovascular disease
(41.9%), and thromboembolism (4.2%). The
mean baseline hemoglobin level was 9.83 g/dL.
Most patients were on hemodialysis (90.9%) as
opposed to peritoneal dialysis (9.1%). Two-
thirds of patients had been on dialysis for more
than 4 months (68.0%) (Table 1).

Of the 2354 patients included in this pooled
analysis, 1026 thromboembolic events were
observed in 568 patients (Fig. 1). There were 154
thromboembolic events that occurred before
week 12, and 872 events that occurred after
week 12.

Clinical Variables Measured Over Entire
Treatment Period

Hemoglobin levels, high-sensitivity C-reactive
protein (hsCRP) levels, ferritin levels, and TSAT
over the entire treatment period are displayed

in Figs.2 and 3. At most of the time points
evaluated, median hemoglobin levels were
slightly lower in patients with thromboembolic
events compared with those without throm-
boembolic events. Patients with thromboem-
bolic events had slightly higher median hsCRP
levels and lower median TSAT compared with
those without thromboembolic events. No
notable differences were observed for mean
corpuscular volume (MCV) or platelet counts
throughout the study period (Fig. S1).

Thromboembolic Events With Onset
Before Week 12

Cox Regression Analysis
High body mass index, hemodialysis, history of
diabetes, history of cardiovascular disease, low
baseline TSAT, and high baseline hsCRP level
were associated with increased risk of throm-
boembolic events (Table S1 in the electronic
supplementary material). A racial difference in
hazard ratios was observed (TableS1 in the
electronic supplementary material).
Multivariate Cox regression analysis for
selected factors revealed that hemodialysis (ad-
justed HR 3.40; 95% CI 1.08-10.74; vs perito-
neal dialysis) and high baseline hsCRP
(> 0.5mg/dL: adjusted HR 1.64; 95% CI
1.10-2.43; < 0.5 mg/dL) remained associated
with the increased risk of thromboembolic
events (Fig. 4a and Table 2).

Nested Case-Control Analysis

The case and control groups were well balanced
in terms of matching variables and other base-
line characteristics (Table S2 in the electronic
supplementary material).

High hemoglobin rate of rise showed a trend
towards an increased risk of thromboembolic
events (> 0.5 g/dL/week: OR 2.09; 95% CI
0.98-4.46; vs — 0.1to< 0.1 g/dL/week) (Table 3).

Decreased last known TSAT from baseline
was associated with increased risk of throm-
boembolic events (< — 15%: OR 2.76; 95% CI
1.03-7.44; vs > 0%) (Table 4).

I\ Adis



1560 Adv Ther (2024) 41:1553-1575

Table 1 Demographics and baseline characteristics

Characteristic Roxadustat (N = 2354)
Age (years), mean (SD) 55.5 (14.9)
Sex (male), 7 (%) 1365 (58.0)
Race, 7 (%)
Asian 271 (11.5)
Black or African American 356 (15.1)
White 1581 (67.2)
Other 146 (6.2)
BMI (kg/m?), 7 (%)
<25 977 (41.6)
25 to < 30 718 (30.5)
30 to < 35 369 (15.7)
> 35 287 (12.2)
Missing 3
Type of dialysis, 7 (%)

Hemodialysis 2137 (90.9)
Peritoneal dialysis 215 (9.1)
Dialysis vintage (months), mean (SD) 33.9 (42.8)

Dialysis vintage, 7 (%)
< 4 months 753 (32.0)
> 4 months 1600 (68.0)
Missing 1
History of hypertension, 7 (%) 2253 (95.7)
History of diabetes, 7 (%) 1017 (43.2)
History of thromboembolism, 7 (%) 100 (4.2)
History of CV disease, 7 (%) 987 (41.9)
Previously treated with ESA, 7 (%)
Naive 562 (23.9)
Conversion 1792 (76.1)
Previous epoetin treatment weekly dose group (IU/kg/week), 7 (%)
Naive 562 (25.0)
< 150 1457 (64.7)
> 150 232 (10.3)
Missing 103
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Table 1 continued

Characteristic

Roxadustat (N = 2354)

Concomitant iron therapy use (oral or IV), 7 (%)
Concomitant iron therapy (oral) use, 7 (%)
Concomitant iron therapy (IV) use, 7 (%)
Baseline Hb level (g/dL), mean (SD)

Baseline ferritin level (ng/mL), median (min, max)
Baseline TSAT (%), mean (SD)

Baseline hsCRP level (mg/dL), median (min, max)

1600 (68.0)

1057 (44.9)

1088 (46.2)

9.83 (1.3)

497.6 (6.3, 5158.5)
33.1 (13.1)

0.44 (0.01, 28.6)

BMI body mass index, CV cardiovascular, ESA erythropoiesis-stimulating agent, Hb hemoglobin, AsCRP high-sensitivity
C-reactive protein, IU international unit, IV intravenous, SD standard deviation, 7SAT transferrin saturation

Thromboembolic Events With Onset After
Week 12

Cox Regression Analysis

Advanced age, Black race, high body mass index,
hemodialysis, long dialysis vintage, history of
diabetes, history of thromboembolism, history
of cardiovascular disease, previous epoetin
treatment, ESA conversion, no concomitant iron

Probability of Remaining Event-Free
for a Thromboembolic Event

0.5

therapy (oral or IV) use, low baseline ferritin, low
baseline TSAT, and high baseline hsCRP were
associated with an increased risk of throm-
boembolic events (TableS1 in the electronic
supplementary material).

Multivariate Cox regression analysis for
selected factors revealed that advanced age
(> 65 years: adjusted HR 1.32; 95% CI 1.08-1.62;
vs < 65 years), Black race (adjusted HR 1.55,

0 180 360 540

Number at risk: 2354 1780 1346 1089

900 1080 1260 1440 1620
Day

495 249 55 12 0

Fig. 1 Time to first onset of thromboembolic event and cumulative incidence
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Fig. 2 Median =+ interquartile ranges plot of a he-
moglobin levels and b hsCRP levels in patient subgroups
with and without thromboembolic events. hsCRP high-

95% CI 1.22-1.98; vs White race), hemodialysis
(adjusted HR 1.72; 95% CI 1.11-2.65; vs peri-
toneal dialysis), history of diabetes (adjusted HR
1.36; 95% CI 1.11-1.68; vs no history of dia-
betes), history of thromboembolism (adjusted
HR 1.74; 95% CI 1.20-2.53; vs no history of
thromboembolism), and history of a cardiovas-
cular event (adjusted HR 1.40; 95% CI 1.15-1.71;
vs no history of a cardiovascular event) remained
associated with an increased risk of throm-
boembolic events (Fig. 4b and Table 2).

sensitivity C-reactive protein, LLN lower limit of normal,
ULN upper limit of normal

Nested Case-Control Analysis

The case and control groups were well balanced
with respect to matching variables and other
baseline characteristics (see Table S3 in the
electronic supplementary material).

Univariate conditional logistic regression
analyses showed that a high hemoglobin rate of
decline, low last known hemoglobin level, low
last known TSAT, high last known platelet
count, high last known hsCRP, and high last
known roxadustat dose were associated with an
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Fig. 3 Median =+ interquartile ranges plot of a ferritin levels and b TSAT in patient subgroups with and without

thromboembolic events. 7SAT transferrin saturation

increased risk of thromboembolic events
(Table 5).

Multivariate conditional logistic regression
analyses revealed that low last known hemo-
globin level (< 10g/dL: adjusted OR 1.91;
95% CI 1.04-3.50; vs > 12 g/dL) and low last
known TSAT (< 10%: adjusted OR 3.78;
95% CI 1.71-8.39; vs > 30%) remained asso-
ciated with increased risk of thromboembolic

events. The multivariate analysis extinguished

the significant relationship of platelet count,
hsCRP, MCV, and roxadustat dose with
thromboembolic events (Table 5).

Restricted cubic spline regression analysis
demonstrated that the increased risk of throm-
boembolic events was observed as last known
TSAT declined to < 30% (Fig. 5a). In the sub-
group with TSAT < 30%, a higher roxadustat
dose was associated with an increased risk of
thromboembolic events. However, in the
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Table 2 Multivariate Cox regression analysis for selected subgroup factors: time to first onset of thromboembolic events

before/after week 12

Category Before week 12 After week 12
Hazard ratio (95% CI)* P value® Hazard ratio (95% CI)* P value®

Age (years), vs < 65

> 65 0.88 (0.58-1.32) 0.526 1.32 (1.08-1.62) 0.007
Race, vs White

Asian 0.59 (0.25-1.36) 0215 0.90 (0.62-1.30) 0.577

Black 1.04 (0.65-1.67) 0.870 1.55 (1.22-1.98) < 0.001

Other 0.17 (0.02-1.21) 0.077 0.54 (0.30-0.97) 0.038
BMI (kg/m?), vs < 25

> 25 to < 30 1.08 (0.67-1.75) 0.748 0.84 (0.66-1.07) 0.150

30 to < 35 1.09 (0.63-1.91) 0.750 0.76 (0.57-1.02) 0.068

> 35 135 (0.76-2.41) 0.308 1.00 (0.74-1.36) 0997
Type of dialysis, vs peritoneal dialysis

Hemodialysis 3.40 (1.08-10.74) 0.037 172 (1.11-2.65) 0.014
History of diabetes, vs no

Yes 1.28 (0.85-1.91) 0237 1.36 (1.11-1.68) 0.004
History of thromboembolism, vs no

Yes 0.85 (0.34-2.09) 0.716 1.74 (120-2.53) 0.003
History of CV event, vs no

Yes 146 (0.99-2.16) 0.055 1.40 (1.15-1.71) 0.001
Bascline hsCRP level (mg/dL), vs < 0.5

> 05 1.64 (1.10-2.43) 0.014 1.20 (0.98-1.46) 0.072
Bascline TSAT (%), vs > 30

< 30 1.30 (0.90-1.89) 0.163 1.18 (0.98-1.43) 0.088

BMTI body mass index, CI confidence interval, CV cardiovascular, hsCRP high-sensitivity C-reactive protein, r¢f reference,
TSAT transferrin saturation

“Estimated using multivariate Cox proportional hazards model

I\ Adis



1566

Adv Ther (2024) 41:1553-1575

Table 3 Nested case-control analysis for thromboembolic events with onset before week 12: last known laboratory

parameters
Category Cases Controls Odds ratio (95% CI) P value
N =111 N =330
n (%) n (%)
HDb rate of change® (g/dL/weck)
< —01 17 (17.5) 56 (18.3) 123 (0.59-2.55) 0.575
— 01t <01 22 (22.7) 85 (27.8) Ref
0.1 to < 0.5 36 (37.1) 114 (37.3) 1.24 (0.66-2.35) 0.501
> 05 22 (22.7) 51 (16.7) 2.09 (0.98-4.46) 0.058
Last known Hb level (g/dL)
<10 31 (282) 92 (27.9) Ref
10 to < 12 57 (51.8) 179 (54.2) 0.97 (0.54-1.74) 0919
> 12 22 (20.0) 59 (17.9) 1.12 (0.52-2.39) 0.774
Last known TSAT (%)
<10 7 (8.8) 15 (5.9) 1.71 (0.49-5.97) 0.435
10 to < 30 49 (613) 155 (32.8) 0.96 (0.51-1.78) 0.892
> 30 24 (30.0) 83 (32.8) Ref
Last known ferritin level (ng/mL)
<50 6 (7.6) 26 (10.2) 0.65 (0.16-2.73) 0.561
50 to < 400 39 (49.4) 105 (41.3) 1.29 (0.57-2.90) 0.539
> 400 34 (43.0) 123 (484) Ref
Last known platelet count (10%/pL)
<20 52 (49.5) 158 (48.8) Ref
20 to < 30 41 (39.0) 142 (43.8) 0.88 (0.55-1.43) 0.606
> 30 12 (11.4) 24 (7.4) 151 (0.68-3.37) 0.309
Last known hsCRP level (mg/dL)
<05 26 (35.1) 101 (43.9) Ref
0.5 to < 15 22 (29.7) 77 (33.5) 1.05 (0.46-2.43) 0.907
> 15 26 (35.1) 52 (22.6) 1.71 (0.76-3.85) 0.194
Last known MCV (fL)
<95 24 (29.6) 62 (2655) 0.64 (0.30-1.35) 0.240
95 to < 105 35 (43.2) 127 (54.3) 0.57 (0.29-1.09) 0.088
> 105 22 (27.2) 45 (19.2) Ref
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Table 3 continued
Category Cases Controls 0Odds ratio (95% CI) P value
N =111 N =330
n (%) n (%)
Last known roxadustat dose (mg/week)
< 150 8 (7.2) 18 (5.5) Ref
150 to < 300 36 (32.4) 96 (29.1) 0.77 (0.29-2.10) 0.615
> 300 67 (60.4) 216 (65.5) 0.61 (0.23-1.65) 0.330

If patients had missing data for parameters, they were removed from the analysis

If there were no measurements before event onset, a measurement at the visit before week 4 and closest to the event onset

was used

CI confidence interval, Hb hemoglobin, AsCRP high-sensitivity C-reactive protein, MCV mean corpuscular volume, ref’

reference, 7SAT transferrin saturation

*Hb rate of change was defined as a slope from a linear regression model estimated using Hb values in the preceding 4 weeks

of event onset. Measurements prior to the baseline visit were removed from the calculation

subgroup with TSAT > 30%, no association was
observed between roxadustat dose and risk of
thromboembolic events (Fig. 5b).

Decreases in last known hemoglobin,
decreases in last known TSAT, and increases in
platelet count from baseline were associated
with an increased risk of thromboembolic
events (Table 6).

DISCUSSION

This exploratory post hoc analysis found that
fluctuations in hemoglobin levels over a relatively
short period of time (a trend for hemoglobin rapid
increase in the early phase) while hemoglobin
decline as well as low Hb levels (< 10 g/dL) in the
late phase were associated with thromboembolic
events. Low last known TSAT, a marker of circu-
lating iron, was found to be related to throm-
boembolic events in the late phase. We also
confirmed known risk factors for thromboem-
bolic events after week 12, such as advanced age,
Black race, and a history of thromboembolism,
diabetes, and cardiovascular disease [11-14].

In the univariate nested case-control analyses,
a drop in hemoglobin level (by < — 0.5 g/dL/
week), low hemoglobin level (< 10.0 g/dL), low
TSAT (< 30%), high platelet count (> 30 x 10%/
uL), high hsCRP level (> 1.5 mg/dL), and high

roxadustat dose (> 600 mg/week) at the last visit
before the event were associated with throm-
boembolic events after week 12. The use of
higher doses of roxadustat suggests the presence
of other causative factors for anemia, such as
inflammation and iron deficiency, which could
lead to thrombocytosis [15, 16], and subse-
quently to thromboembolic events. However,
multivariate adjustment extinguished the sig-
nificant relationship of platelet count, hsCRP
level, and roxadustat dose with the events. In
contrast, a last known low hemoglobin level and
low TSAT level remained significant even after
multivariate adjustment. Moreover, a greater
decrease of TSAT from baseline (> 15%) was
associated with risk of thromboembolic events
not only in the late phase but also in the early
phase (prior to week 12), after the initiation of
roxadustat. Therefore, maintaining circulating
ironlevels, i.e., preventing iron deficiency, seems
to be important for decreasing the risk of events;
these results are supported by similar findings
from previous population-based studies [17, 18].
Our results expand the KDIGO guidelines rec-
ommendation on the use of ESAs that adequate
iron stores should be ensured during or prior to
treatment [3]. Monitoring iron status as well as
hemoglobin levels is recommended in patients
with anemia of DD CKD during roxadustat
treatment.
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Table 4 Nested case-control analysis for thromboembolic events with onset before week 12: change from baseline to last
known laboratory parameters

Category Cases Controls Odds ratio (95% CI) P value
n (%) n (%)
Change from baseline to last known Hb level before the event onset (g/dL)
<05 41 (37.3) 136 (41.2) Ref
0.5 to < 1.0 18 (16.4) 51 (15.5) 123 (0.66-2.32) 0517
> 1.0 51 (46.4) 143 (43.3) 123 (0.71-2.10) 0.460
Change from baseline to last known ferritin level before the event onset (ng/mL)
< —250 18 (22.8) 46 (18.1) 1.83 (0.74-4.56) 0.194
— 250 t0 < 0 49 (62.0) 156 (61.4) 121 (0.58-2.54) 0.614
>0 12 (15.2) 52 (20.5) Ref
Change from baseline to last known TSAT before the event onset (%)
<-15 16 (20.0) 34 (13.4) 2.76 (1.03-7.44) 0.044
— 15t <0 41 (512) 134 (53.0) 121 (0.67-2.19) 0.521
>0 23 (28.7) 85 (33.6) Ref
Change from bascline to last known platelet count before the event onset (10%/uL)
<0 53 (50.5) 151 (46.6) Ref
0t <3 26 (24.8) 90 (27.8) 0.81 (0.47-1.42) 0.468
>3 26 (24.8) 83 (25.6) 0.90 (0.52-1.55) 0.693
Change from baseline to last known hsCRP level before the event onset (mg/dL)
<00 33 (44.6) 104 (45.2) Ref
0.0 to < 0.5 24 (32.4) 85 (37.0) 0.96 (0.49-1.89) 0.904
> 05 17 (23.0) 41 (17.8) 122 (0.60-2.44) 0.583
Change from baseline to last known MCV before the event onset (fL)
<-2 13 (16.0) 28 (12.0) 1.54 (0.70-3.37) 0.281
—2tw0<0 12 (14.8) 35 (15.0) 1.17 (0.55-2.48) 0.677
>0 56 (69.1) 171 (73.1) Ref

CI confidence interval, Hb hemoglobin, AsCRP high-sensitivity C-reactive protein, MCV mean corpuscular volume, ref’
reference, TSAT transferrin saturation

The absence of iron therapy was significantly
associated with a thromboembolic event after
week 12; however, this association was not sig-
nificant for the events before week 12. In our

significantly associated with thromboembolic
events before week 12 [5-8, 10, 19, 20]. This
difference can be explained by much lower
baseline TSAT and ferritin levels in Japanese

similar analysis of patients enrolled in clinical
trials in Japan who were receiving dialysis
and roxadustat, no iron administration was

patients receiving hemodialysis.
Since TSAT is proportional to iron/transfer-
rin, our results align with a report that an
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Table 5 Nested case-control analysis for thromboembolic events with onset after weck 12: last known laboratory

parameters

Category Cases Controls  Unadjusted OR Adjusted OR® Adjusted OR®
N=495 N-=1473 (95% CI); P value (95% CI); P value (95% CI); P value
n (%) n (%)

Hb rate of change® (g/dL/week)

<—-05 20 (9.9) 23 (3.5)

— 05t 81 (39.9) 199 (30.0)

<—-0.1

—0lto <01 43(212) 208 (313)

0.1 t0 <05 46 (22.7) 199 (30.0)

>05 13 (64) 35 (53)
Last known Hb level (g/dL)

<10 111 (224) 195 (13.2)

10 to < 12 321 (64.8) 1042 (70.7)

> 12 63 (127) 236 (16.0)
Last known TSAT (%)

<10 34 (6.9) 42 (2.9)

10t0 <30 294 (59.4) 784 (53.4)

> 30 167 (33.7) 641 (43.7)
Last known ferritin level (ng/mL)

<50 64 (129) 152 (103)

50 to < 400 234 (47.3) 720 (49.0)

> 400 197 (39.8) 598 (40.7)

Last known platelet count ( 10%/pL)

<20 259 (52.3) 802 (54.4)
20 to < 30 185 (37.4) 563 (38.2)
> 30 51 (10.3) 108 (7.3)

3.73 (1.68-8.27); 0.001
1.89 (1.19-3.01); 0.007

Ref
1.11 (0.68-1.82); 0.686
1.75 (0.76-4.00); 0.188

2.12 (1.47-3.05);
< 0.001
1.13 (0.83-1.54); 0.426

Ref

3.13 (1.93-5.07);
< 0.001
145 (1.17-1.81); 0.001

Ref

1.30 (0.92-1.82); 0.14

0.99 (0.79-1.25); 0.959

Ref

Ref
101 (0.81-1.26); 0.920

1.47 (1.02-2.11); 0.038

1.91 (1.04-3.50);
0.037

1.15 (0.71-1.85);
0.567

Ref

3.78 (1.71-8.39);
0.001

1.51 (1.01-2.24);
0.042

Ref

0.96 (0.51-1.81);
0.908

0.96 (0.67-1.39);
0.831

Ref

Ref

1.03 (0.72-1.45);
0.889

1.09 (0.61-1.92);
0.778

0.95 (0.26-3.57); 0.945
1.70 (0.83-3.49); 0.148

Ref
0.99 (0.45-2.17); 0.975
1.46 (0.37-5.72); 0.588

10.08 (2.56-39.60);
0.001
245 (1.21-4.98); 0.013

Ref

0.60 (0.19-1.86); 0.375

0.92 (0.49-1.72); 0.790

Ref

Ref
149 (0.83-2.68); 0.187

146 (0.62-3.46); 0.389
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Table 5 continued

Category Cases Controls  Unadjusted OR Adjusted OR® Adjusted OR"
N=495 N=1473 (95% CI); P value (95% CI); P value (95% CI); P value
n (%) n (%)
Last known hsCRP level (mg/dL)
<05 176 (43.0) 585 (48.9) Ref Ref Ref
05t <15 126 (30.8) 368 (30.7) 1.12 (0.85-1.48); 0.407 1.02 (0.70-1.49); 0.901  1.04 (0.53-2.04); 0.909
> 15 107 (262) 244 (20.4) 1.42 (1.04-1.95); 0.026 1.23 (0.79-1.92); 0.357 0.69 (0.31-1.54); 0.360
Last known MCV (fL)
<95 106 (37.3) 304 (37.4) 1.42 (0.81-2.49); 0.221 1.10 (0.61-1.99); 0.753 0.97 (0.37-2.56); 0.951
95 to < 105 147 (51.8) 378 (46.6) 1.74 (1.02-2.96); 0.042 1.45 (0.84-2.51); 0.185 1.74 (0.71-4.24); 0.223
> 105 31 (10.9) 130 (16.0) Ref Ref Ref
Last known roxadustat dose (mg/weck)
< 150 96 (19.4) 356 (24.2) Ref Ref Ref
150 to < 600 309 (62.4) 925 (62.8) 1.24 (0.95-1.61); 0.106 1.01 (0.67-1.50); 0.980 123 (0.66-2.29); 0.524
> 600 90 (18.2) 192 (13.0) 1.82 (1.28-2.60); 0.001 1.17 (0.65-2.08); 0.603 0.60 (0.20-1.83); 0.369

If patients had missing data for parameters, they were removed from the analysis

CT confidence interval, Hb hemoglobin, AsCRP high-sensitivity C-reactive protein, MCV mean corpuscular volume, OR

odds ratio, ref reference, TSAT transferrin saturation

*Adjusted ORs were calculated using a multivariate conditional logistic regression model with last known Hb level, ferritin
level, TSAT, platelet count, hsCRP level, MCV, and roxadustat dose as categorical variables

IJAdjustc:d ORs were calculated using a multivariate conditional logistic regression model with Hb rate of change and last
known ferritin level, TSAT, platelet count, hsCRP level, MCV, and roxadustat dose as categorical variables

“Hb rate of change was defined as a slope from a linear regression model estimated using Hb values in the preceding 4 weeks

of event onset. Measurements prior to the baseline visit were removed from the calculation

increase in transferrin, induced by iron defi-
ciency, is associated with hypercoagulability
[21]. The current analysis in patients treated
with roxadustat did not find an association
between ferritin levels and thromboembolic
events. This was in sharp contrast with a report
showing that elevated ferritin levels were risk
factors for major adverse cardiovascular events
(MACE) and all-cause mortality in a hemodial-
ysis population treated with an ESA [22]. This
discrepancy probably stems from the different
mechanisms of action on erythropoiesis
between roxadustat and ESAs. Greater reduction
of hepcidin levels by roxadustat as compared to
an ESA [19, 23] leads to mobilization of internal
iron stores, thereby reducing ferritin levels.

During the later period of treatment, a high
roxadustat weekly dose (> 600 mg/week) was
associated with thromboembolic events in the
univariate analysis. However, multivariate
adjustment abolished this relationship. More-
over, in a subgroup analysis by last known TSAT
value after week 12, this association was
diminished in patients with TSAT > 30%. In
contrast, in patients with lower iron availability
(measured by low TSAT levels < 30%), higher
doses were associated with thromboembolic
events. Low hemoglobin levels during rox-
adustat therapy should trigger the investigation
for other causes of anemia. In this context, it
seems reasonable to prioritize administering
iron to maintain TSAT > 30%.
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Fig. 5 Restricted cubic splines for a last known TSAT and
b last known roxadustat dose in subgroups of patients with
last known TSAT < 30% and > 30% after week 12. Black
line represents the fitted line of a the relationship between
the last known TSAT and the estimated odds ratio, and
b the relationship between the last known roxadustat dose
and the estimated odds ratio. Red dotted lines represent its
95% confidence interval. a The model was adjusted by last

Dialysis vintage was not associated with
increased risk of thromboembolic events before
week 12. A similar post hoc analysis conducted
in patients in Japan observed that patients with
CKD who initiated dialysis < 4 months ago had
a higher risk for a thromboembolic event before
week 12 [10]. Since the thromboembolic events
before week 12 in Japanese patients were mostly
shunt-related (74%) and shunts for patients in
Japan are usually smaller than those of Western
patients receiving hemodialysis, these results
might be only applicable to patients with small
shunts.

This is the first global analysis to explore risk
factors for thromboembolic events in patients
receiving dialysis and roxadustat. The strengths
of our study include that it involved thousands

Subgroup: Last Known TSAT 230%
Before Event Onset

Odds Ratio

0 100 200 300 400 500 600 700 800 900

Last Known Roxadustat Weekly Dose
Before Event Onset (mg/wk)

known hemoglobin level, log(last known ferritin), last
known platelet count, log(last known hsCRP), last known
erythrocyte MCV, and last known roxadustat dose.
Reference value was set at 30%, including 3 knots.
b Reference value was set at 150 mg/week, including 3
knots. hsCRP high-sensitivity C-reactive protein, MCV

mean corpuscular volume, TSAT transferrin saturation

of patients of various races by pooling four
randomized, global trials. This enabled us to
compare racial differences in the incidence of
thromboembolic events. Moreover, an adequate
number of thromboembolic events gave us
sufficient statistical power to detect risk factors
with an OR of < 1.5.

There were some limitations in this study.
Owing to the nature of this post hoc analysis of
pooled studies, these results should be viewed
cautiously as hypothesis-generating. Thrombo-
sis in patients with anemia of CKD is complex
and multifactorial, and the analysis may be
limited because of confounding, missing data,
and clinical correlation between variables such
as hemoglobin, iron, and inflammatory mark-
ers. The current analysis did not include any
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Table 6 Nested case-control analysis for thromboembolic events with onset after week 12: change from baseline to last

known laboratory parameters

Category Cases Controls Odds ratio (95% CI) P value
n (%) n (%)
Change from baseline to last known Hb level before the event onset (g/dL)
<-05 107 (21.6) 201 (13.6) 1.75 (1.34-2.30) < 0.001
— 05 to < 0.0 52 (10.5) 159 (10.8) 1.08 (0.77-1.51) 0.655
> 0.0 336 (67.9) 1113 (75.6) Ref
Change from baseline to last known ferritin level before the event onset (ng/mL)
< —250 205 (41.4) 559 (38.0) 1.34 (1.00-1.80) 0.050
— 250 to < 0 206 (41.6) 603 (41.0) 126 (0.94-1.68) 0.123
>0 84 (17.0) 308 (21.0) Ref
Change from baseline to last known TSAT before the event onset (%)
<—15 123 (24.9) 299 (20.4) 136 (1.03-1.79) 0.031
— 15t <0 194 (39.3) 598 (40.8) 1.04 (0.82-1.31) 0.734
>0 177 (35.8) 569 (38.8) Ref
Change from bascline to last known platelet count before the event onset (10%/uL)
<0 250 (50.7) 782 (53.3) Ref
0t <3 124 (25.2) 404 (27.6) 0.96 (0.75-1.23) 0.750
>3 119 (24.1) 280 (19.1) 1.34 (1.03-1.73) 0.028
Change from baseline to last known hsCRP level before the event onset (mg/dL)
< 0.0 184 (46.5) 544 (46.1) Ref
0.0 to < 0.5 117 (29.5) 408 (34.6) 0.90 (0.68-1.19) 0.464
> 05 95 (24.0) 227 (19.3) 128 (0.95-1.73) 0.105
Change from baseline to last known MCV before the event onset (fL)
< -2 97 (34.2) 236 (29.1) 123 (0.87-1.74) 0.235
2t <0 43 (15.1) 126 (15.5) 1.17 (0.75-1.82) 0.500
>0 144 (50.7) 450 (55.4) Ref

CI confidence interval, Hb hemoglobin, AsCRP high-sensitivity C-reactive protein, MCV mean corpuscular volume, ref’

reference, 7SAT transferrin saturation

comparison data for roxadustat versus ESAs; the
safety profiles for ESAs are already established
[24-26] and a large meta-analysis did not find a
significant difference in the incidence of
thrombotic events when comparing the use of
HIF-PHIs and ESAs in patients with dialysis-
dependent and non-dialysis-dependent CKD

[27, 28]. Another large meta-analysis suggested
a contrasting result that patients treated with
HIF-PHIs had a slightly but significantly higher
incidence of thrombotic events compared to a
combined control group of patients treated
with placebo or ESAs, in patients with dialysis-
dependent and non-dialysis-dependent CKD
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[27]. The current pooled analyses were con-
ducted with all thromboembolic events as
opposed to a separate analysis of arterial,
venous, and shunt-related events, because such
event grouping was not available.

CONCLUSION

Advanced age, Black race, history of throm-
boembolism or cardiovascular disease, history
of diabetes, and high baseline hsCRP are well-
established risk factors for thromboembolic
events in patients with DD CKD and were con-
firmed in this post hoc analysis. In addition to
established risk factors, high hemoglobin rate of
rise (> 0.5 g/dL/week) may augment the risk of
thromboembolic events at the early period of
treatment, highlighting the importance of
careful monitoring to prevent too rapid of a rise
in hemoglobin when initiating roxadustat
treatment. In contrast, a low hemoglobin level
(<10g/dL) and a decline of hemoglobin
(< — 0.5 g/dL/week) were each associated with
increased risk of thromboembolic events after
week 12. Low TSAT (< 30%) and greater decline
of TSAT (> 15%) from baseline were also
detected as risk factors for this late period.
Failure to achieve the hemoglobin target level
should prompt a search for other causative fac-
tors; one option may be treating with iron
therapy until reaching TSAT > 30%, rather than
increasing the dose of roxadustat. The results of
this post hoc analysis are supportive of the
findings of a similar analysis [10] conducted in
patients with DD CKD with anemia in Japan
which showed that absence of iron therapy was
associated with thromboembolic events.
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