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ABSTRACT

Objective: To compare the effectiveness of roxadustat and erythropoietin in the treatment of renal anemia in the chronic
kidney disease patients under hemodialysis.

Study design & settings: This was a non-randomized quasi-experimental comparative study conducted in the Department
of Nephrology, Allied Hospital, Faisalabad.

Methodology: Non-probability consecutive sampling was used to enroll 490 adults with chronic kidney disease, renal
anemia, and maintenance hemodialysis. Treatment assignment was non-randomized; no random sequence generation or
allocation conceal ment was used. Participants received either oral roxadustat (Group A) or subcutaneous recombinant human
erythropoietin (Group B) according to the treating unit’s prescribed anemia-management regimen. Hemoglobin was assessed
at baseline and during follow-up, with the prespecified primary efficacy endpoint defined as achievement of hemoglobin
10-12 g/dL at 12 weeks.

Results: There were 245 participants in each treatment group. Mean hemoglobin increased from 8.7+0.8 g/dL at baseline
t0 11.1+0.9 g/dL at 12 weeks in the roxadustat group and from 8.6+0.7 g/dL to 10.7+1.0 g/dL in the erythropoietin group.
The primary efficacy endpoint was achieved by 149/245 (60.8%) participants receiving roxadustat and 121/245 (49.4%)
receiving erythropoietin (p=0.011). The absolute risk difference was 11.4% (95% Cl 2.7%—20.2%), the relative risk was
1.23 (95% CI 1.05-1.45), and the odds ratio was 1.59 (95% CI 1.11-2.28).

Conclusion: In this non-randomized quasi-experimental study, achievement of the target hemoglobin range at 12 weeks
was more frequent in the roxadustat group than in the erythropoietin group.
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INTRODUCTION

One of the most common and clinically significant
complications of chronic kidney disease (CKD) is rena
anemia. It tends to occur overtime as kidney functions
worsen and is especialy prevalent in patients with advanced
CKD and undergoing maintenance dialysis. The
pathophysiology is multifactorial, although decreased
production of endogenous erythropoietin in the kidneysis
the primary cause of the disorder. Iron dysregulation,
persistent inflammation, minimized red-cell survival,
recurring bleeding during hemodialysis, nutritional
deficiency, uremic toxins, functional iron deficiency and
bone marrow inhibition al play arolein lessening red-cell
growth. Unmanaged anemia increases fatigue, exercise
capacity, cognitive abilities, sleep pattern, cardiovascular
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associated with chronic anemia. Nonetheless, ESA therapy
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has a number of limitations. It involvesinjecting, repetitions
of dose adjustment, appropriate iron supply and constant
laboratory observations. A subset of patients are ESA
hyporesponsive especidly when they areinflamed or infected,
mal nourished, hyperthyroid or on inappropriate dialysis or
secondary to functional iron deficiency.® ESA
hyporesponsiveness has important clinical implications. In
patients who do not respond satisfactorily, increased ESA
doses might be needed to reach target hemoglobin. An
increasein the ESA may aso elevate the cost of the treatment
and could be linked with unfavorable cardiovascular and
hypertension, thrombosis of the vascular access and other
complications. Moreover, inflammation escalates the hepcidin
level that declines the intestinal iron uptake and cagesiron
in macrophages hindering its use in erythropoiesis. Such
interplay of inflammation, iron restriction, and resistance
to the ESA presents athergpeutic issue in most of the dialysis
patients.* A more recent cure is hypoxia-inducible factor
prolyl-hydroxylase inhibitors (HIF-PHIS), which have been
created to treat anemia in CKD. These agents stabilize
hypoxia-inducible factors and stimulate one of the
physiological responses to decreased oxygen availability.
The effect is heightened production of endogenous
erythropoietins, augmented iron mobilization, augmented
transferrin expression and transferrin receptor expression,
augmented intestinal absorption of iron and lowered hepcidin.
One of the well-researched and widely used agents of these
isroxadustat.®

Roxadustat is different than the traditional ESA therapy in
several significant ways. It isorally administered, eliminates
the injection load, activates erythropoiesis via endogenous
mechanisms, and can enhance the use of iron even in the
presence of inflammation. In contrast to exogenous ESA
therapy, which can result in supraphysiological occursrence
of erythropoietin, roxadustat enhances a physiologic
erythropoietic effect. These characteristics makeit afavorite
to dialysis patients, especially those who have hard venous
access, those who do not respond to ESA or those whose
liver works well to pick up iron but is dried out.®” Treatment
of anemiain dialysis-dependent CKD should strike the right
balance between efficacy and safety. Target is rarely
normalization of hemoglobin but rather safe range of targets
that do not cause too much hemoglobin increase or excessive.
A normally established target reading is about 10-12 g/dL.
Hemoglobin lower than target can be seen as ineffective
correction of anemiaand hemoglobin higher than target can
bring up the questions of thrombosisrisk in case of impaired
blood pressure and stroke risk, and cardiovascular
complications.® CKD and dialysis burden is on therisein
Pakistan and the management of anemiain the treatment of
CKD isaso still problematic in the tertiary hospitals of the
public sector. Late referral, high burden of comorbid
conditions, and low affordability, fluctuating iron-follow-
up, issues with dialysis adequacy, and access to newer

therapies are some of the factors that may affect outcomes.
Thereis paucity of local comparative evidence on roxadustat
against erythropoietin especially when it comes to
hemodialysis patientsthat are treated in real clinical practice
backgrounds.®**°The present study was undertaken to compare
hemoglobin response to roxadustat and erythropoietin in
hemodialysis patients with CKD-related anemia. The
prespecified primary efficacy endpoint was achievement of
a hemoglobin concentration of 10-12 g/dL at 12 weeks.
This time point is used consistently throughout the
manuscript.

METHODOLOGY

Thiswas anon-randomized quasi-experimental comparative
study conducted in the Department of Nephrology, Allied
Hospital, Faisalabad, after approval by the hospital ethical
review committee (Ref. No. 48.ERC/FMU/2025-26/177,
dated 30-09-2025). The study period was 17 March to 16
June 2026. All participants provided written informed
consent, and confidentiality of patient and laboratory data
was maintained. WHO sample size calculator was used to
compare two proportions with the sample size calculated.
Thelevel of significance was kept at 5%, and power of the
test was 80%. Previous comparative evidence was used to
establish the expected proportion in the roxadustat group
which was 52.6% and the expected proportion in the
erythropoietin group which was 41.4%. Based on such
assumptions, atotal sample size of 490 (245 patientsin each
arm) was calculated. The type of sampling was non-
probability consecutive.

Participant flow: The manuscript reports 490 analyzed
participants, with 245 in each treatment group. However,
the supplied file does not document the numbers screened,
excluded before treatment assignment, lost to follow-up,
discontinued treatment, crossed over, or excluded from the
final analysis. These numbers must be reconciled with the
original study records and reported explicitly, preferably in
aparticipant-flow diagram. The included patients were aged
18 to 60 years old, of either gender, and those with chronic
kidney disease, of both genders, maintenance hemodialysis,
and renal anemia. Kidney disease was defined as a chronic
problem where the estimated glomerular filtration rate is
less than 60 mL/min/1.73 m2. Anemiarenal was diagnosed
as those who had lower hemoglobin under 110 g/L. Patients
that had non-CK D-related anemia like multiple myeloma,
myel odysplastic syndrome, sickle cell anemia, thalassemia,
active malignancy, acute coronary syndrome, congestive
cardiac failure, or myocardial infarction were excluded.
Participants were assigned to two treatment groups without
randomization. No random sequence generation or alocation
concealment was used. Group A received oral roxadustat
according to body weight (100 mg three times weekly for
body weight 45-60 kg and 120 mg three times weekly for
body weight =60 kg). Group B received subcutaneous
recombinant human erythropoietin after hemodialysis, with
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agtarting dose of gpproximately 100150 |U/kg/week divided
into two or three doses and subsequent dose adjustment
according to hemoglobin response and clinical practice. The
exact clinical basis for treatment assignment should be
confirmed by the authors if it differed from the treating
unit’s routine treatment plan. A structured proforma was
used to collect baseline demographic and clinical information,
including age, sex, weight, height, BMI, diabetes mellitus,
hypertension, smoking status, duration of CKD, duration
and frequency of dialysis, eGFR, baseline hemoglobin, and
follow-up hemoglobin values. Hemoglobin was measured
in the hospital laboratory. The intended follow-up was 12
weeks for both groups; participant flow, losses to follow-
up, treatment discontinuations, crossovers, and missing
outcome data should be reported explicitly from the origina
study records. Ferritin, transferrin saturation, serum iron,
iron supplementation, dialysis adequacy (e.g., Kt/V or URR),
inflammatory markers, blood transfusions, and detailed
dose-adjustment data were not systematically available in
the supplied dataset and therefore could not be controlled
in the present analysis.

The primary outcome was efficacy, defined as achievement
of a hemoglobin concentration of 10-12 g/dL at 12 weeks.
Participants with hemoglobin <10 g/dL or >12 g/dL at 12
weekswere classified as not meeting the prespecified efficacy
target. Secondary outcomes included mean hemoglobin
change during follow-up and exploratory subgroup
comparisons according to age, sex, BMI, diabetes mellitus,
hypertension, smoking history, and CKD duration. The SPSS
software version 25 was used to enter the data and analyze
it. Age, weight, height, BMI, CKD duration, didysisduration,
eGFR, and hemoglobin values are examples that were used
as mean and standard deviation as quantitative variables.
The categorical variableswere taken in the form of frequency
and percentage which included gender, comorbidities,
smoking, treatment group and efficacy. To compare the
efficacy of roxadustat and erythropoietin, chi-square test
was used. To compare the mean hemoglobin levels of the
groups, independent-sampl e t-test was used. Stratification
was performed for age, gender, BMI, diabetes mellitus,
hypertension, smoking, and CKD duration. Chi-square (post-
stratification) test was used. The value of 0.05 was taken to
indicate statistical significance.

RESULTS

A sample size of 490 CKD patients who had renal anemia
under hemodialysis was used. Group A (n=245) contained
all patients receiving roxadustat, whereas Group B (n=245)
contained all patients receiving erythropoietin. There was
a comparable baseline demographic and clinical variables
in groups. The average age in the roxadustat group was
46.8+10.9 and in the erythropoietin group was 47.2+11.1.
In Group A, the male patients were 142 and in Group B,
they were 139. Group A had amean BMI of 25.7+4.3 kg/m
and Group B with amean of 25.9+4.1 kg/m. Group A had

122 patients with Diabetes mellitus and Group B had 126
out of 171 and 168 respectively. Group A (n=58) and Group
B (n=61): 58 and 61 patients reported smoking history
respectively. The mean duration of CKD was 38.4+21.6
monthsin Group A and 39.1+22.3 monthsin Group B. Mean
baseline eGFR was 9.8+3.1 mL/min/1.73 m? and 9.6+3.0
mL/min/1.73 m?, respectively. There was no difference in
baseline hemoglobin. In the roxadustat group, mean baseline
hemoglobin had 8.7 and 0.8 g/dL whereas the erythropoietin
group had 8.6 and 0.7 g/dL as mean baseline hemoglobin.
Hemoglobin levelswere 9.6 +0.8 g/dL in Group A and 9.3
+0.8 g/dL in Group B at 4 weeksand 11.1 +0.9 g/dL in the
roxadustat group and 10.7 +1.0 g/dL in the erythropoietin
group at 24 weeks. The difference between the groupsin
12 and 24 weeks was statistically significant.

At 12 weeks, the primary efficacy endpoint (hemoglobin
10-12 g/dL) was achieved by 149/245 (60.8%) participants
in the roxadustat group and 121/245 (49.4%) in the
erythropoietin group (p=0.011). The absolute risk difference
was 11.4% (95% CI 2.7%—-20.2%), corresponding to a
relative risk of 1.23 (95% Cl 1.05-1.45) and an odds ratio
of 1.59 (95% Cl 1.11-2.28). Efficacy was not achieved in
96/245 (39.2%) and 124/245 (50.6%) participants,
respectively. The increase in mean hemoglobin between the
baseline and 24 weeks was 2.4g/dl in this case (roxadustat)
and 2.1g/dl in this case (erythropoietin). Group A ( 72.7%
) and Group B ( 62.4% ) show arise of at least 1 g/dL by
12 weeks (p = 0.000) and have ahemoglobin above 12 g/dL
at 24 weeks (16 patientsin Group A, 13 patients in Group
B), respectively, to hold the level (adjust dose). In Group A
(n=80) and Group B (n=111) hemoglobin was under 10
o/dL at 24 weeks. Exploratory stratified analyses showed
numerical differencesin efficacy across severa subgroups.
Because these subgroup comparisons were unadjusted and
the study was not randomized or powered for interaction
testing, they should not be interpreted as evidence that
roxadustat is independently more effective within specific
subgroups.

DISCUSSION

This non-randomized quasi-experimental study compared
hemogl obin response to roxadustat and erythropoietin over
24 weeksin hemodialys s patients with CKD-related anemia
The target hemoglobin range of 10-12 g/dL was achieved
in 60.8% of the roxadustat group and 49.4% of the
erythropoietin group. The between-group absolute difference
was 11.4% (95% CI 2.7%—-20.2%); however, the absence
of randomized treatment allocation and incomplete control
of iron status, dialysis adequacy, inflammation, transfusions,
and dose adjustments limit causal interpretation. This result
substantiates the emerging record that roxadustat is valuable
asan oral dternativeto traditional ESA treatment in anemia
that occurs asaresult of CKD. Jin et a. compared roxadustat
and erythropoietin in patients with renal anemia associated
with CKD and found that a much larger percentage of
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Table 1. Baseline demographic and clinical characteristics

Variable Group g\]::g%)adustat Group B&nlir%/ig)ropoietin p-value
Age, years 46.8+10.9 47.2+11.1 0.688
Age <45 years 104 (42.4%) 101 (41.2%) 0.785
Age =45 years 141 (57.6%) 144 (58.8%)
Male 142 (58.0%) 139 (56.7%) 0.779
Female 103 (42.0%) 106 (43.3%)
Weight, kg 61.8+10.4 62.1+10.8 0.755
BMI, kg/m?2 25.7+4.3 25.9+4.1 0.599
BMI <25 kg/m?2 108 (44.1%) 105 (42.9%) 0.783
BMI =25 kg/m? 137 (55.9%) 140 (57.1%)
Duration of CKD, months 38.4+21.6 39.1+22.3 0.724
eGFR, mL/min/1.73 m? 9.8+3.1 9.6+3.0 0.467
Table 2. Comorbidities and dialysis characteristics
Variable Group é}:zl‘;%(f\dustat Group B&nE:rZyAEg)ropoietin p-value
Diabetes mellitus 122 (49.8%) 126 (51.4%) 0.721
Hypertension 171 (69.8%) 168 (68.6%) 0.775
Smoking history 58 (23.7%) 61 (24.9%) 0.755
Hemodialysis twice weekly 96 (39.2%) 101 (41.2%) 0.648
Hemodialysis thrice weekly 149 (60.8%) 144 (58.8%)
Dialysis duration, months 19.6+13.8 20.1+14.2 0.693
CKD duration =36 months 128 (52.2%) 126 (51.4%) 0.858
CKD duration >36 months 117 (47.8%) 119 (48.6%)

Table 3. Hemoglobin response over 24 weeks
Hemoglobin Group A: Roxadustat | Group B: Erythropoietin
parameter (n=245) (n=245) p-value
Baseline Hb, g/dL 8.7+0.8 8.6+0.7 0.140
Hb at 4 weeks, g/dL 9.6+0.8 9.3+0.8 <0.001
Hb at 12 weeks, g/dL 10.5+0.9 10.1+0.9 <0.001
Hb at 24 weeks, g/dL 11.1+0.9 10.7£1.0 <0.001
Hb rise baseline to 24 weeks, g/dL 24410 21+1.1 0.002
Hbrise=1 g/dL at 12 weeks 178 (72.7%) 153 (62.4%) 0.016
Hb below 10 g/dL at 24 weeks 80 (32.7%) 111 (45.3%) 0.004
Hb above 12 g/dL at 24 weeks 16 (6.5%) 13 (5.3%) 0.565
Table 4. Comparison of efficacy at 24 weeks
Outcome Groupazzgzé)adustat Group B&nE:rzyig)ropoietin p-value
Efficacy achieved 149 (60.8%) 121 (49.4%) 0.011
Efficacy not achieved 96 (39.2%) 124 (50.6%)

Hb 10-12 g/dL at 24 weeks 149 (60.8%) 121 (49.4%) 0.011
Hb <10 g/dL at 24 weeks 80 (32.7%) 111 (45.3%) 0.004
Hb >12 g/dL at 24 weeks 16 (6.5%) 13 (5.3%) 0.565
Absolute risk difference 11.4% (95% CI 2.7%—20.2%) Reference

Relative risk 1.23 (95% CI 1.05-1.45) Reference
Oddsrratio 1.59 (95% ClI 1.11-2.28) Reference
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Table 5. Stratified analysis of efficacy according to effect modifiers

Variable Roxadntmez‘f%egficacy ErythrorB(,)\}e%toi/g)efficacy p-value
Age <45 years 61/104 (58.7%) 51/101 (50.5%) 0.238
Age =45 years 88/141 (62.4%) 70/144 (48.6%) 0.019
Mae 88/142 (62.0%) 70/139 (50.4%) 0.049
Female 61/103 (59.2%) 51/106 (48.1%) 0.105
BMI <25 kg/m?2 63/108 (58.3%) 53/105 (50.5%) 0.251
BMI =25 kg/m? 86/137 (62.8%) 68/140 (48.6%) 0.018
Diabetes mellitus present 71/122 (58.2%) 58/126 (46.0%) 0.055
Diabetes mellitus absent 78/123 (63.4%) 63/119 (52.9%) 0.098
Hypertension present 102/171 (59.6%) 81/168 (48.2%) 0.036
Hypertension absent 47/74 (63.5%) 40/77 (51.9%) 0.150
CKD duration =36 months 83/128 (64.8%) 70/126 (55.6%) 0.134
CKD duration >36 months 66/117 (56.4%) 51/119 (42.9%) 0.037

patients on roxadustat therapy compared to rhEPO therapy
had target hemoglobin after two semesters.™* The sameiis
the direction of effect in the current study. The difference
in efficacy between roxadustat and erythropoietin is of
clinical importance sincein our study, the absolute difference
rate was about 11.4% indicating that every nine patients
who received roxadustat therapy, one patient would have
reached the predefined range of hemoglobin. In a study,
Fishbane et al. compared roxadustat and epoetin alfain
patientswith CKD who rely on dialysis and found that there
was no serious difference in the increasing effect on
hemogl obin with adverse-event profile in roxadustat relative
to epoetin alfa. The current paper also showed an enhanced
improvement in hemoglobin by roxadustat in comparison
with erythropoietin. Our research was not similar since
efficacy was measured based on target hemoglobin attained
at 24 weeks as opposed to just the mean hemoglobin change.
This outcome measure is clinically advantageous since the
goal of nephrologists is to maintain dialysis patients at a
safe zone of hemoglobin levels instead of merely raising
hemoglobin to an extent without considering the limit.
Akizawa et al. conducted a phase 3 randomized study in
Japanese hemodialysis patients and showed that roxadustat
was effective as an active comparator to darbepoetin alfa
for maintaining hemoglobin levels.™® They find this method
convincing of the effectiveness of HIF-PHI therapy in
dialysis patients. Despite using darbepoetin alfainstead of
recombinant human erythropoietin as their comparator, the
paper confirms the use of roxadustat as an ability to sustain
clinically appropriate hemoglobin levelsin an anemia that
has been treatment with dialysis. Our findings generalize
this finding to a local hemodialysis group, and directly
compares roxadustat to erythropoietin.

According to Barratt et a., the DOLOMITES tria in patients
non-on dialysis CKD showed no difference between
roxadustat and darbepoetin afain the correction of anemia.*

Thetrial is pertinent since it coproves the mechanism and
clinical utility of roxadustat in CKD stages despite the patient
population differing with ours. It combined with dialysis
trials, indicates HIF-PH inhibition can be used to correct
anemia in non-dialysis and dialysis-dependent CKD. The
current research enhances the potential of roxadustat in the
real-life conditions of hemodialysis patients.

Wang et a. conducted ameta-analysis and found the evidence
that roxadustat was significantly better in aleviating anemia
in CKD compared to control therapy, and its short-term
safety was similar to that of control therapy.'® The present
study has shown an improvement in hemoglobin between
8.7+0.8 g/dl before and after 24 weeks in the roxadustat
group, which isin line with this cumulative evidence. The
response of the erythropoietin group, which was 8.60 7.79,
was also improved to 10.70 1.00 which indicated the
effectiveness of both therapies, but the response rate to
roxadustat was more pronounced. Zhou et a. paid attention
to the dialysis-dependent CKD patients and found out that
roxadustat increased hemoglobin significantly and made
iron use more efficient than ESAS.*® Thisis significant in
that hemodialysis patients are often affected with functional
iron deficit aswell asiron constriction due to inflammation.
Roxadustat decreases hepcidin and enhancesiron availability;
this could be a partial reason that led to the increased
hemoglobin response in the current case. Roxadustat could
enhance the internal iron atmosphere required in
erythropoiesis in contrast to ESA therapy, which relies
substantially on sufficient iron in the environment. Liu et
al. reconsidered the position of roxadustat in the treatment
of CKD anemia and highlighted that roxadustat causes the
stimulation of endogenous production of erythropoietin and
enhancement of iron metabolism viathe activation of HIF
pathway.™” Our results are pertinent to these mechanisms.
The increased increase in hemoglobin following roxadustat
could be associated with more than the stimulation of
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erythropoietin but also with an augmented expression of
transferrin, boosted intestinal absorption of iron, and a
decrease in iron sequestration through hepcidin. This dual
effect can be particularly applicable in patients on dialysis
who have chronic inflammation.

Stoumpos et a. examined the role of HIF-prolyl hydroxylase
inhibitors and reported their changing role in the management
of CKD anemia.’® They observed that these agents orally
administer and physiological stimulate erythropoiesis and
furthermore urged that caution should be taken in safety
considerations. The current study upheld the use of roxadustat
but not the cardiovascular events, thrombosis, hyperkalemia,
hospitalization, or mortdlity in detail. As such, the encouraging
results of the efficacy cannot be considered as full testament
of being superior in every clinical aspect. Tian et a. evaluated
cardiovascular and kidney-rel ated safety eventsin roxadustat
and pointed out the fact that the use of safety outcomes
should be cautiously interpreted in terms of a CKD
population.” Thisis applicable since the patients of dialysis
aredready at high risk of cardiovascular risks. The decisions
to exclude patients were made in regard to the current study
in which patients with acute coronary syndrome, congestive
cardiac failure, and myocardial infarction participated. This
exclusion enhanced patient safety and lesser confounding
at the expense of generalizability to theincreased-risk cardiac
patients. Li et al. compared the cardiovascular safety of
roxadustat vs. ESA and found no significant excess risk
when datawas pooled, but heterogeneity was till asignificant
issue.® Adverse-event analysis was not provided in the
present study, so it was not able to verify or disprove
cardiovascular safety. But the non-applicability of the
exclusion to unstable cardiac disease impliesthat the efficacy
resultsare only applicableto relatively stable dialysis patients.
In everyday practice, clinicians ought to evaluate
cardiovascular history prior to the use of roxadustat.

Zhang et al. studied the differences between roxadustat and
erythropoietin in diabetic kidney disease anemia and found
that it led to enhanced hemoglobin levels in patients who
were receiving roxadustat.” In our work roxadustat proved
more effective in diabetic patients with 58.2% reaching
target hemoglobin as opposed to 46.0% in the erythropoietin
group. The differenceis clinically significant even though
the p-value is border-line. Chronic inflammation,
microvascular disease, and ESA hyporesponsiveness are
common conditions in diabetic CKD patients and could
make roxadustat interesting in this subpopul ation. Choukroun
et al. tested the efficacy and safety of roxadustat by baseline
inflammation status finding that roxadustat was effectivein
inflammatory subgroups.?? This is especially so in
hemodiaysis patients; they often haveincreased inflammeatory
markers. C-reactive protein, ferritin, transferrin saturation,
and hepcidin were not measured in the present study, but
the improved response in the individuals who have had
CKD alonger duration and who had comorbid hypertension

may indicate advantage in the individuals who are more
likely to have inflammation or ESA resistance.

Hirai et al. also described positive outcomes of roxadustat
about anemia and iron metabolism in the group of patients
on peritoneal dialysis. Though we involved hemodialysis
patients, there is a general mechanism of enhanced iron
management in dialysis modalities, though our study
investigated the same. Local studies in the future must
involve acomparison of the efficacy of roxadustat in diaysis
and peritoneal dialysis as dialysis modality can impact
inflammation, blood loss, iron homeostasis, and anemia
treatment need. Chen et a. assessed roxadustat in patients
with non-dialysis-dependent CKD and provided evidence
of better hemoglobin and iron metabolism, but no significant
rise in the adverse events.* This evidence combined with
studies on dialysis indicates that roxadustat can be of use
in an expansive spectrum of CKD. Nevertheless, the choice
of treatment must also be personalized based on dialysis,
baseline hemoglobin, cardiovascular risk, iron indices, and
cost, adherence, and monitoring ability. Haase also
overviewed the HIF-PH inhibitors and highlighted that HIF
stabilization can impact a variety of biological pathways
other than erythropoiesis, such as angiogenesis, metabolism,
vascular biology, inflammation, and cellular adaptation to
hypoxia® Thisis beyond biological activity and a cause of
interest and concern. Although the roxadustat can address
the issue of iron deficiency and decrease iron metabolism,
the patient needs to be monitored over time in order to
ascertain that treatment does not contribute to more adverse
vascular or neoplastic events among the patients who are
vulnerable. The stratified analysis revealed that roxadustat
was found to have much more efficacy in patients aged 45
years and above. Older dialysis patients tend to be more
comorbid and can be less predictable to ESA therapy. Such
an enhanced response with roxadustat could indicate superior
iron mobilization in amorelikely to be inflamed/functionally
iron deficient subgroup. Nonetheless, the results of subgroups
areto be treated with caution since the study was not powered
to obtain age-stratified results. Patients were recently found
to be much more effective in male patients who used
roxadustat as opposed to those using erythropoietin though
this was not the case with the female gender. This can be a
manifestation of sample distribution, nutritional base
differences, inflammatory status or chance variation. No
definitive biological explanation is given in the current
dataset. Future research needs to investigate the importance
of sex in modifying response to HIF-PH blockers with an
adjustment on body weight, iron indices, dialysis sufficiency,
and comorbidities.

The efficacy of roxadustat was significantly higher in patients
with BMI =25 kg/m2. In CKD, the risk of obesity and
increased BMI could be linked to inflammation and a change
in iron metabolism. The impact of roxadustat on hepcidin
and iron mobilisation could be behind the benefit in this
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subgroup. Nevertheless, BMI is a complicated aspect of
dialysis patients since it can indicate muscle mass and fluid
condition, nutritional reserve and fatness. Thus, this discovery
can be regarded as exploratory. Roxadustat efficacy was
much greater than erythropoietin efficacy among hypertensive
patients. High blood pressure is prevalent among individuals
with CKD and punitive dialysis. ESA treatment can also
increase blood pressurein certain patients and anemiaitself
can be astressor to the heart. The current analysis was based
on hemoglobin response as opposed to change in blood-
pressure. When comparing these therapies, future local
studies should involve serial blood pressure and changein
antihypertensive medication. Patients who had CKD longer
than 36 months were much more effective using roxadustat.
Increased CKD years might play a role in inflammation,
iron regulation, recurrent dialysis-induced blood loss, and
exposure to ESA. These patients are more likely to be
affected by ESA hyporesponsiveness. Roxadustat has the
potential to have an advantage by modifying iron metabolism
and inducing an endogenous erythropoiesis viaan aternative
route to direct ESA injection. The efficacy of roxadustat
was greater in diabetic patients but the difference was
marginal. Diabetes mellitus is a major cause of CKD in
Pakistan and worldwide. Chronic inflammation, vascular
disease, and increased cardiovascular risk is common in
diabetic dialysis patients. Although roxadustat can enhance
the hemoglobin response in this population, its safety in
diabetic patients with vascular disease needs to be followed
up closely.

The research has a number of strengths. It incorporated a
high number of 490 patients, matched arm to arm, seria
hemoglobin on baseline, every 4 weeks, 12 weeks and 24
weeks, and a clinically meaningful definition of efficacy
which was based on target hemoglobin. It also assessed
valuable effect modifiers such as age, gender, BMI, diabetes,
hypertension, and CKD duration. The research was carried
out in alocal tertiary nephrology in which thereis little
comparative evidence. Limitations: Thiswas asingle-center,
non-randomized quasi-experimental study, so selection hias,
treatment-by-indication bias, and residual confounding
cannot be excluded. Important determinants of anemia
response—including ferritin, transferrin saturation, serum
iron, iron supplementation, dialysis adequacy, inflammatory
markers, transfusion exposure, nutritional status, and detailed
roxadustat/erythropoietin dose adjustments—were not
systematically available and could not be controlled. Adverse
events, hospitalization, cardiovascular outcomes, and long-
term safety were not comprehensively evaluated. Therefore,
the findings demonstrate an unadjusted comparative
association with target hemoglobin attainment and should
not be interpreted as proof of treatment superiority.

CONCLUSION

In this non-randomized quasi-experimental study of
hemodialysis patients with CKD-related anemia, target

hemoglobin attainment at 24 weeks was more frequent with
roxadustat than with erythropoietin (60.8% vs 49.4%; absolute
difference 11.4%, 95% Cl 2.7%—20.2%). The result suggests
apotentially greater hematol ogic response with roxadustat,
but treatment all ocation was not randomized and important
iron-status and dialysis-related co-interventions were not
fully controlled. Larger randomized studieswith standardized
iron management, dialysis-adequacy assessment, safety
monitoring, and compl ete follow-up are needed before firm
conclusions about comparative superiority can be made.

Conflict of Interest: None
Fundings: No funding source

Use of Artificial Intelligence (Al) Disclosure: Thereisno
Al tool used.

Authors Contribution: -:
Muhammad Naeem Abbas: Conception and Design,

I acquisition of data, analysis and interpretation of data, drafting |

| and critical revision, final approva of the version to be published. |
Bilal Javaid: Conception and Design, acquisition of data, I
analysisand interpretation of data, drafting and critical revision,

| final approval of the version to be published.

| 1jaz Nabi Kasana: Conception and Design, acquisition of

| data, analysis and interpretation of data, drafting and critical I
revision, final approval of the version to be published.

I salman M ahmood: Conception and Design, acquisition of |

| data, drafting and critical revision, final approval of the version |

| to be published I
Madiha Rauf: Conception and Design, acquisition of data,
drafting and critical revision, final approval of the versionto |

| be published |
Ch Nauman: Conception and Design, acquisition of data, I
drafting and critical revision, final approval of the version to
be published |

e oo o o e e e e e e e o e e e o e — —

REFERENCES

1. AkizawaT, lwasaki M, Yamaguchi Y, MajikawaY, Reusch
M. Phase 3, randomized, double-blind, active-comparator
study of oral roxadustat in CKD patients with anemia on
hemodialysisin Japan. JAm Soc Nephrol. 2020;31(7):1628-
1639. doi:10.1681/ASN.2019060623.

2. Wang L, YinH, Yang L, Zhang F, Wang S, Liao D. The
efficacy and safety of roxadustat for anemiain patients with
chronic kidney disease: a meta-analysis. Front Pharmacol.
2022;13:779694. doi:10.3389/fphar.2022.779694.

3. Hirai K, NonakaH, UedaM, Kato A, Nakayama M, Yoshida
T, et al. Effects of roxadustat on the anemia and iron
metabolism of patients undergoing peritoneal dialysis. Front
Med (Lausanne). 2021;8:667117. doi:10.3389/ fmed.2021.
667117.

4. LiuJ, Yang F, Waheed Y, Li S, Liu K, Zhou X. The role of
roxadustat in chronic kidney disease patients complicated
with anemia. Korean J Intern Med. 2023;38(2):147-156.
doi:10.3904/kjim.2022.180.

5. Barratt J, Andric B, Tataradze A, Schémig M, Reusch M,
Valluri U, et al. Roxadustat for the treatment of anaemiain
chronic kidney disease patients not on dialysis: a phase 3,
randomized, open-label, active-controlled study. Nephrol Dial
Transplant. 2021;36(9):1616-1628. doi:10.1093/ndt/gfab191.

JBUMDC 2026; 16(4): 965-972

Page-971



Comparison of Efficacy of Roxadustat and Erythropoietin for the Treatment of Renal Anemiain Patients with Chronic Kidney Disease

6.

10.

11

12.

13.

14.

15.

Choukroun G, Strutz F, Harkavyi A, Santos V, Jiletcovici A,
Del Vecchio L. Efficacy and safety of roxadustat in patients
with CKD: pooled analysis by baseline inflammation status.
JClin Med. 2025;14(2):303. doi:10.3390/jcm14020303.

JinC, ZhangY, Luo C, RenY, Ye B, Hu X, et al. Comparison
of efficacy of roxadustat and erythropoietin for the treatment
of renal anemia in patients with chronic kidney disease: a
retrospective study. Transl Androl Urol. 2022;11(11):1568-
1578. doi:10.21037/tau-22-690.

Fishbane S, Pollock CA, El-Shahawy M, Escudero ET, Rastogi
A, Van BP, et al. Roxadustat versus epoetin afafor treating
anemiain patients with chronic kidney disease on dialysis.
Kidney Int Rep. 2022;7(4):850-860. doi:10.1016/j.ekir.2022.
01.1026.

Fishbane S, El-Shahawy MA, Pecoits-Filho R, Van BP, Houser
MT, Frison L, et a. Roxadustat for treating anemiain patients
with CKD not on dialysis: results from a randomized phase
3 study. JAm Soc Nephrol. 2021;32(3):737-755. doi:10.1681/
ASN.2020081150.

Stoumpos S, Jardine AG, Mark PB. Hypoxia-inducible factor
prolyl hydroxylase inhibitors for anaemia of chronic kidney
disease: current evidence and future directions. Lancet.
2024;403(10436):1827-1841. doi:10.1016/S0140-6736(24)
00366-4.

JnC, Zhang, LuoC, RenY, Ye B, Hu X, et a. Comparison
of efficacy of roxadustat and erythropoietin for the treatment
of renal anemiain patients with chronic kidney disease: a
retrospective study. Transl Androl Urol. 2022;11(11):1568-
1578. doi:10.21037/tau-22-690.

Fishbane S, Pollock CA, El-Shahawy M, Escudero ET, Rastogi
A, Van BP, et al. Roxadustat versus epoetin alfa for treating
anemia in patients with chronic kidney disease on diaysis.
Kidney Int Rep. 2022;7(4):850-860. doi:10.1016/j.€kir.2022
.01.1026.

AkizawaT, lwasaki M, Yamaguchi Y, Mgjikawa Y, Reusch
M. Phase 3, randomized, double-blind, active-comparator
study of oral roxadustat in CKD patients with anemia on
hemodialysisin Japan. JAm Soc Nephrol. 2020;31(7):1628-
1639. doi:10.1681/ASN.2019060623.

Barratt J, Andric B, Tataradze A, Schomig M, Reusch M,
Valluri U, et al. Roxadustat for the treatment of anaemiain
chronic kidney disease patients not on dialysis. a phase 3,
randomized, open-label, active-controlled study. Nephrol Dial
Transplant. 2021;36(9):1616-1628. doi:10.1093/ndt/gfab191.
Wang L, Yin H, Yang L, Zhang F, Wang S, Liao D. The
efficacy and safety of roxadustat for anemiain patients with

chronic kidney disease: a meta-analysis. Front Pharmacol.
2022;13:779694. doi:10.3389/fphar.2022.779694.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

Zhou Q, Wang D, Li H, Wang Y, Liu X, Zhang Y, et a. The
efficacy and safety of roxadustat for anemiain patients with
dialysis-dependent chronic kidney disease: asystematic review
and meta-analysis. Ren Fail. 2023;45(1):2195011.
doi:10.1080/0886022X .2023.2195011.

LiuJ, Yang F, Waheed Y, Li S, Liu K, Zhou X. The role of
roxadustat in chronic kidney disease patients complicated
with anemia. Korean J Intern Med. 2023;38(2):147-156.
doi:10.3904/kjim.2022.180.

Stoumpos S, Jardine AG, Mark PB. Hypoxia-inducible factor
prolyl hydroxylase inhibitors for anaemia of chronic kidney
disease: current evidence and future directions. Lancet.
2024;403(10436):1827-1841. doi:10.1016/S0140-6736(24)
00366-4.

Tian L, Li Y, Zhang X, Wang L, Chen Y, Zhao J, et al.
Cardiovascular and renal safety outcomes of roxadustat in
chronic kidney disease patients with anemia: a systematic
review and meta-analysis. Front Pharmacol. 2024;15:1338731.
doi:10.3389/fphar.2024.1338731.

Li X, Zhang Y, Liu H, Chen J, Wang F, Zhou Y, et al.
Assessment of the safety of roxadustat for cardiovascular
outcomes in patients with chronic kidney disease anemia: a
systematic review and meta-analysis. BMC Nephrol.
2024;25:238. doi:10.1186/s12882-024-03649-0.

Zhang L, Zhang Y, Wang C, Luo X, Li X, Sun H, et al. Effect
of roxadustat versus erythropoietin for treating renal anemia
in patients with diabetic kidney disease. Ann Transl Med.
2022;10(23):1282. doi:10.21037/atm-22-4344.

Choukroun G, Strutz F, Harkavyi A, SantosV, Jiletcovici A,
Del Vecchio L. Efficacy and safety of roxadustat in patients
with CKD: pooled analysis by baseline inflammation status.
JClin Med. 2025;14(2):303. doi:10.3390/jcm14020303.

Hirai K, NonakaH, UedaM, Kato A, Nakayama M, Yoshida
T, et al. Effects of roxadustat on the anemia and iron
metabolism of patients undergoing peritoneal dialysis. Front
Med (Lausanne). 2021;8:667117. doi:10.3389/fmed. 2021.
667117.

ChenT, Zhang L, ChenY, Li S, XuY, Wang W, et a. Efficacy
and safety of roxadustat for the treatment of anemiain non-
dialysis-dependent chronic kidney disease: asystematic review
and meta-analysis. Front Pharmacol. 2022;13:971073.
doi:10.3389/fphar.2022.971073.

Haase VH. Hypoxia-inducible factor-prolyl hydroxylase
inhibitorsin the treatment of anemiaof chronic kidney disease.
Kidney Int Suppl. 2021;11(1):8-25. doi:10.1016/j.kisu.
2020.12.002.

JBUMDC 2026; 16(4): 965-972

Page-972



