
Introduction

 According to World Health Organization (WHO), anemia is de-
fined as Hb level < 13 m/dl in adult males and postmenopausal fe-
males, and it is there if Hb levels <12 gm/dl for premenopausal fe-
males [1]. Renal anemia is a frequent complication in Chronic Kidney 
Disease (CKD) patients with worse morbidity and mortality [2,3]. Its 
severity increases with progressive loss of kidney function, consid-
ering that 90% of Erythropoietin (EPO) is produced by the kidneys 
[4]. While almost 5% of CKD stage III patients have anemia, ap-
proximately 95% of hemodialysis patients develop anemia of certain  
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degree [5]. Several causative factors are included in the pathogenesis 
of anemia in CKD patients, mainly the decreased production of EPO 
[6]. Following the US Food and Drug Administration’s approval of 
recombinant human EPO (rhuEPO) in 1989, the introduction of ESAs 
was a real revolution in renal anemia treatment [7]. More than 85% 
of hemodialysis patients were treated with ESA, according to USRDS 
2020 Annual Data report. However, inadequate response to ESA ther-
apy was reported in 5–10% of these patients [8].

Definitions
Hyporesponsiveness vs. resistance

 The term hyporesponsiveness looks preferable to the term resis-
tance for its more accuracy. Reduced response to ESA therapy is rel-
ative in most cases. So, the word hyporesponsiveness denotes the use 
of higher than usual ESA doses without achieving Hb target levels OR 
the need for incremental ESA doses to maintain target Hb levels [9].
According to KDIGO 2012 guidelines, ESA hyporesponsiveness de-
notes no increase in Hb following 1 month of weight-based dosing 
(initial type) and/or the need for two increments in ESA dose up to 
50% more than the previous dose for achieving stable Hb levels(sub-
sequent type) [10]. According to European Best Practice guidelines 
(2004), the maximum dose of EPO is 300 units/kg/week and 1.2 mcg/
kg/week for darbepoetin alfa [11]. The ideal Hb level for hemodialy-
sis patients is not well-defined. An accepted practice is to have main-
tenance of Hb target level between 10 and 11.5 gm/dL; in the same 
direction of KDIGO 2012 guidelines.

ESA Resistance Index (ERI)

 It is a mathematical representation of the complex relationship be-
tween the targeted Hb level and the required ESA dose. It is calculated 
as the ratio between the average weekly ESA dose/kg body weight 
and Hb (g/dl) level. Elevated ERI could be considered as a possible 
clue for modifiable causative factors underlying ESA hyporespon-
siveness [12].

Epidemiology

 The incidence of ESA hyporesponsiveness in hemodialysis pa-
tients is different from one country to another, ranging from 7.3 to 
17.6%, with more prevalence compared with patients on peritoneal 
dialysis. ESA hyporesponsiveness was reported in 12.5% of hemodi-
alysis patients and was strongly associated with higher mortality, iron 
and ESA use, and lower Hb levels as well. Around 15% of hemodi-
alysis patients requiring high ESA doses consume 50% of total ESA 
therapy costs [13].

Etiology

 Causes of anemia of ESA hyporesponsiveness are broadly related 
to 3 main categories: iron deficiency, inflammatory conditions, and 
bone marrow suppression. A summary of these causes is shown in 
Table 1.

Ahmed Yasin, J Nephrol Renal Ther 2024, 10: 089
DOI: 10.24966/NRT-7313/100089

HSOA Journal of
Nephrology & Renal Therapy

Review Article

Ahmed Yasin MD,FASN*

Nephrology Division, Internal Medicine Department, Saudi German Hospital, 
Medina, Saudi Arabia

Hyporesponsiveness to 
Erythropoietin- Stimulating 
Agents: Targets of Management

Abstract
	 Anemia	of	different	severity	is	manifested	in	around	80%	of	dialy-
sis patients and its pathogenesis is of multifactorial nature. Relative 
insufficiency	of	 erythropoietin	 leading	 to	hyperproliferative	erythro-
poiesis is considered the main underlying cause. Management of 
anemia has several therapeutic implications, including reasonable 
quality of life and avoidance of repeated blood transfusions, among 
others. Optimal maintenance of hemoglobin target levels is not easy, 
even	with	the	implementation	of	different	therapeutic	options,	includ-
ing	erythropoietin-stimulating	agents	(ESAs).	Approximately	5–10%	
of patients are not responding adequately, despite incremental dos-
ing of ESA therapy. That inadequate response has multiple hetero-
geneous	causes,	making	anemia	management	rather	difficult.	Hypo-
responsiveness to ESAs is a challenging problem requiring proper 
solution.
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Iron Deficiency

 Iron deficiency is the most common cause of ESA hyporespon-
siveness [14] and it may be absolute or functional type, which is more 
common. The absolute type is characterized by severely deficient or 
lacking iron storage, essentially due to blood loss. Usually, Transfer-
rin Saturation (TSAT)% is less than or equal to 20% with serum ferri-
tin less than 200 ng/mL. The functional type has normal iron storage 
with reduced iron availability for erythropoiesis. It is associated with 
low TSAT % and normal/high ferritin levels. Functional iron defi-
ciency is further divided into 2 subtypes: the first is attributed to ESA 
therapy itself, and the second is related to anemia of chronic disease.

 Measurement of red blood cells Hb content could be better for 
the assessment of functional iron deficiency and possible response to 
iron therapy. This can be achieved through the measurement of hypo-
chromic red blood cell (HRCs) percentage with threshold value more 
than 6%, and reticulocyte Hb content (CHr) with threshold value less 
than 29 pg., according to NICE guidelines, 2016 [15]. The HRCs % 
and CHr are more widely used in Europe than in the United States 
practice. In cases with ESA-induced iron deficiency, the response can 
occur to IV iron administration and concurrent increase of ESA dose 
together leading to decrease of ferritin levels. Conversely, in anemia 
of chronic disease, IV iron administration will not improve erythro-
poiesis and will be associated with a progressive increase in ferritin 
levels [16].

Inflammation

 Chronic inflammatory status is common in hemodialysis patients 
and is considered a major cause of ESA hyporesponsiveness. Inhi-
bition of production leads to hypoproliferative anemia of chronic 
disease. Underlying causes of chronic inflammation include dialysis 
catheter-related infection, infected or nonfunctioning arteriovenous 
graft, failed renal allograft, or uremic toxins. Other causes include 
malignancies, chronic infections, autoimmune disorders, or peri-
odontal disease. Systemic inflammation affecting the immune system 
function can be a sequence of gut microbiota dysbiosis. IL-6 works 
in the opposite direction of EPO regarding its effect on bone marrow  

proliferation. Serum levels of both IL-6 and TNF-alpha are directly 
proportional to ESA dose in hemodialysis patients [17-19].

Inadequate Dialysis

 Uremic toxins can cause ESA hyporesponsiveness through nonse-
lective bone marrow suppression or through selective suppression of 
erythroid colony-forming units. Accumulation of quinolinic acid in 
uremic patients leads to inhibition of EPO gene expression, possibly 
mediated by Hypoxia-Inducible Factor (HIF)1 alfa. Other substances 
like Indoxyl Sulfate (IS) and indoxyl glucuronide can suppress tran-
scriptional HIF-1 alfa activity leading to inappropriate EPO produc-
tion. Dialysis dose should be monitored in malfunctioning dialysis 
catheters and in fistula with lower blood flow rates. The chronic in-
flammatory state can occur in hemodialysis patients due to low-level 
endotoxin and microbial contamination of dialysis water. This was 
confirmed through the beneficial effect of using ultrapure water. Ac-
cording to large randomized clinical trials, the use of high-flux and 
online treatments, though supposed better removal of large and mid-
dle molecules, was not associated with a significant effect on anemia 
and ESA requirements. With high predialysis hematocrit values or 
slow blood flow of vascular access, RBCs damage can occur due to 
shear stress and high pressure in dialyzer capillaries.

 It was suggested that the use of mixed pre- and postdilution Hemo-
diafiltration (HDF) might be preferred to postdilution HDF through 
avoidance of progressive hemoconcentration. However, this hypoth-
esis needs more confirmation. There is no clear evidence supporting 
the beneficial effect of increasing dialysis frequency per se regarding 
response to ESA therapy [20-22]. Trials to improve dialysis quality 
have led to the development of a novel class of dialysis membranes; 
called Medium Cut-Off (MCO) with Molecular Weight Cut-Off 
(MWCO) close to MW of albumin and very High Retention Onset 
(HRO) [23]. Recently, these membranes are called HRO membranes. 
They are made of polyarylethersulfone/polyvinylpyrrolidone with a 
mean pore radius of 5 nm, in between high-flux and High Cut-Off 
(HCO) membranes. They are designed to enhance the clearance of 
molecules larger than B2-microglobulin with the ability of albumin 
retention. In addition, the internal diameters of the fibers are reduced 
to increase blood compartment resistance and enhance dialyzer inter-
nal filtration and back-filtration. The resulting convection is compara-
ble to that of classical high flux membranes, with effective removal of 
middle and large molecules without need for fluid substitution. Using 
this novel class of dialyzers, HRO is called Expanded Hemodialysis 
(EHDx).

 EHDx has favorable response to ESA therapy in comparison with 
the use of a High-Flux (HF) dialyzer. That effect was attributed to 
the superior removal of inflammatory cytokines with better iron me-
tabolism in a hepcidin- independent mechanism. More middle-mol-
ecule uremic toxins clearance with more reduction of TNF-alfa was 
achieved with the use of MCO dialyzers than with HF dialyzers. 
Moreover, high-flux dialysis did not show superiority to low-flux di-
alysis in improving ESA hyporesponsiveness [24]. In a comprehen-
sive systematic review and meta-analysis study, it was concluded that 
EHDx showed safety regarding albumin loss in dialysate and back-fil-
tration of endotoxins. Additionally, EHDx proved effective clearance 
of middle and large uremic toxin molecules in comparison with high-
flux hemodialysis and online HDF with potential anti-inflammatory 
activity [25,26].

Frequent Less frequent Unknown

Iron deficiency Hemorrhage, hemolysis

No cause could be found in 
around 30% of 

cases

Inflammation/in-
fection

Hyperparathyroidism

Vit. B 12, folate deficiency

Bone marrow suppression

Pure red cell aplasia

Aluminum toxicity

Inadequate dialysis

Carnitine deficiency

Angiotensin-converting 
enzyme inhibitors

ESA subcutaneous adminis-
tration with obesity

Table 1: Summary of causes of ESA Hyporesponsiveness.
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Aluminum Toxicity

 Although rarely encountered nowadays, aluminum intoxication 
could be seen with high content in the dialysis water source or with 
technical issues related to its treatment system [27,28]. The resulting 
anemia is of microcytic hypochromic or normochromic type, which 
reflects ESA hyporesponsiveness associated with affected enzymes 
required for heme synthesis. Management requires incremental dos-
ing of desferrioxamine infusion during hemodialysis sessions to 
avoid irreversible neurological damage. Other sources of aluminum 
exposure are aluminum-containing phosphate binders and antacids. 
Combined use of sodium citrate with aluminum-containing phosphate 
binders enhances aluminum intoxication, through increment of intes-
tinal absorption. A concern was raised with intake of ferric citrate 
as a phosphate binder due to the possible increase of aluminum ab-
sorption from food, water drinking, and concurrent medication use. 
Additional medications considered sources of aluminum are iron and 
calcium-containing medications, calcitriol vitamin B complex, ace-
tylsalicylic acid, clonidine, calcium carbonate, and iron sulfate. In-
jectable medications including iron, erythropoietin, and insulin have 
been found markedly more aluminum contaminated than oral formu-
lations.

 Abnormal serum aluminum levels are those exceeding 20 mcg/L. 
Based on Kidney Disease Outcomes Quality Initiative (KDOQI) 
guidelines, serum aluminum levels should be tested at least annually 
in hemodialysis patients and every 3 months in those who are tak-
ing aluminum-containing medications. The Association for the Ad-
vancement of Medical Instrumentation (AAMI) recommendation is 
to perform periodic chemical monitoring for dialysis water at least 
annually and more frequently when indicated. The maximum allowed 
aluminum concentration is 0.01 mg/L [29-32].

Malnutrition

 Protein-energy wasting, and inflammation are closely related. 
Malnutrition- inflammation complex is considered a predisposing 
factor for impaired response to ESA therapy [33]. Additionally, vita-
min deficiencies can be considered a contributing factor. Folic acid is 
involved in erythroid proliferation. Vitamin C, with its antioxidative 
effect, downregulates cytokine synthesis and increases iron utiliza-
tion. Copper increases iron absorption. Alpha-lipoic acid is needed 
for ATP synthesis, and it has a lowering effect on symmetric-dimethyl 
arginine, reducing oxidative stress. l- Carnitine has an antioxidative 
stress effect by stimulating heme-oxygenase 1. There is no available 
data to support a relation between vitamin 6 and ESA hyporespon-
siveness [34-37].

Pure Red Cell Aplasia (PRCA)

 As a consequence of epoetin-induced polyclonal antibodies, neu-
tralization of exogenous ESA and cross-reaction with endogenous 
EPO occur [38]. Hence, erythropoiesis becomes defective with un-
detectable EPO levels in serum. The resulting rare condition is called 
Pure Red Cell Aplasia (PRCA). It is manifested by a rapid drop of 
Hb and undetectable reticulocytes associated with normal counts of 
white blood cells and platelets. PRCA is suspected with a monthly 
decrease of Hb level by 2 gm/dl or more r if reticulocyte count is 
less than 20,000/microL. It is usually suspected when hyporespon-
siveness is preceded by a reasonable response to ESA therapy. For 
PRCA to occur, at least 3–4 weeks of EPO therapy must be there, 
with the typical presentation following 6–18 months of intake [39].  

According to Kidney Disease Improving Global Outcomes (KDIGO) 
012 guidelines, screening for PRCA due to anti-EPO antibodies in 
patients on EPO therapy for at least 4 weeks was recommended with 
absolute reticulocyte count less than 10,000/microL, normal plate-
let and white blood cell count, in addition, to drop of Hb level more 
than 0.5–1.0 g/dl weekly or need for 1–2 transfusions per week [40]. 
All PRCA cases induced by anti-EPO antibodies were reported after 
subcutaneous ESA administration, with a treatment duration ranging 
from 1 month to 5 years [41]. PRCA mandates blood transfusion and 
immunosuppression, sometimes with rituximab [42]. Following the 
disappearance of EPO antibodies, IV ESA administration can be re-
started with monitoring of anti-EPO antibody titers and Hb levels. 
Renal transplantation is the definitive treatment.

Other causes

• CKD-mineral bone disease interrelation between vitamin D, hy-
perparathyroidism, and disturbed response to ESA therapy is well 
known [43]. Vitamin D deficiency has a negative impact on eryth-
ropoiesis. Higher levels of parathyroid hormone inhibit erythroid 
progenitors and reduce red cell survival. Hyperphosphatemia leads 
to the downregulation of erythropoietin receptors. Hyperparathy-
roidism can be complicated by bone marrow fibrosis [44]. Higher 
levels of fibroblast growth factor-23 and alkaline phosphatase are 
associated biomarkers of ESA hyporesponssiveness [45].

• Angiotensin-converting enzyme inhibitors and angiotensin-recep-
tor blockers: they inhibit angiotensin-II-induced EPO production 
and promote N-acetyl-seryl-aspartyl-lysyl-proline leading to pre-
vention of recruitment of pluripotent stem cells; among other mech-
anisms [46].

• Bone marrow disorders: either primary or due to myelosuppres-
sive agents.

• Malignancies: especially of hematological origin, e.g. multiple my-
eloma and chronic lymphocytic leukemia [47].

• Hypothyroidism: higher TSH levels are related to decreased re-
sponsiveness to ESA therapy [48].

• Hypogonadism: there is association between lower testosterone 
levels and decreased response to ESA therapy [49].

• Hypomagnesemia: magnesium deficiency can increase oxidative 
stress and lead to the production of pro-inflammatory cytokines 
(TNF-alfa and IL-1B), reducing ESA responsiveness. Serum mag-
nesium levels were correlated with high ERI [50].

Suggested stepwise approach to ESA Hyporespon-
siveness
1. Step One: Exclude noncompliance to ESA therapy, especially in 

subcutaneous self-administration patients and those with financial 
issues.

2. Step Two: Evaluate the proliferative status through estimation of 
reticulocyte count: Hyperproliferative states: we search for possi-
ble gastrointestinal bleeding using endoscopy or the possibility of 
hemolysis with testing of blood film, bilirubin, LDH, and Coombs 
test.

3. Step Three: Hypoproliferative state: We proceed for iron profile 
study: Ferritin, TSAT, and HRC % to exclude functional and abso-
lute iron deficiency.

E:\PDFS\2024\02 Feb\HNRT\HNRT-24-002\10.24966\NRT-7313\100089


Citation: Ahmed Yasin (2024) Hyporesponsiveness to Erythropoietin- Stimulating Agents: Targets of Management. J Nephrol Renal Ther 10: 089.

• Page 4 of  7 •

J Nephrol Renal Ther ISSN: 2473-7313, Open Access Journal
DOI: 10.24966/NRT-7313/100089

Volume 10 • Issue 1 • 100089

4. Step Four: Hypoproliferative state; Exclusion of infection, in-
flammation, and inadequate dialysis: evaluation of kt/v CRP, in 
addition to a physical examination to exclude thrombosed arterio-
venous graft, occult infection, failed kidney allograft, and infected 
dialysis access.

5. Step Five: Hypoproliferative state; Exclusion of vitamin deficien-
cies; Hb electrophoresis if indicated. Discontinuation of medica-
tions affecting bone marrow erythropoiesis.

6. Step Six: Hypoproliferative state, Exclusion of hyperparathyroid-
ism.

7. Step Seven: Undetectable reticulocytic count: Consideration of 
PRCA (Figure 1).

Clinical outcomes
 Hyporesponsiveness to ESA therapy has been found to be asso-
ciated with higher mortality in several trials [51]. This was shown 
through one observational study of dialysis patients with Hb levels 
less than 9.5 gm/dl during larger ESA dose changes over 11 months 
period. The increased mortality has been in the initial period of ther-
apy as shown in Trial to Reduce Cardiovascular Events with Arane-
sp Therapy (TREAT) study [52]. Both the underlying cause of ESA 
hyporesponsiveness and the ESA dose itself contributes to increased 
mortality, with the former having more significance [53]. ESA hy-
poresponsiveness has been associated with the development of insu-
lin resistance [54]. Impaired response to ESA therapy can contribute 
through an unknown mechanism, in more rapid progression to end-
stage renal disease. This was suggested by a study of 194 consecutive 
CKD patients on ESA therapy between 2002 and 2006 [55].

Potential and investigational agents
Hypoxia-Inducible Factor-Prolyl Hydroxylase Inhibitors 
(HIF-PHIs)

 Also, they are called HIF stabilizers. The major transcription fac-
tor for the EPO gene, HIF, was discovered in 1992. This was fol-
lowed by the creation of HIF stabilizers. Their action process is via 
the HIF-prolyl hydroxylase domain (PHD) pathway through stimu-
lation of transcription of EPO gene resulting in increased endoge-
nous EPO levels. Anemia-induced tissue hypoxia leads to stimulation 
of HIF system. Intranuclear dislocation of HIF- alpha is followed 
by its binding to HIF-B to form a functional dimer that binds to  

hypoxia-response elements on DNA. Subsequently, HIF induces the 
expression of genes regulating erythropoiesis and iron metabolism in 
a wide range of tissues. HIF activity and degradation are regulated 
by PHD proteins. They are oxygen-sensitive hydroxylase enzymes. 
Their activity is reduced during conditions of hypoxia. Development 
of CKD leads to HIF dysregulation with reduced EPO production. 
HIF-PHIs enhance the physiologic response to hypoxia through sup-
pression of PHD resulting in endogenous EPO production with Hb 
overshoots less than ESA therapy. HIF-PHIs have direct and indirect 
beneficial effects on iron deficiency, either absolute or functional type. 
Directly, HIF-PHIs regulate iron homeostasis proteins, for example, 
duodenal cytochrome B, ferroportin, transferrin, and divalent met-
al-ion transporter 1. Indirectly, HIF-PHIs have suppressive action on 
hepcidin (via erythroferrone, the main hepcidin- erythroid regulator), 
resulting in a possible increase in iron availability [56,57]. Agents of 
this novel class included in clinical trials are: daprodustat, vadadustat, 
and raxadustat; all are used through oral administration.

 The safety and efficacy of the HIF PHI daprodustat were evaluated 
in a trial of 2964 patients on dialysis over 2.5 years (average hemo-
globin 10.4 g/L) who were randomly given daprodustat (dose range 
from 4 to 24 mg daily, according to ESA dose) or injectable ESA 
(epoetin alfa for hemodialysis patients or darbepoetin alfa for perito-
neal dialysis patients). The average change in Hb concentration was 
0.28 g/dL with daprodustat therapy and 0.10 g/dL with ESA therapy. 
Rates of adverse cardiovascular events, a composite of death, nonfatal 
myocardial infarction, and stroke, were similar between the treatment 
groups (25.2 versus 26.7% for daprodustat and epoetin alfa, respec-
tively), as were the rates of other adverse events. The efficacy of an-
other dosing of daprodustat was studied in a 52-week trial in which 
407 patients on hemodialysis were randomly assigned to daprodustat 
(dose range from 2 to 48 mg) thrice weekly with dialysis or to epoe-
tin alfa; the average change in Hb concentration and rates of adverse 
events were comparable between the treatment groups.

 The efficacy and safety of vadadustat have been studied in compar-
ison with Darbepoetin alfa in hemodialysis patients in a trial of 3554 
patients who were randomly assigned to receive vadadustat 150–600 
mg or darbepoetin alfa. to target Hb of 10 to 11 g/dL in patients of the 
United States and 10 to 12 g/dL in patients from other countries. Iron 
was given to all participants Targeting Transferrin Saturation (TSAT) 
>20 percent and serum ferritin>100 ng/mL. Between weeks 40 and 
52, prevalent dialysis patients assigned to vadadustat were less likely 
to maintain target Hb (44 versus 51 percent), although rates of red cell 
transfusion were similar (2.0 vs. 1.9% of prevalent dialysis patients). 
Findings from a similar trial of 369 patients on dialysis showed com-
parable results.

 Collectively, data of patients from both trials, rates of mortality 
(13.0 vs. 12.9%, nonfatal stroke (1.3 vs. 1.9%), hospitalization for 
heart failure (3.9 vs. 4.0%), and nonfatal myocardial infarction (3.9 
vs. 4.5%) were comparable. Other adverse events, including hy-
pertension, diarrhea, and pneumonia, were lower in the vadadustat 
group; both among prevalent (55 vs. 58%) and incident (50 vs. 57%) 
dialysis patients [58,59]. Comparable findings have been obtained 
from smaller studies of roxadustat in comparison with findings of 
studies of daprodustat and vadadustat [60]. As roxadustat had a selec-
tive activity ligand for thyroid hormone receptor B; with its similar 
structure to T3, it can suppress TSH release. These agents have gained 
approval for clinical use in Europe, China, Japan, and Chile but not 
yet in the United States. Long-term follow-up is required for concerns  

Figure1: Suggested stepwise approach to ESA hyporesponsiveness. 
TSAT: transferrin saturation, HRC%: hypochromic red blood cell %, 
CRP: C-reactive protein, GI: gastrointestinal, ACEI: angiotensin-convert-
ing enzyme inhibitor, and LDH: lactate dehydrogenase.
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like increased risk of cancer, cardiovascular events, thrombosis, and 
deterioration of diabetic retinopathy in addition to others [61-63].

Experimental Combination of ESA and Thrombopoietin

 The use of ESA and thrombopoietin in combination to treat 
EPO-resistant anemia in otherwise healthy rats was suggested consid-
ering the concept of the ability of thrombopoietin to stimulate self-re-
newal of stem cells and correct depletion of erythroid precursor cells 
[64].

L-Carnitine

 Dialysis patients are in a state of chronic carnitine deficiency, as-
sociated with disturbance of fatty acid and other organic acid metabo-
lism. Observational studies showed association between elevated ERI 
and low l- carnitine. However, other studies did not show evidence of 
beneficial effects of carnitine regarding oxidative stress and inflam-
mation in hemodialysis patients [65].

Pentoxifylline

 It has anti-inflammatory effects through inhibition of the produc-
tion of TNF-alpha and IFN-gamma. This was illustrated with oral 
pentoxifylline given to dialysis patients hyporesponsive to ESA ther-
apy with a resulting significant improvement of Hb levels in a small 
open-label study. However, CRP levels were not changed. Further 
studies did not support the clinical benefit of pentoxifylline in anemic 
dialysis patients [66].

AST-120

 It is an inert binding compound with an antioxidant effect and ca-
pability to reduce uremic toxins, indoxyl sulfate, and p-cresyl sulfate 
levels as well. Some improvement of anemia was demonstrated in a 
crossover study with AST-120 given to predialysis patients [67].

Vitamin E-Coated Dialyzer

 There is controversy regarding its effects on oxidative stress, in-
flammation, and ESA responsiveness. However, direct association 
was suggested between the higher positive effect of vitamin E-coated 
dialyzer and higher levels of ERI [68].

Anti-Hepcidin Agents

 Lexaptepid pegol and human anti-BMP6 antibodies are hepcidin- 
suppressing agents. Experimental use of anti-BMP6 antibodies re-
duced the need for EPO in the treatment of anemia of chronic disease. 
Other agents targeting the ferroportin degradation action of hepcidin 
are for current research [69].

Alpha-Lipoic Acid

 In a multicenter prospective randomized study, it was shown that 
alpha- lipoic acid in a dose of 600 mg/day had anti-inflammatory and 
antioxidant effects leading to improvement of anemia and EPO hypo-
responsiveness in diabetic patients on hemodialysis. Further studies 
are required for better evaluation with the use of different doses [70].

Statin Therapy

 In a meta-analysis study, it was found that CKD patients treated 
with a statin had a trend of increased Hb and decreased ferritin levels. 
Further studies are required for more result confirmation [71].

SGLT2 Inhibitors

 They have been shown to have a beneficial effect on anemia im-
provement through decreasing hepcidin and ferritin and increasing 
transferrin [72].

Lactoferrin (Bovine Milk Derivative Lactoferrin, BMLF)

 It is natural iron -containing glycoprotein with immunomodulato-
ry and anti- inflammatory actions with lowering of IL-6 serum levels.
IL-6 has increasing effects of serum hepcidin. Based on this, BMLF 
has a potential effect to inhibit hepcidin secretion and consequently 
leading to ferroportin upregulation with better iron utilization. So, 
it has the potential beneficial effect through correction of anaemia 
caused by inflammation and iron deficiency. Possibility of oral ad-
ministration is an advantage. This was proved by RCT of Ahemed 
&Abdel Aal,2023 with the oral use of 100 mg of 20-30% iron saturat-
ed BMLF equivalent to 70-84 microgram of elemental iron twice dai-
ly for six months for patients on hemodialysis in comparison with oral 
use of 576 of ferrous glycine sulfate equivalent to 100 mg elemental 
iron; twice daily for the same duration. Patients with BMLF achieved 
the Hb target of average of 9.7 gm/dl compared with patients on fer-
rous glycine; of Hb target 8.1 gm/dl. BMLF was found to be an ef-
fective agent for management of anemia in patients on hemodialysis 
due to antiinflammatory hepcidin-suppression action. In other words, 
through better iron utilization not merely iron supplementation [73-
75].

Conclusion

 Improper response to ESA therapy has well-known negative out-
comes in hemodialysis patients. A wise approach is to target the un-
derlying causes before the up-titration of the ESA dose. The discovery 
of new areas of hepcidin and HIF pathway found the way for the pos-
sible development of novel therapeutic agents, including EPO gene 
therapy, hepcidin antagonists, and better-planned tackling HIF stabi-
lizers. Research work is ongoing for better understanding the prob-
lem of ESA hyporesponsiveness and detection of possible solution. 
More dedicated efforts are still required for better-planned tackling of 
a problem that has continued for more than two decades with more 
expected future success.
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