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1.0 INTRODUCTION 

Anemia is one of the complications that often experienced by patients with chronic kidney disease (CKD). 

This is primarily due to the existence of a connection between the decline in kidney function with erythropoietin 

production so in end stage renal disease (ESRD), the anemia condition often encountered and it is difficult to be 

handled (Babitt & Lin, 2012). The number of patients ESRD anemic in America according to data from the U.S. 

Renal Data System of Annual Data Report (USRDS) in 2015 is around 86%, which 14% patients have levels of 

Hb ≥ 12 g/dL, 65% patients have levels of Hb 10-12 g/dL, 15% patients have levels of Hb between 9-10 g/dL, 

and 6% patients have levels of Hb less than 9 g/dL (USRDS, 2015). The impact of anemia in CKD patients known 

can lower quality of life (QoL). In addition, there were allegations that there is a relationship between anaemia, 

cardiovascular disease, and death (Kwack & Balakrishnan, 2006). Therefore, the need for the development of the 

treatment of anemia in patients current CKD is continuously performed. 

One form of the development in the anemia treatment is a Recombinant Human Erythropoietin (rHuEPO). 

Recombinant Human Erythropoietin (rHuEPO) is exogenous erythropoietin products which created using 

recombinant DNA technology and is used for the purpose of stimulating the formation of red blood cells 

(erythropoiesis). Granting of rHuEPO highly recommended in CKD patients Hb levels with 10 g/dL < because 

according to some studies, it can decrease blood transfusion needs (KDIGO, 2012). Erythropoiesis stimulating 

agents (ESA) is another term of rHuEPO and began to be developed in the 1980s. Until now there's been three 

generations of the ESA developed products. The ESA first generation developed is Epoetin alpha (Eprex ® and 

Hemapo ®) and beta (Recormon ®). The ESA second generation is Darbepoetin alpha (Aranesp ®) and the ESA 

third-generation is Continous Erythropoiesis Receptor Activator/ CERA (Mircera ®) (Jelkmann, W., 2007). ESA/ 

rHuEPO product development gives a fairly substantial benefits for patients ESRD like improved QoL, lowering 

the need for blood transfusions, and reduces exercise capacity (Kimmel & Patel, 2006, Clement et al, 2009, 

Johansen et al, 2010). Based on the literature, it is known that 90% CKD patients has a good response to ESA and 

5-10% has a low response against ESA although ESA dose given in high doses (K/DOQI, 2006).  

Always use ESA high doses can be a marker of the presence an underlying factor that increases the risk of 

adverse outcomes, such as inflammatory, and give potential impact adverse effect due to use ESA in high doses. 

Some studies show that there is a relationship between ESA hyporesponsiveness, poor clinical outcomes, 

cardiovascular disease, mortality, and progressivitas leading to ESRD (Szczech et al, 2008, Kilpatrick et al, 2008, 

Minutolo et al, 2012)). Therefore, identifying the cause of the ESA hyporesponsiveness is one step that can give 

you an advantage, like improve the optimization of management anemia, lower treatment costs, and decrease the 

risk of adverse effects due to use ESA in high doses (Bamgbola OF, 2011). However, the pathogenesis of 

hyporesponsiveness ESA currently is still not fully understood. Therefore, the review of this article will discuss 

about common causes of ESA hyporesponsiveness in CKD. 
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Abstract 

Based on reports from the K/DOQI (2006), note that approximately 5-10% of 

patients of chronic kidney disease (CKD) has a low response 

(hyporesponsiveness) against erythropoietin. Effects of erythropoietin 

hyporesponsiveness such will cause the risk of cardiovascular disease and 

mortality being higher. The most common cause of erythropoietin 

hyporesponsiveness is absolute or functional iron deficiency. In addition, there 

are several other factors that can also cause erythropoietin 

hyporesponsiveness, such as chronic inflammation, malnutrition inflammation 

complex syndrome (MICS), the inadequate dialysis, uremia, 

hyperparathyroidism, aluminium intoxication, blood loss, malignancy, and 

diseases of the bone marrow disorders. Identification of the related causes of 

erythropoietin hyporesponsiveness need to know in order to determine the next 

steps in the management of anemia. 
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2.0 LITERATURE REVIEW 

2.1 Definition about ESA/ rHuEPO Hyporesponsiveness 

The European Best Practice Guideline (EBPG) II defines resistance to erythropoiesis-stimulating agents 

(ESAs) as failure to attain the target Hgb while receiving more than 300 IU/kg/week (subcutaneous route) of 

rHuEPO or 1.5 μg/kg (subcutaneous route) of Darbepoetin (100 μg/week), or a continued need for such high doses 

to maintain target Hb (Kwack & Balakrishnan, 2006). Whereas according to the Kidney Disease Outcomes 

Quality Initiative Guidelines define ESA hyporesponsiveness as the presence of at least one of the following: (i) 

a significant decrease in the hemoglobin (Hb) level with a constant ESA dose; (ii) a significant increase in the 

ESA dose requirement to preserve a certain Hb level; (iii) failure of the Hb level to rise above 11 g/dl, despite an 

ESA dose that is equivalent to an rHuEPO dose greater than 500 IU/kg/week (KDIGO, 2012). 

Hyporesponsiveness ESA does not always occur in CKD patients, but sometimes found on a small part 

of the population (Kwack & Balakrishnan, 2006). The relationship between anemia with ESA hyporesponsiveness 

is multifactorial. The main factors of the alleged cause of the ESA hyporesponsiveness is iron deficiency. 

However, in some patients ESRD, ESA hyporesponsiveness still persists although it had been given iron 

supplements, it is suspected as there are chronic inflammatory factor (Ogawa & Nitta, 2015). Other factors also 

have an influence on the ESA hyporesponsiveness is inadequate dialysis, blood loss, malnutrition, aluminum 

intoxication, and bone marrow disease (Ogawa & Nitta, 2015). 

 

2.2 Iron Deficiency 

The most common cause of ESA hyporesponsiveness is iron deficiency absolute or functional. Iron 

deficiency was shown to be present in as many as 25–37.5% of CKD patients presenting with anemia. Enhanced 

iron utilization due to EPO-induced red blood cell formation can quickly deplete iron stores, especially if 

previously reduced by poor iron absorption, occult gastrointestinal bleeding, or dialysis-related blood losses. 

Because of ongoing iron losses, the need for iron supplementation is ubiquitous in the ESRD population 

(Eschbach, 2005). 

The diagnosis of iron deficiency in this setting can be somewhat challenging in that the ferritin level is 

often elevated due to systemic inflammation. Whereas a low serum ferritin level does imply iron deficiency, a 

high ferritin level cannot be used to rule out iron deficiency. Most workers in this area agree that the saturation of 

transferrin is a more helpful indicator of iron deficiency. It is estimated that a transferrin saturation of less than 

20% has a sensitivity of 100% and a specificity of 80% for iron deficiency in the ESRD population (Priyadarshi 

& Shapiro, 2006). Absolute iron deficiency is when levels of ferritin ng/100 mL < and ST < 20%, while iron 

deficiency is functional when the levels of ferritin > 100 ng/mL and ST < 20% (K/DOQI, 2006). According to the 

European Survey on Anemia Management (ESAM) 2003, 34% of ESA-treated patients failed to achieve a Hb 

level of 11 g/dl, and 51.6% were assessed as having inadequate iron status, defined as a serum ferritin 

concentration <100 ng/ml and/or a TSAT <20% (or a hypochromic red cell value >10%) (Okazaki et al, 2014). 

Adequate intravenous iron therapy is now widely acknowledged as an important strategy for optimizing the 

hematologic response to ESAs, and numerous controlled trials have demonstrated the superiority of intravenous 

over oral iron supplementation in hemodialysis patients. However, the iron injection dose shall not exceed 400 

mg/month because it was associated with an increased risk of all-cause and cardiovascular death (Kalantar-Zadeh 

et al, 2005). 

Iron uptake from plasma to erythroid precursor cells is regulated by different proteins: transferrin 

receptor, hemochromatosis (HFE) protein and DMT1 (NRAMP2/DCT1). HFE gene mutations are associated with 

a reduction in the amount of rHuEPO necessary to support erythropoiesis in HD patients. Conversely, some DMT1 

gene mutations are associated with an inhibition of intestinal iron absorption and a decrease in erythroid cell 

precursor iron uptake, resulting in hypochromic and microcytic anemia (Valenti et al, 2008). Hepcidin may also 

be involved in the pathogenesis of anemia of inflammation (Eleftheriadis et al, 2006). 

 

2.3 Chronic Inflammation 

Uremic toxins are implicated in the propagation of proinflammatory cytokines, such as IL-1, IL-6, interferon-

γ (IFN-γ), and tumor necrosis factor alfa (TNF-α). These cytokines downregulate the expression of EPO receptors 

on erythroid progenitors and disrupt iron recycling by blocking its release from reticuloendothelial cells, and by 

inducing hepcidin synthesis. Inhibition of erythropoiesis by cytokines, such as TNF-α and IFN-γ, is also important 

for erythropoietin resistance. In CKD patients, elevated levels of IL-1, IL-6, TNF-α and CRP (suggestive of a 

chronic inflammatory status) have been frequently described (Macdougall & Cooper, 2002). Del Vecchio et al. 

(2005) reported that cytokine-induced inflammation suppresses bone marrow erythropoiesis in HD patients and 

is a possible cause of anemia (Del et al, 2005). Kalantar-Zadeh et al. (2003) confirmed the strong association 

between indices of EPO hyporesponsiveness and high levels of inflammatory markers in a larger cohort of 339 

HD patients (Kalantar-Zadeh et al, 2003). The following are links to the inflammatory process induces anemia: 

1. Suppression of erythropoiesis: directly, by the inhibitory effects of pro-inflammatory cytokines: IL-1β and 

TNF-α stimulate the growth of early progenitors BFU-E, but suppresses the growth of the later stages, 
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inducing apoptosis in CFU-E; indirectly as IL-1β and`TNF-α stimulate the production of INF-γ, known to 

mediate erythropoiesis suppression. 

2. Accelerated destruction of erythrocytes (as referred above in the uremic toxins section) by the reticulo-

endothelial macrophages activated by the inflammatory state; 

3. Reduction of EPO production: in hypoxic conditions, IL-1β and TNF-α increase the expression GATA and 

NF-κB, both inhibitory of the transcriptional factors of EPO gene; 

4. Impaired iron availability for erythropoiesis: The release of the cytokine Interleukin-6 will stimulate the 

hepatocyte to release hepsidin. When hepsidin is released, the action of ferroportin is inhibited/blocked. 

Ferroportin (FPN) is some basolateral membranes in cells, hepatocytes, and enterosit macrophages which 

serves as the exit of intracellular iron towards the extracellular (iron exporter) so that if the action of 

Ferroportin is inhibited, iron many are stored in the form of ferritin. In addition, hepsidin also inhibits the 

action of Divalent Metal Transporter 1 (DMT1). The function of the DMT1 is transporting heme iron (Fe2 

+) into enterosit, so that when the action is inhibited, the absorption of iron into the enterosit will be hampered 

(Riberio et al, 2013).

 

 
Figure 1. The role of pro-inflammatory cytokines in the process of eritropoeisis (Weiss & Goodnough, 2005). 
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2.4 Malnutrition-Inflammation Complex Syndrome (MICS) 

Occurring in 35% to 65% of dialysis patients, the primary mechanism of resistance to rHuEpo is typically 

occult inflammation (Del et al, 2005). The association between inflammation, malnutrition, and anemia has been 

termed the malnutrition-inflammation complex syndrome (MICS) by Kalantar-Zadeh, et al and is typically identified 

by concurrent elevations in markers of inflammation and depressions in nutritional markers such as albumin and 

cholesterol (Kalantar-Zadeh, 2003).  

Increasing severity of MICS is associated with higher rHuEpo requirements. MICS is also associated with 

an elevation in serum ferritin concentration, which may lead to reluctance on the part of physicians to administer iron. 

Although the pathophysiology of MICS is poorly understood, the end result of MICS is not only rHuEpo resistance 

but also cachexia, increased rate of atherogenesis, higher mortality, and diminished quality of life (Kalantar-Zadeh, 

2003). The hemoglobin level is strongly related to the serum albumin concentration as well as markers of inflammation 

such as tumor necrosis factor α (TNF-α) and interleukin (IL)-6 (Agarwal et a, 2008; Keith-Reddy et al, 2008). These 

cytokines not only suppress erythropoietin production but also inhibit the action of the hormone on erythroid 

progenitor cells. Because both baseline hemoglobin (Hb) and responsiveness to rHuEpo is directly proportional to the 

serum albumin concentration, it provides a simple bedside test to detect rHuEpo resistance (Ogawa & Nitta, 2015). 

 

2.5 Inadequate Dialysis 

Adequate dialysis appears to be able to influence the response of the body against the EPO. It is proved by a 

study conducted by McClellan in the year 2000, using a sample randomly, 7092 ESRD hemodialysis patients in the 

United States, the results of such research explain that there is a relationship between urea reduction ratio (URR) with 

doses of EPO and Hb levels, at high levels of the URR, the demand for doses of EPO are lower and there is an increase 

in Hb (McClellan et al, 2000). Other research also examines the relationship between dialysis with a dose of EPO is 

Ifudu et al. (1996), in a prospective study are explained that there is a relationship between the dose of EPO with 

weekly Kt/V, the weekly dose of EPO decreased as Kt/V increased in patients receiving inadequate dialysis (ifudu et 

al, 1996). However, when data from randomized controlled trials involving adequately dialyzed hemodialysis patients 

receiving EPO and iron are considered, the role of dialysis dose remains unclear (Locatelli et al, 2000; Richardson et 

al, 2003; Opatrny et al, 2002). Based on several such research it is difficult to clarify the relative impact of dialysis 

dose, flux, and membrane biocompatibility on Hb and doses of EPO. Even so, things to know is dialysis have 

contributions in inflammation. Endotoxin exposure and other contaminants in water or foreign material such as 

dialyzers bioincompatible are some of the causes of inflammation in dialysis (Sitter et al, 2000). 

 

2.6 Uremia 

Uremia itself may be one of the most prevalent causes of inflammation in renal patients through diverse 

mechanisms. First, the activity of antioxidant enzymes such as superoxide dismutase and glutathione peroxidase is 

diminished in uremia. Because the function of these enzymes is to inactivate free-radical species, a lower level of 

activity provokes higher levels of free radical induced cell injury. The diminished activity of antioxidant enzymes also 

leads to the activation of the inflammatory cascades that trigger the release of proinflammatory cytokines. Second, 

high levels of advanced glycation end products (AGEs) and advanced lipooxidation end products are also seen in 

patients with CKD, which are the result of glucose reacting with proteins. AGEs typically accumulate in patients with 

diabetes mellitus, but given that kidneys are an important organ for the removal of AGEs, they also accumulate in the 

setting of renal failure even in the absence of diabetes mellitus. High levels of AGEs are associated with increased 

levels of inflammatory mediators and advanced oxidation products. Dialysis is not effective at removing them because 

of their protein-bound nature (Ogawa & Nitta, 2015). 

 

2.7 Hyperparathyroidism 

Secondary hyperparathyroidism has frequently been implicated in ESA hyporesponsiveness, possibly as a 

result of increased red blood cell fragility, direct inhibitory effects of parathyroid hormone on EPO synthesis and 

erythroid progenitors, or an indirect effect via bone marrow fibrosis (Kwack & Balakrishnan, 2006) . Mandolfo et al. 

observed a 20% increase in the Hb level in 19 patients after dialysis following parathyroidectomy, despite a 34% 

decrease in EPO dosage (Mandolfo et al, 1998). Lee et al. reported comparable results in 32 hemodialysis patients 

after undergoing parathyroidectomy (Lee et al, 2003). Similarly, Neves et al. reported a statistically significant 12% 

increase in the Hb level without a significant change in ESA dosage in 11 elderly CKD patients with secondary 

hyperparathyroidism who had been treated for 12 months with regular intravenous calcitriol therapy (Neves et al, 

2006) . There have been no published studies to date concerning the impact of cinacalcet on anemia associated with 

secondary hyperparathyroidism (Ogawa & Nitta, 2015). 
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2.8 Aluminum Intoxication 

Aluminum intoxication is an important cause of anemia in dialysis patients. Aluminum overload can interfere 

with iron metabolism and with the enzymes involved in heme synthesis, resulting in microcytic anemia and some 

degree of resistance to rHuEPO therapy (Kwack & Balakrishnan, 2006). 

 

2.9 Other Factors 

Patients with ongoing blood loss, various forms of solid tissue malignancy, and primary bone marrow disorders 

such as myelofibrosis may manifest rHuEPO-resistant anemia. Infections and other conditions that lead to 

inflammatory states should also be considered (Kwack & Balakrishnan, 2006). 

 

2.0 SUMMARY 

In summary, the erythropoietin hyporesponsiveness is a condition in which a therapeutic failure occurred in the 

achievement of a target Hb after receiving more than 300 IU/kg/week rHuEPO subcutaneous route, or 1.5 μg/kg 

Darbepoetin subcutaneous route, or has a tendency to always need higher doses of ESA in maintaining the target Hb. 

These conditions are known to have occurred in 5-10% CKD patients who received ESA.  

The most common cause of ESA hyporesponsiveness is absolute or functional iron deficiency. Therefore, before 

the giving of the ESA, the first identification of the iron status of the CKD patients experiencing anemia. 

If it is known that the absolute iron deficiency occurs, the granting of adequate iron injection provides many 

benefits and can lower the doses of erythropoietin. Other causes of ESA hyporesponsiveness, are chronic 

inflammatory, malnutrition-inflammation complex syndrome (MICS), inadequate dialysis, hyperparathyroidism, 

uremia, aluminum intoxication, blood loss, malignancy, and bone marrow disorders. 
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