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Alp resort had increasing hemoglok

He attributed this finding to hypoxia of high altitudes.

MIESCHER



In 1977, the American Scientist Eugenne Goldwasser

isolated the human protein erythropoietin “EPO”

EUGENNE GOLDWASSER



membranes and
interstitial fluid.

» The intertubular interstitium harbours dendritic cells,
macrophages, lymphocytes , lymphatic endothelial cells and
various types of fibroblasts.

PHYSIOLOGY OF THE RENAL
INTERSTITIUM
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» In addition,
vascular integrity in close associatio

» Renal fibroblasts are best known for their role in progressio
interstitial fibrosis in progressive CKD because they are principal
producers of extracellular matrix.

» Finally, fibroblasts have been identified as sources of EPO
Renin in the kidney

RENAL FIBROBLASTS



of erythroid proger

» In adults, about 90% of EPO is produced bty renal i1

fibroblasts, /

» Whereas 10% is produced by extrarenal sources, primary

liver.

EPO
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Figure 1: Erythropoiesis, and interventions that might increase this
process.
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Expression of the erythropoietin gene (EPO) is inhibited by GATA-2 and NFkB, and stimulated by HIF-1. HIF-1induces EPO expression
under hypoxic conditions, but degrades under normoxic conditions. Erythropoietin binds to the erythropoietin receptors on bone
marrow cells, stimulating the production of red blood cells. Red blood cell production might be increased by the following

interventions: inhibition of PH, GATA-2 or NFkB, alteration of EPO-EPO receptor interactions, stimulation of the EPO receptor, or by

makino the FPO ocene autonomous. Abbreviations: FPO ervthronoietin: HIF-1 hvpoxia-inducible transcrintion factor-1: NFkB nuclear
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» Physiologic plasma EPO levels ir
relatively low at around 100 pg/ml, whereas under
hypoxic stress associated with severe anemia,
they can reach 100,000 pg/ml.

EPO



con

» Polycystic kidney disease is arx
often associated with increased EPO productio:
and polycythemia due to aberrant HIF 1 alpha
accumulation around the cysts due to local
hypoxia.

EPO
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ESA REFRACTORINESS



which preve

» The consensus is that iron therapy can incre
hemoglobin level, postpone the need for ESA

therapy and optimize the response to treatment

ESA REFRACTORINESS: IRON DEFICIENCY



hemodialysis and those

» However, in patients with resistance to ESA
therapy on oral iron, or intolerant to oral iron , a

therapeutic trial of IV iron seems reasonable.

» In contrast, most haemodialysis patients, require

IV iron.

ESA REFRACTORINESS: IRON DEFICIENCY



such as : CRP, IL-1, IL-6,

and increasing prevalence is associated wit

decreased renal function. /

ESA REFRACTORINESS: CHRONIC INFLAMMATION



accumulation of AGEs and p
contribute to inflammation in CKD with consequent cyto

production.

» The presence of high circulating levels of IFN gamma or TNF

alfa causes the need for higher amounts of EPO.

ESA REFRACTORINESS: CHRONIC INFLAMMATION



marrow resp

» Hypoxia-inducible factor (HIF)- prolyl hydroxylase
use in von-Hippel Lindau syndrome, renal cell carcinoma, pancreatic
neuroendocrine tumors; is recently tried in cases of refractory renal

failure anemia due to inflammation.

ESA REFRACTORINESS: CHRONIC INFLAMMATION



2.- UNDER HYPOXIC (COND]IION

1.- UNDER NORMOXIC CONDITIONS
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malabsorption, inflamma

losses.

These situations increase the risk of micronutrient deficiencies (folic

acid, vitamin B12 and iron).

» Nutritional factors is associated with EPO-resistance in HDx patients ,

due to malnutrition-inflammation status.

ESA REFRACTORINESS: NUTRITIONAL STATUS



stimulated casing secondary hyp

» Although CKD-mineral bone disease is the most widely- p
consequence of hyperparathyroidism, consistent evidence shows that PTH and
fibroblast growth factor 23 (FGF23) have adverse effects on extraskelety®

tissues, including the development of anemaia.

ESA REFRACTORINESS:
SECONDARY HYPERPARATHYROIDISM.



» In addition to
suppresses endogenous EPO production,
and decreases red cell survival. High FGF 23 levels cause inflammatio

adds to anemia and EPO resistance.

» HPT control should be attempted to treat EPO resistance. Several options ar
available including vitamin-D receptor activators, cinacalcet hydrochlo

and parathyroidectomy.

ESA REFRACTORINESS:
SECONDARY HYPERPARATHYROIDISM



» RAS inhibition decreases e

high level of negative erythropoiesis regulation.

» Currently ACE gene polymorphisms are known to largely influence ACE
serum activity. Thus some patients are more susceptible to ESA

resistance when using ACE or ARB inhibitors.

ESA REFRACTORINESS:
OTHER IMPORTANT FACTORS



» It should be suspected

responded to EPO if the Hb declines by >2 g/dl per

» Inadequate dialysis can cause ESA resistance.

ESA REFRACTORINESS: /

OTHER IMPORTANT FACTORS



guidelines do not recommend

documented deficiencey.
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ESA ADJUVANT THERAPIES
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Suggested approach to patients with erythropoiesis-stimulating agents
(ESA) hyporesponsiveness. ACEi, angiotensin-converting enzyme
inhibitors; CRP, C-reactive protein; HRC, hypochromic red cells; LDH,
lactate dehvdrogenase: SC. subcutaneous: TIBC. total iron-binding




Table 1

Summary of Erythropoiesis-Stimulating Agents

Licensed In
European United Other
INN Trade Name License Holder Approval Manufacturing Process Union States Regions
First generation
Epoetin alfa Epogen® Amgen 1989 R bi DNA technology (in CHO v
Eprex® Ortho Biotech 1988 cells) v v v
Procrit® Amgen 1989 v
Epoetin beta Recormon® Boehringer Mannheim 1990 R bi DNA technology (in CHO v
cells)
Epoetin omega Epomax@ Elanex /Baxter 1990 Recombinant DNA technology (in v
Hemax® hamster kidney cells)
Second generation
Epoetin beta NeoRecormou® Roche 1997 R bi DNA technology (in CHO v v
cells)
Darbepoetin alfa Aranesp® Amgen 2001 R bi: DNA technology (in CHO v v
cells)
Third generation
Epoetin delta Dynepo® Transkaryotic Therapies 2002 Gene activation technology (in HT-1080 v v
/Shire cells)
Methoxy polyethylene glycol Mircera® Roche 2007 R bi: DNA technology (in CHO v v
epoetin beta cells)
Epoetin alfa (biosimilar) Binocrit® Sandoz 2007 R bi DNA technology (in CHO
Abseamed® Medice cells) y
Epoetin Alfa Hexal AG
Hexal®
Epoetin zeta (biosimilar) Remcritm Hospira, a Pfizer 2007 Recombinant DNA technology (in CHO v v
Silapom company Stada cells)
Epoetin theta Biopoin® Teva 2009 | Recombinant DNA technology (in CHO
v
Eporaflo® RatioPharm cells)

Abbreviations: INN, International Nonproprietary Name; NCE, new chemical entity; NME, new molecular entity.




weak evidence on
therapies, reversing or controlling the potentis

of resistance seems to be the best strategy so far.

CONCLUSION



