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Managing Anemia across the Stages of D E I I N I Z I O N E

Kidney Disease in Those Hyporesponsive
to Erythropoiesis-Stimulating Agents

Table 1. Definitions of ESA hyporesponse

Source Definition of ESA hyporesponse
NKF-KDOQI [21] 450 units/kg per week i.v. EPO or 300 units/kg per week s.c. EPO
KDIGO [11] No increase in Hb concentration from baseline after the first month of ESA treatment on

appropriate weight-based dosing

NICE best practices/The Renal  Failure to reach the target Hb level despite s.c. epoetin dose >300 IU/kg/week (450 [U/kg/week i.v.
Association [18] epoetin) or darbepoetin dose >1.5 pg/kg/week

ERI [16]/EHRI [22] Weight-adjusted weekly ESA dose divided by the Hb value >12.7-20.0 IU weekly/kg/Hb, g/dL

NKE-KDOQI, National Kidney Foundation-Kidney Disease Outcomes Quality Initiative; KDIGO, Kidney Disease Improving Glob-
al Outcomes; EHRI, ESA hyporesponsiveness index; EPO, erythropoietin; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; ERI,
ESA response index.
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50—
. TABLE 4 Multivariate linear regression models of factors associated with log hepcidin-25 levels stratified by ESAs treatment
404 A
ESAs-free (N = 39) Pvalue ESAs therapy (N = 64) Pvalue

% 30 Adjusted R square 0.746 <001 0.606 <.001
£
] = Standardized p Standardized p
@ 204
* | ) log ferritin (pg/L) 0.765 <.001 0.677 <001

104 log RTC (x10°/L) -0.239 008 -0.199 022

é ‘s é hs CRP above 5 mg/L 0125 161 0.214 016
0 L] L] 1 I _r I I ] 1 % 1 ]
& " P T - @5’9 R Y-S P Abbreviations: ESAs, erythropoiesis-stimulating agents; hs CRP, high-sensitivity C-reactive protein; RTC, reticulocytes.
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FIGURE 2: ERI wassignificantly reduced in HV-OL-HDF at
Months 3 and 6 with respect to BHD. Number of patients = 36;

P <0.05, evaluated by the paired-samples i-test or by the Wilcoxon
signed-rank test for non-normally distributed data,



Table 1. Mean, SD, median and interquartile range of dry weight, albumin, CRP, b2MG, Hb, ERI, ESA weekly dosage and iron metabolism
parameters during BHD and HV-OL-HDF treatments

ERI (Ul/weekly/kg/g Hb)
MO 9.0 6.9 7.4 8.0 91 6.4 6.7 8.6 0.5715
M3 9.4 7.2 6.5 9.6 6.2 5.1 6.1 4.4 *0.0312
Maé 9.7 7.3 6.7 9.7 6.7 53 6.1 43 *0.0390
ESA dose (Ul/weekly)
MO 5625 3597 4500 5750 5600 4051 6000 5200 0.886
M3 5769 4160 5500 6000 4892 3424 4000 4500 0.197
Maé 6030 4318 5000 6000 5083 3623 4000 6000 0.194
HEP (ng/mL)
MO 48.3 27.6 45.1 37.2 443 33.3 37.8 37.1 0.6216
M3 58.3 333 48.5 36.1 43.0 31.5 344 13.2 *0.0395
Mo 62.1 34.7 57.5 50.4 49.5 299 43.2 32.8 *0.0556
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Hemoadsorption and plasma adsorption: two current options for the 3™ dimension of dialysis purification
Niccold Morisil2, Gaetano Alfano%2, Marco Ferrarini2, Camilla Ferri2, Francesco Fontanal, Marco Ballestril, Gabriele Donatit 2
INephrology Dialysis and Kidney Trans plant Unit, Azienda Ospedaliero Universitaria di Modena
’Department CHIMOMO, University of Modena and Reggio Emilia, Modena Italy

Main results

Hemadsorption and plasma adsorption are mainly indicated for patients who need the
boosting of dialysis purification but for whom online hemodiafiltration (OL - HDF) is not feasible.
Thisgroup of patients does not achieve the therapeutic convective volume prescribed as they
have problems with their vascular access or have dialysis intolerance. Limits to Supra HFR
use are the availability of a specific dialysis machine. The PEPA dialyzer is suitable for every
dialysis machine, the only technical limitation is the need to use two filters in the same
HD session to counteract the saturation of the filter and boost free light chains remwal._)

Background
The application of adsorption has enabled the removal
of previously non-removable toxins, including those of
medium molecular weight and protein-bound toxins.
The objective of this review is to provide a more
comprehensive account of the role of PEPA and Supra
\HFR as adsorption techniques.

Blood I Mutrients T Quality
[ — . -
Pla Inflammation and drugs Anelmla of life

Conclusions. Supra HFR and PEPA remove uremic toxins by plasma }
adsorption and hemoadsorption, respectively. For malnutrition or
intradialytic hypotension HFR is preferred. For diabetics or young patients,

free light chain removal PEPA can be the choice. J

Journal of NEPHROLOGY =R

LELE T

official journal of the Italian Society of Nephrology
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Table 2 Smudy sammary for HFR. and Supra-HFR

Couniry Befemnoes Year N® patienis’n® cenlers  Tackmigue Treatment modality M=in E=suiis
Umetrhc toxins
Iealy Murgia et =l [35] AFF2 131 Supra-HFR in MM paliants 330 h, Qb 250 ml/min, Od 500 mlS Decesase free-Eght chain (RR for k
T B5%. for 4 45% ) in BN Sessions
Spain  Pendon-Ruiz de Mier epal [34] AFDF o] Supra2HFR in MM patienis 4 b O B350 mi_fmmin, Od Dhecrezse free-light chain (RR for &
500 mlfmin; EU 13.2-14 4L F7%. for i 44%) par ssssion
Ttaly  Dromatietzl [33] A6 AW HFR ws._ standand H 4 h, Qb 310 mlmin, Od S0 mlf Dracrease free-light chain (RR for k
min, ELJ rata 2.3 mlJh 4459, for & 3. Decrease of g2
(RR 429
Inflarmmation and axidative stoess
Ttaly DCromati et &l [31] AVFE ¥l Supra-HFR vs. OL-HDF b 200 mil fmim., Ohd S0 milSmsing, Sipnincant reduction of FGF23 with
EU 13L both echrigues. -5 is ool modified.
Signiticant decm e of TINE-o and
TGE-a with Supra-HFR |, IL-8 is not
medied
Italy Tessitore at gl [3&] AR 2871 Supra-HFR vs. low-flax HD 4 b O 280 mlSmin, Od 500 ml/min  Sipnincant decrease of THF-a amd
Hepeadin-25 in HFR. A simailar
chamge in I[L-6, CRF and Peniraxin-3
betwreen methodics
Spain  Esquivias-Motia et =1 [37] 1T 17 Supra-HFR vs. OL-HDF in non- Dheceezse of all 13 biomarkers of
inflamed petienis inflammation = [L-&8, THFE-a, thea
proponEcn of activaied proinfiamma-
tory monocytes, pHCs, IS5
Ttaly Palleschi et al_ [3H] Alae 41719 Supra-HFR vs. OL-HDF 4 b T 300 mlfman, Cvd 500 mls Dhecrease in oxadative siress maerk-
min, ELJ 130, % 121 ers such as A0PP and TAS
Tealy Riccen et =l [39] A4 1H11 Supra HFR vs. OL-HDF in inflamad 4 b, Qb 330 mlSmin, Ovd 500 mls Incmeasad adsorption of [1-& and pCs
patiemnis min, ELI rate &0 mil Smin, om the Supra-HFR msin cartridgs
Spain  Gomraler-Triez et gl [20] A4 AWmalticenier SupraHFR wvs. standard HTY in HFR show modest chanpes of oxsds-
patants with ermitin-< el pgh tive parameters than HD
Inaty Calis et al. [2E] 0N 1446 HFE. vs. standard HIY in non-indlamed Decmase in oxadative siress markers as
patiants OxL.DL. PAI-1 mRNA and p227t=—
Anemaa
Teaky Tessitone et al. [3a] 18 281 HFE vs._ low-flux HD 4 h, Qb 280 mil_Sfman, Chd S0 mlSman Sa'!nitlmt hepoedin decreases
Italy Bolascoetal [20] 11 IWl4 HFR vws._stamdard HDY in non-inflamed 3304 b, (% 300350 ml Smin, Od Incrasad hemogiobin and decre =sad
patients 500 mlfmin, CV e 3. soar ESA reguiremnenis
Muoirition and 2lbumin losses
Ttaky Murpia et =l [35] X2 131 Supra-HFR 330 h, Qb 250 mlSmin, Od 500 mlS Mo loss of albomin per session
Thian
Ttaly Palleschi et al_ [38] Alae 41719 Supra-HFR vs. HFR and CH_-HDFE 4 h, T 300 mlfman, Od 500 mlf Sorbent resins do ol Emove Y ikEmin

min, EU 13, OV 1201
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Uremic Toxins Affect Erythropoiesis during the
Course of Chronic Kidney Disease: A Review

Eya Hamza 1 Laurent Metzinger L+ and Valérie Metzinger-Le Meuth 12

Table 2. The pathophysiological roles of Indoxyl sulfate.

The Pathophysiological Role of Indoxyl Sulfate Reference
Inhibition of endothelial proliferation and wound repair [2]
Progressive deterioration of renal function 34,46,50-54]
Induction of oxidative stress [55]
Increase of circulating EMPs release |56]
Induces TF production via the AhR pathway [57,58]
Development of uremic symptoms [46,59]
Associated with pathogenesis of atherosclerosis [60]
Increases mortality [61]
Cardiovascular disease [54,61-63]
Peripheral arterial disease [61,64,65]

Abbreviations: EMPs, endothelial microparticles; TF, tissue factor; AhR, aryl hydrocarbon receptor.
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Uremic Toxins Affect Erythropoiesis during the
Course of Chronic Kidney Disease: A Review

Eya Hamza 1 Laurent Metzinger 1#( and Valérie Metzinger-Le Meuth 1,2

Table 3. Role of IS in the regulation of renal anemia.

The Pathophysiologic Roles of IS Molecular Mechanisms References

Impairment of erythropoiesis in a

: :'c _ , . 13
HIF dependent manner Suppression of the EPO gene transcription during hypoxia [43]

Extracellular Ca?* entry with subsequent stimulation of cell

Stimulates eryptosis shrinkage and cell membrane scrambling

[66]

- : : IS inhibits EPO-Induced Phosphorylation of EPOR
Might contribute to EPO resistance HIRIDIS uce osphorylation o

and endothelial dysfunction IS inhibits TSP-1 i?{?ﬁg:; Lh;;Tft?oTppression of the [67]
Suppression of HIF activation [S-induced AhR activation [70]
Increased PCA in RBCs Due to PS exposure and RBCs-derived microparticles release [71]
EPO decrease IS negatively regulates the EPO expression [73]

Through OAT2, and NADPH oxidase activity-dependent,

[5-induced RBCs death and a GSH-independent mechanism

[75]

Abbreviations: HIF, hypoxia-inducted factor; EPO, erythropoietin; EPOR, erythropoietin receptor; IS, indoxyl sulfate;
TSP-1, Thrombospondin-1; AhR, the aryl hydrocarbon receptor; PCA, Procoagulant Activity; PS, Phosphatidylserine;
RBCs, red blood cells; OAT2, Organic Anion Transporter 2; GSH, glutathione.
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Table 1: Mew treatments of possible interest for CED patients with ansermia.

Nephrol Dial Transplant, 2024, 39, 1404-1415

https://doi.org/10.1093/ndt/gfae095
Advance access publication date: 24 April 2024

Agent ClinicalTrials. gowr Company Mechanism of action Development phase Satting Hiotes
Apents stimulating erythropoiesis
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ACTY, anze=mia of chronic diseass; IR0, imn-refractory iron deficiency anaemia; ESKF, end-stage bdney fxilure; OV, cardiovasculac; DO, dialysis dependent; WD, non-diabysis dependent.
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