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Anémie (< 12g/dl H  et < 11g/dl F) et MRC

Prévalence d’autant plus élevée
que le DFG est altéré 
et chez le diabétique  
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Anémie au cours de la MRC

4 cohortes observationnelles (Italie), n = 3052 patients 

De Nicola L, Naples, 2020

5

Anémie au cours de la MRC, un risque accru de progression vers
l’IRCT

Progression vers IRCT pour  1513 participants de l’étude RENAAL

Mohanram A, Kidney Int, 2004
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Risques liés à la transfusion 

Journal of Nephrology 

1 3

Adverse effects of red blood cell transfusion 
in CKD

Regardless of the current trends in blood transfusion prac-
tices in CKD, the benchmark of good anemia management 
policies in the era of ESA use is to limit the use of red 
cell transfusions given multiple adverse effects associated 
with this therapy (Fig. 1). While most of the complications 
from RBCT are similar to the general population, some of 
these may be unique to the CKD population. The risk of 
transfusion transmitted infection is overall very minimal 
in developed countries such as the US due to thorough 
screening policies of the donor and donated blood [26]. 
For instance, the current risk of transmission of HIV or 
Hepatitis C infection is less than 1 in 1 million [27]. A 
risk of CMV infection especially exists in immunocom-
promised, transplant patients that can be minimized with 
leucoreduced red-cell transfusion [28]. Sepsis from gram 
negative bacteria is a rare complication of a red-cell trans-
fusion that tends to increase in frequency as RBC storage 
time increases [7, 26]. Recently, transfusion-transmitted 
babesiosis has been reported as a new form of transfusion 
related infection with high mortality rates of 15–20% [29].

Non-infectious complications of red cell transfusions 
include hemolytic transfusion reactions, febrile non-hemo-
lytic transfusion reactions, allergic reactions, transfusion 
related lung injury (TRALI), transfusion associated circu-
latory overload (TACO), post transfusion purpura, transfu-
sion associated graft-versus-host disease, hyperkalemia, 
citrate toxicity (in massive transfusions), iron overload (in 

chronic transfusion dependence) and alloimmunization to 
RBC or HLA antigens (if contaminating WBCs are pre-
sent) [7, 26]. Some of the complications such as TACO or 
hyperkalemia are believed to be more common in CKD, 
especially dialysis patients [7].

While RBC alloimmunization can increase risk of 
delayed hemolytic transfusion reaction, antibodies to HLA 
antigens (especially Class I) can reduce chances of success-
ful renal transplantation [7]. A recent systematic review of 
180 studies from 1984 to 2011 showed that alloimmuni-
zation was significantly higher in CKD patients receiving 
a pre-transplant RBCT and risk increased with increased 
number of transfused units [30]. The highest risk for alloim-
munization with RBCT seemed to be in multi-parous women 
or those with previous transplantation [31]. The downstream 
harms of alloimmunization are increased propensity to form 
donor specific antibodies, elevated panel reactive antibod-
ies, increased wait-times for renal transplantation and higher 
risks for graft rejection [30].

Apart from adverse effects, RBCT is less cost-effective 
than ESAs in treating anemia of CKD, as shown in a simu-
lation study on a cohort of Medicare ESRD patients from 
1995 to 2004 receiving either ESA or RBCT for anemia 
in CKD, where the incremental cost-effectiveness ratio 
(ICER) of ESAs over RBCT was only $873 per quality-
adjusted life-years (QALYs)[32]. Similar incremental ben-
efits have been reported with ESA over RBCT in different 
countries [33, 34]. Furthermore, patient-centered research 
on patient’s preference for different treatment options in ane-
mia of CKD showed that patients were willing to trade off a 
6% increase in risk for medication-related adverse effect of 

Fig. 1  Schematic representation of the adverse effects of red cell transfusion (RBCT) in Chronic Kidney Disease (CKD)
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Table 1

Risk estimates of transfusion-transmitted diseases (2007–2008)51,52

Organism Risk Estimate

HIV-1 1 in 2.3 million

Hepatitis B 1 in 350,000

Hepatitis C 1 in 1.8 million

HTLV-1/2 1 in 2 million

WNV Low

Syphilis Low (none reported in last 40 years)

Trypanosoma cruzi Low (10–20% in endemic areas, none in US)

Babesia Low

Malaria Low

Bacteria 1 in 3000 cellular blood components

HIV: Human immunodeficiency virus; HTLV: Human T-lymphotropic virus; WNV: West Nile virus

Semin Dial. Author manuscript; available in PMC 2013 June 09.
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Transfusion et Transplantation

(Figure 6B). In contrast, no differences were observed
in 3 studies, either with acute rejection [50] or graft
survival [41,66].
In the USRDS 2010 annual report, the risk of graft fail-

ure was higher in allosensitized versus non-allosensitized
patients (hazard ratio for PRA levels of 0%: 1.0; 1%–9%:
1.08; 10%–79%: 1.21; ≥ 80%: 1.41) [27], while the UNOS/
Scientific Registry of Transplant Recipients (UNOS/SRTR)
2010 annual report showed a decrease in long-term graft
survival (5 and 10 years) with increased PRA levels (i.e. in-
crease in allosensitization), irrespective of the donor type
(living or deceased) [73]. From the 2012 Organ Procure-
ment and Transplantation Network/Health Resources and
Services Administration (OPTN/HRSA) registry data,
Kaplan-Meier estimates of survival rates for kidney
transplants performed between 1997 and 2004 reported
that graft survival decreased with increased PRA levels
(patients with 0–9% PRA: survival rate of 91.8%, 82.5%,
and 72.2% for 1 year, 3 years, and 5 years, respectively; pa-
tients with 10%–79% PRA: survival rate of 89.6%, 77.4%,
and 65.7% for 1, 3, and 5 years, respectively; patients

with ≥ 80% PRA: survival rate of 88.4%, 74.6%, and 61.9%
for 1, 3, and 5 years, respectively) [74].

The impact of allosensitization on wait time to
transplantation
A detrimental effect of sensitization on wait time was
reported in the 3 studies [24,49,75], reporting non-
significant increases in wait time in sensitized patients
compared with non-sensitized patients. Overall, sensitization
was linked with longer wait times compared with non-
allosensitized patients.
Data from the USRDS 2010 annual report suggested

that, alongside a general increase in the median wait time
to transplantation in all patients in the last 20 years, wait
time was increased further in patients with allosensitization
compared with patients without allosensitization [27]. The
USRDS 2011 annual report indicated a trend for increased
median wait time to transplantation with increasing
allosensitization (PRA levels of 0%: 1.86 years; 1–9%:
1.84 years; 10–79%: 2.09 years; ≥80%: 2.88 years) [76].
Similar trends were observed in the UNOS 2010 annual
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Figure 2 Impact of pre-transplant transfusion on allosensitization. (A) Proportion of patients sensitized stratified by pre-transplant
transfusion status. (B) Risk of allosensitization by number of pre-transplant transfusions. *Significant difference as reported in the original
publication; †represents sensitization measurement not explicit, but identified according to the text; ‡data reported for 0–5 transfusion vs. > 5
transfusions; values have been rounded to the nearest integer. NOTE: Additional calculation has been performed to allow for comparison
between the populations of interest. Therefore, the numbers presented differ from those presented in the primary source publications with the
exception of Lim 1992, Direskeneli 1992, and Lietz 2003. CDC: complement-dependent cytotoxicity; ELISA: enzyme-linked immunosorbant assay;
FXCM: flow cytometry cross-match; HLA: human leukocyte antigen; Mixed: probable CDC + flow cytometry; MPC: mean peak channel; NR: not
reported; PRA: panel reactive antibodies; +ve: positive.

Scornik et al. BMC Nephrology 2013, 14:217 Page 5 of 12
http://www.biomedcentral.com/1471-2369/14/217

Scornik JC, BMC Nephrology 2013 Bostock IC, Transplant Immunol, 2013
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ASE et Transfusions en dialyse  

à Réduction des transfusions  sous ESA (RR 0.09 - 0.18 )

Palmer S, Cochrane Review, 2014

19 études, 9049 patients 
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Recommandations et Remboursement: Impact sur la 
transfusion 

characteristics (Table 3). Other multivariate associations of trans-
fusion included baseline hemoglobin level, epoetin dose, trans-
ferrin saturation, sex, dialysis duration, body mass index, Euro-
pean or Canadian study site, dialysis vascular access, and serum
albumin level. Similarly, with identical adjustment strategies to
those used in Table 3, adjusted hazards ratios for transfusion with
hemoglobin levels !9, !8 and !7 g/dl were 0.38 (0.23, 0.63, P !
0.0002), 0.28 (0.16, 0.51, P " 0.0001), and 0.40 (0.18, 0.88, P ! 0.023).

The adverse events occurring within 4 wk before the first
transfusion were diverse and similar (except for gastrointesti-
nal) across the low- and high-target groups (Table 4).

Discussion
Randomized controlled trials comparing a normal hemoglobin

target to partial corrections of anemia with epoetin have varied in

the stage of CKD disease of patients enrolled, primary outcomes
assessed, statistical power to compare major clinical outcomes,
and research methodology. Nonetheless, signals have emerged to
suggest that higher hemoglobin targets may be harmful. Clinical
events related to higher hemoglobin targets in some trials have
included higher vascular access thrombosis (9), higher BP or
greater requirements for antihypertensives (6,10,11), cerebrovas-
cular events (6), cardiovascular events (9,10), earlier need for renal
replacement therapy (12), and higher mortality (9,10). These ad-
verse outcomes have not been seen uniformly across studies, and
several outcomes have had marginal statistical significance and
wide confidence intervals for effect estimates. However higher
vascular access thrombosis and hypertension have been observed
in the early studies comparing no treatment of anemia with partial
correction using erythropoietin (13).

Table 2. Effect of hemoglobin target on transfusionsa

Parameter
Target Hemoglobin

P
9.5 to 11.5 g/dl 13.5 to 14.5 g/dl

Transfusions as rates
transfusions per patient 0.94 (0.62, 1.26) 0.37 (0.20, 0.37) 0.00
follow-up (yr) 1.42 (1.35, 1.49) 1.41 (1.34, 1.48) 0.82
transfusion rate (per patient per year) 0.66 (0.59, 0.74) 0.26 (0.22, 0.32) "0.0001
transfusion rate ratio 1 (reference category) 0.40 (0.32, 0.50)
pretransfusion hemoglobin (g/dl) 7.7 (7.5, 7.9) 8.1 (7.6, 8.5) 0.09

Time to first transfusion
proportion transfused (%) 19.3 9.1 0.0004
pretransfusion hemoglobin (g/dl) 7.6 (7.3, 8.0) 8.2 (7.7, 8.7) 0.12
transfusion hazards ratio 1 (reference category) 0.46 (0.29, 0.72) 0.0007

a95% confidence intervals are reported in parentheses. Poisson regression was used for comparison of transfusion rates and
proportional hazards regression to compute hazards ratio for the time to first transfusion.

Table 3. Multivariate analysis: Baseline associations of transfusiona

Parameter
Transfusions as Rates Time to First Transfusion

Rate Ratio P Hazards Ratio P

Target 13.5 to 14.5 g/dl 0.36 (0.29, 0.46) "0.0001 0.42 (0.26, 0.67) 0.0003
Hemoglobin !11.1 g/dl 1.93 (1.54, 2.43) "0.0001 1.48 (0.93, 2.34) 0.01
Epoetin dose #6000 U/wk 2.28 (1.85, 2.82) "0.0001 1.63 (1.03, 2.56) 0.04
Transferrin saturation !32.0% 1.87 (1.51, 2.32) "0.0001 1.55 (0.99, 2.41) 0.05
Age #51.5 yr 0.85 (0.69, 1.06) 0.14 0.79 (0.50, 1.24) 0.30
Female sex 0.59 (0.47, 0.73) "0.0001 0.89 (0.57, 1.40) 0.62
Non-White race 1.02 (0.75, 1.38) 0.91 0.73 (0.35, 1.50) 0.39
Dialysis duration #9.0 mo 1.85 (1.50, 2.28) "0.0001 1.56 (1.00, 2.42) 0.049
Body mass index #25.5 kg/m2 0.71 (0.58, 0.87) 0.001 0.84 (0.54, 1.31) 0.45
Renal disease due to diabetes 1.16 (0.89, 1.52) 0.28 1.21 (0.69, 2.14) 0.50
Europe 1.89 (1.44, 2.49) "0.000 1.11 (0.65, 1.90) 0.69
Dialysis catheter 2.01 (1.32, 3.07) 0.001 1.38 (0.56, 3.40) 0.48
Serum albumin !4.0 mg/dl 1.37 (1.09, 1.72) 0.007 1.63 (0.98, 2.72) 0.06

a95% confidence intervals are reported in parentheses. Poisson regression was used to calculate rate ratios for transfusion and
proportional hazards regression to compute hazards ratio for the time to first transfusion. All of the variables shown in the first
column were included simultaneously in multivariate models. Median values of the overall study population were used to
categorize hemoglobin, epoetin dose, transferrin saturation, dialysis duration, age, body mass index, and serum albumin.

1672 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol 3: 1669–1675, 2008

Foley R, Clin J Am Soc Nephrol, 2011

larger for women than for men. Although these
interaction effects indicate that the impact of the PPS
on transfusions may vary by patient demographics,
the magnitudes of these differences were smaller than
the main effect.
To test whether our findings are robust to the

functional form assumptions of the linear probability
model, we re-estimated our models using logistic
regression. The sign, significance, and magnitude of
the logistic estimates are nearly identical to those from
the linear probability model. Finally, as a simple proxy
for greater likelihood of transplant eligibility, we re-
estimated the model appearing in Table 4, restricting
the sample to patients younger than 60 years. Trans-
fusion rates increased in the younger-than-60 group
after the PPS (coefficient 0.0023; P , 0.001) but a
bit less than in the full sample (coefficient 0.0029;
P , 0.001).

DISCUSSION

Concerns have been raised that implementation of
the dialysis PPS in 2011 led to a dramatic shift toward
increased use of red blood cell transfusions (which are
excluded from the payment bundle) as a replacement
for ESAs in the treatment of dialysis-related anemia.
Although we confirm that the absolute number and

per-patient rate of transfusion events was higher in
2011 and 2012 than in the 3 prior years, the absolute
magnitude of the shift is relatively modest, with the
number of transfusion events per patient increasing
w10% (from w0.5 per patient prior to the PPS to
w0.55 per patient after the PPS). Using a multivariate
predictive model to account for patient characteristics
did not change this conclusion. The model also shows
that although rates differed by race and sex, only
minor disproportionate changes occurred for black
and female patients after the bundle. Although female
patients became relatively more likely, and black
patients, relatively less likely, to receive a trans-
fusion after the bundle, the absolute magnitude of the
changes is small.
A recent consensus guideline for anemia manage-

ment in chronic kidney disease generally recommends
avoidance of blood transfusion to treat anemia of
chronic kidney disease when possible.4 This recom-
mendation is based in part on the risk of allosensitization
of transfusion recipients, decreasing the likelihood of
subsequent access to kidney transplantation. The risk of
allosensitization with blood transfusion first was re-
ported more than 3 decades ago.3 More recent studies
suggest that the development of allosensitization after
blood transfusion is less common than initially reported.

Figure 1. Percentage of Medicare
dialysis patients receiving 1 or more red
blood cell transfusion, January 2008
to November 2012, standardized to
30-day months. The x-axis represents
the time period. The bold vertical black
line represents the starting date of the
prospective payment system (PPS).

Table 3. Total Number of Patients by Number of RBC Transfusion Events per Year

Annual No. of Transfusion Events 2008 2009 2010 2011 2012a

0 232,789 (74.5) 240,591 (75.0) 250,532 (75.4) 251,550 (74.0) 256,596 (75.1)

1 46,037 (14.7) 45,770 (14.3) 46,401 (14.0) 48,351 (14.2) 45,548 (13.3)

2 18,289 (5.9) 18,653 (5.8) 18,899 (5.7) 20,597 (6.1) 20,297 (5.9)

3 6,914 (2.2) 7,131 (2.2) 7,299 (2.2) 8,350 (2.5) 7,930 (2.3)

$4 8,545 (2.7) 8,850 (2.8) 9,094 (2.7) 11,265 (3.3) 11,378 (3.3)

Total patients 312,574 (100.0) 320,995 (100.0) 332,225 (100.0) 340,113 (100.0) 341,749 (100.0)

Note: Values are given as number (percentage).
Abbreviation: RBC, red blood cell.
aFirst 11 months.

Hirth et al

4 Am J Kidney Dis. 2014;-(-):---

Hirth RA, Am J Kidney Dis, 2014
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KDQOL-SF36, Cibles d’hémoglobine, IRC et Dialyse   

explained by low patient numbers in this group as well
as the limited sensitivity of the KDQOL-36 for common
consequences of anemia specifically (fatigue, dizziness,
decreased vitality, etc.).
In line with our findings, a number of published stud-

ies have reported CKD severity-linked impairment of
HRQoL assessed via the EQ-5D-3 L [38, 39] and
KDQOL-36 [28, 40]. A number of published studies and
a systematic literature review have also reported a cor-
relation of Hb level and HRQoL in patients with CKD
[19–21, 29, 41]. However, the correlations reported in
these studies are mostly unadjusted for potential con-
founders and anemia definitions often lack the granular-
ity to differentiate between various levels of severity. Yet

these studies, as well as our survey, provide generally
consistent evidence on the HRQoL deterioration which
occurs with CKD progression and development of
anemia.
Various studies have also shown treatment to increase

Hb levels in patients with CKD to be associated with
HRQoL improvements [42–45]. Improvements were ob-
served in energy/fatigue, physical functioning, ability to
work, social activity and cognitive function, although the
methods and tools used to measure these changes were
diverse across studies, limiting the ability to combine re-
sults. Surprisingly, a large, double-blind study of patients
with NDD CKD, type 2 diabetes mellitus, and anemia
showed only modest improvements in scores from the

Fig. 4 Regression analysesa. aThese figures use regression models to show how the outcome changes with changing Hb with all other covariates set
to their mean values. Predictive margins of current stage with 95% CIs are shown separately for each CKD stage bSymptoms and problems with kidney
disease subscale. cEffects of kidney disease on daily life subscale. dBurden of kidney disease subscale. CI, confidence interval; Hb, hemoglobin; NDD,
non-dialysis dependent

van Haalen et al. BMC Nephrology           (2020) 21:88 Page 11 of 15

Van Haalen H, BMC Nephrology 2020

Multicentriques (France, Allemagne, USA, Chine, Italie, Espagne, UK), 5276 pts 

Seuil d’amélioration, 11 gr/dl  pour  dimension physique, psychique et symptômes 
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Anémie et Cœur 

50 % des patients IRC 4 ou 5 
développent une HVG (1)

Association anémie et HVG
→ risque d’infarctus ou décès X par 4 
(2)
    (n=2423, RR 4,15 , IC 95% 2,62-6,56)
→ risque de décès toute cause x par 3 
(2)
    (n=2423, RR 3,3, IC95% 2,04-5,34)

1) Gansewoort RC, Lancet  2013
2) Weiner DE, J Am Soc Nephrol, 2005

Figure 2. Graphical representation of the differing effect of the presence versus absence of anemia and left ventricular
hypertrophy (LVH) in subjects with chronic kidney disease on study outcomes in fully adjusted analyses. Plots are based on
models that contain an interaction term for anemia and LVH. Continuous variables were set at their median values, and
binary covariates were set at their median value.

Table 4. Hazard ratios and confidence intervals from fully adjusted multivariate analysis for primary and
secondary outcomes in individuals with CKDa

Compositeb Cardiacb Strokeb Mortalityc

Without interaction
LVH 1.67 (1.34 to 2.07) 1.62 (1.18 to 2.24) 1.78 (1.20 to 2.65) 1.74 (1.38 to 2.20)
anemia 1.51 (1.27 to 1.81) 1.21 (0.90 to 1.61) 1.30 (0.89 to 1.89) 1.68 (1.39 to 2.04)

With interaction
!LVH, !anemia 4.15 (2.62 to 6.56) 3.92 (2.05 to 7.48) 4.24 (2.00 to 8.99) 3.30 (2.04 to 5.34)
!LVH, "anemia 1.43 (1.18 to 1.72) 1.36 (0.94 to 1.97) 1.47 (0.92 to 2.34) 1.68 (1.29 to 2.18)
"LVH, !anemia 1.48 (1.16 to 1.89) 1.08 (0.79 to 1.48) 1.14 (0.75 to 1.71) 1.65 (1.35 to 2.02)
"LVH, "anemia Reference Reference Reference Reference

aCardiac events included recognized and silent myocardial infarction and fatal coronary heart disease. Stroke includes
both fatal and nonfatal events. All models were adjusted for age; gender; race; history of CVD, hypertension, and
diabetes; current smoking; alcohol use; high school graduation status; systolic BP, total cholesterol; HDL cholesterol;
GFR; and study terms.

bP # 0.05 for the interaction between anemia and LVH.
cThe interaction term for anemia and LVH with mortality was not statistically significant (P $ 0.20).

1808 Journal of the American Society of Nephrology J Am Soc Nephrol 16: 1803–1810, 2005
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Figure 2. Graphical representation of the differing effect of the presence versus absence of anemia and left ventricular
hypertrophy (LVH) in subjects with chronic kidney disease on study outcomes in fully adjusted analyses. Plots are based on
models that contain an interaction term for anemia and LVH. Continuous variables were set at their median values, and
binary covariates were set at their median value.

Table 4. Hazard ratios and confidence intervals from fully adjusted multivariate analysis for primary and
secondary outcomes in individuals with CKDa

Compositeb Cardiacb Strokeb Mortalityc

Without interaction
LVH 1.67 (1.34 to 2.07) 1.62 (1.18 to 2.24) 1.78 (1.20 to 2.65) 1.74 (1.38 to 2.20)
anemia 1.51 (1.27 to 1.81) 1.21 (0.90 to 1.61) 1.30 (0.89 to 1.89) 1.68 (1.39 to 2.04)

With interaction
!LVH, !anemia 4.15 (2.62 to 6.56) 3.92 (2.05 to 7.48) 4.24 (2.00 to 8.99) 3.30 (2.04 to 5.34)
!LVH, "anemia 1.43 (1.18 to 1.72) 1.36 (0.94 to 1.97) 1.47 (0.92 to 2.34) 1.68 (1.29 to 2.18)
"LVH, !anemia 1.48 (1.16 to 1.89) 1.08 (0.79 to 1.48) 1.14 (0.75 to 1.71) 1.65 (1.35 to 2.02)
"LVH, "anemia Reference Reference Reference Reference

aCardiac events included recognized and silent myocardial infarction and fatal coronary heart disease. Stroke includes
both fatal and nonfatal events. All models were adjusted for age; gender; race; history of CVD, hypertension, and
diabetes; current smoking; alcohol use; high school graduation status; systolic BP, total cholesterol; HDL cholesterol;
GFR; and study terms.

bP # 0.05 for the interaction between anemia and LVH.
cThe interaction term for anemia and LVH with mortality was not statistically significant (P $ 0.20).
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Anémie et développement de l’HVG

HVG, conséquence de l’augmentation
du débit cardiaque visant à assurer
 l’ oxygénation optimale des organes vitaux 

IRC 
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Baisse du transport 

d’O2 
↓ Epo

Eckardt KE, Nephrol Dial Transplant, 2001
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Anémie et risque de décès toutes causes au 
cours de la MRC

RR de décès augmenté de 65% pour la mortalité globale ( IC 95% 1,39-2,04)
N =2423 patients avec MRC (cohortes ARIC, CHS, FHS, FOS), suivi médian 109 mois, DFG entre 15 et 60
Correction pour âge, sexe, tabac, antécédents CV, HTA, PAS, DFG, niveau d’étude

Figure 2. Graphical representation of the differing effect of the presence versus absence of anemia and left ventricular
hypertrophy (LVH) in subjects with chronic kidney disease on study outcomes in fully adjusted analyses. Plots are based on
models that contain an interaction term for anemia and LVH. Continuous variables were set at their median values, and
binary covariates were set at their median value.

Table 4. Hazard ratios and confidence intervals from fully adjusted multivariate analysis for primary and
secondary outcomes in individuals with CKDa

Compositeb Cardiacb Strokeb Mortalityc

Without interaction
LVH 1.67 (1.34 to 2.07) 1.62 (1.18 to 2.24) 1.78 (1.20 to 2.65) 1.74 (1.38 to 2.20)
anemia 1.51 (1.27 to 1.81) 1.21 (0.90 to 1.61) 1.30 (0.89 to 1.89) 1.68 (1.39 to 2.04)

With interaction
!LVH, !anemia 4.15 (2.62 to 6.56) 3.92 (2.05 to 7.48) 4.24 (2.00 to 8.99) 3.30 (2.04 to 5.34)
!LVH, "anemia 1.43 (1.18 to 1.72) 1.36 (0.94 to 1.97) 1.47 (0.92 to 2.34) 1.68 (1.29 to 2.18)
"LVH, !anemia 1.48 (1.16 to 1.89) 1.08 (0.79 to 1.48) 1.14 (0.75 to 1.71) 1.65 (1.35 to 2.02)
"LVH, "anemia Reference Reference Reference Reference

aCardiac events included recognized and silent myocardial infarction and fatal coronary heart disease. Stroke includes
both fatal and nonfatal events. All models were adjusted for age; gender; race; history of CVD, hypertension, and
diabetes; current smoking; alcohol use; high school graduation status; systolic BP, total cholesterol; HDL cholesterol;
GFR; and study terms.

bP # 0.05 for the interaction between anemia and LVH.
cThe interaction term for anemia and LVH with mortality was not statistically significant (P $ 0.20).

1808 Journal of the American Society of Nephrology J Am Soc Nephrol 16: 1803–1810, 2005

Downloaded from
 http://journals.lww.com

/jasn by AF1pYRG
U7tvUvvutufdIuE6/JI5ooxlzDNW

ogG
O

G
dm

9eqtU8Q
IZU

sP/kYNwr0anQ
P1k2bkKVxc6v0M

BPM
gHRXF4279RIwTy0BfN3kA0O

eoXkTn/l5ahaM
7KlifSlTRH/YCVyxY1oXhXbTym

IM
+3Xq3XZ

2cVm
EibM

p0nNtaW
Ksprc4y6LCejIjw== on 03/27/2023

Weiner DE, J Am Soc Nephrol, 2005

16



13/04/2025

9

Parfrey PS, Clin J Am Soc Nephrol, 2009

Régression de l’HVG

Kidney Res Clin Pract   Vol. 36, No. 3, September 2017

210 www.krcp-ksn.org

and IL-6) and also tumor necrosis factor (TNF-alpha), as 
these factors can not only induce premature destruction 
of erythroid progenitor cells but also a reduction in eryth-
ropoietin receptors on the surface of stem cells [7—9].

Controversial clinical results of major clinical trials 
using ESAs

These ideas, which were driven by perception of patho-
physiology, were confirmed by initial clinical studies in 
the first half of the 1990s which recruited patients with 
severe anemia. Partial correction of anemia had positive 
effects, for example regarding cognitive functions [10], 
a reduction in left ventricular hypertrophy (LVH) [11], 
an increase in physical capacity including augmented 
oxygen uptake [12] and reduction in hospital admissions 
[13]. The CanEPO-Study represented a landmark [14], 
in which patients were randomized into three groups, 
including either placebo or erythropoietin targeting a 
hemoglobin (Hb)-concentration of 9.5—11.0 g/dL (i.e., 
partial correction) or 11.5—13.0 g/dL (full correction); 
mean Hb-levels of 7.4 g/dL (n = 40), 10.2 g/dL (n = 40) 
respectively 11.7 g/dL (n = 38) were achieved. The major-
ity of improvement in anemic symptoms was noted in 
the group with Hb-values approximating 10.2 g/dL with 
no significant further improvement at 11.7 g/dL. Eleven 
of 78 patients treated with erythropoietin had their sites 
of access clotted compared with only one of 40 patients 

given placebo. However, the study was principally un-
derpowered to sufficiently evaluate cerebral insults and 
mortality, and these events were not reported.

Two decades later, Parfrey et al [15] published a meta-
analysis confirming that increasing Hb levels from less 
than 10 g/dL to 10—12 g/dL in chronic kidney disease 
(CKD) patients induced significantly pronounced regres-
sion of LVH (Fig. 1A). Regression of LVH started within 
the first 6 months of treatment [16]. However, augment-
ing Hb levels from between 10 and 12 g/dL to higher than 
12 g/dL did not induce significant further regression of 
LVH (Fig. 1B).

Additionally, Parfrey et al [17] in 2005 with 596 random-
ized hemodialysis patients, CHOIR in 2006 with 1,433 
[18] and CREATE with 600 randomized participants with 
CKD stage 3 and 4 [19] could also not show any convinc-
ing advantages attempting to normalize Hb levels (i.e., 
13.3 g/dL) vs. partial anemia correction (i.e., 10.9 g/dL). 
However, a slight increase in cerebral insults [17] and in 
cardiovascular mortality [18] was detected.

In 2009, results of the largest ESA study were published 
(TREAT) [20]. TREAT comprised more than 4,000 dia-
betics with CKD stage 3 and 4 randomly assigning 2,012 
patients to darbepoetin alfa to achieve a Hb level of ap-
proximately 13 g/dL and 2,026 patients to placebo, with 
rescue darbepoetin alfa when the Hb level was less than 
9.0 g/dL. The study effectively compared a group achiev-
ing an Hb-level of approximately 12.5 g/dL with a group 
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Figure 1. Effects of anemia correction on left ventricular hypertrophy. (A) Significant regression of left ventricular hypertrophy with ini-
tial hemoglobin (Hb)-levels of < 10 g/dL and aiming for 10 to 12 g/dL. (B) Non-significant regression of left ventricular hypertrophy with initial 
Hb levels of 10 to 12 g/dL and aiming for > 12 g/dL. CI, confidence interval.
LVMi, left ventricular mass index.
Adated from the article of Parfrey et al (Clin J Am Soc Nephrol 4:755-762, 2009) [15] with original copyright holder’s permission.Cible à 12g/dl
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Erythropoïèse et MRC 

element in the 3′-region.15–17 The 3′-hypoxia enhancer region is abso-
lutely required for the hypoxic induction of Epo in the liver, as shown
by genetic studies in mice.18

REPC have been visualized in BAC transgenic mice through the use
of green fluorescent protein (GFP). In this transgenic model the Epo
coding sequence was replaced by GFP cDNA, which brings GFP under
the control of Epo regulatory elements.11 GFP expression was found
in renal peritubular interstitial cells and in a subpopulation of hepato-
cytes that were localized around the central vein, supporting the
notion that these two cell types represent themajor sites of physiolog-
ic EPO production under conditions of systemic hypoxia. In the kidney,
GFP-positive interstitial cells were unique in their morphologic ap-
pearance, as they displayed dendrite-like processes and expressed
neuronal-specific markers, such as microtubule-associated protein 2
(MAP2) and neurofilament protein light polypeptide (NFL), indicating
that REPC may be derived from progenitor cells of neuronal origin.
This notion is furthermore supported by lineage tracing studies that
utilized myelin protein zero (P0)-Cre transgenic mice, which express
Cre-recombinase in neural crest-derived cells.13 In keeping with this
observation, Frede and colleagues established an EPO-producing renal
tumor cell linewith similarmorphologic andmolecular characteristics.19

Although the hypoxic induction of Epowas reported in 4E cells, amesen-
chymal cell clone with characteristics of embryonic kidney stromal
cells,20 primary REPC that retain their EPO-producing ability are difficult
to culture. The molecular mechanisms underlying this phenomenon are
unclear. Transdifferentiation of REPC into myofibroblasts, which are a
main source of collagen infibrotic kidneys, has beenproposed as a poten-
tial mechanism by which REPC loose their ability to synthesize EPO in
CKD (Fig. 1).13 Myofibroblasts appear to be derived from pericytes,21,22

which express cellular markers that are also found on REPC (e.g. CD73
and PDGFRB). To what degree these two cell populations overlap re-
mains to be determined.

While the kidney is the primary physiologic source of EPO synthesis in
adults, the liver is the main site of EPO production during embryonic de-
velopment. However, in adults, the liver retains its ability to produce EPO
in response to moderate/severe hypoxia or to pharmacologic HIF
activation.23–25 Similar to the kidney, the liver responds to severe hypoxia
by increasing the number of EPO-producing hepatocytes that localize
around the central vein.11 Epo has also been detected in hepatic stellate
cells, which have been previously referred to as ITO cells.26,27 The timing
of transition from liver to the kidney as the primary site of EPOproduction
is species-dependent andusually occurs during late gestation or at around
birth.28–31 Themolecularmechanisms that underlie this switch are poorly
understood, but may involve transcriptional repression and/or reduced
expression of certain transcriptional activators, such as GATA-4.32

In the adult liver, EpomRNA levels, which are very difficult to detect at
baseline, rise substantially under conditions ofmoderate to severe hypox-
ia, and account formost, if not all, physiologically relevant systemic EPOof
extra-renal origin.23,33 While hypoxia-induced EPO production in the
liver does not normalizeHgb values in CKD, hepaticHIF can be sufficiently
stimulated by pharmacologic means to correct anemia that results from
inadequate EPO production or from inflammatory conditions.24,34

Aside from kidney and liver as the twomajor sources of EPO synthe-
sis, EPOmRNA expression has also been detected in the brain (neurons
and glial cells), lung, heart, bone marrow, spleen, hair follicles, the re-
productive tract and in osteoblasts.31,35–46 While the role of these cell
types in erythropoiesis under baseline conditions has not been demon-
strated, they may, to a certain degree, contribute to stress-induced
erythropoiesis (Fig. 1).45,47 EPO synthesized by these cells is more likely
to act locally, modulating, for example, regional angiogenesis and cellu-
lar viability (for an overview of the non-hematopoietic actions of EPO
see Jelkmann48).

While pO2 is critical for the regulation of renal EPO synthesis, some
studies have investigated the role of extrinsic signals in the regulation

Fig. 1. Cellular sources of EPO. Shown is a schematic overview of cell types and tissues with EPO-producing capacity. In adults, the kidney and liver are the two major contributors to
the serum EPO pool, with the kidney being the main physiologic site of EPO synthesis. While EPO transcripts are not detectable at baseline, the liver produces EPO when stimulated
with either moderate to severe hypoxia or pharmacologically. The contribution of other cell types to erythropoiesis under stress conditions is not clear. A list of cell types and tissues
in which EPO transcripts have been detected under various experimental conditions is shown on the left. Renal EPO-producing cells (REPC) are peritubular interstitial fibroblasts
(shown in orange). Tubular epithelial cells do not produce EPO and are shown in green. Under chronic injury conditions, REPC undergo transdifferentiation into collagen-producing
myofibroblasts (blue) and loose their ability to produce EPO; injured renal tubuli are shown in gray color. In CKD kidneys, the number of REPC is reduced, which results in inadequate EPO
production in response to hypoxic stimuli and leads to the development of anemia. Abb.: cv, central vein.
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Figure 1. 
Overview of erythropoiesis. a | Progressive stages of erythroid differentiation showing the 
relative sizes and presumed or known morphologic appearances of haematopoietic cells at 
various stages. The transcription factors PU.1 and GATA1 are important in determining 
whether HSCs will progress towards an erythroid or a non-erythroid fate, whereas KLF1 is 
important in determining whether MEPs will progress towards an erythroid or a 
megakaryocytic fate. PU.1 expression continues until the EPO-dependent stages, whereas 
GATA1 and KLF1 have important roles in differentiation throughout haemoglobin 
synthesis. Stages of haemoglobin synthesis show relative accumulations of haemoglobin as 
increasing intensity of red in the cytoplasm. The periods of EPO dependence ending at the 
early Baso EB stage and haemoglobin synthesis beginning in the late Baso EB stage do not 
overlap. b | An erythroblastic island. Erythroid cells from the CFU-E through to the RET 
stages are attached to a central macrophage. RETs detach from the macrophage before 
leaving the marrow and entering the blood. Two extruded nuclei created when RETs are 
formed from Ortho EBs are shown inside the central macrophage where they have been 
phagocytosed and will be degraded. Abbreviations: Baso, basophilic; BFU-E, burst-forming 
unit-erythroid; CFU-E, colony-forming unit-erythroid; EB, erythroblast; EPO, 
erythropoietin; EPOR, EPO receptor; HSC, pluripotent haematopoietic stem cell; MEP, 
bipotent megakaryocytic–erythroid progenitor; Ortho, orthochromatic; Poly, 
polychromatophilic; RBC, erythrocyte; RET, reticulocyte.
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sponse to stresses such as blood loss or hemolysis, HSCs 
rapidly expand and differentiate to regenerate blood cells 
 [45] . The expression of HIF-1α is higher than that of HIF-
2α in HSCs; HIF-1α-deficient mice lack the HSC’s cell 
cycle quiescence and have fewer HSCs after the various 
stresses listed above. This effect of HIF-1α on HSCs ap-
pears to be independent of the EPO generated by HIF-2α 
and may occur via an EPO-independent pathway.

  Relationship between Hypoxia and Changes in 
Erythropoiesis in CKD 
 In patients with CKD, oxygen delivery to the kidney is 

altered as a result of structural and functional changes that 
result from the reduced renal blood flow associated with 
disease progression. As a result, kidney tissues adapt to con-
sume less oxygen  [46] . Decreased oxygen consumption al-
ters the tissue pO 2  profile to a “pseudo-normoxic” state in 
which sufficient oxygen is present and the normal tissue O 2  
gradient is maintained, permitting PHD enzymes to remain 
active  [47] . Consequently, HIF-α does not accumulate, the 
HIF heterodimer does not form, and  EPO  and other genes 
required for efficient erythropoiesis are not transcribed 
 [42] . The specialized REPs do not respond to the developing 
anemia with EPO production. In CKD, the pattern of EPO 
expression reflects these changes, moving from a pattern of 
renal predominance to hepatic predominance  [48] .

  A recent study demonstrated that REPs are quiescent 
in normoxia and can resume their functional role under 

hypoxic conditions; they can be simulated by the activa-
tion of HIFs through the genetic inactivation of  HIF-PHDs 
 [33, 34] . Knockout of  PHD2  (also known as  EglN1 ) in 
REPs restored  EPO  expression in injured kidneys and re-
sulted in polycythemia. Combined deletions of  PHD1  
(also known as  EglN2 ) and  PHD3  (also known as  EglN3 ) 
prevented polycythemia  [34] . The results strongly indi-
cate that even in CKD, augmentation of HIF signaling can 
revert cells back to EPO production. Thus, inhibitors of 
HIF-PHDs (HIF-PHIs), which increase HIF signaling 
and reactivate EPO synthesis in myofibroblast-trans-
formed renal cells, have become an attractive strategy for 
the treatment of anemia in CKD patients.

  Effect of HIF Pathway on Iron Metabolism and 
Hepcidin Activity 
 The hormone hepcidin was discovered in 2000  [49] ; 

more recently, it has been characterized as a key regulator 
of iron metabolism, use, recycling, and transport. Hepci-
din is a small hormone of 25 amino acids expressed in the 
liver; its synthesis is stimulated by inflammation and sys-
temic iron excess. Conversely, anemia, hypoxia, and in-
creased erythropoiesis inhibit hepcidin expression, there-
by increasing the iron available for erythropoiesis ( Fig. 1 ) 
 [50, 51] . Importantly, a newly described hormone, eryth-
roferrone, is now known to be released when erythropoi-
esis is stimulated, thereby suppressing the production of 
hepcidin in the liver, enabling iron to be mobilized for 

  Fig. 2.  a, b HIF activity under normoxic/
hypoxic conditions and HIF-PHI inhibi-
tion, and its effects on erythropoiesis. 
DCytB, duodenal cytochrome B; DMT1, 
Divalent metal transporter 1; EPO, eryth-
ropoietin; HIF, hypoxia-inducible factor; 
HIF-PH, hypoxia-inducible factor-prolyl-
4-hydroxylase domain; HRE, HIF-respon-
sive element; Pro, proline. 
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roferrone, is now known to be released when erythropoi-
esis is stimulated, thereby suppressing the production of 
hepcidin in the liver, enabling iron to be mobilized for 

  Fig. 2.  a, b HIF activity under normoxic/
hypoxic conditions and HIF-PHI inhibi-
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temic iron excess. Conversely, anemia, hypoxia, and in-
creased erythropoiesis inhibit hepcidin expression, there-
by increasing the iron available for erythropoiesis ( Fig. 1 ) 
 [50, 51] . Importantly, a newly described hormone, eryth-
roferrone, is now known to be released when erythropoi-
esis is stimulated, thereby suppressing the production of 
hepcidin in the liver, enabling iron to be mobilized for 
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Régulation de l’érythropoïèse au cours de la MRC 

1) Transcription de l’Epo

2) Déclenchement de 
l’érythropoïèse médullaire

3) Augmentation du transport d’O2 

4) Correction de
l’hypoxie tissulaire 

En IRC  ↓ Sensibilité à hypoxie
              ↓ Production Epo
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Métabolisme du fer 

Besoin quotidien 
Variable (fct érythropoïèse) 

Stock 
4gr (2,5 gr dans Hb et 1gr hépatique)

Recyclage à partir du SRE (ferritine)
 25 à 30 mg par jour

Un transporteur, la transferrine

Une hormone clef, l’hepcidine 
(peptide 25 AA)
(protection contre la surcharge en fer)

Synthèse 

updates, and to identify key knowledge gaps for future
research. The second conference, scheduled in 2021,
will address ESAs and novel anemia therapies, including
hypoxia-inducible factor-prolyl hydroxylase inhibitors
(HIF-PHIs), after data from ongoing long-term outcome
studies become available.

ETIOLOGY, DIAGNOSIS, AND PREVALENCE OF IRON
DEFICIENCY AND ANEMIA IN CKD
Novel insights into iron homeostasis and the anemia of CKD
Iron is an essential component of hemoglobin for erythro-
poiesis. CKD is associated with several disturbances in sys-
temic iron homeostasis resulting in an inadequate iron
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Figure 1 | Direct and indirect regulation of systemic iron homeostasis. Iron (Fe) is provided mainly by reticuloendothelial macrophages
that recycle iron from senescent red blood cells (RBCs), with a lesser contribution from dietary absorption and other body stores. Iron circulates in
the plasma predominantly bound to transferrin (TF) and is stored in cells in the form of ferritin. The liver hormone hepcidin controls systemic iron
homeostasis by inducing degradation of the iron exporter ferroportin (FPN) to reduce iron entry into plasma from dietary sources and body
stores. Iron deficiency and erythropoietic drive suppress hepcidin production to provide adequate iron for erythropoiesis and other essential
functions. Iron and inflammation induce hepcidin to prevent iron overload and limit iron availability to pathogens. Iron induces hepcidin
transcription by stimulating liver endothelial cell to produce bone morphogenetic proteins BMP2 and BMP6, which bind to the hepatocyte BMP
receptor complex and coreceptor hemojuvelin (HJV) to activate SMAD transcription factors. Iron also induces hepcidin via the hepatocyte iron-
sensing apparatus involving transferrin receptor 2 (TFR2), transferrin receptor 1 (TFR1), and homeostatic iron regulator protein (HFE).27 These
pathways are all inhibited by iron deficiency, which also increases the activity of transmembrane serine protease 6 (TMPRSS6) to cleave HJV and
further suppress hepcidin.27 Under conditions of accelerated erythropoietic activity, erythropoietin (EPO) induces erythroid progenitor cells to
produce erythroferrone (ERFE), which suppresses hepcidin by functioning as a ligand trap to block the BMP signaling pathway.28 During
inflammation, IL-6 and other inflammatory cytokines induce hepcidin transcription directly via a (STAT)-3 binding element in the hepcidin
promoter.29,30 Hypoxia-inducible factors (HIFs), which are stabilized by low oxygen (O2) and low iron conditions, contribute to iron homeostasis
and erythropoiesis by regulating the production of EPO in the kidney; ferriductase DCYTB and iron transporters FPN and divalent metal
transporter 1 (DMT1) in the intestine; and the plasma iron carrier TF. HEPH, hephaestin; HO, heme oxygenase; HRG, heme transporter HRG1.
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ing hepcidin have severe iron overload (12, 13); conversely,
overexpression of hepcidin leads to severe iron deficiency
(14, 15).

Hepcidin acts as a negative regulator of iron release from
cells (Fig. 1), binding to ferroportin, the only known iron
exporter, and causing the internalization and degradation of
the transporter (16). Administration of synthetic exogenous
hepcidin (17) leads to hypoferremia, a state of diminished TF-
bound iron in the serum, and eventual iron deficiency. Interest-
ingly, specific mutations in human ferroportin (18) prevent
transporter binding to its ligand hepcidin, leading to iron over-
load and confirming the key function of this iron regulatory
mechanism. In total, an increase in hepcidin expression leads to
elevated iron storage in RBC recycling macrophages and hepa-
tocytes and limits uptake from dietary sources. Conversely,
diminished hepcidin expression permits more non-heme iron
to be released from internal liver and macrophage stores and
increases iron transfer through intestinal epithelial cells, effec-
tively controlling the bioavailable iron supply.

Regulation of Hepcidin through the Bone
Morphogenetic Protein (BMP)/SMAD Signaling Pathway

Hepcidin is only regulated at the transcriptional level, and
expression is inhibited by anemia, hypoxia (19), and ineffective
erythropoiesis (20), and stimulated by iron loading and inflam-
mation. Multiple lines of inquiry have demonstrated that mem-
bers of the TGF-! superfamily, including BMP receptors, asso-
ciated BMP ligands, and the cytoplasmic SMAD transcription
factors (homologs of the Caenorhabditis elegans protein SMA
and the Drosophila protein mothers against decapentaplegic
(MAD)) play a central role in transcriptionally regulating hep-
cidin expression (Fig. 2). Hemojuvelin (HJV) is a BMP co-recep-
tor (21) required for appropriate iron metabolism that is
expressed primarily in liver, heart, and skeletal muscle (22).

Loss of HJV causes severe cases of iron loading in humans
termed juvenile hemochromatosis (22), and mouse models
confirmed that ablation of HJV (23, 24), specifically in hepato-
cytes (25, 26), leads to extreme iron overload due to depressed
hepatic hepcidin expression. Furthermore, the ligand BMP-6 is
essential for appropriate HJV-mediated hepcidin expression
(27, 28), and serine/threonine type I (predominately ALK3 (29))
and type II (ActRIIA and BMPRII (30)) receptors are required
for transmission of this signal. Stimulation of these receptors
leads to phosphorylation of SMAD1/5/8 transcription factors.
Earlier work demonstrated that loss of SMAD4 (31), the pri-
mary common mediator SMAD (co-SMAD) that binds to acti-
vated SMAD1/5/8, results in iron overload and decreased hep-
cidin expression. Finally, BMP-responsive elements are found
in the hepcidin promoter and are critical for appropriate hep-
cidin regulation (32, 33). These data, in aggregate, establish that
the BMP/SMAD signaling pathway plays a central role in the
transcriptional regulation of hepcidin.

Regulation of BMP/SMAD pathway signaling by iron sensors
is complex and not completely understood, and dysregulation
of this system can lead to human disease. Although loss of mul-
tiple members of the iron-sensing mechanism, including HFE
(34), the classic hereditary hemochromatosis gene, and TFR2
(transferrin receptor 2) (35), a homolog of the iron uptake
receptor TFR1, is known to diminish hepcidin expression, lead-
ing to excess iron absorption, how they interact with the BMP/
SMAD signaling complex is uncertain. HFE binds to transferrin
receptor 1 (TFR1), sharing a binding site on the receptor with
TF (36). One model asserts that increasing transferrin satura-
tion displaces HFE from TFR1, leading to increased hepcidin
expression (37). Although work in vitro has demonstrated that
HFE, TFR2, and HJV may form a stable complex that functions
to regulate hepcidin expression through HJV (38), other data
suggest that this interaction is dispensable or works through a
different mechanism (39, 40). To this end, recent work has
demonstrated that HFE directly interacts with ALK3, stabiliz-
ing the receptor on the cell surface and helping transduce a
signal for hepcidin transcriptional regulation (41). Further
research will be required to fully comprehend how these pro-
teins, as well as other effectors of BMP/SMAD signaling, work
together to regulate hepcidin expression.

Regulation of Hepcidin by Inflammation

A large number of plant and animal tissues contain antimi-
crobial peptides involved in host defense. Due to its eight cys-
teine residues and defensin-like structure, hepcidin was origi-
nally postulated to be a liver-generated member of this large
protein family. In fact, the peptide has both antifungal and anti-
microbial activities (11). Importantly, it was noted that murine
hepcidin transcription surges upon treatment with LPS (10) or
turpentine (19). LPS is an endotoxin and the major component
of the outer membrane of Gram-negative bacteria, and as such,
is an extremely potent pathogen-derived inflammatory signal.
Toll-like receptor 4 (TLR4), a member of the TLR family, which
plays a fundamental role in pathogen recognition and activa-
tion of innate immunity, is the receptor for LPS (42). Terpenes
are thought to play a protective role in conifers, and turpen-
tine has long been known to initiate inflammatory responses

FIGURE 1. Role of the hepcidin/ferroportin axis in iron metabolism. Diva-
lent metal transporter 1 is required for the uptake of dietary iron through
duodenal epithelial cells. Hepcidin is predominately produced by hepato-
cytes of the liver. Stimulation of hepcidin production by elevated iron, inflam-
mation, or infection causes ferroportin to be internalized and degraded in red
blood cell-recycling macrophages, duodenal enterocytes of the small intes-
tine, or hepatocytes themselves. In this manner, iron can be sequestered in
ferritin within these cells, lowering iron concentration in the serum and pre-
venting iron overload or theft of iron by invading pathogens. The opposite is
also true. Iron-restricted erythropoiesis leads to a diminishment of hepcidin,
elevated numbers of ferroportin transporters on iron-exporting cells, and
increased serum iron availability for red blood cell maturation.
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overexpression of hepcidin leads to severe iron deficiency
(14, 15).

Hepcidin acts as a negative regulator of iron release from
cells (Fig. 1), binding to ferroportin, the only known iron
exporter, and causing the internalization and degradation of
the transporter (16). Administration of synthetic exogenous
hepcidin (17) leads to hypoferremia, a state of diminished TF-
bound iron in the serum, and eventual iron deficiency. Interest-
ingly, specific mutations in human ferroportin (18) prevent
transporter binding to its ligand hepcidin, leading to iron over-
load and confirming the key function of this iron regulatory
mechanism. In total, an increase in hepcidin expression leads to
elevated iron storage in RBC recycling macrophages and hepa-
tocytes and limits uptake from dietary sources. Conversely,
diminished hepcidin expression permits more non-heme iron
to be released from internal liver and macrophage stores and
increases iron transfer through intestinal epithelial cells, effec-
tively controlling the bioavailable iron supply.

Regulation of Hepcidin through the Bone
Morphogenetic Protein (BMP)/SMAD Signaling Pathway

Hepcidin is only regulated at the transcriptional level, and
expression is inhibited by anemia, hypoxia (19), and ineffective
erythropoiesis (20), and stimulated by iron loading and inflam-
mation. Multiple lines of inquiry have demonstrated that mem-
bers of the TGF-! superfamily, including BMP receptors, asso-
ciated BMP ligands, and the cytoplasmic SMAD transcription
factors (homologs of the Caenorhabditis elegans protein SMA
and the Drosophila protein mothers against decapentaplegic
(MAD)) play a central role in transcriptionally regulating hep-
cidin expression (Fig. 2). Hemojuvelin (HJV) is a BMP co-recep-
tor (21) required for appropriate iron metabolism that is
expressed primarily in liver, heart, and skeletal muscle (22).

Loss of HJV causes severe cases of iron loading in humans
termed juvenile hemochromatosis (22), and mouse models
confirmed that ablation of HJV (23, 24), specifically in hepato-
cytes (25, 26), leads to extreme iron overload due to depressed
hepatic hepcidin expression. Furthermore, the ligand BMP-6 is
essential for appropriate HJV-mediated hepcidin expression
(27, 28), and serine/threonine type I (predominately ALK3 (29))
and type II (ActRIIA and BMPRII (30)) receptors are required
for transmission of this signal. Stimulation of these receptors
leads to phosphorylation of SMAD1/5/8 transcription factors.
Earlier work demonstrated that loss of SMAD4 (31), the pri-
mary common mediator SMAD (co-SMAD) that binds to acti-
vated SMAD1/5/8, results in iron overload and decreased hep-
cidin expression. Finally, BMP-responsive elements are found
in the hepcidin promoter and are critical for appropriate hep-
cidin regulation (32, 33). These data, in aggregate, establish that
the BMP/SMAD signaling pathway plays a central role in the
transcriptional regulation of hepcidin.

Regulation of BMP/SMAD pathway signaling by iron sensors
is complex and not completely understood, and dysregulation
of this system can lead to human disease. Although loss of mul-
tiple members of the iron-sensing mechanism, including HFE
(34), the classic hereditary hemochromatosis gene, and TFR2
(transferrin receptor 2) (35), a homolog of the iron uptake
receptor TFR1, is known to diminish hepcidin expression, lead-
ing to excess iron absorption, how they interact with the BMP/
SMAD signaling complex is uncertain. HFE binds to transferrin
receptor 1 (TFR1), sharing a binding site on the receptor with
TF (36). One model asserts that increasing transferrin satura-
tion displaces HFE from TFR1, leading to increased hepcidin
expression (37). Although work in vitro has demonstrated that
HFE, TFR2, and HJV may form a stable complex that functions
to regulate hepcidin expression through HJV (38), other data
suggest that this interaction is dispensable or works through a
different mechanism (39, 40). To this end, recent work has
demonstrated that HFE directly interacts with ALK3, stabiliz-
ing the receptor on the cell surface and helping transduce a
signal for hepcidin transcriptional regulation (41). Further
research will be required to fully comprehend how these pro-
teins, as well as other effectors of BMP/SMAD signaling, work
together to regulate hepcidin expression.

Regulation of Hepcidin by Inflammation

A large number of plant and animal tissues contain antimi-
crobial peptides involved in host defense. Due to its eight cys-
teine residues and defensin-like structure, hepcidin was origi-
nally postulated to be a liver-generated member of this large
protein family. In fact, the peptide has both antifungal and anti-
microbial activities (11). Importantly, it was noted that murine
hepcidin transcription surges upon treatment with LPS (10) or
turpentine (19). LPS is an endotoxin and the major component
of the outer membrane of Gram-negative bacteria, and as such,
is an extremely potent pathogen-derived inflammatory signal.
Toll-like receptor 4 (TLR4), a member of the TLR family, which
plays a fundamental role in pathogen recognition and activa-
tion of innate immunity, is the receptor for LPS (42). Terpenes
are thought to play a protective role in conifers, and turpen-
tine has long been known to initiate inflammatory responses

FIGURE 1. Role of the hepcidin/ferroportin axis in iron metabolism. Diva-
lent metal transporter 1 is required for the uptake of dietary iron through
duodenal epithelial cells. Hepcidin is predominately produced by hepato-
cytes of the liver. Stimulation of hepcidin production by elevated iron, inflam-
mation, or infection causes ferroportin to be internalized and degraded in red
blood cell-recycling macrophages, duodenal enterocytes of the small intes-
tine, or hepatocytes themselves. In this manner, iron can be sequestered in
ferritin within these cells, lowering iron concentration in the serum and pre-
venting iron overload or theft of iron by invading pathogens. The opposite is
also true. Iron-restricted erythropoiesis leads to a diminishment of hepcidin,
elevated numbers of ferroportin transporters on iron-exporting cells, and
increased serum iron availability for red blood cell maturation.
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Chapitre I : Le sang et l’hématopoïèse 
 

1- Caractères physiques du sang 

• Un tissu liquide. 

• Plus dense que l’eau. 

• Visqueux  

• Rouge clair (oxygéné) et rouge foncé (perd son oxygène)  

• Température (37°C). 

• goût légèrement salé. 

• Le volume total (environ 5 litres). 

2- Hématopoïèse et cellules souches myéloïdes 

L'hématopoïèse : la fabrication des cellules sanguines. 
  
Localisation de  l'hématopoïèse : dans la moelle osseuse. 

• De la naissance jusqu’à 5 ans : dans tous les os. 
• Après 5 ans : les os plats (crâne, sternum, côtes, vertèbres et os du bassin) et même les 

épiphyses des os long. 
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Mécanismes de l’anémie de la MRC, Synthèse 

levels35 and worsen this phenomenon.
Several strategies under investigation in-
clude antagonizing hepcidin directly, in-
hibiting hepcidin production, interfering
with the hepcidin/ferroportin interac-
tion, or stabilizing ferroportin.38–41 Ini-
tial small studies suggest that targeting
this pathway can increase iron mobiliza-
tion and hemoglobin in animal models
of anemia of chronic disease.39–41 The
side effect profiles and whether these
strategies will prove effective for treating
anemia of CKD in humans remain un-
known.

In summary, anemia of CKD is a mul-
tifactorial process due to relative EPO
deficiency, uremic-induced inhibitors of
erythropoiesis, shortened erythrocyte
survival, and disordered iron homeosta-
sis. Recent work has identified hepcidin
excess as a main contributor to the disor-
dered iron homeostasis and anemia of
CKDby impairing dietary iron absorption
and iron mobilization from body stores
(Figure 1). Improving our understanding

of the molecular mechanisms underlying
anemia of CKD holds promise for devel-
oping new pharmacologic agents that
more closely target the underlying patho-
genic mechanisms of this disease for
improved efficacy and reduced treatment-
related adverse outcomes.
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Figure1. Schematic representationof themechanismsunderlyinganemiaofCKD. Ironand
EPO are crucial for red blood cell production in the bone marrow. Iron availability is con-
trolled by the liver hormone hepcidin, which regulates dietary iron absorption and mac-
rophage iron recycling from senescent red blood cells. There are several feedback loops
that control hepcidin levels, including iron and EPO. In CKD patients (particularly in end
stage kidney disease patients on hemodialysis), hepcidin levels have been found to be
highlyelevated,presumablydue to reduced renal clearanceand inductionby inflammation,
leading to iron-restricted erythropoiesis. CKD also inhibits EPO production by the kidney,
andmay also lead to circulating uremic-induced inhibitors of erythropoiesis, shortened red
blood cell lifespan, and increased blood loss. Black and gray arrows represent normal
physiology (black for iron and hormonal fluxes, gray for regulatory processes). Colored
arrows represent the additional effects of CKD (blue for activation, red for inhibition). RBC,
red blood cell.
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Diagnostic et évaluation de l’anémie 

Définition de l’anémie selon WHO
  [Hb] < 13g/dl homme ou femme ménopausée ou < 12g/dl si femme non-ménopausée
                   Enfant si [Hb] < 11 g/dl 0,5 à5 ans, <11,5 g/dl 5 à 12 ans, < 12 g/dl 12 à 15 ans

Examens complémentaires indispensables 
 Hémogramme complet, réticulocytes, plaquettes, 
 Férritinémie, TSAT
 dosage vitamine B12 et folates
 TSHX, électrophorèseX

Evaluation 
 Patient non-anémique, 1 fois/an stade 3, 2 fois/an stade 4-5ND, 3 fois/an HD ou DP
 Patient anémique non traitée par ASE, 1 fois/ 3 mois stade 3-5ND et DP, une fois/mos HD
 

KDIGO, 2012

26



13/04/2025

14

Diagnostic de la carence martiale au cours de la MRC

Pour une érythropoïèse optimale, besoin en fer « mobilisable » 

Utilisation du fer au cours de la MRC
Absence de paramètre précis permettant d’évaluer le fer mobilisable 
difficile (1)

Etat inflammatoire è production d’Hepcidine limitant la mobilisation du 
fer (diminution de l’absorption et du transport à partir des 
compartiments de stockage).  
Apport en fer è augmente la production d’Hepcidine 

 Toxicité  de l’Hepcidine:  → activation des macrophages (instabilité  des 
plaques d’athérome (2))

è En résumé, au cours de la MRC, mobilisation du fer non optimale 
notamment en raison de la fréquence d’un syndrome inflammatoire

1) Besarab A, Nephrol Dial Transplant, 2021 
2) Sullivan JI, Exp Biol Med, 2007 
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Diagnostic de la carence martiale 

1) Carence  absolue 
          critères usuels : TSAT ≤ 20% ou ferritinémie ≤  100 ng/ml ou 200 ng/ml si HD

2) Carence fonctionnelle  ( stock adéquat mais mobilisation insuffisante pour une érythropoïèse efficiente )
 critères usuels : TSAT ≤ 20 % mais ferritinémie  > 100 ou 200 ng/ml
 

Une meilleure définition, quels sont les patients qui vont répondre à un apport en fer ?

 % de GR hypochrome (seuil > 6%)
Contenu insuffisant en hémoglobine des réticulocytes (CHr) (donné par l’automate) (seuil < 29 pg)
Attention ni % hypochrome, ni CHr utilisables si hémoglobinopathie

28



13/04/2025

15

Prévalence de la carence martiale  dans la MRC

Cohorte
n = 1211

Stade 1
n = 62

Stade 2
n = 226

Stade 3A
n = 280

Stade 3B
n = 345

Stade 4
n = 295

Hb (g/dL) 12.5 ± 1.8 13.7 ± 1.9 13.1 ± 1.6 13.0 ± 1.6 12.3 ± 1.7 11.6 ± 1.7

Ferritine (µg/L) 249 ± 343 216 ± 266 232 ± 311 205 ± 201 267 ± 407 290 ± 400

Ferritine > 100 µg/L 70.4 % 59.7 % 68.6 % 66.2 % 71.5 % 77.1 %

CST (%) 25.2 26.0 25.9 25.4 25.6 24.0

CST > 20% 69 % 66 % 72 % 69 % 71 % 65 %

Carence martial 47.1 % 51.6 % 46.0 % 49.8 % 44.4 % 47.4 %

Traitement par fer (IV, 
n)

11.1 % 4.8 % (1) 7.5 % (4) 6.4 % (3) 11.3 % (8) 19.7 % (17)

Traitement par ASE 241 3 26 40 71 99

Définition: ferritinémie < 100 ug/L ou TSAT <20%

Choukroun G, Néphrol Therap, 2022

29

Conséquences de la carence martiale 
Ø Une érythropoïèse non-optimale 
Ø ↑ décompensation cardiaque même en l’absence d’anémie 

(dysfonctionnement mitochondrial) 
Ø Syndrome de jambe sans repos
Ø Trouble cognitif ?
Ø ↑ Calcifications vasculaires ? (défaut de synthèse)

sponding mean differences for Hb (adjusted for baseline) were 0.6+
0.2 and 1.0+0.2 g/dL, at Weeks 24 and 52, respectively (all P ,

0.001).

Subgroup analyses
In all subgroups examined, the treatment effect was preserved.
A consistent improvement in 6MWT distance at Week 24 in patients
treated with FCM when compared with placebo was demonstrated.
For the majority of subgroups, there was no significant interaction
(Figure 5). Where the interaction for the subgroups was statistically
significant, i.e. in those with/without diabetes mellitus (P ¼ 0.04)
and impaired/preserved renal function (P ¼ 0.038), the magnitude
of the benefit for FCM over placebo varies, but it is not indicative

of a different direction of effect in any of these subgroups.The original,
pre-specified subgroup for baseline ferritin examined those subjects
with baseline ferritin levels at ,100 or ≥100 ng/mL. However, the
number of subjects in the latter group was very small (14 in the
FCM group and 18 in the placebo group) and made the results of
this analysis uninterpretable. Therefore, we examined subjects with
baseline ferritin above and below the median ferritin value as a post
hoc analysis (Figure 5).

In the primary efficacy analysis adjustment for country (Russia,
Ukraine, Poland considered separately, and other European
countries pooled together) revealed no significant interaction
(P ¼ 0.30), which indicates that treatment effect on 6MWT at
Week 24 is consistent without major regional outliers.

Figure 2 Patient Global Assessment and NYHA Functional Class over Time (full-analysis set). The data presented are odds ratios for patient
global assessment (A) and NYHA functional class (B) for the ferric carboxymaltose group when compared with the placebo, of being in a better
category of patient global assessment (A) and NYHA functional class (B). In those panels, the P-values are for the comparison between the two
study groups, and the I bars denote the 95% confidence intervals.

P. Ponikowski et al.662

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/36/11/657/491882 by guest on 27 January 2023

Discussion
The CONFIRM-HF study shows that the treatment of stable, symp-
tomatic, iron-deficient HF patients with i.v. iron (FCM) results in sus-
tainable improvement in functional capacity as measured over a
1-year period using the 6-MWT walking test. These favourable
results were consistent across all pre-specified subgroups including
patients with and without anaemia. The beneficial effects of

treatment with FCM were confirmed by concomitant improvement
in patients functional status and quality of life throughout the study.
Importantly, patients treated with FCM demonstrated significantly
reduced risk of hospital admission due to worsening HF during
1-year follow-up. Long-term correction of ID with FCM was
supported by a good safety profile and was well-tolerated.

Current guidelines of the European Society of Cardiology for the
management of HF recognize ID as a common and clinically relevant

Figure 5 Subgroup analyses for 6-Min Walk Test. Shown are data of 6MWT distance change from baseline to Week 24 analysis results, using
ANCOVA analyses with each subgroup as a covariate, and treatment and the interaction between treatment and subgroup as covariates. The
least squares mean of the difference between ferric carboxymaltose and placebo groups and the 95% confidence intervals are displayed for each
subgroup. The P-values of the interaction term (treatment and subgroups) are presented.

Beneficial effects of long-term intravenous iron therapy with ferric carboxymaltose 665

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/36/11/657/491882 by guest on 27 January 2023Ponikowski P, Eur Heart J, 2015
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Traitement de la carence martiale 
Voie entérale 

1) Dose: 100 à  200 mg de fer élément par jour (1 à 3 prises)
2) Produits 

• Sels ferreux (sulfate, gluconate, fumarate)
• Pas de supériorité des formes retards (absorption proximale jéjuno-iléale)

3) Améliorer l’absorption du fer 
•  A distance des repas***, pas d’anti-acides, prise avec un jus d’orange, évite les interférences médicamenteuses
•  défaut d’absorption si syndrome inflammatoire (impact de l’hepcidine)

4) Améliorer la tolérance digestive 
• Effets secondaires fréquents inconfort gastrique, diarrhée, constipation, oesopaghite 
• 60 % de patients avec épigastralgie
• Pour réduire ses effets 2nd , prendre avec les repas ( mais ↓ de 40% de l’absorption) et petites doses

5) Surveiller l’efficacité 
• Durée 2 à 3 mois 
• Correction du bilan en 4 à 6 semaines 

31

Traitement de la carence martiale 
Voie parentérale 

Produits disponibles en France : 
Carboxymaltose ferrique (Ferinject ®) et  Hydroxide ferrique-saccharose (Venofer ® et génériques)

Posologie 
Carboxymaltose ferrique  dose max 15 mg /kg IV ou 20 mg/kg en perfusion en 15 à 30 mn minimum,
dose cumulée max 1gr /semaine
Hydroxyde ferrique-saccharose dose max 300 mg par injection et 1 à 3 injections par semaine (intervalle 48H)
en 90 minutes minimum pour 300 mg

Prudence 
Eviter le stress oxydant ( fer NTBI ou labile lié aux trop fortes posologies )
Attention aux extravasations (toxicité veineuse)
Risque de réaction anaphylactique/anaphylactoïde → chariot d’urgence et protocole de réanimation 
Surveillance 30 mn après la perfusion
Risque d’hypophosphatémie ( > carboxymaltose ferrique) souvent pauci-symptomatique (nadir 14 j post inj.)
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FIND –CKD study, voie orale ou voie injectable ?  

MRC , anémie avec TSAT < 20% ou Ferritinémie < 100 µg/dl

400 à 600 µg/dl
100 à 200 µg/dl

Mcdougall IC, Nephrol Dial Transplant, 2014

33

Adapted from Macdougall IC et al., Am J Nephrol 2018; Macdougall IC et al., N Engl J Med 2019

R

New to HD 
(0–12 months)

On ESA
Ferritin < 400 µg/L

TSAT < 30%
(n = 2589)

≥ 631 primary 
endpoint events 

(death, MI, 
stroke, or HF 

hospitalisation)

Proactive, high-dose IV iron sucrose arm (n = 1093)

IV iron sucrose 400 mg/month 
(withhold if ferritin > 700 μg/L or TSAT ≥ 40%)

Reactive, low-dose IV iron sucrose arm (n = 1048)

IV iron sucrose only administered if 
ferritin < 200 μg/L or TSAT < 20%

n = 2141

PIVOTAL Trial, traitement proactif de la carence martiale en
dialyse
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PIVOTAL TRIAL, traitement proactif de la carence 
martiale en dialyse

Composite: Décès, IDM et AVC non fatals + hospitalisation pour IC
Macdougall IC et al., N Engl J Med 2019

2nd end-points 
- Moins de transfusion
- Moins d’infarctus

35

Quel(s) seuil(s) pour traiter la carence martiale d’un patient anémique ?

Absolute iron deficiency : SF < 100 µg/L and TSAT < 20 % 

Kidney disease: Improving Global Outcomes (KDIGO) Work Group. Kidney Int Suppl 2012; Locatelli F et al. ERBP Guidelines. Nephrol Dial Transplant 2013; 
NICE Guideline NG8. Chronic kidney disease: managing anaemia 2015

KDIGO ERBP NICE

Iron deficiency
(ESA-naïve)

SF ≤ 500 μg/L and
TSAT ≤ 30%

SF < 200 μg/L and
TSAT < 25%

For IDA: SF <100 μg/L and TSAT 
<20%

SF is recommended for 
assessment of iron overload; SF 
levels should not rise above 800 
μg/L

Iron deficiency
(on ESA therapy)

SF ≤ 500 μg/L and
TSAT ≤ 30%

SF < 300 μg/L and
TSAT < 30%
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En pratique, traitement de la carence martiale au cours 
de la MRC

Ces deux situations sont fréquemment associées au cours de la
MRC ; la CM absolue est cependant moins fréquente que la CM
fonctionnelle chez ces patients [21]. Le profil biologique de ces
deux situations est bien différent. Au cours de la CM absolue, la
ferritinémie est toujours diminuée, alors que dans la CM
fonctionnelle, la ferritinémie est normale, voire élevée. Le CST
est diminué dans les deux situations.

La référence en matière de diagnostic permettant d’évaluer le
fer des réserves (macrophagique essentiellement) est le contenu
en fer intra-érythroblastique. Cet examen nécessite la réalisation
d’un frottis de myélogramme et une coloration de Perls. Compte
tenu du caractère invasif de cette procédure, l’examen n’est
quasiment jamais réalisé. Une revue de la littérature (835 réfé-
rences, 41 publications analysées) réalisée en 2019 par Cacoub
et al. montre qu’en pratique, le diagnostic de la CM repose
principalement sur la ferritinémie, avec des seuils variables en
présence ou absence d’inflammation, et/ou sur la valeur du CST,
avec un seuil < 20 % indépendamment du statut inflammatoire
[29].

De nombreux tests ont été développés permettant d’analyser
les stocks en fer en fonction des compartiments : compartiment
fonctionnel, de transport et de stockage. Les marqueurs de choix,
c’est-à-dire ceux qui fournissent les informations les plus
pertinentes pour un coût de réalisation raisonnable, restent
cependant le CST pour le fer de transport et la ferritinémie pour
le fer de stockage [21,28,29].

En effet, la principale protéine de stockage du fer est la ferritine.
La baisse de sa concentration est un marqueur fiable de CM. C’est
également une protéine de la phase aiguë de l’inflammation, ce qui
complique l’interprétation des fluctuations de sa concentration. En
cas d’inflammation, sa concentration sérique peut être normale
malgré une diminution du stock martial. Il existe de nombreuses
autres situations dans lesquelles la ferritinémie est augmentée
indépendamment des niveaux d’approvisionnement en fer (cyto-
lyse hépatique et musculaire, diabète décompensé, hyperthyroı̈die
et certains syndromes métaboliques). Il existe également une
variabilité significative selon la méthode de dosage. Les recom-

mandations pratiques établies en 2017 ont proposé un seuil de
ferritinémie à 100 mg/L chez les patients atteints de pathologies
chroniques [30].

Le fer de transport est évalué par le CST, qui est un meilleur
indicateur de la disponibilité du fer de l’organisme que la
ferritinémie. Le CST est égal au rapport fer sérique/capacité de
fixation totale de la transferrine. Contrairement à la ferritinémie, le
CST sera bas, quelle que soit la nature de la carence (absolue ou
fonctionnelle). Ces propriétés diagnostiques sont particulièrement
utiles chez les patients atteints d’inflammation chronique.
L’interprétation du CST a cependant quelques limites liées aux
paramètres utilisés pour son calcul. La concentration sérique de fer
varie en fonction de l’apport alimentaire, entraı̂nant des fluctua-
tions dans la journée. Les maladies glomérulaires avec protéinurie
néphrotique sont associées à une diminution de la transferrine
plasmatique en raison d’une perte de cette protéine dans les urines,
malgré une augmentation de sa production. L’excès d’œstrogènes
(grossesse et traitement hormonal) peut augmenter la synthèse de
transferrine indépendamment des apports en fer. Enfin, les lésions
hépatocellulaires affectent la concentration de transferrine.
Cependant, le CST reste moins sujet à fluctuations que la
ferritinémie, en particulier chez les patients souffrant de maladies
inflammatoires chroniques, et semble plus pertinent pour diag-
nostiquer une CM. L’association des deux marqueurs, ferritinémie
et CST, permet donc d’augmenter la performance diagnostique,
surtout dans un contexte de maladie inflammatoire chronique
[29,30].

L’Hb est un marqueur très indirect et très tardif de la CM,
comme l’est la réduction du volume globulaire moyen.

5. Conséquences cliniques de la CM au cours de la MRC

Les manifestations cliniques induites par la CM sont poly-
morphes. On constate une baisse des performances intellectuelles,
une asthénie et une fatigabilité à l’effort, une augmentation de la
susceptibilité aux infections, une alopécie, plus tardivement des

Fig. 2. Algorithme de prise en charge de la carence martiale des patients insuffisants rénaux chroniques non dialysés.

C. Guibergia, F. Brazier and G. Choukroun Néphrologie & Thérapeutique 18 (2022) 658–665
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© 2023 Elsevier Masson SAS. Tous droits réservés. - Document téléchargé le 26/01/2023 par Société de néphrologie (272168). Il est interdit et illégal de diffuser ce document.

Guibergia C, Nephrol et Therap, 2022
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Les Epoétines 
Epoétines ⍺ ou ß
Technique de l’ADN recombinant , à partir de ⍧ de mammifères 
→ obtenir une époétine de synthèse similaire à l’érythropoïétine (glycosylation et repliement)

Exemple epo ⍺ ou ß à partir de cellule CHO ( 4 chaines glycosylées)
½ vie 4 à 13 heures voie IV et 13 à 41 heures voie S/C

Epoétines d’action prolongée 
Darbépoétines ⍺ : modification du gène → 2 sites de glycosylation supplémentaires 
½ vie X par 4 / epo ⍺
Méthoxy-polyéthylène glycol-epoétine ß : pégylation  de l’epoétine ß
½ vie  de 134 à 136 heures en fonction de la voie IV ou S/C

Biosimilaires 
Copie du mode de fabrication initiale, donc origine biologique  
→ non strictement identique (≠ du générique), donc comparable mais non substituable
En France, Binocrit ® (similaire à epo ⍺), Retacrit® (epo zéta), Eporatio®(epo ⍬)
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Posologies Epoétines, en entretien
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Modalités du  traitement par rhEpo 

Initiation ASE pour les patients  dialysés ou non (1) 

 Si Hb < 10 (2D), entre 9 et 10* g/dl

*  Individualisation 
Prendre en compte la vitesse de décroissance  d’Hb
Évaluer les risques de la transfusion
 (immunisation si projet greffe)
Évaluer les symptômes liés à l’anémie 1) KDIGO 2012

Traiter les causes curables  avant utilisation ASE (2B) 

Pour  IRC non dialysé: voie S/c, 2C (1)

Référentiels Cible Hb  gr/ dl
( avant branchement)

KDOQI (USA) 2006 11-12

KDIGO  (Monde) 2012 10-11,5

ERBP ( Europe) 2009 11-12

ERBP ( Europe) 2013 10-12

Cibles 
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Posologies de rhEPO

Ne pas dépasser le double de la posologie maximale ajustée au poids  
ou de celle ayant déjà donnée une stabilité initiale ajustée au poids,  2D

è Eviter les fortes posologies de rhEPO  

Discuter une transfusion pour patients à risque  de trop forte dose d’ASE
(cancer actif ou ancien, antécédents d’AVC) KDIGO, 2012

Produits Poso max Dose max pour 
75kg

Epo α ou β 200 à 250 kg/S 5000 UI x 3 /S

Darbopoetine 2 à 2,5 μg/kg/15 j 150 μg/15J

MPG epoétine 4 à 5 μg /kg /mois 300 μg /mois

è  Eviter correction trop rapide de l’anémie
       pour réduire le risque thrombotique et d’HTA  
        (≤ 1g/dl sur un mois) 
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Erythroblastopénie et rhEpo

• Prévalence 46/100 000 pts année, en 2003

• 92 %  voie S/C et  Epo α+++

• Clinique :
• Anémie brutale ( - 1g/ S)
• Réticulocytes < 10 000 / mm3

• Réactions cutanées au site d’injection
• Baisse modérée des plaquettes

• Médullo: érythroblastes < 5%

• Ac –anti-EPO ayant une activité neutralisante

• Réaction auto-immune vis à vis du PS-80 (polysorbate-80) en 
présence de plastique

ØAujourd’hui  autres étiologies:  lympho prolifération, Parvovirus B19
                             Thymome 
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Disparition de l’érythroblastopénie depuis 2006

• Privilégier la voie IV à la voie S/C

• Conservation à température optimale 

• Intérêt des procédures strictes d’enregistrement (EMA) et de 
prescription/délivrance (médicaments d’exception):

ü Traçabilité
üRespect des informations produits
üPas de substitution 
üMise en place des plans de gestion des risques
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Essais Randomisés, années 2000 à 2010
Etude Population N Randomisation ESA dose Critère 1er Résultats 

NHS HD 1233 Ht 42 vs 30 % 438 vs 153 UI/kg/S Décés et IM Arrêt 
RR 1,3 ( 0,9-1,9)

CHOIR NDD-CKD 1432 Hb 13,5 vs 11,3 g/dl 11215 vs 6276 UI/S Composite (décès, 
IM, AVC, I.C.)

Risque é  
RR 1,34(1,03-1,34)

CREATE NDD-CKD 603 Hb g/dl
13-15 vs 10,5-11,5

5000 vs 2000 UI /S Composite 
Fatal et non-fatal 
CV événements 

Risque identique
RR 0,78 (0,53-1,14)
 > QOL

TREAT DM-CKD 4038 Darbo vs Placebo
 Hb 13 vs 9-11 g/dl

173 ug vs 0 / Mois Composite (décès, 
IM, AVC, I.C.)

Risque identique
RR 1,06 (0,95-1,19)
AVC é de 92%
+ d’évolutivité des cancers 
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Evolution des Guidelines 
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Analyse 2nd  des Essais → Impact de la 
résistance à l’EPO 

Etude Patients N Analyse Critère Résultats 

NHS HD 321 Bon répondeur 
(Interquartile le plus bas d’ERI)

Décès Risque réduit de
 59 %

RR =0.49 (0,2-0,87)

CHOIR NDD-CKD 1290 Mauvais répondeur 
(dose > 20 000 UI/S)

Composite 
(IM,AVC, IC et 

décès)

Risque augmenté de 
57 % 

RR 1,57 (1,04-2,36)

TREAT DM-CKD 1872 Mauvais répondeur  (réponse 
après 2 doses de darbo)

Composite 
(IM, AVC, IC et 

décès CV)

Risque augmenté de 
31% 

RR 1,31 (1,09-1,59)
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Résistance à EPO, Registre USRDS 

599.e1 Kidney Med Vol 2 | Iss 5 | September/October 2020

Cizman et al

In both unadjusted and adjusted models, hypores-
ponders also had significantly higher rates of hospitaliza-
tion for cardiovascular events, including heart failure,
myocardial infarction, stroke, and thromboembolic events,
compared with normoresponders (Table 3). Rates of these
major cardiovascular events were highest among long-
term hyporesponders and lowest among normores-
ponders. For all cohorts, heart failure–related hospitaliza-
tions per patient-month were the most common
cardiovascular outcome.

Health Care Resource Use
Hyporesponders had higher per-patient-month rates of
emergency department visits, inpatient stays and days,
home health agency visits, skilled nursing facility days, and
hospice days (Table 4; Fig 4). In unadjusted and adjusted
models, health care resource use per patient-month was
higher for hyporesponders in all places of service,
excluding outpatient visits in the unadjusted model.

All hyporesponder subgroups had higher per-patient
per-month total health care costs, medical costs, emer-
gency department costs, inpatient costs, home health costs,

skilled nursing facility costs, hospice costs, other costs, and
pharmacy costs compared with normoresponders (all P <
0.001; Fig 5). Among the 3 hyporesponder subgroups,
chronic hyporesponders had the highest health care
resource use and costs among subgroups, except for
outpatient resource use and costs most likely related to
missed outpatient HD treatments. Normoresponders had
slightly higher outpatient costs (P < 0.001), largely
reflecting more outpatient HD sessions in their normal care
setting.

DISCUSSION
This retrospective cohort study of 2 different ESA-
responsive populations introduces novel definitions of
ESA hyporesponsive subgroups to examine different pat-
terns of high ESA use. The most noticeable difference was
the magnitude of the difference in monthly ESA dose (3.8
times more epoetin per month) and ERI (almost 5 times
higher in hyporesponders). Hyporesponders experienced
more iron deficiency based on TSAT percent and had more
secondary hyperparathyroidism as determined by para-
thyroid hormone levels > 800 pg/mL, both factors that
have been shown previously to be associated with ESA
hyporesponsiveness.23 Both populations had high ferritin
values (w900 ng/mL) at baseline, representing values that
are similar to the most recent DOPPS Practice Monitor data
(data accessed on DOPPS DPM May 2019). Surprisingly,
ferritin values were not very different between the 2
groups, suggesting that ferritin level may not be a good
differentiating factor for ESA hyporesponsivness. Overall
mortality rates in both populations were remarkably
higher than has been recently reported in a retrospective
study using DOPPS data24 and in the PIVOTAL Study.19 In
addition, results of the latter study suggest that higher ESA
dose per month and not more liberal IV iron use could
explain higher cardiovascular events, but more definitive
research on this is warranted. Furthermore, it would be of
interest to explore ESA hyporesponsivenes in patients who
were iron replete as per TSAT percentage and compare
outcomes with normoresponders in future research.

No additional iron metabolism markers such as hepci-
din or other biomarkers of inflammation were available in
the database studied, so we could not assess the association
between hepcidin level, inflammation, and ESA hypores-
ponsivness, as suggested by some authors.25

ESA hyporesponsiveness was associated with an
increased incidence of cardiovascular hospitalizations,
higher treatment costs, and higher health care resource
use. Overall, ESA-hyporesponsive patients used more
health care resources and were more costly to the health
care system compared with normoresponders. The incre-
mental burden of costs and of resource use were highest
for long-term hyporesponders.

Surprisingly, subcutaneous ESA use was more common
among hyporesponders, with 13.1% versus 10.6% iden-
tified as receiving subcutaneous ESA alone and 1.1% versus

Table 2. Dialysis-Related Outcomes, Treatment Characteristics,
and ESA Hyporesponsiveness–Related Laboratory Values

Hyporesponders
(N = 43,316)

Normoresponders
(N = 67,403)

Outcomes
Died during study
period

10,944 (25.3) 15,224 (22.6)

Time to death, mo 5.4 ± 3.3 4.5 ± 3.2
Treatment characteristics
Dialysis modality
Hemodialysis 41,959 (96.9) 65,434 (97.1)
Peritoneal dialysis 1,341 (3.1) 1,946 (2.9)

Time on dialysis at
index date, y

5.7 ± 5.1 4.9 ± 4.5

Monthly epoetin alfa,a
units

94,831 ± 36,753 24,331 ± 17,364

IV iron use 2 mo
before index date

32,451 (74.9) 48,547 (72.0)

Blood transfusions
during baseline period

8,847 (20.4) 4,281 (6.4)

Laboratory values
Hemoglobin, g/L 10.4 [7.7-11.1] 10.8 [10.3-11.3]
ERI, epoetin U/kg/wk/
Hb [g/L]

2.9 ± 1.2 0.6 ± 0.4

Ferritin, ng/mL 889 ± 518 897 ± 439
TSAT, % 27.7 ± 13.2 32.9 ± 14.0
TSAT < 20% 11,386 (26.5) 7,273 (10.9)
Parathyroid hormone,
pg/mL

301.7 [178.1-
511.6]

279.3 [186.6-
478.0]

Parathyroid hormone
> 800 pg/mL

2,354 (11.6) 2,524 (8.9)

Note: Data for categorical variables expressed as number (percent); data for
continuous variables expressed as mean ± standard deviation or median
[interquartile range].
Abbreviations:ERI, erythropoietin resistance index; ESA, erythropoiesis-
stimulating agent; IV, intravenous; TSAT, transferrin saturation.
aAverage dose in the 2 months before the index date.
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Hypo              Normo

Cziman B, Kidney Medicine, 2020

Résistance si ERI (dose hebdomadaire UI ou µg /kg/ Hb g/L): ≥ 2 pour Epo ou 1,5 pour Darbo
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Toxicité potentielle des fortes doses de rhEpo 

• Mauvais répondeurs à Epo
• Déficit en fer ( fct ou absolu)
• Inflammation 
• Déficit en vitamine B12 folates 
• HPT2nd 
• Dialyse inadéquate 
• Hémopathies   

 (hémoglobinopathies,
myélodysplasie, envahissement…)

• Effets 2nd dose-dépendants 
• é PA
• é endothéline, rénine 

angiotensine
•  ê NO, prostaglandines VD
• é Adhésion plaquettaire et 

aggrégation 
• ê  fibrinolyse 
• Prolifération des Ç musculaires 

lisses vasculaires
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Bilan Hématologique complémentaire

Hémolyse +
AHAI ( Coombs+)

Déficit G6PD
Hémoglobinopathie 
(électrophorèse Hb)

Régénérative
 ( é Réticulo)

Hémolyse –
Saignement Occulte

Macrocytose 
Déficit en folate
Déficit en B12

Anémie réfractaire
(PN hypogranulé)

Centrale 
(myélogramme) 

Normocytaire
Envahissement 

SMD
Erythroblasopénie 

Evaluer : VGM, Réticulocytes, Haptoglobine, Frottis, LDH, Bilirubine,TSH

Dysérythropoïèse
Intox Pb,AL

Hémoglobinopathie
Porphyrie 

Déficit B6,Cu
Hypothyroïdie

Anémie sidéroblastique

Microcytaire 
     (carence  Fe exclue) 

(Inflammation et carence fer exclues)
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Inflammation et Résistance à rhEpo
• Etat inflammatoire chronique au cours de l’IRC(1,2)

• ≈ 50 % si DFG < 60 ml/mn/1,73m2

• 70 % au stade de la dialyse

• Nombreux facteurs étiologiques 
•  Foyers infectieux profonds
•  Microbiote digestif (dysbiose, translocation), 

gingivite 
• Accès vasculaires : cathéters++,  greffon veineux++ 

• Situations particulières 
• Cancer
• Hospitalisation
• Greffon rénal

1)Stenvikel P, Kidney Int, 2002

2)Carrero JJ, Semin Dial, 2010
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Hyperparathyroïdie et Résistance à l’EPO
üHyperparathyroïdie sévère ( PTH int > 800 pg/ml et é des PALos)

üMécanismes 
-Myélofibrose 2nd à l’HPT
-Inhibition des CFU-E par la PTH
-Augmentation du FGF23 (induite par l’hyperphosphatémie ) 
      et carence martiale

ü Impact de la correction de l’HPT2nd

- PTX è besoins en Epo
- Dérivés actifs de la vitamine D, amélioration des concentrations d’Hb
- Cinacalcet : maintien de l’anémie pour une posologie réduite d’ASE
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1)Thavarajah S, Am J Kidney Dis, 2021

2) Tonia T, Cochrane Review, 2012 

ESA et Cancer au cours de la MRC 

• Facteurs aggravant (inflammation traitement, envahissement, 
hémolyse, dénutrition..)

• Evolutivité du cancer  au cours des essais
• Récepteur à Epo dans certaines tumeurs 

• Risque accru de thromboses au cours des cancers sous ASE 
(posologie élevée + risque thrombotique associé au cancer)

Evénements thrombotiques Cancer et ESA (2)

è RR 1,52 (intervalle de confiance 1,34-1,74)

Cible: ne pas excéder 10g/dl (1)

53

Gestion Anémie et Cancer 

Société Européenne d’Oncologie
 Patients sous chimiothérapie et/ou symptomatique 
 ESA si anémie < 10g/dl 
 Fer injectable si anémie < 11g/dl (carence absolue) 
 Anémie sévère ( < 7-8g /dl), transfusions

En pratique ESA ≤ posologies maximales 
                       Transfusion si antécédant d’AVC ou de thrombose 

Produits Poso max Dose max pour 75kg

Epo α ou β 200 à 250 kg/S 5000 UI x 3 /S
Darbopoetine 2 à 2,5 μg/kg/15 j 150 μg/15J
MPG epoétine 4 à 5 μg /kg /mois 300 μg /mois
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Anti-IL6 et Résistance Epo

response across the dose groups of ziltivekimab (P-DR,0.001)
(Figure 2). A median decrease in SAA was observed at week 4
and end of treatment (P-DR,0.005). Ziltivekimab decreased
SAA by medians of 6.1, 7.2, and 17.0 mg/L (263.3%,270.4%,
and283.1%) at the end of treatment in the 2-, 6-, and 20-mg
cohorts, respectively, whereas there was no change in the pla-
cebo group (Figure 2, Table 2). Mean decreases of 87.3, 161,
and 216 mg/dl (219.8%,241.3%, and241.1%) in fibrinogen
were noted at the end of treatment in the three ziltivekimab-
treated arms, respectively, whereas there was amean increase of
4.6 mg/dl in the placebo arm (Figure 2, Table 2). There was a
positive dose response (P-DR,0.001) for fibrinogen at the end
of treatment across the ziltivekimab-treated groups. A slight
elevation of mean LDL cholesterol was noted at the end of
treatment in the 20-mg cohort, whereas no elevation was ob-
served in the placebo or the 2-mg or 6-mg cohorts (Table 2).
Mean HDL cholesterol increased at the end of treatment with a
positive dose response (P-DR,0.05) for ziltivekimab (Table 2).
Ziltivekimab treatment resulted in median decreases at the end

of treatment in lipoprotein(a) of 3, 16, and 13 nmol/L in the
2-, 6-, and 20-mg cohorts, respectively, exhibiting a positive
dose response (P-DR50.02) (Table 2).

Markers of Iron Availability/Iron Stores, and Serum
Prealbumin and Albumin Levels
In the first 4 weeks of treatment, during which ESA and iron
doses were kept constant, ziltivekimab increased mean hemo-
globin concentrations by 0.5, 0.8, and 1.0 g/dl in the 2-, 6-, and
20-mg cohorts, respectively, compared with no change in the
placebo group. There was a positive dose response (P-DR,0.05)
at week 4 across ziltivekimab doses, and hemoglobin remained
elevated through the end of treatment (Figure 3A, Table 3). Sim-
ilarly, mean reticulocyte hemoglobin increased by 0.9, 1.3, and
1.1 pg in the 2-, 6-, and 20-mg ziltivekimab cohorts at the end of
treatment, with a positive dose response (P-DR,0.05) com-
pared with no change in the placebo group. There were also
dose-related increases in serum iron and total iron-binding ca-
pacity at both week 4 and at the end of treatment (P-DR,0.05)
(Table 3). Mean percentage of transferrin saturation also in-
creased at the end of treatment by 2.3%, 6.4%, 9.2%, and 9.0%
in the placebo, 2-mg, 6-mg, and 20-mg ziltivekimab cohorts, re-
spectively. Atweek 4 and the endof treatment, therewas a positive
dose response (P-DR,0.05) for change from baseline in TSAT
(Table 3). There was a dose-related decrease in median hepcidin
at week 4; hepcidin decreased by 42.7, 66.5, and 88.8 ng/ml in the
2-, 6-, and 20-mg ziltivekimab-treated groups, compared with a
decrease of 19.7 ng/ml in the placebo group. However, there were
no significant differences at the end of treatment in median hep-
cidin. No changes in ferritin were observed with ziltivekimab at
any dose versus placebo at the end of treatment (Table 3).

A dose response (P-DR50.02) toward a decrease from
baseline in median ESA equivalent dose with increasing zilti-
vekimab dose was observed at the end of treatment (Table 3).
Themedian ESAusage decreased by 15,000, 15,000, and 33,000
IU/wk per patient in the patients treated with 2-, 6-, and 20-mg
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Figure 3. Changes in hemoglobin concentrations and percent-
age changes in the ERI from baseline to week 4 and weeks 10–12
among patients undergoing hemodialysis receiving placebo or
2-, 6-, and 20-mg ziltivekimab (n553). Panel A presents results for
hemoglobin concentrations and Panel B presents results for the
ESA Resistance Index. Data for ERI are shown as median (IQL) be-
cause values from one or more of the visits were non-normally dis-
tributed. SI conversion for hemoglobin, multiply by ten for grams per
liter. IQL, interquartile limits. *P,0.05 versus placebo; †P-DR,0.05
for hemoglobin, week 4; P-DR,0.01 for ERI, for both time points.
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response across the dose groups of ziltivekimab (P-DR,0.001)
(Figure 2). A median decrease in SAA was observed at week 4
and end of treatment (P-DR,0.005). Ziltivekimab decreased
SAA by medians of 6.1, 7.2, and 17.0 mg/L (263.3%,270.4%,
and283.1%) at the end of treatment in the 2-, 6-, and 20-mg
cohorts, respectively, whereas there was no change in the pla-
cebo group (Figure 2, Table 2). Mean decreases of 87.3, 161,
and 216 mg/dl (219.8%,241.3%, and241.1%) in fibrinogen
were noted at the end of treatment in the three ziltivekimab-
treated arms, respectively, whereas there was amean increase of
4.6 mg/dl in the placebo arm (Figure 2, Table 2). There was a
positive dose response (P-DR,0.001) for fibrinogen at the end
of treatment across the ziltivekimab-treated groups. A slight
elevation of mean LDL cholesterol was noted at the end of
treatment in the 20-mg cohort, whereas no elevation was ob-
served in the placebo or the 2-mg or 6-mg cohorts (Table 2).
Mean HDL cholesterol increased at the end of treatment with a
positive dose response (P-DR,0.05) for ziltivekimab (Table 2).
Ziltivekimab treatment resulted in median decreases at the end

of treatment in lipoprotein(a) of 3, 16, and 13 nmol/L in the
2-, 6-, and 20-mg cohorts, respectively, exhibiting a positive
dose response (P-DR50.02) (Table 2).

Markers of Iron Availability/Iron Stores, and Serum
Prealbumin and Albumin Levels
In the first 4 weeks of treatment, during which ESA and iron
doses were kept constant, ziltivekimab increased mean hemo-
globin concentrations by 0.5, 0.8, and 1.0 g/dl in the 2-, 6-, and
20-mg cohorts, respectively, compared with no change in the
placebo group. There was a positive dose response (P-DR,0.05)
at week 4 across ziltivekimab doses, and hemoglobin remained
elevated through the end of treatment (Figure 3A, Table 3). Sim-
ilarly, mean reticulocyte hemoglobin increased by 0.9, 1.3, and
1.1 pg in the 2-, 6-, and 20-mg ziltivekimab cohorts at the end of
treatment, with a positive dose response (P-DR,0.05) com-
pared with no change in the placebo group. There were also
dose-related increases in serum iron and total iron-binding ca-
pacity at both week 4 and at the end of treatment (P-DR,0.05)
(Table 3). Mean percentage of transferrin saturation also in-
creased at the end of treatment by 2.3%, 6.4%, 9.2%, and 9.0%
in the placebo, 2-mg, 6-mg, and 20-mg ziltivekimab cohorts, re-
spectively. Atweek 4 and the endof treatment, therewas a positive
dose response (P-DR,0.05) for change from baseline in TSAT
(Table 3). There was a dose-related decrease in median hepcidin
at week 4; hepcidin decreased by 42.7, 66.5, and 88.8 ng/ml in the
2-, 6-, and 20-mg ziltivekimab-treated groups, compared with a
decrease of 19.7 ng/ml in the placebo group. However, there were
no significant differences at the end of treatment in median hep-
cidin. No changes in ferritin were observed with ziltivekimab at
any dose versus placebo at the end of treatment (Table 3).

A dose response (P-DR50.02) toward a decrease from
baseline in median ESA equivalent dose with increasing zilti-
vekimab dose was observed at the end of treatment (Table 3).
Themedian ESAusage decreased by 15,000, 15,000, and 33,000
IU/wk per patient in the patients treated with 2-, 6-, and 20-mg
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Figure 3. Changes in hemoglobin concentrations and percent-
age changes in the ERI from baseline to week 4 and weeks 10–12
among patients undergoing hemodialysis receiving placebo or
2-, 6-, and 20-mg ziltivekimab (n553). Panel A presents results for
hemoglobin concentrations and Panel B presents results for the
ESA Resistance Index. Data for ERI are shown as median (IQL) be-
cause values from one or more of the visits were non-normally dis-
tributed. SI conversion for hemoglobin, multiply by ten for grams per
liter. IQL, interquartile limits. *P,0.05 versus placebo; †P-DR,0.05
for hemoglobin, week 4; P-DR,0.01 for ERI, for both time points.
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(5.9%) of the patients in the placebo and 2-, 6-, and 20-mg zilti-
vekimab groups, respectively. Grade-2 neutropenia (1000–1500/
mm3) was experienced by two (16.7%), three (18.8%), one
(6.3%), and zero (0.0%) of the patients in the placebo and 2-,
6-, and 20-mg ziltivekimab groups, respectively; grade-3 neutro-
penia (500–1000/mm3) was experienced by zero (0.0%), one
(0.0%), one (6.3%), and three (17.6%) of the patients in the
placebo and 2-, 6-, and 20-mg ziltivekimab groups, respectively.
Reductions in platelets were not associated with AEs of bleeding;
instances of grade-2 or -3 neutropenia were not associated with
AEs of infection. None of the patients in the study who experi-
enced neutropenia (at least grade 1 or higher) experienced a se-
rious AE of sepsis or death. Of the 20 patients who experienced
neutropenia, two patients also had AEs of infections during the
trial. In both instances, the neutropenia did not occur at the time
of the event. One instance was 3 weeks before the onset of the AE
(gastroenteritis), and the other instance occurred 1 month before
the onset of the AE (fungal skin infection).

Inflammatory and Cardiovascular Biomarkers
Ziltivekimab administration resulted in significant decreases
in hsCRP, SAA, and fibrinogen concentrations (Figure 2,
Table 2). Ziltivekimab treatment led to median decreases in
hsCRP of 3.5, 12.1, and 13 mg/L (P-DR,0.001) in the 2-, 6-,

and 20-mg cohorts, compared with a median decrease of
0.2 mg/L in the placebo group by week 4. Similarly, large de-
creases were observed in the median percentage change from
baseline to the end of treatment for hsCRP (274.8%,291.7%,
and 298.1% for 2-, 6-, and 20-mg doses, respectively,
versus 24.5% for placebo), demonstrating a positive dose

Table 1. Patient demographic and baseline characteristics

Characteristic Placebo (n512)
Ziltivekimab

2 mg (n516) 6 mg (n516) 20 mg (n517)

Age (yr), mean (SD) 62.8 (10.2) 61.4 (13.0) 63.8 (11.0) 57.9 (10.6)
Body mass index (kg/m2), mean (SD) 28.5 (6.6) 29.5 (8.1) 30.5 (8.9) 32.0 (8.4)
Prehemodialysis body weight at wk 21 (kg), mean (SD) 85.9 (20.1) 84.8 (27.9) 89.8 (25.6) 95.0 (28.3)
Posthemodialysis body weight at wk 21 (kg), mean (SD) 83.1 (20.4) 81.7 (27.1) 87.2 (25.5) 92.1 (27.5)
Duration of ESKD (d), mean (SD) 1882 (1204) 1697 (1302) 2302 (1182) 1744 (1402)
Single-pool Kt/V, mean (SD) 1.5 (0.2) 1.6 (0.3) 1.7 (0.3) 1.6 (0.3)
Received kidney transplant, mean (SD)a 0 (0.0) 0 (0.0) 1 (6.3) 1 (5.9)
Sex, n (%)
Male 9 (75.0) 7 (43.8) 8 (50.0) 8 (47.1)
Female 3 (25.0) 9 (56.3) 8 (50.0) 9 (52.9)

Race, n (%)
White 7 (58.3) 10 (62.5) 4 (25.0) 5 (29.4)
Black 5 (41.7) 5 (31.3) 10 (62.5) 11 (64.7)
Asian 0 (0.0) 1 (6.3) 2 (12.5) 1 (5.9)

Ethnicity, n (%)
Hispanic or Latino 6 (50.0) 7 (43.8) 3 (18.8) 4 (23.5)
Not Hispanic or Latino 6 (50.0) 9 (56.3) 13 (81.3) 13 (76.5)

Diabetes, n (%) 9 (75.0) 10 (62.5) 11 (68.8) 9 (52.9)
Hypertension, n (%) 12 (100) 16 (100) 16 (100) 16 (94.1)
Dyslipidemia/hyperlipidemia, n (%) 8 (66.7) 12 (75.0) 13 (81.3) 10 (58.8)
Congestive heart failure, n (%) 1 (8.3) 5 (31.3) 7 (43.8) 10 (58.8)
Parenteral iron use, n (%) 4 (33.3) 9 (56.3) 8 (50.0) 8 (47.1)
Dialysis access during wk 22, n (%)
AV fistula 11 (91.7) 10 (62.5) 10 (62.5) 10 (58.8)
AV fistula, AV graft 1 (8.3) 0 (0.0) 1 (6.3) 0 (0.0)
AV graft 0 (0.0) 6 (37.5) 5 (31.3) 7 (41.2)

Kt/v, dialyzer clearance of urea multiplied by time divided by volume of distribution of urea; AV, arteriovenous.
aPatient in 20-mg ziltivekimab group had transplanted kidney(s) removed (explanted).
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respectively). The ERI at 12 weeks was significantly lower in the MCO group compared to the high-flux group 
(p = 0.048).

Biochemical data at baseline and at 12 weeks after randomization, and changes during study period are shown 
in Table 3. At the start and end of the study, serum hemoglobin, albumin, and high-sensitivity C-reactive protein 
levels were similar between the groups, and the changes during the study were not significant. Iron parameters 
were not different at baseline; however, the serum iron and transferrin saturation (TSAT) levels were higher in the 
MCO group at 12 weeks (iron [μg/dL]: 72.1 ± 25.4 vs. 55.9 ± 25.0, p = 0.029; TSAT [%]: 34.0 ± 15.0 vs. 25.3 ± 11.9, 
p = 0.031). Other parameters of iron metabolism, such as, erythroferrone, erythropoietin, and soluble transfer-
rin receptor (sTfR), were not different at baseline and 12 weeks after randomization. Serum hepcidin level also 
showed no difference between groups at baseline and at 12 weeks. Tumor necrosis factor-alpha (TNF-α) level 
did not differ at baseline; after 12 weeks, the level was significantly lower in the MCO group than in the high-flux 
group (16.3 ± 3.4 vs. 19.0 ± 4.8 pg/mL, p = 0.027). However, the changes of these biochemical and iron metabolism 
parameters did not show significant difference between groups (all p > 0.05).

Table 4 shows the results of the multivariate linear regression analysis for the ERI difference (∆). HD with 
MCO dialyzer, change of high-sensitivity C-reactive protein (hs-CRP), and parenteral iron use were indepen-
dently associated with ERI difference (MCO dialyzer: β =  − 0.38, p = 0.009; change of hs-CRP: β = 0.29, p = 0.034; 
parenteral iron use: β =  − 0.40, p = 0.006).

Figure 2.  Serial changes in the ESA, weight-adjusted ESA, and ERI. The p values for the difference between 
groups from baseline to 12 weeks were calculated in the generalized estimating equation (GEE) models. Asterisk 
(*) indicates significant difference between groups at the time point (p < 0.05). ESA, erythropoiesis stimulating 
agent; ERI, erythropoietin resistance index; MCO, medium cut-off.
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as a cause of anemia in HD  patients27. TNF-α is a representative pro-inflammatory cytokine that has a MW of 
17.3 kDa and is usually elevated in patients with chronic kidney  disease28–31. TNF-α causes anemia by inhibiting 
erythroid-precursor proliferation and promoting  hypoferremia32,33. We confirmed that MCO dialyzer is not only 
better for TNF-α removal, but also for lowering the TNF-α level at 12 weeks of treatment as compared to high-
flux HD. Zickler et al. also reported that the MCO dialyzer lowered the TNF-α and IL-6 mRNA expression in 
peripheral blood to a greater extent than a high-flux  dialyzer20. They showed that even after only 4 weeks of HD 
with MCO dialyzer, chronic inflammation markers were significantly reduced. However, they did not evaluate 
the RR of TNF-α and could not prove the difference of TNF-α between MCO and high-flux groups. Our study 
had a longer study period and demonstrated that MCO dialyzer was more effective for removing serum TNF-α 
than a high-flux dialyzer. In contrast to our findings, a recent French cross-over  study34, showed no difference 
of ERI between HD with MCO dialyzer and high-flux dialyzer after 12 weeks of dialysis. The cross-over study 
design has a limitation to evaluate the ERI changes, because the legacy effect of the dialyzer has confounded 
the effects on the ESA resistance. Therefore, our research is the first study to demonstrate the ERI improvement 
without confounding variables.

To clearly identify the association between TNF-α and ESA resistance, we evaluated the changes in eryth-
ropoiesis and iron metabolism-related parameters, such as hepcidin, erythroferrone, erythropoietin, and sTfR. 
TNF-α results in hypoferremia through both hepcidin-independent and -dependent mechanisms. In the hepci-
din-independent pathway, TNF-α relocalizes ferroportin in small bowel enterocytes, thus it causes systemic iron 
 deficiency33,35,36. Therefore, reduced TNF-α level following increased removal of TNF-α by the MCO dialyzer 
might improve utilization of iron in HD patients. However, because of an intracellular and vesicular distribution 
of ferroportin, it is difficult to accurately measure ferroportin  activity37. Further studies are needed to clarify the 
pathophysiology between reduced TNF-α and changes in ferroportin expression.

Hepcidin is a small-sized middle molecular uremic toxin that is related to ESA  resistance38. The serum hep-
cidin level is controlled by both inflammation and  erythropoietin39. The RR and the level of hepcidin did not 
differ between the two groups because of hepcidin’s small MW. In addition, the upper regulators of hepcidin, 
erythroferrone and erythropoietin, also remained unchanged after switching to the MCO dialyzer, and this might 
be related to their large molecular weights that are not removed by the HD with MCO dialyzer. We speculated 
that the increased removal of TNF-α did not affect the hepcidin level directly because TNF-α is not a dominant 
regulator of hepcidin as a previous study has  identified40 or the decrease of TNF-α was not sufficient to affect 
hepcidin level. Moreover, we maintained iron homeostasis via proper ESA use and iron supplement as per the 
guideline. Thus, the iron status did not exert much influence on hepcidin level. Figure 4 depicts our hypothesis 
that HD with MCO dialyzer increases the removal of inflammatory cytokines, such as TNF-α, and it improves 
the iron status by both hepcidin-independent and dependent pathway, although independent pathway was more 
dominant in our study. As a result, ESA responsiveness would have improved in MCO HD patients.

Figure 3.  Reduction ratio of serum hepcidin and TNF-α at baseline and at 12 weeks. TNF-α, tumor necrosis 
factor-alpha; MCO, medium cut-off.
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indicated a central role of improved iron use compared with
HD. In our study, ferritin was still increasing in both
the treatment modalities during the first 6 to 9 months of
follow-up. A similar increasing and decreasing progression
pattern was observed for serum iron and transferrin,
respectively. Therefore, the question is whether this HDF
advantage regarding ERI is due to the time required by
convective treatment to provide its beneficial effect or, alter-
natively, due to the iron stores available, observing that pa-
tients in our population reached a stable level of ferritin only
after about 9 to 12 months from the initiation of RRT. It is
probably a combination of both because the 2 curves of
ESA resistance started to diverge only after 6 months from
baseline, whereas we cannot exclude the possibility that the
higher Kt/V in HDF could play a role.

Two studies failed to find a significant difference between
online HDF and high-flux dialysis regarding the ERI.14,15

Ward et al.14 did not detect a significantly lower ESA dose
nor higher hemoglobin levels after 52 weeks of treatment
with HDF versus high-flux HD. However, with only 24
patients on online HDF and 21 on high-flux HD, the sample
size was very small, and the groups were not well balanced

with regard to time on dialysis therapy (47 ! 9 months of
RRT in the HDF group vs. 68 ! 16 months in the HD
group) and the prevalence of polycystic kidney disease
(8.3% in the HDF group vs. 23.8% in the HD group). The
relevance of the latter was pointed out by Locatelli et al.,13

who criticized the failure to include this obvious predictor
in most analyses published and who showed the expected
significant relationship between polycystic kidney disease
and hemoglobin level. This was also confirmed in our study
(Table 2). The second study that did not find a significant
difference between HDF and HD was that of Oates et al.15

In this observational study, 34 patients treated by high-
flux HD on Tuesdays, Thursdays, and Saturdays were
switched to HDF, and 44 patients treated by high-flux HD
on Mondays, Wednesdays, and Fridays remained on high-
flux HD. Here, too, the 2 groups were not comparable
because 35.3% of the HDF patients were diabetic, whereas
only 20.5% of the HD group were diabetic. In addition,
treatment assignment was not random, and results were not
adjusted for any covariates.

The patients in our study were treated with either
short-acting rHuEPO or the long-acting darbepoetin alfa,

Figure 5 | Delta analysis of ERI for intravenously administered darbepoetin alfa (a) and rHuEPO (b) and for subcutaneously
administered darbepoetin alfa (c) and rHuEPO (d). ERI, erythropoiesis-stimulating agent resistance index; rHuEPO, recombinant human
erythropoietin.
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in ESAs dosage in HD and stability in OL-HDF, achieving 
a statistically significant difference on ESAs consumption 
between OL-HDF and HD.

In all these studies, a common denominator to obtain 
a reduction of ESA resistance on OL-HDF seems to be the 
use of a short-acting ESAs, as already noticed in observa-
tional studies [38].

The Mechanism of ERI Reduction in OL-HDF

OL-HDF and in particular high volume OL-HDF ob-
tains a significant reduction of hepcidin levels. This re-
duction can be transient or more stable in relation to the 
efficacy of dialysis treatment, which correlates the mag-
nitude of convective volume and the efficiency of the 
membrane in removal middle molecules. In the REDERT 
study, the hepcidin clearance was 103.9 ± 20.3 mL/min in 
high volume OL-HDF versus 53.3 ± 30.3 mL/min in HD 
(p < 0.05). Significantly lower pre-dialysis hepcidin levels 
were also observed in high volume OL-HDF treatment 
after 3 and 6 months with a positive linear correlation be-
tween ERI and hepcidin. These data are in contrast with 
the results of the study by Kuragano et al. [46] who ob-
served a rebound immediately after the end of the session, 
with hepcidin returning to pre-HD levels after 3 h. Nev-
ertheless, patients were treated by low-flux HD, the post-
HD hepcidin levels were evaluated only in 10 patients in 
a single HD session and the reduction rate was much low-
er than that in our study.

In agreement with the hypothesis formulated by Mar-
celli et al. [38], we may speculate that if the reduction of 
hepcidin levels was strong and stable after dialysis treat-
ment, the advantage associated to OL-HDF would be 
demonstrated with any type of ESA. Unfortunately, it is 
possible to achieve a significant reduction in hepcidin 
blood concentration for a very transient period after the 
end of dialysis treatment before the hepcidin rebound. 
Only a short-acting ESA which performs its action very 
rapidly is able to produce a significant improvement of 
erythropoiesis under these conditions. Therefore, higher 
hepcidin clearance combined with a short-acting ESA in-
travenously administered appears to be the leading mech-
anism of ESAs resistance lowering on OL-HDF (Fig. 1).

This hypothesis explains the apparently conflicting re-
sults of the previously mentioned studies. The improve-
ment in ESA hyporesponsiveness is not to be searched for 
in a single therapeutic intervention, but rather in the com-
bination of different measures capable of determining 
and exploiting a low hepcidin status. First, it is fundamen-

tal to achieve a significant reduction of hepcidin blood 
concentration compared to baseline levels. OL-HDF has 
been demonstrated to obtain a better clearance of hepci-
din in patients with high baseline ERI. However, this re-
duction is not sufficient to improve erythropoiesis. Sec-
ond, as the reduction of hepcidin blood concentration is 
of short duration, the erythropoietic stimulus induced by 
ESAs has to be concentrated in this temporal window. 
Erythropoiesis induced by subcutaneous ESA is slow and 
progressive and delayed compared to the time lapse of 
hepcidin reduction. For the same reason, a long-acting 
ESA, even if intravenously administered, is inadequate to 
intercept the favorable low blood hepcidin status, as it acts 
gradually over a span of weeks. In contrast, intravenous 
short-acting ESAs at the end of the OL-HDF session seem 
to be the only agents able to produce their effect in the low 
hepcidin temporal window and to show efficacy in im-
proving ESA hyporesponsiveness. OL-HDF has therefore 
an important impact on anemia in ESRD patients, as it 
gives the basic condition to overcome ESA hyporespon-
siveness, given that it is associated with the right ESA 

Pre-OL-HDF

High convective volumes
High permeability membranes

Removal of hepcidin

Hepcidin
Ferroportin
Iron

Post-OL-HDF

Fig. 1. Removal of hepcidin through OL-HDF contributes to iron 
mobilization. Pre-OL-HDF status is characterized by high levels of 
hepcidin, which binds to ferroportin and mediates its consequent 
immobilization of iron intracellular deposits. OL-HDF through 
high convective volumes and high permeability membranes allows 
greater removal of hepcidin. Immediately after the OL-HDF ses-
sion, in absence of hepcidin-binding, ferroportin migrates on the 
membrane surface allowing iron outflow from cell to blood, avail-
able for erythropoiesis.
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Figure 3. 
HIF coordinates erythropoietin production with iron metabolism. HIF-2 stimulates renal and 
hepatic erythropoietin synthesis, which raises serum erythropoietin levels, stimulating 
erythropoiesis in the bone marrow. In the duodenum, DCYTB reduces Fe3+ to Fe2+, which 
then enters enterocytes via DMT1. DCYTB and DMT1 are both regulated by HIF-2. Iron is 
then released into the circulation via FPN, which is also HIF-2-inducible. In the circulation 
iron is transported in a complex with TF to the liver, bone marrow and other organs; cells of 
the reticuloendothelial system acquire iron through the phagocytosis of senescent red cells. 
TF is HIF-regulated, and hypoxia and/or pharmacologic PHD inhibition raises TF serum 
levels. Increased erythropoietic activity in the bone marrow produces GDF15 and 
erythroferrone, which suppress hepcidin in hepatocytes. Hepcidin suppression increases 
FPN expression on enterocytes, hepatocytes and macrophages, resulting in increased iron 
absorption and mobilization from internal stores. Inflammation stimulates hepcidin 
production in the liver and leads to reduced FPN expression and hypoferraemia. In addition 
to regulating hepcidin indirectly by stimulating erythropoiesis, in vitro studies suggest that 
HIF might also modulate hepcidin expression through the regulation of furin and 
transmembrane protease serine 6.240–244 Abbreviations: DCYTB, duodenal cytochrome b 
reductase 1; DMT1, divalent metal transporter-1; EPO, plasma erythropoietin; Fe2+, ferrous 
iron; Fe3+, ferric iron; FPN, ferroportin; GDF15, growth differentiation factor 15; HIF, 
hypoxia-inducible factor; TF, transferrin.

Koury and Haase Page 32

Nat Rev Nephrol. Author manuscript; available in PMC 2016 July 01.
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â Ferritinémie
á Fer sérique

Amélioration de la mobilisation 
du fer sous Roxadustat

Hepcidine Ferritine

Fer sérique Saturation

Coyne DW et al. Kidney Int Rep 2021

   Effet du Roxadustat sur le métabolisme du fer
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Transferrin levels increased in the daprodustat group
(mean change from baseline at week 52: 0.3 g/L
[SD 0.5 g/L] for daprodustat and 0.0 g/L [SD 0.3 g/L]
for darbepoetin alfa), which was aligned with changes
in TIBC.

Safety and AEs
Most participants in both treatment groups experienced

one or more AEs (93% daprodustat, 97% darbepoetin alfa).

Of the AEs occurring in $5% of participants in any group
(Table 4), contusion and diarrhea were more frequent ($5%
difference) in the daprodustat group, whereas nasophar-
yngitis and extremity pain was more frequent ($5%
difference) in the darbepoetin alfa group. Hyperkalemia
was reported in 3% of participants in the daprodustat
group versus 1% in the darbepoetin alfa group. SAEs
occurred in 15% (daprodustat) and 27% (darbepoetin alfa)
of participants. SAEs reported in two or more partici-
pants ($1%) in any treatment group were shunt stenosis
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Figure 4. | Iron parameters over time. In the daprodustat group, serum iron and TIBC increased, ferritin and hepcidin decreased, and TSAT
remained near baseline. Error bars represent 95% CIs. 95% CI, 95% confidence interval; TIBC, total iron-binding capacity; TSAT, trans-
ferrin saturation.

CJASN 15: 1155–1165, August, 2020 Efficacy of Daprodustat in Japanese Hemodialysis Patients, Akizawa et al. 1161

Akizawa T, CJASN, 2020 
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Evolution de l’HémoglobineAtteinte de l’Hémoglobine cible

Provenzano R, Nephrol Dial Transplant, 2021

Roxadustat vs Epo⍺, patients incidents dialyse
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Roxadustat vs Epo⍺, patients incidents dialyse

Consommation mensuelle de fer

Provenzano R, Nephrol Dial Transplant, 2021
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Daprodustat vs Epo, Patients prévalents en 
dialyse

n engl j med 385;25 nejm.org December 16, 2021 2331

Daprodustat for Anemia in Patients Undergoing Dialysis

and 26 in the ESA group. The median duration of 
follow-up for evaluation of cardiovascular events 
was 2.5 years (interquartile range, 2.2 to 2.9), which 
provided 7028 total person-years of follow-up.

Primary Efficacy Outcome
The mean (±SE) change in the hemoglobin level 
from baseline to weeks 28 through 52 was 0.28± 
0.02 g per deciliter with daprodustat and 0.10± 
0.02 g per deciliter with ESA therapy, for a dif-
ference of 0.18 g per deciliter (95% confidence 
interval [CI], 0.12 to 0.24), which met the pre-
specified noninferiority margin for daprodustat 
(Table 2 and Fig. 1). Supplementary analyses pro-
vided findings that were consistent with the pri-
mary analysis (Fig. S4). The effect of daprodustat 
as compared with ESA therapy was generally con-
sistent across the prespecified subgroups (Fig. S5).

A rapid increase in the hemoglobin level, 
which was defined as an increase of more than 
2 g per deciliter during a 4-week period, was ob-
served in 50 of 1218 patients (4.1%) in the dapro-
dustat group and in 20 of 1247 patients (1.6%) 
in the ESA group during the first 4 weeks. There-

after, for any 4-week period during the first year, 
the percentage of patients with a rapid increase 
in the hemoglobin level was 2% or less in the two 
treatment groups. Median doses are presented in 
Figure S6; 95% of the patients were adherent to 
the trial regimen.

Primary Safety Outcome
A first MACE occurred in 374 of 1487 patients 
(25.2%) in the daprodustat group and in 394 of 
1477 patients (26.7%) in the ESA group (hazard 
ratio, 0.93; 95% CI, 0.81 to 1.07), results that met 
the prespecified noninferiority margin of 1.25 
(Table 2 and Fig. 2). The effect of treatment was 
generally consistent across prespecified subgroups 
(Fig. S7). These results were consistent with other 
supplementary intention-to-treat and on-treatment 
analyses (Fig. S8). Additional time-to-event analy-
ses, including the components of the MACE com-
posite, are shown in Table S8.

Key Secondary Outcomes
The results of superiority testing for daprodustat 
as compared with ESA were not significant regard-

Figure 1. Hemoglobin Level According to Visit (Intention-to-Treat Population).

Shown are the mean hemoglobin levels among patients with chronic kidney disease who were undergoing dialysis and who were assigned to 
receive daprodustat or an erythropoiesis-stimulating agent (ESA) during the trial. Visits on or before day 1 include only pretreatment values. 
Visits after day 1 include all available values after randomization regardless of whether the patient received the trial treatment. The hemoglobin 
target range for dose changes was 10.0 to 11.0 g per deciliter. The horizontal lines represent the hemoglobin analysis range (10.0 to 11.5 g per 
deciliter), which is an extension of the target range to allow for variability. The I bars indicate 95% confidence intervals.
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Epo: Epo⍺ IV en HD et darbepoetine S/C en DP
Singh AK, N Engl J Med, 2021
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HIF-PHI (Espoirs et Craintes)

1)  Quels espoirs en dehors du bénéfice de la voie orale ? 
a) Efficacité en présence d’un état inflammatoire ?
b) Réduction du risque cardiovasculaire ( concentration d’Epo 

plus physiologique  ) ?

2)  Quelles craintes ?
a) Risque thrombotique (accès veineux) 
b) Aggravation rétinopathie 
c) Risque oncogène ?
d) Hypothyroïdie
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participants had at least 1 AE. Thirty-two of 144
(22.2%) participants in the safety population had a
total of 50 treatment-emergent SAEs (Table 5). Of
roxadustat-treated participants, 26 of 108 (24.1%)
had at least 1 SAE. The only SAE considered as
possibly related to roxadustat treatment was acute
pancreatitis, diagnosed 2 days after the patient
completed 43 days of treatment. Both the sponsor
and the independent data monitoring committee
considered it unrelated because of a potential alter-
native cause (detailed under Table 5) and the patient
had a recurrent episode 28 months after the last dose
of study medication. Of epoetin alfa–treated partici-
pants, 6 of 36 (17%) had at least 1 SAE.
Exploratory safety analysis of a composite safety

event consisting of death, myocardial infarction,

stroke, heart failure requiring hospitalization, unstable
angina requiring hospitalization, or thromboembolism
in the 19-week participants defined post hoc showed
a numerically lower rate in roxadustat-treated as
compared with epoetin alfa–treated participants.
Among participants in the roxadustat group, 8 of 66
(12%) as compared to 4 of 23 (17%) receiving
epoetin alfa had a composite safety event. Three
roxadustat-treated participants died during the
study: a 68-year-old man with known heart failure
and coronary and peripheral arterial disease had
an unwitnessed death, a 77-year-old man with
methicillin-resistant Staphylococcus aureus sepsis,
and a 58-year-old man with preexisting allergy to
dialysis and cardiovascular disease (acute myocardial
infarction, stent, and transient ischemic attacks) prior

Figure 4. Pharmacodynamic effects of roxadustat compared to epoetin alfa. Error bars signify standard error of the mean. (A)
Mean plasma erythropoietin levels during treatment with roxadustat compared to prior epoetin alfa dosing in the same patients
(n5 6). (B) Change in hepcidin level (ng/mL) from baseline during 6 weeks of treatment in the 6-week cohorts with the largest sample
sizes (n. 5). *P , 0.05 (comparing hepcidin change from baseline between the 2.0-mg/kg roxadustat group and the epoetin alfa
group). (C) Mean reticulocyte hemoglobin content (CHr) over time in roxadustat- versus epoetin alfa–treated participants randomly
assigned to 19 weeks of treatment (last observation carried forward [LOCF], efficacy-evaluable population). (D) Total cholesterol levels
over time in roxadustat- versus epoetin alfa–treated participants randomly assigned to 19 weeks of treatment (LOCF, safety
population).

918 Am J Kidney Dis. 2016;67(6):912-924

Provenzano et al

Epo α 90 UI/Kg/S
Roxadustat 1,3 mg/kg/3fois /S

Provenzano R, AJKD 2016
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Figure 2. Mean Hemoglobin Levels Change From Baseline to Weeks 28 to 52 in the (A) NDD Popu-
lationa,b and (B) DD Populationc,d. ANCOVA, analysis of covariance; CI, confidence interval; DD, 
dialysis-dependent; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating 
agent; Hb, hemoglobin; hsCRP, high-sensitivity C-reactive protein; LS, least squares; LSMD, least 
squares mean difference; MAR, missing at random; NDD, non-dialysis-dependent; Q, quintile. 
aChange in Hb from baseline to mean during Weeks 28 to 52 was analyzed using an ANCOVA 
model with the following fixed effects covariates at baseline: Hb and eGFR values in continuous 
scales and treatment group. bMonotone missing data were imputed by regression within each treat-
ment group using Monte Carlo Markov Chain MAR-based multiple imputation. Adjusted LS 
means, their difference, and corresponding CIs were generated from datasets where missing data 
were imputed using MAR-based multiple imputation by treatment group, with baseline Hb and 
baseline eGFR as variables. cChange in Hb from baseline to mean during Weeks 28 to 52 was ana-
lyzed using an ANCOVA model with baseline Hb as a covariate and cardiovascular/cerebrovascu-
lar/thromboembolic history, geographical region, incident vs. stable dialysis (≤4 months vs. >4 
months, respectively), and treatment groups as fixed effects. dMonotone missing data were imputed 
by regression within each treatment group using Monte Carlo Markov Chain MAR-based multiple 
imputation. Adjusted LS means, their difference and corresponding CIs were generated from da-
tasets where missing data were imputed using MAR-based multiple imputation by treatment 
group, with baseline Hb, cardiovascular/cerebrovascular/thromboembolic history, geographical re-
gion, and incident vs. stable dialysis (≤4 months vs. >4 months, respectively) as predictor variables. 

After 24 weeks of treatment, the roxadustat dose did not increase in patients with 
NDD CKD across hsCRP quintiles (LSM of hsCRP Q1‒5: 2.40, 2.24, 2.23, 2.29, and 2.51 
mg/kg, respectively; Figure 3A). The ESA dose was higher at Week 24 for patients with 

Figure 2. Mean Hemoglobin Levels Change From Baseline to Weeks 28 to 52 in the (A) NDD Popula-
tion a,b and (B) DD Population c,d. ANCOVA, analysis of covariance; CI, confidence interval; DD,
dialysis-dependent; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent;
Hb, hemoglobin; hsCRP, high-sensitivity C-reactive protein; LS, least squares; LSMD, least squares
mean difference; MAR, missing at random; NDD, non-dialysis-dependent; Q, quintile. a Change in
Hb from baseline to mean during Weeks 28 to 52 was analyzed using an ANCOVA model with the
following fixed effects covariates at baseline: Hb and eGFR values in continuous scales and treatment
group. b Monotone missing data were imputed by regression within each treatment group using
Monte Carlo Markov Chain MAR-based multiple imputation. Adjusted LS means, their difference,
and corresponding CIs were generated from datasets where missing data were imputed using MAR-
based multiple imputation by treatment group, with baseline Hb and baseline eGFR as variables.
c Change in Hb from baseline to mean during Weeks 28 to 52 was analyzed using an ANCOVA
model with baseline Hb as a covariate and cardiovascular/cerebrovascular/thromboembolic history,
geographical region, incident vs. stable dialysis (→4 months vs. >4 months, respectively), and
treatment groups as fixed effects. d Monotone missing data were imputed by regression within each
treatment group using Monte Carlo Markov Chain MAR-based multiple imputation. Adjusted LS
means, their difference and corresponding CIs were generated from datasets where missing data
were imputed using MAR-based multiple imputation by treatment group, with baseline Hb, car-
diovascular/cerebrovascular/thromboembolic history, geographical region, and incident vs. stable
dialysis (→4 months vs. >4 months, respectively) as predictor variables.

MRC: Hb en fonction des quintiles de CRP

Choukroun G, J Clin Med 2025
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MRC: doses de Roxadustat et d’Epo en 
fonction des quintiles de CRP

J. Clin. Med. 2025, 14, 303 8 of 22
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lation. hsCRP quintile cut-off is based on subjects with non-missing baseline hsCRP values. Mono-
tone missing data were imputed by regression within each treatment group using Monte Carlo Mar-
kov Chain MAR-based multiple imputation. ANCOVA, analysis of covariance; CI, confidence in-
terval; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; Hb, he-
moglobin; hsCRP, high-sensitivity C-reactive protein; LSMD, least squares mean difference; MAR, 
missing at random; NDD, non-dialysis-dependent; Q, quintile. aQuintile comparison was made us-
ing an ANCOVA model with baseline Hb and baseline eGFR as covariates, and quintile rank, treat-
ment group, and history of cardiovascular/cerebrovascular/thromboembolic disease (yes vs. no) as 
fixed effects. bThe ESA used was darbepoetin alfa. 

Figure 3. Mean weekly total (A) roxadustat dose a and (B) ESA dose a,b at week 24 in the NDD
population. hsCRP quintile cut-off is based on subjects with non-missing baseline hsCRP values.
Monotone missing data were imputed by regression within each treatment group using Monte Carlo
Markov Chain MAR-based multiple imputation. ANCOVA, analysis of covariance; CI, confidence
interval; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; Hb,
hemoglobin; hsCRP, high-sensitivity C-reactive protein; LSMD, least squares mean difference; MAR,
missing at random; NDD, non-dialysis-dependent; Q, quintile. a Quintile comparison was made
using an ANCOVA model with baseline Hb and baseline eGFR as covariates, and quintile rank,
treatment group, and history of cardiovascular/cerebrovascular/thromboembolic disease (yes vs.
no) as fixed effects. b The ESA used was darbepoetin alfa.

In patients with DD CKD, roxadustat doses at Week 24 were significantly lower in
patients with higher baseline hsCRP levels compared with the lowest baseline hsCRP
level (LSM of hsCRP Q1–5: 4.13, 3.65, 3.56, 3.55, and 3.64 mg/kg, respectively; Figure 4A).
In patients with DD CKD, the ESA dose was higher at Week 24 for patients with higher
baseline hsCRP levels (Q5; >13.55 mg/L) compared with lower levels, e.g., quintile 1
(→1.40 mg/L; LSMD [Q1–Q5], ↑18.64; 95% CI, ↑33.97 to ↑3.32; p = 0.0171; Figure 4B).
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Figure 3. Mean weekly total (A) roxadustat dose a and (B) ESA dose a,b at week 24 in the NDD
population. hsCRP quintile cut-off is based on subjects with non-missing baseline hsCRP values.
Monotone missing data were imputed by regression within each treatment group using Monte Carlo
Markov Chain MAR-based multiple imputation. ANCOVA, analysis of covariance; CI, confidence
interval; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; Hb,
hemoglobin; hsCRP, high-sensitivity C-reactive protein; LSMD, least squares mean difference; MAR,
missing at random; NDD, non-dialysis-dependent; Q, quintile. a Quintile comparison was made
using an ANCOVA model with baseline Hb and baseline eGFR as covariates, and quintile rank,
treatment group, and history of cardiovascular/cerebrovascular/thromboembolic disease (yes vs.
no) as fixed effects. b The ESA used was darbepoetin alfa.

In patients with DD CKD, roxadustat doses at Week 24 were significantly lower in
patients with higher baseline hsCRP levels compared with the lowest baseline hsCRP
level (LSM of hsCRP Q1–5: 4.13, 3.65, 3.56, 3.55, and 3.64 mg/kg, respectively; Figure 4A).
In patients with DD CKD, the ESA dose was higher at Week 24 for patients with higher
baseline hsCRP levels (Q5; >13.55 mg/L) compared with lower levels, e.g., quintile 1
(→1.40 mg/L; LSMD [Q1–Q5], ↑18.64; 95% CI, ↑33.97 to ↑3.32; p = 0.0171; Figure 4B).
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Mais jusqu’à quel niveau de sévérité du syndrome inflammatoire ?
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HIF-PHI et événements Cardiovasculaires, patients en 
MRC

Li/Haase/HaoKidney Dis 2023;9:1–118
DOI: 10.1159/000527835

the vadadustat group and in 344 of 1,732 patients (19.9%) 
in the darbepoetin alfa group (hazard ratio, 1.17; 95% 
confidence interval, 1.01–1.36) [22]. Noninferiority mar-
gin was an upper boundary of the 95% confidence inter-
val not exceeding 1.25 or 1.3 for the hazard ratio of MACE 
in this study [22]. Prespecified subgroup analyses showed 
that in the non-US regions, the risks of MACE and ex-
panded MACE were considerably higher among patients 
in the vadadustat group than among those in the darbe-
poetin alfa group [22]. Whether this difference between 
regions is causally related to the difference in hemoglobin 
targets or other factors is unclear [22]. More cardiovascu-
lar safety end points of vadadustat are in Tables 1 and 2.

Based on the experience of ESA and the available clin-
ical data about HIF-PHIs, careful monitoring of throm-
boembolic events before and during HIF-PHI treatment 
is necessary. Accordingly, a “warning” about the risk of 
thromboembolism is posted on the product information 
of all HIF-PHIs in Japan. In Europe, EMA has also marked 
roxadustat as being subject to “additional monitoring”.

Conclusion

Studies have consistently shown that HIF-PHIs can ef-
fectively increase hemoglobin in both the dialysis popula-
tion and the nondialysis population. The effects of HIF-
PHIs in treating renal anemia are multifaceted, including 

promoting endogenous EPO production and facilitating 
iron mobilization. In addition, the long-term safety of 
HIF-PHIs, the effectiveness of HIF-PHIs in ESA-resistant 
patients, and the potential pleiotropic effects of HIF-
PHIs, and their clinical significance need to be further 
studied.
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Table 2. Cardiovascular safety end points in nondialysis-dependent CKD patients

Cardiovascular safety end points Hazard ratio (95% CI)

Roxadustat compared with placebo (ANDES, ALPS, OLYMPUS) [92]
MACE (all-cause mortality, myocardial infarction, and stroke) 1.10 (0.96, 1.27)
MACE+ (MACE plus unstable angina and congestive heart failure requiring 
hospitalization)

1.07 (0.94, 1.21)

All-cause mortality 1.08 (0.93, 1.26)

Daprodustat compared with darbepoetin alfa [25]
MACE (death from any cause, nonfatal myocardial infarction, or nonfatal stroke) 1.03 (0.89, 1.19)
MACE or thromboembolic event 1.06 (0.93, 1.22)
MACE or hospitalization for heart failure 1.09 (0.95, 1.24)
Death from any cause 1.03 (0.87, 1.20)

Vadadustat compared with darbepoetin alfa [22]
MACE (death from any cause, nonfatal myocardial infarction, or nonfatal stroke) 1.17 (1.01, 1.36)
Expanded MACE (MACE plus hospitalization for either heart failure or a 
thromboembolic event, excluding vascular access failure)

1.11 (0.97, 1.27)

Death from cardiovascular causes 1.01 (0.79, 1.29)
Death from any cause 1.09 (0.93, 1.27)
Death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke 1.16 (0.95, 1.42)

Li J, Kidney Dis, 2023
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HIF-PHI et événements Cardiovasculaires, patients en 
dialyse 

Updates on HIF-PHIs in the Treatment of 
Renal Anemia
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Thrombotic Events and Cardiovascular Safety
Previous studies of ESA have found that targeting nor-

mal hemoglobin levels is associated with increased risk of 
cardiovascular events [90]. Cardiovascular safety is also a 
potential concern for HIF-PHIs.

The prespecified pooled analysis of the four global 
phase 3 studies of roxadustat (PYRENEES, SIERRAS, HI-
MALAYAS, and ROCKIES) in dialysis patients showed 
that the hazard ratio for the time to the first major adverse 
cardiovascular event (MACE) was 1.09 (95% confidence 
interval, 0.95–1.26), consistent with noninferiority to pla-
cebo according to the prespecified noninferiority margin 
of 1.3 [91]. The pooled analysis of the three global phase 
3 studies (ANDES, ALPS, and OLYMPUS) in nondialy-
sis-dependent CKD patients showed the hazard ratio for 
the time to the first MACE was 1.10 (95% confidence in-
terval, 0.96–1.27), which met the prespecified noninferi-
ority margin of 1.3 [92]. However, there are some incon-
sistent perspectives [93]. More cardiovascular safety end 
points of roxadustat are in Tables 1 and 2.

In the phase 3 study of daprodustat among dialysis pa-
tients (the ASCEND-D study), the first MACE occurred 
in 374 of 1,487 patients (25.2%) in the daprodustat group 
and in 394 of 1,477 patients (26.7%) in the ESA group 
(hazard ratio, 0.93; 95% confidence interval, 0.81–1.07) 
during a median follow-up of 2.5 years [33]. Among non-
dialysis-dependent patients (the ASCEND-ND study), a 
first MACE occurred in 378 of 1,937 patients (19.5%) in 

the daprodustat group and in 371 of 1,935 patients (19.2%) 
in the darbepoetin alfa group (hazard ratio, 1.03; 95% 
confidence interval, 0.89–1.19) during a median follow-
up of 1.9 years [25]. These results met prespecified non-
inferiority margin of 1.25 [25, 33]. However, analysis of 
the on-treatment MACE, which occurred within 28 days 
after the last drug dose, showed a higher incidence of a 
first MACE in the daprodustat group (14.1%) than in the 
darbepoetin alfa group (10.5%) (hazard ratio, 1.40; 95% 
confidence interval, 1.17–1.68). Further analysis indi-
cates that the different dosing frequencies between da-
produstat and darbepoetin, at least in part, contributed to 
the higher incidence of the first MACE in daprodustat-
treated patients [25]. More cardiovascular safety end 
points of daprodustat are in Tables 1 and 2.

In the phase 3 study of vadadustat among dialysis pa-
tients (the INNO2VATE study), a first MACE occurred 
in 355 of the 1,947 patients (18.2%) in the vadadustat 
group and in 377 of the 1,955 patients (19.3%) in the dar-
bepoetin alfa group (hazard ratio, 0.96; 95% confidence 
interval, 0.83–1.11) [32]. Vadadustat was noninferior to 
darbepoetin alfa with respect to cardiovascular safety in 
dialysis patients [32]. However, vadadustat did not meet 
the prespecified noninferiority criterion for cardiovascu-
lar safety in patients with nondialysis-dependent CKD as 
compared with darbepoetin alfa (the PRO2TECT studies) 
[22]. In the study among nondialysis-dependent patients, 
a first MACE occurred in 382 of 1,739 patients (22.0%) in 

Table 1. Cardiovascular safety end points in patients undergoing dialysis

Cardiovascular safety end points Hazard ratio (95% CI)

Roxadustat compared with ESAs (PYRENEES, SIERRAS, HIMALAYAS and ROCKIES) [91]
MACE (all-cause mortality, myocardial infarction, and stroke) 1.09 (0.95, 1.26)
MACE+ (MACE plus congestive heart failure or unstable angina requiring 
hospitalization)

0.98 (0.86, 1.11)

All-cause mortality 1.13 (0.95, 1.34)

Daprodustat compared with ESAs [33]
MACE (death from any cause, nonfatal myocardial infarction, or nonfatal stroke) 0.93 (0.81, 1.07)
MACE or thromboembolic event 0.88 (0.78, 1.00)
MACE or hospitalization for heart failure 0.97 (0.85, 1.11)
Death from any cause 0.96 (0.82, 1.13)

Vadadustat compared with darbepoetin alfa [32]
MACE (death from any cause, nonfatal myocardial infarction, or nonfatal stroke) 0.96 (0.83, 1.11)
Expanded MACE (MACE plus hospitalization for either heart failure or a 
thromboembolic event, excluding vascular access failure)

0.96 (0.84, 1.10)

Death from cardiovascular causes 0.96 (0.77, 1.20)
Death from any cause 0.95 (0.81, 1.12)
Death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal 
stroke

0.95 (0.80, 1.14)

Li J, Kidney Dis, 2023
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Note: For this composite endpoint, the sums of the individual component events do not equal the total numbers of first MACE
(numbers of first component events are represented, independent of MACE).

    
  

MACE Analysis Results: DD  

Note: For this composite endpoint, the sums of the individual component events do not equal the total numbers of first MACE 
(numbers of first component events are represented, independent of MACE). 

www.fda.gov 69 FDA, Cardiovascular and Renal drugsl Advisory Committtee
 Meeting 15 July 2021

Interprétation délicate (période d’instabilité (overshoot) ?)

Difficultés d’interprétation des études 
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Daprodustat for Anemia in Patients Not Undergoing Dialysis

Table 3. Adverse Events and Laboratory Values (Safety Population).

Variable
Daprodustat 
 (N = 1937)

Darbepoetin Alfa 
 (N = 1933)

Relative Risk 
(95% CI)

 
P Value*

 
Value

No. of 
 Events

 
Value

No. of 
 Events

Adverse events — no. (%)†

Any adverse event 1545 (79.8) 10,265 1487 (76.9) 9514 — —

Any serious adverse event 850 (43.9) 1,960 703 (36.4) 1693 — —

Adverse events of special interest‡

Thrombosis or tissue 
 ischemia due to excessive 
 erythropoiesis

5 (0.3) 6 3 (0.2) 3 1.66 (0.40–6.95) 0.48

Cardiomyopathy 6 (0.3) 6 7 (0.4) 7 0.86 (0.29–2.54) 0.78

Pulmonary-artery hypertension 15 (0.8) 16 9 (0.5) 11 1.66 (0.73–3.79) 0.22

Cancer-related death or tumor 
 progression or recurrence

72 (3.7) 82 49 (2.5) 67 1.47 (1.03–2.10) 0.04

Esophageal or gastric erosions 70 (3.6) 86 41 (2.1) 45 1.70 (1.16–2.49) 0.005

Proliferative retinopathy, macular 
edema, or choroidal 
 neovascularization

54 (2.8) 70 44 (2.3) 55 1.22 (0.83–1.81) 0.31

Exacerbation of rheumatoid 
 arthritis

2 (0.1) 2 4 (0.2) 4 0.50 (0.09–2.72) 0.41

Worsening of hypertension 344 (17.8) 489 363 (18.8) 519 0.95 (0.83–1.08) 0.41

Median laboratory measures at wk 52 
(IQR)§

Estimated GFR — ml/min/1.73 m2 17.0 (11.0–25.0) — 18.0 (12.0–27.0) — — —

High-sensitivity C-reactive protein — 
mg/liter

2.3 (0.8–5.7) — 2.2 (0.8–6.2) — — —

Albumin — g/dl 3.9 (3.6–4.1) — 3.9 (3.6–4.2) — — —

Hepcidin — ng/ml¶ 82.7 (43.0–142.4) — 120.1 (66.5–201.1) — — —

Transferrin saturation — %¶ 29.0 (22.0–35.0) — 32.0 (24.0–41.0) — — —

Ferritin — ng/ml¶ 240.0 (135.0–425.0) — 262.0 (150.5–447.5) — — —

Total iron-binding capacity —  
µmol/liter¶

50.0 (45.0–55.0) — 44.0 (39.0–49.0) — — —

Total iron — µmol/liter¶ 14.0 (11.0–17.0) — 14.0 (11.0–18.0) — — —

Intact parathyroid hormone — pg/ml 157.6 (77.9–315.3) — 148.6 (73.1–291.5) — — —

Total cholesterol — mg/dl¶ 148.6 (121.6–179.5) — 154.4 (129.3–187.3) — — —

Low-density lipoprotein 76.8 (57.1–101.2) — 84.2 (64.1–108.1) — — —

High-density lipoprotein 42.5 (34.7–54.1) — 46.3 (37.6–56.0) — — —

*  The listed unadjusted P values are two-sided and were calculated with the use of the Cochran–Mantel–Haenszel chi-square test. A P value 
of less than 0.05 is considered to indicate statistical significance.

†  Listed are adverse events that started or worsened on or after the initiation of the trial treatment and on or before the day after the patient’s 
last dose of trial treatment.

‡  Adverse events of special interest were defined on the basis of data from clinical and nonclinical studies of daprodustat, current information 
about pathophysiological effects associated with hypoxia-inducible factor, and previously identified risks related to ESAs. A programmatic 
approach for these potential events was implemented with the use of a broad set of terms of interest, which are listed in the statistical 
analysis plan. Adverse events that may have indicated thrombosis, tissue ischemia, or both are listed in the statistical analysis plan.

§  All laboratory tests were performed in a central laboratory. Laboratory data are listed for all the patients who remained in the study at week 52 
and continued to receive their assigned treatment.

¶  Data were evaluated in the intention-to-treat population.

The New England Journal of Medicine 
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Table 3. Adverse Events and Laboratory Values (Safety Population).

Variable
Daprodustat 

(N = 1482)
ESA 

(N = 1474)
Relative Risk 

(95% CI) P Value*

Value
No. of 
 Events Value

No. of 
 Events

Adverse events — no. of patients 
(%)†

Any adverse event 1307 (88.2) 10,501 1252 (84.9) 10,984 — —

Any serious adverse event 773 (52.2) 2,021 748 (50.7) 2,218 — —

Adverse events of special interest‡

Thrombosis or tissue ischemia 
due to excessive erythropoi-
esis

20 (1.3) 30 11 (0.7) 12 1.81 (0.87–3.76) 0.11

Cardiomyopathy 15 (1.0) 16 16 (1.1) 17 0.93 (0.46–1.88) 0.85

Pulmonary-artery hypertension 9 (0.6) 9 12 (0.8) 13 0.75 (0.32–1.77) 0.50

Cancer-related death or tumor 
progression or recurrence

47 (3.2) 51 51 (3.5) 58 0.92 (0.62–1.35) 0.66

Esophageal or gastric erosions 60 (4.0) 75 81 (5.5) 100 0.74 (0.53–1.02) 0.06

Proliferative retinopathy, macular 
edema, or choroidal neovas-
cularization

38 (2.6) 45 35 (2.4) 44 1.08 (0.69–1.70) 0.74

Exacerbation of rheumatoid 
arthritis

2 (0.1) 2 1 (0.1) 1 1.99 (0.18–21.91) 0.57

Worsening of hypertension 293 (19.8) 512 302 (20.5) 524 0.96 (0.84–1.11) 0.63

Median laboratory measures at wk 
52 (IQR)§

Hepcidin — ng/ml¶ 124.6 (64.5–204.4) — 156.7 (86.0–237.4) — — —

Transferrin saturation — %¶ 30 (24–38) — 30 (23–38) — — —

Ferritin — ng/ml¶ 448 (231–772) — 493 (261–781) — — —

Total iron-binding capacity — µmol/
liter¶

45 (40–51) — 39 (35–45) — — —

Total iron — µmol/liter¶ 14 (11–17) — 12 (9–15) — — —

High-sensitivity C-reactive protein — 
mg/liter

4.4 (1.7–10.7) — 4.0 (1.6–10.6) — — —

Potassium — mmol/liter 4.9 (4.4–5.4) — 4.9 (4.4–5.4) — — —

Albumin-corrected calcium — mg/dl 9.0 (8.5–9.4) — 9.0 (8.5–9.4) — — —

Phosphate — mg/dl 5.3 (4.2–6.3) — 5.3 (4.3– 6.3) — — —

Intact parathyroid hormone — pg/
ml

362.8 (189.9–627.7) — 353.3 (188.0–
631.5)

— — —

Total cholesterol — mg/dl¶ 146.7 (117.8–175.7) — 152.5 (123.6–
181.5)

— — —

Low-density lipoprotein 76.8 (57.1–100.0) — 81.9 (61.0–103.9) — — —

High-density lipoprotein 38.6 (32.8–48.3) — 42.5 (34.7–52.1) — — —

*  The listed unadjusted P values are two-sided and were calculated with the use of the Cochran–Mantel–Haenszel chi-square test. A P value 
of less than 0.05 is considered to indicate statistical significance.

†  Listed are adverse events that started or worsened on or after the initiation of the trial treatment and on or before the day after the patient’s 
last dose of a trial treatment.

‡  Adverse events of special interest were defined on the basis of data from clinical and nonclinical studies of daprodustat, current information 
about pathophysiological effects associated with hypoxia-inducible factor, and previously identified risks associated with ESA. A program-
matic approach for these potential events was implemented with the use of a broad set of terms of interest, which are listed in the statisti-
cal analysis plan.

§  All laboratory tests were performed in a central laboratory. Laboratory data are listed for all the patients who remained in the trial at week 52 
and continued to receive their assigned treatment.

¶  Data were evaluated in the intention-to-treat population (1487 patients in the daprodustat group and 1477 patients in the ESA group).

The New England Journal of Medicine 
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HIF-PHI et effets 2nd 
-Risque d’épisodes d’hyperkaliémie 
  Inconstamment observé 
  En pratique, surveiller la kaliémie (1)

-Aggravation des rétinopathies 
Suggéré par quelques études, écartés dans les essais avec Epo en comparateur
Pas de différence pour les concentrations de VEGF pour les rétinopathies hémorragiques (2)

-Risque d’HTA 
 vitesse de correction de l’anémie  (idem Epo)

-Risque de thromboses veineuse (Accès vasculaire et EP) ? 
 Overshoot 
 Activation plaquettaire (3)

-Hypothyroïdie (4)
 Hypothyroïdie centrale réversible en 4 semaines
 (structure similaire entre roxadustat et T3)
 

1) Li J, Kidney Dis, 2023
2) Nangaku M, Nephrol Dial Transplant, 2021
3) Nakanishi T, Clin Kidney Journal 2024 
4) Otsuka E, Ren Fail, 2024
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Aujourd’hui pour HIF-PHI 

2) Pas de bénéfice sur le  risque CV pour toutes les molécules
     
3)  Danger de « l’overshoot » sur le risque thrombotique 
 (thrombose veineuse et accès vasculaire pour Roxadustat)

4) Risque carcinogène non évaluable par ces études 
 Place du suivi post-marketing+++

 à noter dosage du VEGF est identique entre HIF-PHI et Epo
Cancer évolutif probablement à éviter et rester sur les recommandations avec Epo

5) Les questions qui restent
       - Effet classe ou effet molécule ?
       - Difficultés statistiques  d’interprétation des études
   (ITT vs sous traitement)
  ( Prise en compte  durée d’action et modalités d’injection des molécules)
       -  Efficacité des HIF-PHI pour anémie résistante à Epo ?
 (absence d’étude prospective )

1) Ce qui est sur 
       Intérêt en pré-dialyse 
        Meilleure utilisation du fer 
        Adaptation posologique plus facile
        Simplification logistique 
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Avantages et inconvénients des différents agents pour 
traiter l’anémie associée à la MRC avant et en dialyse

754 Journal of Nephrology (2024) 37:753–767

Graphical abstract

Background
Hypoxia-inducible factor prolyl
hydroxylase inhibitors (HIF-
PHIs) are new drugs developed
for trea!ng anemia of CKD. 
HIF-PHIs s!mulate endogenous
erythropoie!n produc!on and
improve iron absorp!on and
mobiliza!on of iron stores. 
The present paper aims to 
be"er adapt the conclusions of 
latest KDIGO Conference on
HIF-PHIs to the Italian context. 
In this regard, accumula!ng
evidence published in the last 
three years (a#er the KDIGO
conference) may shed some 
more light on the efficacy and
safety of these new drugs.

Conclusions: We believe that these new drugs are effec!ve in correc!ng
anemia, and are a valid alterna!ve to ESAs par!cularly in NDD-CKD pa!ents, 
and in inflamed DD-CKD with similar safety profile of conven!onal ESAs. 

Journal of NEPHROLOGY
official journal of the Italian Society of Nephrology

Consensus commentary and posi!on of the Italian Society of Nephrology on KDIGO controversies conference 
on novel anemia therapies in chronic kidney disease

F. Locatelli, L. Del Vecchio, C. Esposito, L. Gesualdo, G. Grandaliano, M. Ravera, R. Minutolo
on behalf of the Collabora!ve Study Group on the Conserva!ve Treatment of CKD of the Italian Society of Nephrology

Agents Poten!al advantages Poten!al disadvantages
HIF-PHIs Oral dosing more convenient for NDD-CKD pa!ents, PD, 

Home HD
May facilitate anemia treatment in pa!ents with NDD-

CKD*
May improve u!liza!on of iron for erythropoiesis, 

par!cularly useful for oral iron in NDD-CKD, PD*
May be more effec!ve in chronic inflammatory states

(CRP >5 mg/l)* (although we need more data)
Stability at room temperature (no refrigerator need)

Difficult to monitor adherence*
Poten!al polypharmacy and drug–drug interac!ons*
• Avoiding the use too close to chela!ng drugs phosphate
Less clinical experience*
Poten!al risk of enhancing tumor growth*
Poten!al risk of worsening re!nopathy (cau!on in pa!ents with 

hyperthyroidism or with severe cardiovascular calcifica!ons)*
Poten!al risk of cyst growth in ADPKD*

ESAs Adherence can be monitored with in-clinic administra!on 
in DD-CKD pa!ents*

Extensive clinical experience*

Treatment requires self-injec!on or the help of rela!ves/nurses
Resistance in chronic inflammatory states*
Risk of enhancing tumor growth*
An!body-mediated pure red cell aplasia (rare)*

Iron 
compounds

No serious adverse effects of oral iron*
Reduced ESA doses
Reduced cardiovascular mortality in pa!ents with 

concomitant heart failure
Reduced cardiovascular events in pa!ents receiving HD

If taken orally, risk of poor GI tolerance and non-adherence *
If administered IV in NDD-CKD and PD risk of damaging veins of 

the arms eventually necessary for a fistula
If administered IV, poten!al risk of allergic/anaphylac!c

reac!on (rare) increasing oxida!ve stress or hemosiderosis
(rare)*

* advantages and disadvantages shared with KDIGO conference conclusions. HIF-PHI, hypoxia-inducible factor–prolyl hydroxylase inhibitor; CKD, chronic
kidney disease; NDD-CKD, non–dialysis-dependent CKD; DD-CKD, dialysis-dependent CKD PD peritoneal dialysis; HD, hemodialysis; CRP, C-reac!ve 
protein; ADPKD, autosomal dominant polycys!c kidney disease; ESA, erythropoiesis-s!mula!ng agent; GI, gastrointes!nal; IV, intravenous.

Keywords Anemia · Hypoxia-inducible factor prolyl hydroxylase inhibitors · KDIGO · Position paper · HIF-PHI

Introduction

Guidelines are tools that should support physicians in mak-
ing the best therapeutic decisions. Since 2003, the Kidney 
Disease: Improving Global Outcomes (KDIGO) has been 
setting standards and promoting the treatment of patients 
with chronic kidney disease (CKD).

However, the European perspective, often distinct, and 
frequently different across countries, is sometimes not ade-
quately represented in the KDIGO Guidelines or Controver-
sies Conferences, with a consequent need to adapt KDIGO 
recommendations in each country by acknowledging that a 
standardized approach may not be suitable in all cases [1].

With regard to anemia, in 2012, KDIGO published the 
guidelines for diagnosing and managing anemia in CKD [2]. 
The European Renal Best Practice (ERBP), a dedicated Com-
mittee of European Renal Associations, provided a Position 
Paper on these guidelines in 2013 [3]. Since then, no further 
KDIGO Guidelines or ERBP position statements on anemia 
have been released, even though an update of KDIGO guide-
lines is underway. Given the significant progress in anemia 
therapies, KDIGO organized two Controversies Conferences 
to review the latest evidence and its implications for manag-
ing anemia in clinical practice. The first conference in 2019 

mainly focused on iron therapy, while the second one held in 
2021, specifically discussed hypoxia-inducible factor-prolyl 
hydroxylase inhibitors (HIF-PHIs), a new class of agents for 
treating anemia [4, 5]. The present paper aims to better adapt 
the conclusions of the latest KDIGO Conference on HIF-PHIs 
to the Italian context. In this regard, accumulating evidence 
published in the last three years (following the KDIGO con-
ference) may shed some more light on the efficacy and safety 
of these new drugs. In particular, new findings emerging from 
several meta-analyses [6–14], one trial in peritoneal dialysis 
patients [15] and some post-hoc and pooled analyses of rand-
omized controlled trials (RCTs) [16–19] might be helpful for 
better placement of HIF-PHIs in the clinical practice.

E!cacy of HIF-PHIs

Opinion of the group

As a group, we agree with the KDIGO Conference par-
ticipants that HIF-PHIs are as effective as erythropoie-
sis-stimulating agents (ESAs) in correcting hemoglobin 
levels in non-dialysis dependent (NDD-CKD) and dialy-
sis dependent (DD-CKD) populations.

Locatelli F, Journal of Nephrology 2024
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Surveillance de l’anémie (CKDopps, Brésil, 
France, Allemagne, USA, n= 6766 pts, 2013-2017) 

50%

FIGURE 1: Cumulative incidence of hemoglobin measurement. (a) By CKD stage. (b) By hemoglobin level. Graph by CKD stage allows patients to contribute once for
each stage. French data are excluded from the graph as the laboratory measurements are collected according to a predefined study protocol. Time 0 is the first hemo-
globin (Hgb) measurement. KDIGO 2012 anemia guidelines [21]: (i) for nondialysis CKD patients with anemia not being treated with an ESA, hemoglobin should be mea-
sured when clinically indicated and at least every 3 months in patients with CKD Stages 3–5ND; (ii) for nondialysis CKD patients being treated with an ESA, hemoglobin
should be measured at least monthly during the initiation phase of ESA therapy, whereas hemoglobin should be measured at least every 3 months during the mainte-
nance phase of ESA therapy.

Anemia and iron deficiency in CKDopps | 617
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Wong M, Clin Kidney J, 2019

KDIGO 2012
For CKD3-5 patients with anemia

measure Hb at least every 3 months
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Réalisation du bilan martial (CKDopps, Brésil, 
France, Allemagne, USA, n= 6766 pts, 2013-2017) 

iron status, and prescription of iron and ESAs, among patients
with CKD Stages 3b–4 (Supplementary data, Figure S3).
Germany had the highest use of ESA and iron treatments, and
highest prevalence of ferritin and TSAT measurement, as well

as the greatest inter-clinic variability in monitoring and anemia
treatment practices. Higher inter-clinic variability in anemia
prevalence and iron status was observed in Brazil compared
with other countries.

FIGURE 2: Measurement of iron parameters, by country. (a) By CKD stage. (b) By hemoglobin level. Patients could contribute once for each CKD stage experienced during
the study for (a). Measurement within 63 months from hemoglobin (Hgb) value. French data are excluded from the graph as the laboratory measurements are collected
according to a predefined study protocol.

FIGURE 3: Hemoglobin distribution, by country and CKD stage. Patients could contribute once for each CKD stage experienced during the study for (a). First hemoglobin
(Hgb) for each stage was taken if there were multiple measures.

618 | M.M.Y. Wong et al.
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Evaluation	faite ±3	𝑚𝑜𝑖𝑠	𝑝𝑎𝑟	𝑟𝑎𝑝𝑝𝑜𝑟𝑡	𝑑𝑜𝑠𝑎𝑔𝑒	𝐻𝑏
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therapy be initiated if TSAT is <25% and ferritin is <200 ng/mL,
or if there is absolute iron deficiency (TSAT <20% and ferritin
<100 ng/mL). Among patients with hemoglobin <12 g/dL plus ei-
ther TSAT <20% or ferritin <100 ng/mL, treatment with iron
therapy was more prevalent in Germany, Brazil and the USA
(43–44%), compared with France (27%) (Supplementary data,
Table S2). While this variation may partially reflect differences
in guidelines commonly utilized in each region (ERBP in
European countries versus KDIGO in USA and Brazil), the differ-
ences in treatment between Germany and France suggest that
additional factors are at play. For example, the lower severity of
anemia observed among patients in France likely contributed to
their lower rate of iron therapy prescription.

There is no current consensus on the optimal administration
route for iron in nondialysis CKD patients. In this analysis, oral
iron was far more commonly prescribed than IV iron. In addi-
tion to its gastrointestinal side effects, oral iron may not be ef-
fectively absorbed in the setting of high hepcidin levels, which
are associated with inflammation [35]. Clinical trials comparing
oral with IV iron in patients with CKD and IDA demonstrated
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outcomes [36, 37]. This analysis did not assess use of new iron-
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That study, in contrast to ours, relied on diagnosis codes, had

no data on oral iron prescription, and did not report whether
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toms associated with anemia [25]. Preliminary data from the
CKDopps nephrologist practice survey indicate that the most
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countries. Also of note, hemoglobin levels were generally high-
est in France, within each CKD stage and among both males
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vation beyond differences in guidelines and anemia manage-
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En France, 34% des pts avec Hb < 10g/dl sans traitement (ni fer ni ASE)
                   ASE seul 37%, Fer seul 13% 

Wong M, Clin Kidney J, 2020
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Anémie en France à l’initiation de la dialyse
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Tableau 3-29. Evolution de la prise en charge des nouveaux malades dialysés  

Trends in the care of new ESRD patients  
 

 2012 2013 2014 2015 2016 2017 2018 2019 Prise en charge 
DFGe<5 ml/min/1.73m² (%) 11,0 10,3 10,5 9,7 9,4 10,2 10,4 9,9 
Démarrage en urgence (%) 30,8 30,3 32,0 30,8 29,4 27,4 27,4 25,2 
Démarrage sur cathéter (%) 53,8 55,4 55,8 54,4 55,1 55,5 56,1 56,2 
Dialyse péritonéale (%) 10,6 11,1 10,9 10,7 11,0 10,6 10,3 10,2 
Hb<10 g/dl (%) 44,3 45,4 46,2 47,6 48,5 47,7 49,6 50,3 
Traitement par ASE (%) 46,4 46,0 49,4 47,7 47,7 46,8 46,7 47,2 
Hb<10 g/dl sans ASE (%) 17,8 19,1 18,4 19,5 19,7 20,6 22,2 21,9 
+E������J�GO�DYHF�$6(���� 1,3 1,2 1,2 1,2 1,0 1,0 1,1 1,1 
DFGe médian(ml/min/1.73m²) 8,9 9,0 9,1 9,2 9,2 9,2 9,2 9,2 
Hb (g/dl) 10,1 10,1 10,1 10,0 10,0 10,0 10,0 9,9 

 

Indicateur Début 
période 

Fin 
période 

% de changement 
annuel 

borne 
inf 

borne 
sup 

DFGe<5 ml/min/1.73m² (%) 2012 2019 -1,0 -2,7 0,8 
Démarrage en urgence (%) 2012 2014 2,4 -6,7 12,4 
Démarrage en urgence (%) 2014 2019 -4,3 -6,3 -2,3 
Démarrage sur cathéter (%) 2012 2019 0,4 0,0 0,9 
Dialyse péritonéale (%) 2012 2019 -0,9 -1,7 0,0 
Hb<10 g/dl (%) 2012 2019 1,7 1,3 2,2 
Traitement par ASE (%) 2012 2019 0,0 -0,9 0,9 
Hb<10 g/dl sans ASE (%) 2012 2019 3,1 2,0 4,2 
HB >= 13 g/dl avec ASE (%) 2012 2016 -5,9 -9,1 -2,7 
HB >= 13 g/dl avec ASE (%) 2016 2019 2,6 -2,8 8,3 
DFGe médian(ml/min/1.73m²) 2012 2015 1,3 0,9 1,7 
DFGe médian(ml/min/1.73m²) 2015 2019 -0,2 -0,5 0,0 
Hb (g/dl) 2012 2019 -0,3 -0,4 -0,1 

 
  

Rapport REIN, 2019
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Prise en charge non expliquée par le 
démarrage en urgence de la suppléance 
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Figure 3-5��7DX[�G¶KpPRJORELQH�HW�WUDLWHPHQW�SDU�$6(��$JHQW�6WLPXODQW�GH�O¶(U\WKURSRwqVH�� 
FKH]�OHV�QRXYHDX[�SDWLHQWV��VHORQ�OHV�PRGDOLWpV�G¶LQLWLDWLRQ�GX�WUDLWHPHQW�GH�VXSSOpDQFH 

Haemoglobin level and ESA use in new ESRD patients, by first treatment modality 
 
  

Ø ≈ 50 % des HD programmées
Hb <10 avec ou sans  ASE
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Gestion Anémie Pré-dialyse (1) 
FER (souvent le 1er traitement)

- Régénératif et/ou microcytose (recherche d’un saignement chronique )

- Cible Fer (> Stade3)  ≥ 60 μg/dl, CST >20- 25% et ferritinémie > 150-200 ng/m

- Voie orale
- A distance repas (coucher)
- Tolérance digestive et observance 
- Évaluer l’efficacité ( 3 mois) 

-  Voie injectable 2ème intention 
- Déficit dose (mg) = Poids (Kg) x 2.4 x (Hb cible - Hb actuelle (g/dL)) 
- FERINJECT 500 mg / 3 à 4 mois le plus souvent 

- Modalités à l’hôpital 
- Perfusion IV en 15 à  30 minutes dilution 500 mg dans 250 ml SS
      (possible en IV lente 6 à 15 mn) 
- Respect normes sécurité (personnel formé, adrénaline, surveillance 
     (signes d’intolérance) ) 
- Attention risque hypophosphatémie 

89

Gestion anémie pré-dialyse (2)
ASE :  Epo ou HIF-PHI  si Hb <10 g/dl et cible 11g/dl, Eviter Hb >11,5 g /dl, correction
                                         progressive ≤ 0,5 /  15 jours
 1) Vérifier : absence  causes curables et  bilan martial et folates, B12
     
2) Molécule / voie: Epo  « Long-acting ASE »+++, S/C; HIF-PHI « roxadustat » PO
3) Administration:  Education thérapeutique (auto-injection, prise orale  3 fois /semaine)
      ou IDE 
4)  Posologie initiale:  
      CERA 0.6μg /kg/ 2S ou Darbo 0,75μg /2S)
      Surveillance mensuelle (Hb) initiale (3 mois),
      Switch rapide vers injection mensuelle (CERA ou  Darbo)
      Surveillance trimestrielle (après stabilisation)
     ROXADUSTAT (20,50, 70, 100, 150 mg per unit) ( à distance chélateur)
         70 mgX3/S si poids < 100kg ou 100 mg x 3 /S si poids ≥. 100kg
        si swtich Epo→ Roxadustat confers tableau 

5) Adaptation et surveillance 
      Hémogramme /2 S (éviter overshoot) (tableau d’adaptation posologique pour Roxadustat)
      Stabilisation: surveillance 
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Gestion de l’anémie en pré-dialyse (3) 
Choix de l’ASE dicté par les difficultés potentielles liées à cette gestion

Conservation (40  pour Epo)
Disponibilité (voyages..)
Traçabilité 
Voie injectable pour Epo
Hôpital de jour pour fer injectable

Education thérapeutique
Dépendance au soignant  

         Gestion des bilans et des résultats 

         Préférence des patients 
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Gestion Anémie en dialyse (1) 
Fer 
Choix : Fer Sucrose (svt générique) ou  Fer Carboxymaltose
             Centre, UDM, AUTOD  fer Sucrose « générique » (coût)
              Hôpital de Jour Fer Carboxymaltose (dialyse à domicile, DP)
            
Cibles : CST > 25%, ferritinémie > 200 ng/ml, CHbR > 29 (correction en 3 jours)
      Limite supérieure ferritinémie entre 500 et 800  ng/ml 
                                                       CST 40% (pas de consensus)
      Bilan martial à distance des perfusions de fer 
      Traitement proactif (Etude Pivotal)

Autodialyse, DP assistée
formation des IDE (dépister et traiter réactions anaphylactiques)

A domicile ou  DPCA (autonome) 
Hôpital de jour pour injection de fer 
ou  séance d’HD en centre pour injection de fer
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Bilan Martial sous Fer injectable 

within one week in most patients, serum ferritin levels
remained significantly elevated for more than two weeks
in patients receiving the higher dose of FCM.
In patients with iron deficiency anemia and normal

renal function, a pharmacokinetic analysis of FCM
revealed a pronounced rise of serum ferritin after a
single IV dose of 100, 500, 800 or 1000 mg FCM with
peak values between 48 and 120 h after FCM infusion.

The increase after 100 mg, however, was relatively small
[16]. In these patients, baseline ferritin levels were very
low with mean values between 2.1 and 5.8 μg/l in the
various treatment groups. We hypothesized that dialysis
patients with much higher ferritin levels at baseline
might also exhibit a greater absolute increase of serum
ferritin after the comparatively small FCM doses given
in these patients. While several studies have evaluated

Fig. 3 Mean change of ferritin from baseline values during 28 days after infusion of 100mg or 200mg FCM. Asterisks indicate a significant difference
of ferritin values compared to their baseline values using a paired T-test

Fig. 4 Mean change of TSAT from baseline values during 28 days after infusion of 100mg or 200mg FCM. Asterisks indicate a significant difference of
TSAT values compared to their baseline values using a paired T-test

Diebold and Kistler BMC Nephrology           (2019) 20:76 Page 6 of 9
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Ferric Carboxymaltose
      31 pts en HD

Dosage ferritine 
2 semaines après 100 mg
3 semaines après 200mg

Dosage TSAT
8 jours après 100 ou 200 mg

Diebold M, BMC Nephrology 2019 
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Gestion ASE en  Dialyse (2)
• EPO
• Molécules  (variable, svt ASE « long acting »)
• Injection IV (fin de séance) 
• Respect des RCP pour les posologies 
• Monitoring Hb par mois ou par 15 jour 

• Cibles Hb ≥ 10 g/dl et ≤ 11,5 g/dl

• Ajustement  par 4 Semaines 
•   ≤ 0,25 g/dl/semaine)
      (palier de 25% è dose max) 
        Réduction des posologies 

•  ≥ 11,5, réduction des posologies ( ≈ 25%) 
•  ≥ 12,5, suspension du traitement 
•  > 13,5, non restitution du circuit 

• HIF-PHI ( roxadustat ) 
• Poursuite du traitement en MRC ou Dialysé de moins de 4 

mois
• Switch après 4 mois, indication à justifier
• Posologie fct du poids 3 fois par semaine à distance des 

chélateurs du phosphore (1H au moins)
• < 100 kg, dose initiale 70 mg X 3 /S
• ≤ 100 kg, dose initiale 100 mg x 3/S
• Switch Epo fct dose epo (qs fiche)

• Adaptation 
• Surveillance par 15 jours  jusqu’à10 à 11,5g/dl
• Stabilisation surveillance mensuelle 
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. KDIGO, 2012

Fiches d’adaptation posologique 

Produits Poso max Dose max 
pour 75kg

Epo α ou β 200 à 250 kg/S 5000 UI x 3 /S
Darbopoetine 2 à 2,5 μg/kg/15 j 150 μg/15J
MPG epoétine 4 à 5 μg /kg /mois 300 μg /mois

Epo doses maximales 

Roxadustat si switch epo

Roxadustat, adaptation 
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