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Risk factors for incident anemia of chronic diseases:

A cohort study
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Normal 169720
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Lee et al., PLoS ONE 2019
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The burden of anemia in type 2 diabetes 0
and the role of nephropathy: a cross-sectional g
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Thomas et al., Nephrol Dial Transplant 2004
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Possible mechanisms of anemia in dlabetek‘s‘O

Reduced Production of Erythropoietin ther (cntrlbutors

Microvascular damage ed\)\orﬁe\qat?ed red cell half survival

Chronic hypoxia \“\ \e 6\ Haematinic deficiency
Oxidative stress %O$ 2 %\Q Reduced iron availability
\(\
Systemic |nflz\mﬁ=¥|‘at‘éoaﬁ‘\g Occult blood loss
Auto M opathy Drug therapy
6\\\, aé@t?‘salt reabsorption Celiac disease (type 1)
0\090 = Hyperfiltration Induction of EPO release inhibitors

Urinary erythropoietin loss

Thomas et al., Curr Diabetes Rev 2005



Anemia in diabetic patients with chronic kidney ,d®
disease — prevalence and predictors O\fabe
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Table 3 Mean haemoglobin values and prevalence of anaemia (K/DOQI de{%l&? lg‘ax%us stages of chronic kidney disease (CKD)

CKD stage Diabetes status »n (%) Hb (g/) GDG'QR) e&\J}’R (mlV/min) p (eGFR) Anaemia p (anaemia
(me eg‘a (mean+SD) prevalence prevalence)
@,O“ Q‘ n (%)
CKD 1 and 2 (n=172) | Diabetic 6RN%) AT <0.002 82+17 NS 13(17%) <0.01 |
6 (56%@) ~ 140415 83+16 4 (4%)
CKD 3 (n=156) AEM2%) 121417 <0.0001 4349 NS 33 (51%) __<0.0001]
etik® 91 (58%) 135417 4449 12 (13%)
CKD 4 and 5 (n=] : 63 (45%) 115£17 <0.001 1947 NS 37(59%) <0.05 |
_ noé.\\\ o (Nn—dlabetlc 77 (55%) 124x13 19+7 28 (36%)
0\’6\’ X

Al-Khoury et al., Diabetologia 2006



Erythropoietin Deficiency
("Absolute or functional")

Improved Hemoglobin
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Yilmaz et al., Blood Purif 2011; Auerbach et al., Best Pract Res Clin Anaesthesiol 2013



Iron deficiency 1n chronic kidney disease patients with diabetes
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Prevalence of iron deficiency was more frequent in diabetic patients than in non-diabetic subjects
(p=0.048). Among CKD diabetic patients the prevalence of iron deficiency was higher than in non-
diabetic CKD ones (p=0.040).

Robles et al., Diabetes Metab Syndr 2018
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KDIGO Anemia Work Group, Kidney Int 2012
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Intravenous Versus Oral Iron Supplementation for the Treatme{gt
of Anemia in CKD: An Updated Systematic Review ag@og

Meta-analysis d\o\?b «
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Results: 24 frials were identified, 13 including 2,369 pat@ﬁt@ w'ki‘\uﬁﬁlj stages 3 to 5 and 11 including 818
patients with CKD stage 5D. Patients treated with V. fHere Mdre likely to reach an Hb response > 1 g/dL

(risk ratios [RRs] of 1.61 [95% CI, 1.39-1.87] ‘ 3-5 and 2.14 [95% ClI, 1.68-2.72] for CKD stage
5D). Rd serious and any adverse effects. |V iron replacement
(RR, 3.71; 95% Cl, 1.74-7.94) and fewer gastrointestinal

was associated with higher risk f[&?@ 3
adverse events (RR, 0.43; 95%WN0.28867).
( 5 0 0.20657)
(6\6 \16(
<O, 2 ‘r?.\a
‘a\)\‘ e\lb\

AN qC
Conc;gg \n@@ﬁr results agree with current recommendations for 1V iron replacement for patients with
CKDQ}age 5D and support increased use of IV iron for patients with CKD stages 3 to 5.

Shepshelovich et al., AJKD 2016



Proportion of patients free

of primary event (%)
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FIND-CKD: a randomized trial of intravenous ferric §2
. . . . . N\
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MacDougall et al., NDT 2014



Intravenous Ferric Carboxymaltose
in Patients with Type 2 Diabetes Mellitus and 11‘01(1}\0\0g

Deficiency: CLEVER Trial Study Design and P&( qol
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Ferric carboxy%&@e R\ .
Intravenous vla us‘p;a
% <ot
n=70 d\) (\\‘
0s rric carboxymaltose
- Dibased on screening data)

S 7 kg weight = 70 kg any weight

_I'?a“e'gsnﬂhand n=140 | § ¢ ‘3‘ Hb Hb Hb  |Hb=14and

Irgﬁedaﬁciancr“ Qb\@ =10g/dL | =210g/dL | <10g/dL | =210g/dL | =15g/dL

N\P‘ @ 1000 mg | 1000mg | 1000 mg | 1000 mg | 500 mg
,a d'a (5‘]0 500 mq Mo dose | 1000 myg 500 mg Mo dose”
\X \a\le 70 Modose | Modose | Nodose | Modose | 500 mg™
n=
© 8(8 '
‘\{\\13 QO Placebo (saline solution)
‘ 6QO‘?) QG‘ Intravenous via drip infusion
0\

Via Vib V2a Vzb V3
Screening Baseline week 5 week 5 EOQS -
week 0 week 1 +14 +14 days week13
day 0 day 75 days +5days 14 days

Schindler et al., Diabetes Ther 2019
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Novel Oral Iron Therapies tor Ir\g@‘ﬁﬁ%lency
Anemia in Chronic Kidney DiSease
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Ferric Pyrophosphate Citrate
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New water soluble IV iron
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Dysregulated iron homeostasis in CKD
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Panwar et al., Semin Nephrol 2016
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Compounds affecting iron-hepcidin axis under development
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COMPOUND TARGET 6\0\
. ?}\:\'a(\ \(.\\’6
Hepcidin Mimetics 66@)(?0\‘3 \{m\‘\a@
HEPCIDIN AGONISTS Stimulation of Hepcidin prodg@}s% r?sG
Ferroportin |nh|b|torsc,66 & 50‘\\‘ Ferroportin
O@“: (GQ‘
é{@-ﬁeog\m@\gﬁbodies Anti-hepcidin antibody
N\P 5 -
2 (e{ﬂﬁbudm binding spiegelmers Chelates serum hepcidin
6\8\6\‘ Hepcidin binding anticalins Hepcidin inhibitors
%@Iﬂ MSONISTS BMP sequestration BMP receptor type 1 inhibitors
BMP receptor inhibitors BMP pathway
IL-6 signaling inhibitors IL-6 pathway
Erythroferrone Erythroferrone

Malyszko et al., Expert Opin Ther Targets 2019
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Terapia dell’anemia renale con lj,\as&cg
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Red flags raised with ESA use

Four randomized controlled trials of hemoglobin-raising
in chronic kidney disease

Other results

resulted in early
study interruption

Higher rate of
thrombosis in
high-target group

NHCT= CHOIR® CREATE*
Population Patients with Chronic kidney Chronic kidney X \\
chronic heart fail-  disease disease \a\
ure and end-stage Oo\e d\\a\
renal disease on \\36 2 S\
dialysis 6 (o) G
:Iemotglobin 10 vs 14 g/dL 13. { s tﬁ%/%\ q,OS 13 vs 11 g/dL
arge
: \h\ (Gg‘a
Target achieved? No N%\ Yes
Primary I'g)(\a Composite of Time to first cardio-
outcomes Fb%ﬁ@@é! death, myocardial  vascular event
infarction, hospital-
6\6 g( ization for chronic
GQO( e\a heart failure, stroke
@ Q( \‘e(
6\\ e:n&ls with Trend toward Increased risk of Trend toward risk
1% igher increased risk of  primary outcome increase that was
hemoglobin level primary outcome nonsignificant: no

benefits

Improved quality
of life

\o\og\a‘

e
TRE@?XS ¢ A\

(Ohtdney
se with
diabetes

>13vs9g/dL

No

Composite

of death or a
cardiovascular
event and death
or end-stage renal
disease

No risk increase or
reduction

Higher rate of
stroke

Nakhoul et al., Cleve Clin J Med 2016
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Target Hemoglobin
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FDA  Drug Safety = Communication: Modified Qg@?%g
recommendations to improve the safe use of Erytlgldb Q\yg&ls—
Stimulating Agents (ESAS) in chronic kidney dlsea@é@é@éﬁ4 -2011]

*For patients with CKD, consider startm%oEgﬁ \*@'\éatment when the
hemoglobin level is less than 10 g/dL. ]31'3\\ @C% oes not define how far
below 10 g/dL is appropriate for Ny ﬂékgggd‘ﬁ%ﬁ to initiate. This advice also

does not recommend that the g&g ieve a hemoglobin of 10 g/dL or a
hemoglobin above 10 2
o s g G
<
/ 69“;(5\0(\ / \
6 N
e Qa( ‘8\6 Target Hb, Typically maintain the aspirational
\\139 Ge g/dL Hb range between 100 and
6906\ . 120 g/litre for adults, young
O\ eople and children aged 2 years
CKD >10 and older Y
ESRD 10-11.5 N IC National Institute for
Health and Care Excellence

k KDIGO Anemia Work Group, Kidney Int 2012/ k 2015 /
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Bonomini et al., AJKD 2016
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Strategies under development to stimulate erythropoiesis

Not D:rectl'y Targetlng the EPO Receptor \O\Og\a‘
. HIF stabilizers v\G
0 oo (Hoxadustay * Stabilizzatori (f;cﬁ?5 W inibitori
> GSK1278863 compet|t|v gl@‘ﬂ é@i@ssna& attivi
o BAY B85-3934 (Molidustat)
o JTZ-951 per V'%\
o DS-1093a 5\
« Activin traps 2 3\\6 e S 2
o Sotatercept (ACE-011) 60 %o(\\‘
\

o Luspatercept (ACE g@
o LY2157299

Targeting t%@&b(% @ﬁl\:
« EP ﬁﬂé
Péﬂ cules: CNTO 528, CNTO 530, CNTO 531

Agg&%n GmbH: AGEM400(HES)
6\0 g(ﬁ ginesatide®

\6 EPO fusion proteins
\laQ(eQ e o EPO-EPO dimers

SN (‘\(be\l o EPO-CPT
. 690 Q© o EPO-(CPT);
19) o Albumin-EPO

o EPO-hyFc (Genexine GX-E2)
« Antibody agonists to EPO receptor
o Mouse monoclonal 1gG
o Ab12 molecule
o Ab12.6 (Abbott Laboratories ABT-007) molecule
« EPO gene therapy (TARGT EPQ)
« Dimerization of EPO receptor intracellular domain witha CID

Bonomini et al., AJKD 2016
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Compound Company Indication Cl'lnicaj&t@ls .o ‘3 Target
Roxadustat Fibrogen, Astellas, Astra Zeneca Renal anemia P&@.@ en:{ \‘G‘ Stahilization of HIF
Upregulation of EPO receptor in the bone marrow
Vadodustat Akebia Therapeutics Renal ar\@}a @QS ongong Stabilization of HIF
\h (G Upregulation of EPO receptor in the bone marrow
Daprodustat Glaxo Smith Kline O‘@lg aner@ Phase 3 ongoing Stabilization of HIF
O% oa Upregulation of EPO receptor in the bone marrow
Molidustat Bayer Pharmaceuticals ?\\ (\ \%I anemia Phase 3 ongoing Stabilization of HIF

N

Upregulation of EPO receptor in the bone marrow

Enarodustat 1TZ-951 Akros Pharmac@ﬁa s 5\0(\ Renal anemia Phase 3 Stabilization of HIF
06 \‘6( Upregulation of EPO receptor in the bone marrow
DS 1093a Da@(@Snk{@\a Renal anemia Phase 1 completes Stabilization of HIF
A Q‘ IR~ Upregulation of EPO receptor in the bone marrow
W\ | O
N \
0° QG‘ ‘

Malyszko et al., Expert Opin Ther Targets 2019
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1) (8 @ Glucose metabolism
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cf95> X (EPO)_
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Cellular stress
(ROS)
Inflammation
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Others

Zarember KA and Malech HL, JCI 2005
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Regulation and function of HIF in endocrine organs
associated with type 2 diabetes mellitus
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Lee H-C et al., J Endocrinol 2017
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SGLT2 inhibitors in renal anemia

e : e \O
Dapagliflozin a glucose-regulating drug with diuretic O\OQ'
properties in subjects with type 2 diabetes Lambers Heerspink et al., Dﬁl‘ Obes Metab 2013
0
—e— Placebo \'a(\a 'a\
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—e— Hydrochlorothiazide EE 12 ‘\6\ A\ BE Hygrgchlorothiazi e
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Canagllal&}\pcﬁ}n r@(\)%s erythropoiesis in diabetes

patl té‘@ iémla of chronic ki dney disease Maruyama et al., Diabetes Technol Ther 2019
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f ) \('a @G;ygen requirement of the )
Ged proximal tubules due fo
$\ S 2 6\ excesswe glucose reabsorption
$Ow\ \ Q(Gg
O S Tubulointerstitial hypoxia
A
Neural crest- denvpﬁl\?\\o (\ g\(\
fibroblasts PTU 0 Transformation into
er!’“:'am dysfunctional fibroblasts
6(6\. \ producing less erythropoietin
(3Q e(e Injured renal (R
. () Healthy renal . L . — g
\OQ ? tubules v A% N . At
®) SGLT2 inhibitor AN T
Erythropoietin
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Increased Hematocrit During Sodium-Glucose Cotransporter

2 Inhibitor Therapy Indicates Recovery of Tubulomte[\@bﬁ

Function in Diabetic Kidneys 6\0\‘)
e

Normal state - é&@ﬁ%&@i@

A

Sano et al., J Clin Med Res 2016



Table 2—Univariable mediation analysis of risk of CV death with empagliflozin
versus placebo: time-dependent covariate analysis adjusting for the change from

baseline in each variable g\a‘
HR for CV death with G\O\O
empagliflozin vs. placebo (95% Cl) Percentage m@@\g
\ N \v
Unadjusted 0.615 (0.491, 0.770) 06 \Ca
Adjusted for 5\
HbA, . 0.624 (0.496, 0.785) \e \\0\ 3.0
FPG 0.665 (0.529, 0.837) 16.1
SBP 0.593 (0.473, 0. ?6@\0 ~75
DBP D 514 (0. g& 0%596\ —0.3
Heart rate 2.0
LDL-C O \%oév n ?43} —6.5
HDL-C \ 506, 0.799) 6.9
logTG \“p?\ 0(\9504 (0.482, 0.758) ~37
FFAs 32" 0% 0586 (0.463,0.741) —9.9
IDgUA 0\3 0\13( 0.649 (0.518, 0.815) 11.1
@ \ 0.631 (0.504, 0.790) 5.3
6\\\\13 {d&:ﬂn EPI) 0.632 (0.505, 0.791) 5.6
\090 Q E-lght 0.579 (0.461, 0.727) ~12.4 |
O BMI 0.578 (0.460, 0.726) —12.8
Hematocrit
Albumin 0.696 (0.555, 0.873) 25.5
Uric acid 0.693 (0.553, 0.869) 24.6

Inzucchi et al., Diabetes Care 2018
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Complicanza frequente, spessoegaﬁé%cg;
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0\390 afche mediante nuovi meccanismi d’azione,
\consentlrne una migliore e piu semplice gestione

» Cause principali: ms %ge{é?oduzmne di EPO e deficit di

Approcmo&ghéb%qka@o attuale come nella CKD non diabetica

Gli @t@%ﬂéi@corso e le derivanti informazioni su efficienza e
\“s?c?q\e@ka di nuovi agenti in grado di migliorare l'eritropoiesi,

potrebbero
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