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v'The “Anemia of Chronic Disease” (ACD):
prevalence and importance.

v'ACD pathogenesis (role of hepcidin).

v'ACD diagnosis (DD with Iron Deficiency Anemia —
IDA).

v Treatment (future options).
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Anemia of chronic diseases (ACD)

v’ Cytokine-driven, multifactorial Disease, | emereen
Condltlon prlmarlly found In Associated Diseases pEéi%Tﬁﬂ
patients with diseases involving percent

. . . . Infections (acute and chronic) 1895510
chronic Immune activation Viralinfections, including human
. . . . immunodeficiency virus infection
(infections, malignancies and T —
auto-immune disorders), -
Cancert 30_7791214
. . Hematologic
v most frequent anemiain Solid tumor

Autoimmune g—713215.16
Rheumatoid arthritis

hospitalized patients.

Systemic lupus erythematosus
and connective-tissue diseases

v' Often neglected, aggravated by Vasculits

Sarcoidosis
therape UtIC measu res (I . e . Inflammatory bowel disease
. Chronic rejection after solid-organ trans- 8701719
radiotherapy, chemotherapy) plantaton g

Chronic kidney disease and inflammation  23-502%22

Weiss G, N Engl J Med 2005
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Evaluation of anemia in the adult according to the mean corpuscular volume

| Anemia detected on CBC |

¥

Evaluate MCV and lock for other "flags™ on CBC report for
presence of abnormal RBCs, or examine peripheral smear

MCV low J§

Minor population of ¥
microcytic RBCs present

(<80 fL) [*

¥

= Low Fe
= High TIBC
= Low ferritin

= Low Fe
= Normal or low TIBC
= Normal or high ferritin

v

Minor population of
macrocytic RBCs present

v

+ | MCV increased

l (80 to 96 ﬂ_}l

Requires additional testing, such as:
® Examination of peripheral
smear for abnormal RBCs

= Any TIBC

ferritin

= Normal to high Fe

= Normal to high

= Presence of hemaolysis

(ALDH, dindirect bilirubin, v haptoglobin)
= presence of blood loss
= Bome marrow suppression

(low reticulocyte response)

» Renal insufficiency (elevated creatinine)

> (>100L)
[

v

v

v

= Dysplastic
features present
= Cytopenias present

= Serum B12
and folate levels

= Methylmalonate

Other causes:
= Increased

reticulocytes

v

v

Irom deficiency:

determine cause

Anemia of chronic disease:
infection, inflammation,
or malignancy

= Irgn overload present
= Siderocytes on
peripheral smear
= Sideroblasts on
bone marrow

v

= Teardrop red cells
= Target cells
= Splenomegaly

= Positive family history

!

Sideroblastic anemia:
determine cause

Alpha or beta thalassemia:
perform hemoglobin

electrophoresis

+ (if needad) ® Liver disease
= Homocysteine = Hypothyroidism
Myelodysplastic (if needed) = Drugs
disorder I
v v
= Low B12 = Low folate
= Elevated = Narmal
methylmalonate methylmalonate
= Elevated = Elevated
homocysteine homocysteine

v

v

B12 deficiency:
determine cause

Folate deficiency:
determine cause

CBC: complete blood count; MCV: mean corpuscular volume; RBCs: red blood cells; Fe: iron; TIBC: total iron-binding capacity (transferrin); LDH: lactate dehydrogen=ce

Anemia Milano, REL, 20 Aprile, 2016
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Relevance of ACD: lesson from cardiology

Anemia in HF: multiple concurrent mechanisms

Malnutrition Inflammation

- Anorexia: <50% intake Cytokines, IL-6, IL-1, TNF-a
Malabsorption: Blunted responses to EPO

- (P;Lluesgmt?ind Apoptosis of erythroid progenitors

- PP, PO, ers - : i

- CK/Hepcidin Absolute Anaemia of E'JE‘E:?Q ;EI:;ZH malabsorpion
Gl losses iron chronic

- Anfi-platelets deficiency disease
= Anti-coagulants
- Mucosal integrity

eGFR: =30 mL/min EPO Other Haemodilution
Cytokines deficiency causes ACE-l and ARB:

Hepcidin
i -¥ EPO synthesis
- Erythroid progenitor cells

Ble A. st al. Arch Int Med 2005;165:2222-7.
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Anemia (whatever the cause) is not an innocent

bystander — Data on Pts. with Heart Failure

Kaplan-Meyer survival curves in ambulatory HF patients according to anemia status

A 100 Total Baseline Population (n=6159) B 6-Month Follow-up (n=1393)
Without Anemia (n=5101) 100,
. 18.6% # 80-
3 60- =
> 3 60
S With Anemia (n=1058) =
c 40- g 40. No Anemia (n=860)
7 > Resolved Anemia (n=143)
=] === _|ncident Anemia (n=210)
204  Log-rank p<0.0001 2 20| l— Persistent Anemia (n=180)
chi-square = 227 Log-rank p<0.0001
0 chi-square = 81.2
0
0 1 2 3 4 5

0 1 2 3 4 S

Years

Years

Persistent anemia significantly associated with mortality
Tang WH, J Am Coll Cardiol 2008
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FAIR-HF: study design

* Main inclusion criteria:
— NYHA class Il/lll, LVEF <40% (NYHA II) or <45% (NYHA III)
— Hb: 95-135 g/L
— Iron deficiency: serum ferritin <100 pg/L or <300 ug/L, if TSAT <20%

* Blinding:
— Clinical staff: unblinded and blinded personnel
— Patients: usage of curtains and black syringes for injections

Correction phase* Maintenance phase

Ferric carboxymaltose, n=304

200mg i.v. iron 4-weekly

200mg i.v. iron weekly

Week 26

Screening safety evaluation

* Total dose required Tor
repletion calculated using
the Ganzoni formula

Week 24
1°: NYHA and PGA
Normal saline 4-weekly

Normal saline weekly

Placebo, n=155

Hb, hemoglobin; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association;
PGA, Patient Global Assessment; TSAT, transferrin saturation.

Anker SD, New Engl J Med 2009
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RBCs cycle

Steady-state erythropoiesis involves the production
of 200 billion new RBCs/day or 2.4
million/second.

It needs 20-25 mq iron/day in the form of
holotransferrin, that derives from recycling of senescent
RBCs by macrophages (erythrophagocytosis).

Anemia Milano, REL, 20 Aprile, 2016 DG 8



IRON “"ECOLOGY”

Splenic macrophages
~600 mg

Fe3+ | FERROPORTIN

[Plasma Transferrin]

=20 mg/day

rythroid precursors
in Bone Marrow

4‘_—LA:
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ACD pathogenesis (cytokine-driven A hepcidin) - 1

Liver 1000 mg
Splenic macrophages

~600 mg

FERROPORTIN

Plasma Transferrln]

=20 mg/day

Anemia Milano, REL, 20 Aprile, 2016 DG 10

% rythroid precursors
in Bone Marrow
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ACD pathogenesis (cytokine-driven A hepcidin) - 2

Liver 1000 mg
Splenic macrophages

~600 mg

Fe;\ FERROPORTIN

|rculat|ng RBCs
[Plasma Transferrin] =2 g

: @ ANEMIA

\ 1
\ /

rythroid precursors
in Bone Marrow

&‘_—LAﬂ
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IL-6 mediates hypoferremia of inflammation
by inducing the synthesis of the iron

regulatory hormone hepcidin

800+

600 -

400

IL-6 {(pg/ml} I»

200+

1000 -

300 -

100 -

30- P<0.001 P<0.001

P < 0.001

Hepcidin (ng)/creat (mg) &

Oh 3h 2h
inf after

Anemia Milano, REL, 20 Aprile, 2016

24 h

o
N
10 1 N
P=<0.001
5 : . :
Dos-
U,5 | EEEE R .
Qosl S .
o3l TN
@ .
L 0.2, o—o\.\:g
0.1
P <0001
0.0 : :
Oh 3 h 2h
inf after
DG 12
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HEP-(atic) CIDIN (antimicrobial)

« small (25 aa) peptide

e defensin-like (innate
Immunity-related

peptides with natural
antimicrobial acitvity)

Anemia Milano, REL, 20 Aprile, 2016

RS C CGCCHRSKCGMCCKT

Ganz T, Physiol Rev 2013
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Hepcidin indirect antimicrobial activity by reducing iron
availability to invading pathogens

hepcidin

FERROPORTIN

"8 UNIVERSITA pEci STUDI|D| VERONA
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Hepcidin indirect antimicrobial activity by reducing iron
availability to invading pathogens

([ XXX

essential ,,~ <+ . essential

®/ o
® | o
o o
9

iron sequestration into
macrophages

FERROPORTIN
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Serum hepcidin levels in different chronic disorders

L ]
4000 - .
3000 -
2000 -
Y/ o~ * o ° Y/
-—_,g 1000/ - Z
"g“-, [ ]
= 800 - -T- o
T ry o
Q
2 600 -
= ®
£ _
S 400 -
QD
(1)}
2001 9
o L S S

NL CRP MM ACKD PCKD IDA

n =24 47 22 31 47 19
Ganz T, Blood 2008
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ACD

pathogenesis

hepcidin-induced

“macrophage block” —
Iron-restricted
erythropoiesis — major
contributing factor

( + cytokine-driven 4 EPO
activity and { proliferative
capacity of RBC
precursors)

Weiss G, N Engl J Med 2005
Weiss G, Semin Hematol 2015

A )~ 3 il B F . 4
\ o Lipopolysaccharids Liver f
Mif.'morga isms, popaty
| S alferaence of malignant Yais f I
%

~ cells, or auteimmune
J dysregulallun

Immune e [feclor r
mechanisms |

/ ) Hepeid

| Hepeiclin

Interferan-y

il Decreased Fe®*
absarption

egradation and
M\ yosis of senescent

£ Divalent metal
{§f [ transporter 1

-3 o
= Q9

g &

Er:rthrc-lcl
progenitor cell




A fully human anti-hepcidin antibody modulates iron metabolism

in both mice and nonhuman primates

Day: 0

* Fully human anti-hepcidin
Abs have been generated for
use as a potential therapeutic

to treat Al.

ESA + Ab

The mechanism of action was

shown to be due to an

-5 mg control Ab I control Ab

increase in available serum
iron leading to enhanced red

cell hemoglobinization.

Cooke KS, Blood 2013

- 5 mg control Ab + ESA
-9 mg 12B9m
= 3 mg 12B9m+ ESA

[l control Ab + ESA
£ 12B9m
Bl 12B9m+ ESA

Hb (g/dL)

Ab Dose (mg/mouse)

VERSITA pEGL STUDI[DI VERONA
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ACD diagnosis

v Anemia AND clinical/biochemical evidence of
Inflammation.

v’ Key problem: exclude other causes of
anemia, especially concomitant Iron Deficiency
Anemia (IDA), as:

a) The association is frequent
b) Treatment is different

"2 UNIVERSITA pecu STUDI[DI VERONA
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Patients with ACD (i.e RA or IBD) often also have iron

deficiency (correctable)

Anorexia

Malnutrition Inadequate
dietary intake

Upper Gl blood losses | NSAIDs
Antithrombotic

drugs
IBD (by itself)

Malabsorption PP

Antithrombotic
drugs
IBD (by itself)

Busti F, Front Pharmacol 2014 (adapted)

Anemia Milano, REL, 20 Aprile, 2016 DG 20 3 UNIVERSITA DEGLE STUDI[Dl VERONA




(Complex) algorithm for differential diagnosis of

IDA, ACD/IDA, or “pure” ACD

Haemoglobin <130 g/l in
males or 120 g/l in females

|

Biochemical or other evidence
of inflammation

|

Transferrin saturation <16%

Exclude other causes of
anaemia

Ferritin
normal/increased

Ferritin reduced and I Ferritin normal |
MCH <27 pg
sTFR/log sTFR/log
ferritin ratio ferritin ratio
raise oW OR
hepcidin hepcidin raised
normal
) \’
IDA ACD/IDA

.

Anemia Milano, REL, 20 Aprile, 2016

ACD

DG 21

Ferritin, classical IDA
biomarker = (acute phase
reactant)

Controversy on the cut-off
value defining “increased”
ferritin (i.e. iron not beneficial)

e 100 ug/L ? (Weiss G, NEIM
2005)

o Pts. with HF or cancer
respond to i.v. iron also
with ferritin up to 300 (HF)-
800 (cancer) ug/L

Algorithm requires serum
Transferrin receptor
(STFR, not universally

available)
Cullis JO, Brit J Haematol 2011
Anker SD, New Engl J Med 2009

NCCN guidelines (2015)
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Hepcidin measurement in clinical practice. A

decalogue for the hematologists

ecklist before ordering the assay

Ensure local availability of a
validated assay

Comments
See text and
Supplementary Table 1

References
(19)

Ensure control of pre-analytical
conditions (including diurnal
rhythm)

See text

(8, 25, 26)

Refer to age- and sex-specific
ranges

Significant differences
between males and
females, particularly during
fertile period.

22, 23)

Interpret hepcidin value into a
minimum laboratory context (CBC,
ferritin, transferrin saturation, CRP,
serum creatinine, liver function
tests).

See Figure 1

Be aware of many potential
confounders/comorbidities in the
individual patient

See Figure 1

promising applications
Evaluation of suspected IRIDA

Virtually diagnostic in an
appropriate clinical context

41, 42)

Girelli D, Blood 2016

Evaluation of iron overload
disorders

Diagnosis of concomitant iron

deficiency in patients with anemia

of chronic disease

Guide for iron therapy

e.g.: ferroportin disease
due to hepcidin resistant

Promising reports in
rheumatoid arthritis,
inflammatory bowel

disease, and African

e.g.: selection of patients
for direct 1.V.
supplementation; oral
administration in children
from developing countries
with high prevalence of
infectious diseases (see
text)

(34, 37, 45,
46, 48, 49)

(53, 62, 66,
67)

(6, 50, 52-
54, 62)

10.

Monitoring of treatments targeting

the hepcidin/ferroportin axis

To be confirmed by further
studies

(69)

Anemia Milano, REL, 20 Aprile, 2016
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Hepcidin-25 (only iron-active isoform) assays

' 1y

MALSSQIWAACLLLLLLLASLTS}GSVF PQQTGQLAELQPQDRAGARASWMPMFQRRRRRDTHFFICIFCCGCCHRSHCGMCCKT

— —
-

— —
i}

—
- - -

Signal peptide Pro-region (aa 25-59) Hepcidin—20

(aa 1-24) \ y
—&“ 1 " Hepadin-22
7}{(‘ Hepcidin—25

Pro-hepcidin (aa 25-84) Kulaksiz H, Gut 2604

ELISA: Ab cross-reacting with smaller inactive isoforms (total hepcidin measured)

Hepcidin 20 o
Hepcidin 22 Hepcidin2p
2191.7+H

(2]
2
=

[72]

[

D
b

[

l 2435.3

m/z
Mass-Spectrometry based assay: highly specific in distinguishing hepc-25

Castagna A, J Proteom 2010
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Clinical conditions influencing circulating hepcidin levels

i | J {l

“ s {u b
- =}
- T
L GFR RBC 155 laral Fon Replete iron Genetic factors Infectious/inflammatory
CKD transfusions®®  administration29.20)  stores(!) (TMPRSS6 Diseases/® 2853

Dialysis!"".16) \ j variants) 40.71)

@ hepcldln @
© S, @ e @ Estrogens(™

= ; E/@gb

\

“% [] &
o Tastostaruna{“}
Ineffective/expanded Anemia/hypoxia Erythropoiesis Chronic liver disease Alcohol Chronic Genetic factors
erythropoiesis(334.35 (particularly stimulating with | synthetic abusel™ HCV (variants in HH
IDA) {15.62.72.73) agents™ Function™® Infection™”  genes) (29.4546.49)

Girelli D, Blood 72016
"2 UNIVERSITA pEGL STUDI[PY VERONA
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Serum Hepcidin levels are suppressed in IDA

300
.
.
200 -
100 -
3
0

NL HH-UN HH-TX JH
n = 24 5 8 6

Less influenced by concurrent inflammation as compared to ferritin (suppression tends to prevail)

Ganz T, Olbina G, Girelli D et al. Blood 2008
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100.0+ —==_) e

serum hepcidin
(nmol/l)

|7
.
|
|
Sensitivity

A A

no anemia [IDA IDA/ACD ACD

| hepcidin pts. may benefit from iron

van Santen S, Arthritis & Rheumatism 2011

Anemia Milano, REL, 20 Aprile, 2016

Low hepcidin levels allow detection of concurrent iron
deficiency in anemic patients with Rheumatoid Arthritis

1,0~

08—

L
L 4]
1

3

0,0~

w— Hepddin (AUC 0.92)
- =Ret-Hgb (AUCO0.75)
----- RBC-Hgb (AUC 0.80)

0.0 0.2

DG 26

1 N I ¥ 1 N
0.4 0.6 0B 1.0

1-Spedfidty
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Low hepcidin levels allow detection of concurrent iron

deficiency in anemic patients with IBD

Serum Hepcidin in Inflammatory Bowel Diseases: Biological
and Clinical Significance

Gaetano Bergamaschi, MD,* Antonio Di Sabatino, MD,* Riccardo Albertini, MD,” Filippo Costanzo, MD,*
Marco Guerci, MD,* Michela Masotti, MD,* Alessandra Pasini, PhD,* Alessandro Massari, MD,*
Natascia Campostrini, MD,* Michela Corbella, MD,* Domenico Girelli, MD,* and Gino Roberto Corazza, MD*

TABLE 2. Serum Hepcidin-25 Concentrations in
Different Groups of IBD Patients and Controls

Study Population (N) Serum Hepcidin, nM P
CD (22) 2.43 (1.38-4.29) NS
UC (32) 1.33 (0.85-2.06) —
IBD, quiescent disease (28) 1.58 (1.05-2.40) NS
IBD, active disease (26) 2.35(1.28-4.29) —
Nonanemic IBD (28) 1.70 (1.10-2.63) NS

IBD with anemia (26) 1.86 (1.05-3.31)
[DA (9) A 0.21 (0.19-0.23)

DA + Al (4) 1.06 (0.01-4.61)
Al (7) 7.61 (2.15-23.94)

Bergamaschi G, Inflamm Bowel Dis 2013

DG 27 "R UNIVERSITA peGui STUDI[p| VERONA
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The MOST promising application of hepcidin assay

(from a global health perspective)

e |.D. major health problem in children
from low-incoming countries.

* The “Pemba” trial: “routine” iron
supplementation is not the solution, but  Mortalty R
rather can T mortality due to infections. | |

s |ron and folic acid
ams=a [ron, folic acid, and zinc
= Control

0-010

0.005
Sazawal S, Lancet 2006

* Hepcidin is the major predictor of RBC 0 200 400 2
iron incorporation in anemic African
(Gambia) children, indicating iron
utilization for children’s growth rather
than for the growth of infectious agents.

%)

5"Fe incorporation |

] ]
01 1 10 100
Hepecidin (ng/mL)

Hepcidin as a point-of-care index guiding
“safe” and effective iron therapy

Anemia Milano, REL, 20 Aprile, 2016 DG 28


http://www.actionaid.it/it/FORM_ADOZIONE/adozione_form.html�

Hepcidin (ng/ml)

1000

100

10

0.1

0.01

Different TypeBs of Anemia in African Children

P<0.0001

Iron deficiency
anemia inflammation
(n=159) (n=139)

Anemia of

Sensitivity

Expression of the Iron Hormone Hepcidin Distinguishes

1.00
0.754
0.50 1
Gambia-2001:
AUCROC 087
025
Tanzania-2008:
f— AUCROC 088
0.001 T T T T T
0.00 0.25 0.50 0.75 1.00
1-specificity
A B
3
60 P < 0.0001 -
- .
2
™ o

Pasricha SR, Sci Transl Med 2014

Erythrocyte 57Fein corporation (%)

20

Sensitivity
0.50
1

0.25
1

Gambia-2003:
AUCROC 090

. : S
=
Hepcidin Hepcidin 0.00
> 5.5 ng/ml < 5.5 ng/ml
(n=13) (n=12)
DG 29
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ACD- therapeutic options

d “pure” ACD: treat the underlying
disease

d Concomitant IDA: correct with iron
supplementation

d Anti-hepcidin strategies

Anemia Milano, REL, 20 Aprile, 2016 DG 30



Pharmacology of hepcidin

(&)

cd 5
—_ shis
FRESS é:-u
e
b4

TfR1 >

The pathophysiology and

N

pharmacology of hepcidin

Table 1. Principles of hepcidin-targeting therapeutic approaches

Therapeutic | Targeted disease Mode of action Agents
approach

Hepcidin Iron overload (hereditary Hepcidin mimics

agonists hemochromatosis and iron-loading Stimulators of hepcidin production
anemias)

Hepcidin Iron-restricted anemias (anemia of Suppressors of hepcidin production

antagonists  inflammation, anemia of chronic kidney

disease, anemia of cancer, IRIDA)

Hepcidin peptide neutralizing binders

Agents interfering with hepcidin—
ferroportin interaction

*httpuiirisispharm.com/phoenix.zhtml?c=222 170 &p=irol-newsArticle&lD=18282848& highlight=
hhttp'.-'.-"u'."u'."..'.'.l:‘.li nicaltrials. gov/ct2/show/MNCT 01340976

(8)

BMPs

IL=6like
cytokines

Smad1/5/8 ¢
pathway Stat3 Smad1/5/8
pathway pathway
Hepcidin \ /

Hepcidin
transcription

transcription

Minihepcidins [47]

Gene silencing of TMPRSS6 [50,51]
BMP pathway agonists [52]

BMP pathway inhibitors [54,56,74]
Anti-inflammatory agents [60-62]
Erythropoiesis-stimulating agents [65]
Gene silencing of hepeidin and its regulators
[66]°

Anti-hepcidin antibodies [67]"
Anticalins [68]

Spiegelmers [69]

Anti-ferroportin antibodies [71]

Thiol modifiers [72]

Ruchala P & Nemeth E, Trends Pharmacol Sci 2014

Anemia Milano, REL, 20 Aprile, 2016 DG 31
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Oral abstracts at ASH 2015

. 57th Annual Meeting & Exposition
‘! ASH Orlando, FL - December 5-8, 2015

537 Phase 1 Study of a Hepcidin Antagonist, LY2787106, in Cancer-Associated
Anemia-

273 ALK2 Inhibition Via TP-0184 Abrogates Inflammation-Induced Hepcidin
Expression and Is a Potential Therapeutic for Anemia of Chronic Disease

536 A Phase | Study Investigating the Safety, Tolerability, Pharmacokinetics and
Pharmacodynamic Activity of the Hepcidin Antagonist PRS-080#022. Results from
a Randomized, Placebo Controlled, Double-Blind Study Following Single

Administration to Healthy Subjects?®-;

& UNIVERSITA DEGLI STUDI[PY VERO! A
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Conclusions/Take-nome messages

v'Hepcidin, which stands at the crossroad
between iron metabolism and the immune
system, plays an important role in ACD.

v'Hepcidin measurement is a promising tool for
distinguishing concomitant iron deficiency
(possibly correctable) in anemic patients with
chronic inflammatory disorders.

v'In a near future, hepcidin antagonists may help
In increasing Hb levels in ACD patients.
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The Verona Interdisciplinary group on Iron Disorders

GIMFer

AOUI VERONA ,\b\
P gud™

http://www.gimferverona.org

Participants Units

1. Internal Medicine ,* ,* y c
. | | nllpfinl N -~ 7,
2. Clinical Chemistry & Molecular Biology ’ th S84 Meisters il Titiat
3. Blood Bank / Transfusional Service eietnon
4. Radiology FONDAZIONE
5. Pathology Cartverona
6. Gastroenterology @
Paolo Bozzini, Fabiana Busti, Paola Capelli, Annalisa REG[;JNEEQLVENETO
Castagna, Michela Corbella, Massimo Delledonne, Giorgio
Gandini, Alejandro Giorgetti, Giacomo Marchi, Oliviero DELUUNIVERSITA E DELLA RICERCA

Olivieri, Roberto Pozzi-Mucelli, Monica Rizzi, Alice
Vianello, Luciano Xumerle.
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http://www.bioiron.org
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http://www.bioiron.org/�
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