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Definition

« Reduced RBC mass (& 28-35 mi/kg; @ 23-30ml/kg) (not routinely
available in standard practice)
* Decreased hemoglobin concentration in peripheral blood
« WHO : & < 13g/dl; @ <12g/dl (adults)

* Practical: Hb below the reference value (of the performing
laboratory) for age and sex matched reference population of healthy
controls
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Red blood cell indices
Parameter | Adultd |  Adult | Unit _

Hemoglobin (Hb) 14,0-18,0 12,0-16,0 g/dL
Hematocrit (Hct) 41-53 37 —47 %
RBC-count 4,50-5,90 3,90-5,60 10M2/L

I MCV (mean corpuscular volume) 80-98 76,0-96,0 fL
MCH (mean corpuscular hemoglobin) 26,0-34,0 27,0-32,0 Pg

g y MCHC (mean corpusc. Hb concentr.) 31,0-36,0 30,0-35,0 g/dL
RDW (red cell distribution width) 11.6 - 14.8 11,7-14,5 %

) Het=x/y  Reticulocyte count 20-100 1079/L

acked cell volume) Retjculocyte count 0,5-2,0 %
Only a few parameters are measured (Hb, RBC number, MCV): others are calculated
= RDW: measure of anisocytosis

Reticulocytosis: absolute reticulocytosis is preferable to relative; “corrected reticulocyte count” as alternative
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Red blood cell parameters are relative and influenced
by volume shifts

Dehydration, In case of

) L 3d after major Fluid
exercise, significant

bleeding, Vochtexpansie | expansion and
blood donation EPO in riders

diuretics and bleeding,
fasting blood donation

Plasma volume ! ! 1 to normal 1 1
RBC Mass — ! l = T
Result Hb 0 = ! ! =
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Red blood cell parameters are age-related

hemoglobin (g/L
emoglobin (g ): nae * Neonate: higher Hb (in utero!)

 Elderly: is “anemia of the
elderly” a specific biological
entity?

neonate

female

| | I | :I I I 1 | | I I I
1T 2 3 1 5 10 20 30 40 50 60 70
months years

age
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Epidemiology

« Worldwide

» 30% of the population

. 3 < Q

 Children > adults

* [ron deficiency,
hemoglobinopathy, anemia of
chronic disease, malaria, other
tropical diseases (hookworm,
schistosomiasis,..)

 Western world

.8<9

e Children < adults

* |[ron deficiency, anemia of chronic
disease, (hemoglobinopathy, 1)

y

Y4
LEUVEN

KU LEUVEN




Anemia

« Often managed by non-hematologists (GP, other specialisms, ...)

* On hematology wards or day care units: highly selected types of anemia
* myelosuppressive therapies
* bone marrow failure (MDS >> aplastic anemia >> inborn errors, ...)
* bone marrow infiltration by hematological neoplasms
............... but common causes of anemia can confound the picture

« Consultative hematology on non-hematology wards
* Much wider spectrum of etiologies, much less enriched with above entities
* More complex and multifactorial etiologies

Ty | KuLEUVEN



Erythropoiesis: ~0.2 x 102 erythrocytes/day

Bone marrow Peripheral blood
< > >
Erythroid precursor maturation (3 weeks) 120 days
0*0*.*04» o3 )-@
[}
. . Orthoch ti ;

Megakaryocyte— Proerythroblast Basophilic Polychromatic ery?[ﬁn;gln;:tlc Nucleus Reticulocyte  RBC
erythroid (pronormoblast) erythroblast erythroblast ) 5rmoplast) extrusion
progenitor (normoblast) (normoblast)

Maturation time | —» Nuclear maturation
| - MCV
Hb formation | Cytoplasmic development
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Cytoplasmic maturation = formation of Hb

« 4 globin chains (2 x 2)
J [EmbryoniC g.€5, 950y, 8292]
« Fetal: HbF (a,c,)

Transferrin

* Adult: HbA (a,,) >> HbA2 Transfern
(a5d5), HOF (ayys)
* 4 heme molecules i
* 4 protoporphyrin molecules e > * Lead poisoning
‘ oo some forms

° 4 X F92+ N _ . r" it emog of porphyria

Sideroblastic
anemias

 Deficiencies of these three building
blocks result in decreased
production of Hb, thus decreased
MCV and microcytic anemia

Coproporphyr-ino en

Uropor-ph-yrinogen

;r» uz
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Nuclear maturation: takes about 3 weeks

Normocytic

Normal nuclear maturation

Maturation time = normal

Normal cytoplasmic development
ytop E Cytoplasmic development = normal

Normal nuclear maturation Microcytic

Maturation time = normal
Iron deficiency, thalassemia Cytoplasmic development = impaired

LEUVEN
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Nuclear maturation: takes about 3 weeks

Normal nuclear maturation Normocytic
Maturation time = normal
Normal cytoplasmic development Cytoplasmic development = normal

« DNA metabolism of the maturing erythrocyte
* Vit B,
* Folic acid Impaired nuclear maturation (vitamin B, folate, ...) Macrocytic

« Chemotherapy, folinic acid anta

Maturation time = prolonged
Cytoplasmic development Cytoplasmic development = prolonged

* Impaired nuclear maturation prolongs erythrocyte production and cytoplasmic
maturation, increasing MCV

* Other causes of 1 MCV (influence on maturation time (?))
 Alcohol misuse
 Liver disease
* Hypothyroidism
* Myelodysplastic neoplasms (see below)
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Other causes of impaired ervthropoiesis

Normal nuclear maturation Normocytic

Maturation time = normal
Normal cytoplasmic development Cytoplasmic development = normal

Anemia of chronic disease

Erythropoietin deficiency (kidnev failure)

Non-specific suppression
of erythropoiesis

Normal nuclear maturation
Cancer

Normal cytoplasmic development

Mostly normocytic, normochromic to hypochromic

Maturation time = normal
Cytoplasmic development = normal

Hormonal influences

LEUVEN KU LEUVEN
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Yan Yu, 2012 (www yanyu.ca) |

Anemia

(Average MCV, CBC, and reticulocyte count assists with diagnosis!)

T

Microcytic
(MCV < 80fL)
[l' heme or globin synthesis)

Normocytic
(MCV 80-100fL)

Lead poisoning (RBCs lost, or less RBCs produced)

Macrocytic
(Mcv > 100fL)
(+DNA synthesis, 4 cell division)

(basophillic //\ AN
stippling, Rule out Reticulo i
i Normal/high WBC cytosis
sideroblasts) ormal/hig y Low WBCs {T #s of reticulocytes in blood, due to hemolysis or
/\ acute bleeding, may T Mcv)
Iron deficiency //\
(Ferritin low, Reticulocytes: High
Fe low, TIBC high, Fe/TIBC Low/inappropriately  reticulocytes High Low/normal Normal blood smear Abnormal blood
<18%, normal (Polychromatic  reticulocytes reticulocytes —»Drugs (can often mimic smear Dysplasia (i.e.
Low retics - T w/ Tx, macm':}“e-":' (marrow is fine) B12/folate deficiencies) Myelodysplasia —
hypochromic RBCs, spoon Anemia of Chronic g,"f;g;“;fggj‘}d bi-lobed
nails, pica, stomatitis, disease/inflammation cmear! neutrophils)
glossy tongue) (Ferritin high, - Splenomegaly/ —Marrow aplasia, )
Assoc wy/ celiac Fe low, TIBC low, Fe/TIBC  ~>Early Fe deficiency en 0 suppression, or Oval macrocytes, RBCs in Rouleaux
. >18% (low-normal)) >l Eero (Hypothyroid {»L Hypersp den;sm (1 infiltration Hyper-segmented formation (multiple
Thalassemia TSH), renal failure) and 2°) (pancytopenia) neutrophils, low retics myeloma) —false T in MCV
MCV <73fL {very low!) = Cancer (i.e. multiple —>B12/Folate deficiency (but T after T), due to RBC agglutination
Ferritin/Fe/TIBC all normal, myeloma) pancytopenia,
Mediterranean/African/SE Asian >Pregnancy (RBC dilution) megaloblastic anemia in .Targe_t cells, norma_l WBCS
marrow —»Liver disease (more lipids in RBC
Abnormal Hb membrane)
N THb?I%I'bA HbE (unstable I, \| /\
orma - .
>p-thal eiobmmurn) NormalRBCs:  RBCsph Ab IRBCs Low REC folate, Low Serum B12
e or orma : C sp erocytes/ Abnorma > High Hey only High Hey, high MMA,
T T HbH (B4), HbH =Acute bl.eed schlstot_:.y'tes: ||'.|farct spleen = (alcoholic?) (red tongue)
bodies, worse —hemolysis H—)Au;(.)tlmmur;]e orc‘”rt . Sll:;llde I::ells,l'lta.irfle‘t Folate deficiency, T B12 deficiency,
anemia ereditary spherocytosis cells, howell-jolly : .
THbA2, ' HbF, i - =»Microangiopathic bodies need, malabsorption malabsorption, T need Corrected w/ IF
NO HbA: —HbH disease (3 « re i
H I . globin gene hemolytic anemia —*Hemoglobinopathy /\ (pernicious anemia:
emalysis ; : tibodies against
) ) deletions) (MAHAJ: DIC, TTP, HUS  (HbS, HbE, HbC) an ga
triad, erythroid (HbE can be microcytic) Not corrected w/ IF IF/parietal cells)
bone expansion T HbH (B4)
Sp-thal major >o-thal trait (2 a- ob parasites
i 4 a-globi -
globln.gene a. glo _|n gene In =50yr old with normocytic/macrocytic No terminal ileum
deletions) deletions = hydrops A . . o , L .
fetalis; Hb Barts (ya)! anemia, high calcium, bone pain, renal (Crohn's, celiac,  deficiency,  pancreatic disease Low stomach acid
EEa— issues/low albumin 2 multiple myeloma resections) T need, (no proteases) (esp in elderly)
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Diagnostic approach to anemia

[ Low Hemoglobin J

v v v

4 A e >
Low MCV (<80) [ Normal MCV (80-100) ) High MCV (>100)
* Thalassemia [ Megaloblastic
* Anemia of chronic disease + ¢ * Brdeficiency
* [ron deficiency « Folate deficiency
* Lead poisoning High reticulocyte Low reticulocyte * Drugs that impair DNA
+ Sideroblastic anemia Increased destruction (retics >2-3%) Decreased production (retics <2%) synthesis (methotrexate,
~ - sulfa, chemotherapy)
l l  Qrotic aciduria
p ¢ § ¢ p ¢ . ¢ Non-megaloblastic
Hemolysis Bleeding Pancytopenia Non-pancytopenia * Liver disease
Inherited * Gl * Aplastic anemia « Anemia of chronic disease | | * Alcoholism
* Hemoglobinopathy (sickle cell disease, . GU » MDS « Renal/liver disease * Reticulocytosis (see
thalassemia, unstable Hb) « Other « MF » Red cell aplasia high reticulocyte, on left)
* Membrane (spherocytic) o Leukemia * Hypothyroidism
» Metabolic (HMP shunt, glycolytic pathway) « TB & MDS )
Acquired * Amyloidosis, sarcoidosis
* Immune (Coombs positive, drug-related, * Drugs (e.g. chematherapy)
cold agglutinin) * BMinfiltration
* Infection (malaria) _* PNH )
* MAHA/TMA (DIC, TTP, HUS, HELLP)
*» Oxidative/drug-related
k. Prosthetic heart valve / HMP =hexose monophosphate

Approach to anemia - classification by MCV Source: Toronto Notes 2021




Diagnostic approach to anemia

« CBC + absolute (!) reticulocyte count

{ Anemia ]
{ v
Reticulocytes not increased: Reticulocytes increased:
« anemia with inadequate erythropoiesis anemia with adequate erythropoiesis

!

[ 1 | )

Anemia recovering after
bleeding, iron or
vitamin deficiency, ...

Shortened RBC survival:

Microcytic hemolytic anemia

Normocytic Macrocytic

e
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“ Thyroid

G Adrenals
-

VitB,, {

Testes

(Toetcencies ) | ol aci
\_ Trace elements

(hsssema) | 2" ™~ 7
_ B-globin

| Lead polsoning | -
- Protoporphyrin

/

Hypersplenism

end of life ’ - ’ P2 sensor
@ Intestinal bleeding =

menstruation, ...
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e
i) Ot Y
A

TN | KuLEUVEN




IDA versus ACD

Hemoglobin

! MCV normal
MCV/MCH (in proportion to depth of anemia) (MCHC =/limited |) *
serum iron ! !
Total iron binding capacity 1 !
transferrin &
Ferritin 1 (30 pg/L) =or
Transferrin saturation <20% >20 %
Iron in macrophages in bone absent present
marrow
Iron in erythroblasts in bone oA absent
marrow

* In ACD, anemia is normochromic and normocytic to mildly hypochromic and microcytic

&Transferrin binds iron in the serum and thus determines the total iron binding capacity (the total amount of iron that serum proteins can bind)

;fy NSty | KULEUVEN




Iron-restricted
erythropoiesis (IRE)

J

Functional iron
deficiency (FID)

Iron-deficiency
anemia (IDA)

I Anemia of CKD under ESA
' \ inflammation therapy

J J

J
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Glossary

Iron-restricted erythropoiesis

» Areduced supply of iron for the purpose of erythropoiesis, regardless of the level of iron stores, which are
usually replete

Iron deficiency
» Depressed levels of total body iron, especially iron stores, with preservation of levels of erythroid iron.

Iron-deficiency anemia

» Depressed levels of total body iron in the presence of anemia.
» Usually due to loss of iron (bleeding)
* Very rarely Iron-refractory iron-deficiency anemia (IRIDA)

Anemia of chronic disorders or anemia of inflammation

» Multifactorial anemia associated with increased cytokine production, up-regulation of hepcidin, and
abnormal iron homeostasis

Functional iron deficiency

« Insufficient mobilization of erythroid iron in the presence of increased requests, as occurs after treatment
with erythropoiesis-stimulating agents

Camaschella C. Iron-deficiency anemia. N Engl J Med. 2015;372:1832-43 ;fy’ LLJEZUVEN KU LEUVEN



Glossary

Iron-restricted erythropoiesis

» Areduced supply of iron for the purpose of erythropoiesis, regardless of the level of iron stores, which are
usually replete

Iron deficiency
» Depressed levels of total body iron, especially iron stores, with preservation of levels of erythroid iron.

Iron-deficiency anemia

» Depressed levels of total body iron in the presence of anemia.
» Usually due to loss of iron (bleeding)
* Very rarely Iron-refractory iron-deficiency anemia (IRIDA)

Anemia of chronic disorders or anemia of inflammation

» Multifactorial anemia associated with increased cytokine production, up-regulation of hepcidin, and
abnormal iron homeostasis

Functional iron deficiency

« Insufficient mobilization of erythroid iron in the presence of increased requests, as occurs after treatment
with erythropoiesis-stimulating agents

Thomas DW et al. Guideline for the laboratory diagnosis of functional iron deficiency. Br J

Haematol. 2013 161:639-648 I Uz KU LEUVEN
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Table 2. Laboratory Tests for the Measurement of Iron Status in Adults.
Iron Functional Iron-Deficiency Anemia of Chronic
Test Deficiency Iron Deficiency Anemia IRIDA Diseases Normal Value
Current
Iron — pmol [ liter Low Low-normal Low Low Low 10-30
Transferrin saturation — % =16 Low- normal e <10 Low-normal =16to<45
Ferritin — pg fliter =307 Mormal <30 Variable =1003
Men 40-300
Women 20-200
Hemoglobin — g/dl Mormal Mormal Low Low Low
Men =13
Women =12
Mean corpuscular velume —fl Mormal Mormal <80 Very low Low-narmal 80-95
Mean corpuscular hemoglobin — pg Mormal Mormal =27 Very low Low-narmal 27-34
Proposed
ﬁFR— mg/liter] High High High High Luw—nurmam Varies"
sTFRflog ferritin index| MA MA =2 MA =1 Varies
Hepcidin Low Low Very low Marmal-high High Varies"|
Zinc protoporphyrin®# MNaormal High High High High Varies']
Reticulogyte hemoglobin content— pgit <25 <29 Low Low Low 31.2+1.6
%rl's staining of bone marrow for iron Megative Wariable Megative Positive Strangly pnsitiﬁ) Positive
* The value for transferrin saturation in the diagnosis of iron-deficiency anemia is from Beutler and Waalen.™
T The value for ferritin in the diagnosis of iron-deficiency anemia has a sensitivity of 92% and a specificity of 83% according to Goodnough et al?
1 The value for ferritin in the anemia of chronic disease and the combined value for the anemia of chronic disease and iron deficiency are from Weiss and Goodnough.’
§  The value for the soluble transferrin receptor (sTFR), which is shed by the erythroblast membrane in serum, may be useful in the assessment of iron-deficiency anemia, but the meth-
ods used to measure sTFR have been not standardized”
?] Mormal values vary according to the method of measurement used.

The sTFR/log ferritin index has been proposed to distinguish iron-deficiency anemia in the anemia of chronic disease from the anemia of chronic disease alone.!
##* The values for zinc protoporphyrin are used only in screening for or monitoring iron-deficiency anemia..*
+1 Reduction of reticulocyte hemoglobin content is an early sign of functional iron deficiency.*?

Camaschella C. Iron-deficiency anemia. N Engl J Med. 2015;372:1832-43 | UZ KU LEUVEN
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Anemia in chronic kidney disease (GFR < 60ml/min)

* Reduced production due to
* Decreased erythropoietin
* Uremia

* [ron deficiency
» Blood loss (uremia, hemodialysis, blood samples, ...)
* Increased hepcidin (inflammation; moreover, hepcidin is cleared by the kidneys!)

 Shortened RBC survival

 Treatment

« EPO combined with iron supplementation (oral or IV) — even with normal
iron indices (“functional iron deficiency” stricto sensu) GFR < 45ml/min)

;r,» uz
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The iron cycle

« 34 gFe (& > ?Q), with ~2/3 in the
RBC compartment and ~10% in
muscle

e Serum transport: transferrin

« Daily iron turnover: 20—25 mg/day
« 1-2 mg/day intestinal absorption
’ ronloss ‘ « 20-25 mg/day RES recycling
« Stores: ferritin and hemosiderin in
the RES

 |ron absorption depends on iron
deficiency and the rate of
erythropoiesis

~20-25 mg/d

(Fe?*),—transferrin
~3 mg

* No regulated excretion of excess iron

TN | KuLEUVEN



Hepcidin, master regulator of available serum iron

(
i : b
interleukin-6 Fpn | | )
4 * R 3
4 TS C Fpr .
\ (] Nog
‘ ofe 5 .

hepcidin
clearance
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Hepcidin, master regulator of available serum iron

interleukin-6

.

hepcidin
clearance

e |

duodenum

A ¥ |
3 K;\;s macrophage

~ bone marrow

* |Inflammation — IL6
* Hepcidin 11

» Decreased iron absorption and
recruitment from iron stores:
protection against bacterial
infections

Ty | KuLEUVEN




Hepcidin, master regulator of available serum iron

* |Inflammation — IL6
* Hepcidin 11

interleukin-6 S ‘ £
i ° TE @ .

</ | \

» Decreased iron absorption and
recruitment from iron stores:
protection against bacterial
infections

hepcidin
clearance

 ERFE: erytroferrone

Ty | KuLEUVEN



Anemia of inflammation/anemia of chronic disease (ACD)

Inflammatory
stimulus

T Myeloid l

cells

Shift to granulopoiesis

Common

progenitor %
y Hepcidin Decreased erythropoiesis
{Enythroid /, ------------------- Izi;;:)}e_r-r;;\;i; ------------------ g ::\ """"" e \‘\ Llron release cytokines
) ) | iron

precursors

Shortened RBC survival
Erythrophagocytosis

T Erythroph i
I Proliferation rythrop agc:\cytoss
! Erythrocyte lifespan

Bone marrow Blood and iron-recycling macrophages

The NEW ENGLAND
JOUBRNAL o MEDICINE

| UZ KU LEUVEN

Ganz T. N Engl J Med 2019;381:1148-1157
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Anemia of inflammation/anemia of chronic disease (ACD)

* Definition
* Mild to moderate anemia (hemoglobin 7 to 12 /dL) in the context of
systemic inflammation, due to
e normochromic — normocytic anemia
* Epidemiology:
« Together with iron deficiency anemia, the most common form of anemia
worldwide

Ty | KuLEUVEN



Anemia of inflammation/anemia of chronic disease (ACD)

 Typically associated with
» Systemic diseases (rheumatoid arthritis, systemic lupus erythematosus, ...)
* Inflammatory bowel disease
 Chronic infections, including TB and HIV
« Malignancies with B symptoms (HL, NHL, Castleman disease)

e Also contributes to
* Anemia in chronic kidney failure
« Anemia in chronic heart failure

Ty | KuLEUVEN



Table 2. Laboratory Tests for the Measurement of Iron Status in Adults.
Iron Functional Iron-Deficiency Anemia of Chronic
Test Deficiency Iron Deficiency Anemia IRIDA Diseases Normal Value
Current 0\ 0\
Iron — pmol [ liter Low Low-normal Low Low Low 10-30
Transferrin saturation — % =16 Low- normal e <10 Low-normal =16to<45
Ferritin — pg fliter =307 Mormal <30 Variable =1003
Men 40-300
Women 20-200
Hemoglobin — g/dl Mormal Mormal Low Low Low
Men =13
Women =12
Mean corpuscular velume —fl Mormal Mormal <80 Very low Low-narmal 80-95
Mean corpuscular hemoglobin — pg Mormal Mormal =27 Very low Low-narmal 27-34
Proposed
sTFR — mg/liter§ High High High High Low—normal Varies"
sTFRflog ferritin index| MA MA =2 MA =1 Varies
Hepcidin Low Low Very low Marmal-high High Varies"|
Zinc protoporphyrin®# MNaormal High High High High Varies']
Reticulogyte hemoglobin content— pgit <25 <29 Low Low Low 31.2+1.6
Perl's staining of bone marrow for iran Megative Wariable \  Megative ) Positive \ Strongly positive) Positive
* The value for transferrin saturation in the diagnosis of iron-deficiency anemia is from Beutler and Waalen.™
T The value for ferritin in the diagnosis of iron-deficiency anemia has a sensitivity of 92% and a specificity of 83% according to Goodnough et al?
1 The value for ferritin in the anemia of chronic disease and the combined value for the anemia of chronic disease and iron deficiency are from Weiss and Goodnough.’
§  The value for the soluble transferrin receptor (sTFR), which is shed by the erythroblast membrane in serum, may be useful in the assessment of iron-deficiency anemia, but the meth-
ods used to measure sTFR have been not standardized”
?] Mormal values vary according to the method of measurement used.

The sTFR/log ferritin index has been proposed to distinguish iron-deficiency anemia in the anemia of chronic disease from the anemia of chronic disease alone.!
##* The values for zinc protoporphyrin are used only in screening for or monitoring iron-deficiency anemia..*
+1 Reduction of reticulocyte hemoglobin content is an early sign of functional iron deficiency.*?

Camaschella C. Iron-deficiency anemia. N Engl J Med. 2015;372:1832-43 ;r,» Ty | KULEUVEN




Anemia of inflammation/anemia of chronic disease (ACD): the
challenge

» Often elderly patients with several comorbidities

* |[dentify those with concomitant iron-deficiency anemia
« Antiaggregants, anticoagulation
* Frequent blood sampling
« Recent surgery, bleeding, ...7?
* iFob?

Ty | KuLEUVEN



Table 2. Laboratory Tests for the Measurement of Iron Status in Adults.
Iron-Deficiency
Anemia and
Iron Functional Iron-Deficiency Anemia of Chronic Anemia of Chronic
Test Deficiency Iron Deficiency Anemia IRIDA Diseases Diseases Normal Value
Current / N\ / \
Iron — pmol [ liter Low Low-normal Low Low Low L 10-30
Transferrin saturation — % =16 Low- normal e <10 Low-normal Low-nh <20 % |6to<45
Ferritin — pg fliter =307 Mormal <30 Variable =100% =1007F
Men 40-300
Women 20-200
Hemoglobin — g/dl Mormal Mormal Low Low Low Low
Men =13
Women =12
Mean corpuscular velume —fl Mormal Mormal <80 Very low Low-narmal Low 80-55
Mean corpuscular hemoglobin — pg Mormal Mormal =27 Very low Low-narmal Low 27-34
Proposed
sTFR — mg/liter§ High High High High Low—normal Variable Varies"
sTFRflog ferritin index| MA MA =2 MA =1 =2 Varies
Hepcidin Low Low Very low Marmal-high High Maormal-high Varies"|
Zinc protoporphyrin®# MNaormal High High High High High Varies']
Reticulogyte hemoglobin content— pgit <25 <29 Low Low Low Low 31.2+1.6
Perl's staining of bone marrow for iran Megative Wariable \  Megative Positive \WEW positive Positive / Positive
* The value for transferrin saturation in the diagnosis of iron-deficiency anemia is from Beutler and Waalen.™
1 The value for ferritin in the diagnosis of iron-deficiency anemia has a sensitivity of 92% and a specificity of 83% according to Goodnough et al *
1 The value for ferritin in the anemia of chronic disease and the combined value for the anemia of chronic disease and iron deficiency are from Weiss and Goodnough.’
§  The value for the soluble transferrin receptor (sTFR), which is shed by the erythroblast membrane in serum, may be useful in the assessment of iron-deficiency anemia, but the meth-
ods used to measure sTFR have been not standardized”
% Mormal values vary according to the method of measurement used.
|

The sTFR/log ferritin index has been proposed to distinguish iron-deficiency anemia in the anemia of chronic disease from the anemia of chronic disease alone.!
##* The values for zinc protoporphyrin are used only in screening for or monitoring iron-deficiency anemia..*
+1 Reduction of reticulocyte hemoglobin content is an early sign of functional iron deficiency.*?

Camaschella C. Iron-deficiency anemia. N Engl J Med. 2015;372:1832-43 ;fy’ LLJEZUVEN KU LEUVEN




Recommendations for diagnosis, treatment, and prevention of iron
deficiency and iron deficiency anemia

CBC and iron
balance

~ Abnormal Hb

Evaluation of erythrocyte
sedimentation rate and C-
reactive protein (CRP)

levels to assess the
inflammatory status

Serum ferritin ' Serum ferritin

30-100 or >100 ug/L + erythrocyte <15 ug/L (adults, adolescents, children >5 yrs)
sedimentation rate and C-reactive <12 ug/L (children <5 yrs) + erythrocyte
protein level increased compared to sedimentation rate and C-reactive protein level
the normal range ' in the normal range

Diagnosis of IDA +
inflammatory diseases

‘ Diagnosis of IDA ‘

lolascon et al, HemaSphere, Volume: 8, Issue: 7, First published: 15 July 2024, DOI: (10.1002/hem3.108) 'r,v UZ KU LEUVEN

M\l |LEUVEN




Specific contexts

 Anemia in endocrine diseases
* Pituitary insufficiency
* Thyroid dysfunction (Hypo: MCV -/1; Hyper: MCV -/ )
« Adrenal insufficiency
« Hypogonadism (antiandrogens in prostate carcinoma?)

* Therapy: endocrinological treatment

« Anemia in malnutrition/anorexia nervosa/
after bariatric surgery: often multifactorial

- Anemia of cancer n | o |
L : or a subset pattern of anemia or chronic disease, in
* Anemia in the elderly patient combination with other factors ?

« Anemia in HIV infection

Ty | KuLEUVEN



Anemia In cancer

» Before or at diagnosis
* |ron deficiency (occult gastrointestinal blood loss)

« Anemia of chronic disease (inflammatory status, cancer cachexia, nutritional
deficiency, metastases in liver or lungs)

 Bone marrow damage

« Bone marrow invasion by non-hematologic or hematologic malignancy ("myelophtis”,
crowding)

* Intrinsic hematopoietic failure (myelodysplastic syndromes)
 After diagnosis: additional effect of negative impact of treatment
* Frequent sampling
« Chemotherapy
« Radiation
 Nutritional

Ty | KuLEUVEN



Iron deficiency and IDA/AI in heart failure

* [ron is also an essential compound for mitochondrial function

* In patients with HF, ID, with or without anemia,
» reduces QOL and exercise capacity
* Increases mortality
» Correction of ID and IDA in HFrEF with iv iron have become standard in
HFrEF: sole indication for iv iron in ID without anemia
« ESA associated with higher rate of thrombotic events

Ty | KuLEUVEN



Heart Failure

Optimize heart failure management. ldentify and treat co-existing conditions (e.g. CKD)

Chronic anemia* No anemia |—> Acute anemia

' |

Identify and treat correctable as well as co-existing causes of anemia Hemodynamic instability
or tissue hypoxia
l ¢ or ongoing bleeding
or Hb <7-8 g/dL

We recommend Check iron indices
considering
judicious packed red $ l ¢
el wansiusion with Ferritin <100 pg/L or ferritin 100-300 pg/L with TSAT <20% <—— res He
IV furosemide to
prevent fluid ¢ ‘l( i ¢
ove;:;)La dH'f e Yes No Judicious Continue
= Sabaliialdals packed red monitoring
there are no i
g l' cell clinical status
prospective data for transfusion and labs
red cell transfusion Consider possibility of ID from bleeding,
identify cause, treat accordingly
HFrEF HFpEF Continue
(with Hb <15 g/dL, monitoring
LVEF <45% and NYHA II-IV) ¢ clinical
i ol status, Hb
yet for IV a_nj-lron
Consider IV iron infusion** iron. Enroll [hoices
in ongoing |
¢ trials, if
Monitor clinical and cardiac possible
status, Hb and iron indices
i *Hb <13 g/dL
Consider repeating iron infusions if ferritin <100 pg/L or ferritin 100-300 pg/L with TSAT <20% Hb <1<2 9 /31_ (w(g:: 22‘}
and Hb <15 g/dL. Currently available safety and efficacy data are limited to one year (CONFIRM-
HF). If using FCM, iron infusions should be no more frequent than every 6-12 weeks, for up to 36 T
weeks (per CONFIRM-HF protocol available as Supplement to Ponikowski P et al. 2015; ref # 19). Ganzoni formula

Anand |, Gupta P. How | treat anemia in heart failure. Blood. 2020 136:790-800 "7’ uz KU LEUVEN
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Anemia at older age: prevalence

o
(@]
1

—— Men  —lll— Women

Prevalance of anemia (%)
- —a (] N w w i fnN
o [$a] o o (&) w o w

a
1

(]

64-69 70-74 75-7¢9 80-84 85-89 > 89
Age (yrs)

39 Reinhard Stauder et al, Blood, 2018, 131: 505-516. Ty | KuLEUVEN



nemia at older age: highly relevant

Table 1. Association between anemia in older adults and adverse clinical outcome based on large prospective studies

Study name Study population Reference Finding/comments
NHANES Il Study (National Health & Noninstitutionalized US population =65 y from third NHANES 11 Significant negative impact of anemia on OS (RR of 1.8; P < .001).
Nutrition Examination Survey) (1988-1994) Differential impact of subtypes of anemia: nutritional (RR of 2.34,
P << .0001), CKD (1.70, P < .0001), chronic inflammation (1.48,
P < .0001), UA (1.26, P < .01).
Health and Anemia Study (Salute e Observational study of all 65- to 84-y-old residents (N = 10 110); 19 Mild-grade anemia (F: 10.0-11.9 g/dL; M: 10.0-12.9 g/dL)
Anemia) Biella, Piedmont, Italy independently associated with poorer cognition, function, mood,
and QoL (uni- and multivariate analysis adjusted for comorbidities,
age, and sex).
INCHIANTI (Invecchiare in Chianti, “Aging | Population-based study; Tuscany region, Italy 23 Anemia is associated with disability, poorer physical performance,
in the Chianti Area”) and lower muscle strength (even in adjusted analyses including
comorbidities, renal function, and inflammatory markers).
22 Anemia is associated with a significantly higher risk of depressive
symptoms after adjusting with potential confounders (OR = 1.93;
95% confidence interval [Cl], 1.19-3.13).

Leiden 85-Plus Study Population-based prospective study; Leiden, The Netherlands 24 Prevalent anemia and incident anemia were both associated with an
increased mortality, even after adjustment (hazard ratio [HR] for
prevalent anemia, 1.41; 95% CI, 1.13-1.76; HR for incident
anemia, 2.08; 95% Cl, 1.60-2.70).

Health, Aging, and Body Composition Prospective cohort 3075 community-dwelling white and black older 20 Baseline anemia had an increased risk for dementia (23% vs 17%;

Study (Health ABC) adults 70-79 y from Memphis, Tennessee, or Pittsburgh, HR, 1.64; 95% Cl, 1.30-2.07) in unadjusted analysis. Remains
Pennsylvania; beginning in 1997 significant in adjusted analyses (for comorbidities, MCV, renal
function, CRP, etc).

Cardiovascular Health Study Prospective cohort study with 11.2 y of follow-up of 5888 14 Anemia as per WHO criteria was independently associated with

community-dwelling men and women 65 y or older, enrolled in increased mortality. After multivariate adjustment, HR for mortality
1989-1990 or 1992-1993 in 4 US communities was 1.33 (95% Cl, 1.15-1.54).
31 Hb decline was associated with subsequently poorer cognitive

function in men and anemia development with poorer cognitive
function in women.

Both anemia development (HR, 1.3%; 95% Cl, 1.15-1.69) and Hb
decline (HR, 1.11; 95% ClI, 1.04-1.18 per 1 g/dL decrease)
predicted subsequent mortality.

CRP, C-reactive protein; F, female; M, male; MCV, mean corpuscular volume; OR, odds ratio; OS, overall survival; RR, relative risk.

40 Reinhard Stauder et al, Blood, 2018,

131: 505-516.
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Anemia at older age: etiologies

Al, CKD, Nutritional
Inflammation deficiency

| NG
R 1

idn
1 /Cytokine production
EPO = Iron retention < Hepcidin

N7

Clonal anemia

+[+

Reinhard Stauder et al, Blood, 2018, 131: 505-516 Ty | KuLEUVEN



Anemia at older age

- No increased blasts

Idiopathic Cytopenia of
Undetermined Significance

- No or small somatic mutation with VAF < 2%

,'IUnexplained Anemia’,
of Aging (UAA)

- Isolated mild anemia

, - Older patient K

\

\\» No red flag signs L
.

.
.

Lemmm—al
Semma="

Clonal Cytopenia of

Undetermined Significance

- Somatic mutation with VAF >2%*
- Increased cardiovascular risk

- MDS diagnostic criteria not met
- No or mild (< 10%) dysplasia

> 1 MDS-related mutation

Myelodysplastic Syndrome

- Dysplastic features > 10% of cells

- Or 2 15% ring sideroblasts

- Or 2-19% circulating myeloblasts or
5-19% myeloblasts on bone marrow

- Or MDS-defining chromosome abnormality
(-7, 59—, complex karyotype)

Oyedeji Cl. et al. Blood, 2024, 143: 205-213
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Anemia of chronic disease: therapy

* Underlying disease
* In elderly, multiple comorbidities may coexist: CKD, HF, inflammaging

» Consider coexistence of IDA
* Medication: antiaggregants, anticoagulation
* iIFOB as screen is controversial
« latrogenic (surgery?, blood sampling ...)

* Ferritin < 100 or even more , TSAT <20



Anemia of chronic disease: therapy

* Underlying disease
* In elderly, multiple comorbidities may coexist: CKD, HF, inflammaging

» Consider coexistence of IDA
* Medication: antiaggregants, anticoagulation
* iIFOB as screen is controversial
« latrogenic (surgery?, blood sampling ...)

* Ferritin < 100 or even more , TSAT <20



Table 2. Compounds under Development for the Treatment of Anemia of Inflammation.

Compound Target* Stage of Development (Study)
Heparin derivatives BMPs that stimulate hepcidin synthesis  Preclinical stage (Poli et al.”’)
Soluble hemojuvelin BMPs that stimulate hepcidin synthesis  Preclinical stage (Theurl et al.*®)
Engineered hepcidin binders  Hepcidin Preclinical stage (Hohlbaum et al.**) and
phase 1 (Boyce et al.%)
Monoclonal antibodies Ferroportin, blocking hepcidin access Phase 1 (Sheetz et al.*?)
BMP-6 Phase 1 (Sheetz et al.®*) ! hepcidin
Hepcidin Phase 1 (Vadhan-Raj et al.®?) and preclinical
stage (Sasu et al.®®)
Hemojuvelin Preclinical stage (Kovac et al.*)
Momelotinib BMP receptor (ACVR1) and JAK1 Preclinical stage (Asshoff et al.®*) and phase 3
and JAK2 (Mesa et al.®) T
TP-0184 BMP receptor (ACVR1) Phase 1 (Peterson et al.?) —
Prolyl hydroxylase inhibitors  HIF prolyl hydroxylases Preclinical stage (Barrett et al.®®) and phase 2 ] EPO
(Chen et al.®) i T

* ACVR1 denotes activin A receptor 1, BMP bone morphogenetic protein, HIF hypoxia-inducible factor, and JAK1 and JAK2
Janus kinase 1 and 2, respectively.

T The phase 3 study involved patients with myelofibrosis.

I The phase 2 study involved patients with chronic kidney disease.

Ganz T. N Engl J Med2019;381:1148-1157 me NEW ENGLAND
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IDA versus ACD/IA versus thalassemia trait

Iron deficiency anemia, anemia of chronic disease and thalassemia minor

hemoglobin
! Normal i

S LiGy (proportional to anemia severity) (or slightly |) * (disproportionate to anemia severity)
serum iron | | =
Total iron-binding capacity 1 | _
(transferrin) &
ferritin ! =or =
Iron in bone marrow

absent present present
macrophages
Iron in bone marrow erythroblasts absent absent present

* In ACD, anemia is normochromic and normocytic to mildly hypochromic and microcytic

&Transferrin binds iron in the serum and thus determines the total iron binding capacity (the total amount of iron that serum proteins can bind)

KU LEUVEN
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* 1990’s: FL, autologous stem cell Therapy
transplantation, CR

« 2010: relapse, W&W

o Atrial Fibrillation

 2019: R-Bendamustine 6x, CR
. . e Lixiana

» 3/2022. Covid-pneumonia, ICU 3x

« 7/2022: overwhelming pneumonia * Omeprazole
(pseudomonas)

« 2ndary hypogamma, monthy IVIG
* Low CD4 count

» atorvastatin
* Bisoprolol

« Eusaprim-trimethoprim 3x/w
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Entiteit Eenheid Referentie |06-11-2024|28-10-2024| 24-10-2024 |09-10-2024 | 24-09-2024
08:23 09:25 00:00 08:00 14:04
HEMATOLOGIE
+ Hemoglohine g'dL Zie dagrapport 76 8.5 7.7 87 9_?1
+ Hematocriet Zie dagrapport 0.244 0.281 0.240 0.276 0.310
+ RBC telling 10™121L Zie dagrapport 284 322 3.24 3.6
+MCV i Zie dagrapport 85.9 873 836 85.2 86.2
+MCH Ipg Zie dagrapport 26.8 264 26.8 269 7.2
+MCHC |graL Zie dagrapport 311 30.2 3241 315 31.6
RDW o 1 117-145 159 16.3 16.9
+ Reticulocyten 10"9L | Zie dagrapport] 31| 32 307 54 33.1
Immat. Retic % 5.0-210 15 101 19.0
+ Erytroblasten /100 WBC Zie dagrapport 0.00 0.00 0.00 0.0
+ WEC telling 10"9/1L Zie dagrapport 3.13 3.40 26 258 26
+ Bloedplaaties 10™9/L Zie dagrapport 205 220 140 193 163
+MPV i Zie dagrapport 115 107 121 1.7
-WEC differentiatie '
Aantal gediif. WBC T ] ] 100 ] ] ]
Neutr. sagm - micr % 39.2-729 53.9
Imm. Granulocyt. % =10 0.3 0.3 0.8
Neutrofizlen A 38.0-77.0 88.4 £3.9 80.8
+ Eosinofielen % | Zie dagrapport| 2.2 28 2.0 23 i
+ Basofiglen % ~ | Zie dagrapport| 1.0 1.2 0.8 16| ]
+ Lymfocyten % Zie dagrapport 17.6 188 19.6 205
+ Monogyten o Zie dagrapport 10.5 13.2 137 14.0
- Stolling '
PT (%) T | | = 70, B ] ] 79
PT(INR) INR =12 1.2
APTT s 25.1- 365 ] | ] 35.0
CHEMIE BLOED
CRP |mgiL =50 15.3 424 84
+ MNatrium mmol/L 136.0 - 145.0 140.5 143.3 143 140.0 143
+ Kalium mmol/L Zie dagrapport 435 4 .58 439 479 51
+ Chioride mmol/L 98.0- 107.0 104.9 108.2 107 106.0 109]
+ Bicarbonaat | mmoliL Zie dagrapport 24.4 248 24 241 26
+ Anion gap mEg/L Zie dagrapport 15.6 171 147 13.0
Ureum | <htmi=Nie...
+ Creafinine mg/dL Zie dagrapport 2.00 1.82 1.56 2.08 1.7
+ eGFR (CKD-EPI) |mL/min/1.73 m*2 | Zie dagrapport 31 35 43 30 39
+ Urinezuur [mgrdL Zie dagrapport 66 8.3 7.2
Totaal eiwit oL 66 - 88 86 74 [
Albumine lgL 35.0- 52.0 39.1 414 412
Calcium mmol/L 215-255 2.26 2.41 234
Calcium (albumine correctie) | mmol/L 215-255 228 238 232
Fosfaat mmoliL 0.81-1.45 1.07 0.87 0.80
Glucose mgdl | 55- 100| 124 75 | 100| |
Bilirubine totaal |mg/dL s 1.18 0.23 0.27 0.25
Bilirubine direct | mgrdL ] = 0.50| <0.18 ] | ] ]
+ Gamma GT UL Zie dagrapport 101 113 84 108
+ Alkalische fosfatasen UL Zie dagrapport 177 188 163 138
+AST oL Zie dagrapport 28 21
AT 111 o TN PR ———— 40 421 Tl | 44

communis,

I

« 16/10: stenting of R art iliaca

« 24/10: general practitioner

e | UZ
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» 28/10/24: unplanned outpatient
clinic visit with fatigue
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lJzer 30 pg/dL 65 - 175
Transferrine 2.76 g/lL 2.00-3.60
Transferrine saturatie 8 % 16-45
Ferritine 57 pg/L 30 - 400
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Entiteit Eenheid Referentie |08-01-2025] 20-12-2024 [04-12-2024] 21-11-2024 [06-11-2024
08:00 00:00 08:00 00:00 09:23

- HEMATOLOGIE
+ Hemoglobine g/dL Zie dagrapport 114 12.1 10.0 m:El 76
+ Hematocriet Zie dagrapport 0.349 0.387 0.322 0.331) 0.244
REC telling 10" 12/L 4.50 - 6.00 3.83 3.46 2.84
+ MCV L Zie dagrapport 91.1 90.4 93.1 90.2 85.9
+ MCH Pg Zie dagrapport 29.8 29.8 28.9 27 8 6.8
+ MCHC 'g/dL Zie dagrapport 327| 33.0 31.1 30.8 3.1
ROW o 117 - 14.5 17.5 22.0 15.9
+ Reticulocyten 10™3L | Zie dagrapport 23.1 34.9 | 31.5
Immat. Retic % 5.0-21.0 8.6 11.5
Erytroblasten / 100 WBC 0.00 - 0.70 0.00 0.00 0.00
+ WBC telling 10™9/L Zie dagrapport 398 5.21 279 3.94| 3.13
+ Bloedplaatjes 109l Zie dagrapport 143] 129 95 174) 205
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Diagnosis

» Longstanding pre-existing anemia

Renal anemia
Anemia of chronic disease
Decreased bone marrow reserve or MDS due to previous R/ ?

* Anemia after arterial stenting reveals iron-deficiency and
iron-deficiency anemia
* |V iron corrects Hb level to higher levels than before

Ty | KuLEUVEN
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16.0 1
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13.5
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Hemaglobine (g/dL)

12.0 4
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10.5 1
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9.5 4
9.0
8.5 4

8.0 1

7.5

15-sep-2024 20-sep-2024 15-okt-2024 20-okt-2024 14-nov-2024

B Hemoglobine (g/dL) Il MCV (fL) B MCH (pg)

29-nov-2024 14-dec-2024 29-dec-2024 13-jan-202

Missed component of iron deficiency contributing to chronic anemial
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“Believe it or not, Mr. Stark...you have an iron deficiency.”
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