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Anemia: un problema di salute globale
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Carenza di ferro: una risoluzione lenta e incompleta

» 13084 pazienti (2010-2020) con carenza di ferro (ferritina
<25 ng/mL)

» 58.1% senza risoluzione (ferritina > 50 ng/mL) entro 3
anni dalla diagnosi

» Solo 6.8% (882) con risoluzione a 1 anno

» Tempo mediano allarisoluzione: 1.9 anni (IQR 0.8-3.9)

Resolution of Iron Deficiency within 3 Years

Median Time to
Resolution:
1.9 years
(IQR 0.8, 3.9)

Figure 2. Rate of resolution of ID and time to resolution. Of 13 084 patients in
the final study cohort, 5485 (42%) had documented ID resolution within 3 years of
their initial diagnostic ferritin level. The median time to resolution among these
patients was 1.9 years (IQR, 0.8-3.9). There were 7599 patients (58%) who did not
have documented resolution within 3 years (eg, at least 1 additional ferritin level of

<50 ng/mL).

Cogan CJ, Blood Advances 2024

NAPOLI, 28-29 SETTEMBRE 2026




Chi risolve la carenza di ferro?

Table 2. Association of patient characteristics and resolution of ID

Characteristic aHR 95% CI P
Age, y N . . T
» Eta 260 anni: maggior probabilita di
40-59 vs 18-39 1.26 (1.18-1.35) <.001 . .
>60 vs 18-39 1.56 (1.44-1.69) <.001 r|SOIUZ|0ne (aHR 1'56)
Sex . . . epeg
» Donne e afroamericani: minore probabilita
Male vs female 1.58 (1.48-1.70) <.001 L. .
di risoluzione
Race
Asi Whi 0.89 0.78-1.02 A ey . . . .
sian vs Thite ( ) » Ferro EV: probabilita di risoluzione quasi
Black vs White 0.73 (0.66-0.80) <.001 .
- _ tripla (aHR 2.96)
Multiracial vs White 0.97 (0.79-1.18) 1.0
Insurance
Medicaid/other public vs private 1.03 (0.95-1.12) 4
Medicare vs private 1.13 (1.05-1.21) .001
Uninsured vs private 0.97 (0.86-1.10) 1.0

Medication type

IV only vs oral only 2.96 (2.66-3.30) <.001
Both vs oral only 1.93 (1.81-2.06) <.001
Neither vs oral only 0.86 (0.79-0.93) <.001

Cogan CJ, Blood Advances 2024
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Il ferro e essenziale per I'organismo
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Carenza e sovraccarico di ferro: un rischio infettivo a U
142.188 pazienti seguiti longitudinalmente, FU
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Mottelson M, Blood 2024
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Stato marziale e rischio di infezioni
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Cut-off per la diagnosi di carenza di ferro — nuove linee guida ASH 2026

Diagnostic thresholds for iron deficiency

ASH 2026 guidance « Diagnose irrespective of anemia

S@ &) ®

CHILDREN 9 MONTHS-4 YEARS OLDER CHILDREN & ADOLESCENTS ADULTS
Ferritin <20 ng/ml_ >4 years to adolescence: ferritin €20 ng/mL Ferritin €30 ng/mL
Without known or suspected Non-menstruating adolescents: With symptoms or ongoing risk factors: <50 ng/mL
inflammation ferritin <30 ng/mL Excludes menstruating and pregnant individuals

am=nz

MENSTRUATING INDIVIDUALS PREGNANCY ADULTS WITH ANEMIA OF INFLAMMATION

Ferritin £30 ng/mL Ferritin <30 ng/mL Measure ferritin + TSAT
HMB, AUB, symptoms, risk factors, With anemia: £50 ng/mL may be Iron deficiency may be considered if:
surgery or planning pregnancy: appropriate TSAT <20% OR ferritin <100 ng/mL
<50 ng/mL
IE [=] Source: Powers JM et al. Blood Advances. 2026. doi:10.1182/bloodadvances.2025015950
oF:
(=] Powers JM, Blood Advances 2026
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Carenza di ferro assoluta e funzionale

Anaemia of inflammation
« Erythroid suppression
« Reduced red blood cell survival

« Infection

« Cancer

« Chronic kidney disease
« Autoimmune disease

Control underlying disease

Treatment (if indicated):

+ Parenteral iron

» Consider erythropoiesis stimulating
agents if erythropoietin low

Pasricha SR, Lancet 2021
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Dalla carenza di ferro all’anemia sideropenica

SPECTRUM OF IRON DEFICIENCY

IRON DEFICIENT IRON DEFICIENCY
NORMAL IRON DEPLETION ERYTHROPOIESIS ANAEMIA

STORAGE IRON
(g, liver, RES hone marrow)

STORAGE
IRON

TRANSPORT
and
FUNCTIONAL
IRON

TRANSPORT AND
FUNCTIONAL IRON
{2g. HE, myoglobin and cyfochromes)

» Progressione graduale, spesso a lungo
silente

pajadap uoy adeing ‘ Juasaid uoy afeln)e

progressiviron depeton W >

Wodified with pennission fiom Sarah Cusick PRI, Cenbers for [Rsease Controd and Prevention, 2008
+ Australian Red Cross

transfusion.com.au BLOOD SERVICE
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Eritropoiesi normale
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Legame EPO-EPOR

o Induce la sopravvivenza dei precursori eritroidi,
divisione cellulare e differenziazione
(EPO/EPOR/JAK2/STATS5)

% topi muoiono a livello embrionale se EPO
o EPOR deleti

Ferro

o Necessario per la sintesi di Hb (eme)

o Modulala risposta ad EPO

o E essenziale per la differenziazione da early a
late-stage eritroblasti
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Regolazione del ferro circolante

Inflammation

Ganz T, Cold Spring Harb Perspect Med 2012
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Epcidina ed eritropoiesi

Kidneys

ﬁ

Fe absorption

Duodenum and release from stores

g Liver/splee‘

macrophages

Coffey R, HemaSphere 2018
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Anemia da carenza di ferro

| BMP-SMAD signaling
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Camaschella C, Blood 2019
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Iron-restricted erythropoiesis

Erythroid [HighIron Low Iron
p aval
cell . o e e w»

presentaion | T—T4P T 2000000 es=ieoeid oo

Scrib, -
Receptor Vesicle
EpoR

Iron Response Factors

o TFR2: Traffiking vescicole TfR2 principalmente
verso lisosomi = accelerato catabolismo del
complesso TfR2-Scribble

o Scribble down-regulation—> compromissione del
trasporto di EPOR sulla membrana

Carenza di ferro> impatto su differenziazione dei
High Iron Low Iron precursori eritroidi con ridotta risposta ad EPO da
| parte degli ERITROBLASTI

Khalil S, J Exp Med 2018
Nai A, Blood 2014
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HRI e la risposta eritroide alla carenza di ferro

Iron Deficiency » |l deficit di ferro ed eme attiva la kinasi HRI

l HRI fosforila elF2a: inibizione della sintesi proteica

Heme
Deficiency @ citosolica e mitocondriale—> previene I'accumulo
di proteine mal ripiegate (proteotossicita)

|
' ' I » ATF4 attiva geni per il recovery mitocondriale e

1 / 1 \ riduzione dello stress ossidativo
Rie Ebe S > ATF4 induce GRB10, che inibisce la via EPO-
l l One Carbon J_ } mTORC1 -2 ridotta proliferazione a favore della
ol Mitochondrial Metabolism  oxidative . differenziazione nell’eritropoiesi da stress
Protein Synthesis Protein Synthesis Stress Cytosolic
Mitochondrial
l l 1 Protein Syntheses
Cytoplasmic Mitochondrial — v . . . .
Unfolded Unfolded | UPRM Mlit:{ochondrlal nnt;to¢;hon:|r|al 5 I'f‘ "
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sm HRI:heme-regulated inhibitor
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Zhang S, elLife 2019
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Anemia dello stato infiammatorio

duodenum

IL-6 IL-1B

IL-10R\IL-10

TNF/TNFR

IL-1B/IL-1R

+
Differentiation/

TNF/TNFR " Proliferation

Erythroid progenitor cell

Weiss G, Blood 2019
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Carenza di ferro assoluta e funzionale

Anaemia of inflammation
« Erythroid suppression
« Reduced red blood cell survival

« Infection

;Cancer {—

« Chronic kidney disease
= Autoimmune disease

Control underlying disease

Treatment (if indicated):

» Parenteral iron

« Consider erythropoiesis stimulating
agents if erythropoietin low

Pasricha SR, Lancet 2021
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Cause di carenza di ferro assoluta

I Blood loss

Panel 1: Causes of absolute iron deficiency

I Inadequate iron uptake

« Inadequate nutritional iron intake
« Inadequate dietary iron content
+ Low haem iron content (eg, from a vegetarian or
vegan diet)
D + Food insecurity or low dietary diversity* (eg, resulting
from poverty, especially in low-income countries)
D + Low iron content complementary diet* (eg, prolonged
breastfeeding, or milk preference)
« Inadequate nutritional iron absorption
« Concomitant consumption of inhibitors of iron
absorption (eg, calcium or tea)
« Inadequate stomach acidification
» Atrophic gastritis
D + Use of antacids or proton pump inhibitors*
« Helicobacter pylori infection
» Procedures after gastric bypass

« Intestinal mucosal dysfun eg, coeliac disease* or
inflammatory bowel disease)
« Obesity

« Inappropriately increased hepcidin concentrations
preventing iron absorption (eg, during chronic
inflammation or iron-refractory iron deficiency anaemia
caused by TMPRSS6 mutations)

I Increased iron requirements

» Growth (eg, during early childhood and adolescence)®
» Pregnancy*

« Physiological blood losses exceeding iron intake*

« Erythropoiesis stimulating agent therapy*

ntestinal blood 1055

Oesophageal
Varices
» Carcinoma
Ulceration
Reflux oesophagitis
Gastric*
Gastric cancer and gastric polyps*
Gastric ulcers*
+ Use of aspirin and other non-steroidal anti-
inflammatory drugs*
Angiodysplasia, telangiectasia, and gastric antral
vascular ectasia (watermelon stomach)
Small bowel
Hookworm (Ancylostoma duodenale and Necator
americanus)*
+ Inflammatory bowel disease*
Duodenal ulcers

Lymphoma, cancer, and polyps
Angiodysplasia, telangiectasia, and Meckel's
diverticulum
» Extreme exercise-induced gastrointestinal bleeding
» Milk protein allergy (in infants younger than
12 months)
Colon
Colon cancer*
Polyps*
Diverticular bleeding*
Angiodysplasia*
Inflammatory bowel disease*
Heyde's syndrome (severe aortic stenosis, acquired
type 2 von Willebrand syndrome, angiodysplasia,
and iron deficiency anaemia)
Hamartomatous polyps in Peutz-Jeghers syndrome
Anal
Haemorrhoids
Entire gastrointestinal tract
Hereditary haemorrhagic telangiectasia

+ Gynaecological Eleeding

« Menstrual (eg, in premenopausal women and girls)*
+ Exacerbated by bleeding disorders (von Willebrand
disease*, carrier for haemophilia A or B, and platelet

dysfunction)
» Useof an intrauterine device
« Fibroids

« Uterine or other reproductive tract cancers

» Urinary tract bleeding
+ Renal or bladder cancer
« Urinary schistosomiasis (Schistosoma haematobium)
» Intravascular haemolysis (eg, paroxysmal nocturnal

haemoglobinuria)
« Intravascular haemolysis (eg, valve haemolysis, march
haemoglobinuria, and malaria)

« Respiratory bleeding
«» Severe haemoptysis (eg, lung cancer and infection)

« Blood donation (especially whole blood donation*)

« Excess iatrogenic blood losses (eg, excessive blood
collection for diagnostic testing and iron losses during
haemodialysis)

« Self-inflicted blood loss (Munchausen syndrome)

Exercise

» Multifactorial: reduced dietary iron intake, reduced iron
absorption due to inflammation, increased losses in sweat,
gastrointestinal bleeding, and haemolysis with
haemoglobinuria

*Common important causes to consider in primary care.

Pasricha SR, Lancet 2021
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Approccio al paziente

Absolute ID
L

% Take detailed history for etiology

= Overt bleeding (AUB, HMB, Gl bleeding, hematuria, epistaxis); consider the
possibility of occult bleeding

* Nutritional (anorexia/malnutrition, vegan or vegetarian diet, poor meat intake)

+ Increased iron need (e.q., during pregnancy or lactation), even in the past (e.q.,
previous multiple pregnancies)

* Malabsorption (Gl symptoms, weight loss, diarrhea or previous bariatric surgery)
* Regular blood donors or endurance athletes

* Ongoing pregnancy/lactation

+ Multiple pregnancies

S

¢ Initiate IRT (unless colonoscopy is planned urgently®)
<+ Concomitantly, start evaluations for underlying eticlogy
* Urine analysis
+ Celiac disease serology (tissue transglutaminase)
« FIT
+ Helicobacter Pylori
* Gynecology consultation if history is suggestive of AUB/HMB

* Upper endoscopy and colonoscopy** in selected patients (FIT positive, FIT
negative men or post-menopausal women with IDA)

2

< Inadequate response to IRT or recurrence of IDA
+ Additional work-up for
small intestines (capsule endoscopy)
renal tracts (urology consultation)

lolascon A, Hemasphere 2024
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Refrattarieta alla terapia con ferro per os

PATHOLOGICAL CONDITIONS IATROGENIC/PROVOKED

Cameron lesions Reduced iron diet intake

ID/IDA piu frequente manifestazione extra-
intestinale della celiachia

H. pylori infection PPI treatment

Prevalenza della celiachia in soggetti con
IDA: 5.5% (95% Cl, 4.1%—6.9%)

High hepcidin conditions
- IRIDA*

- Infiammatory conditions
- Hepcidin liver adenomas

Bariatric surgery
Gastric resection

Celiac disease Small bowel resection

lleal urostomy
Chronic kidney disease
Intestinal parasitic infections

Small bowel vascular lesions
IBD

Lasthénie de Ferjol
syndrome

Migone De Amicis M, Mediterr J Hematol Infect Dis 2021
S
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Deficit vitamina B12
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Vitamina B12: assorbimento, trasporto e cause di carenza

 Nell’adultoB;;3-5mg

Diet

Salivary HC

Gastric abnormalities

e Contenuta negli
alimenti di origine
animale

DEL CLUB DE

.'l'

Autoantibodies to intrinsic factor or gastric parietal cells (ie, pernicious anemia)

Gastrectomy/bariatric surgery
Gastritis

Autoimmune metaplastic atrophic gastritis

Small bowel disease

Malabsorption syndrome

Tleal resection or bypass

Inflammatory bowel disease (eg, Crohn disease)
Celiac disease

Bacterial overgrowth

Blind loop

Dibothriocephalus latus (fish tapeworm)

L 'GLOBULO RO

Stomach

Biliary By,

Upper small
intestine

Lower small
intestine

Absorbed B, binds to
transcobalamin (TC)

—_—
Blood plasma @—b E

Breastfed infant of a mather with vitamin B12 deficiency
Strict vegan diet

Vegetarian diet in pregnancy

Gastric parietal cells

Release of food By,

Pancreatitis

Agents that block or impair abserption

Neomycin
Biguanides (eg, metformin)
Proton pump inhibitors (eg, omeprazole)

Histamine 2 receptor antagonists (eg, cimetidine)

Pancreatic insufficiency

Haptocorrin (HC) binding of B,,

Pancreatic trypsin
digestion of HC

Intrinsic factor (IF)
binding of B,

B,,/IF complex binds
to cubilin-amnionless
receptor on ileal

\ mucosal cell

IF degraded by
lysosomes

B,, exported with

Mitochondrion

multidrug resistance
protein 1 (MRP1)

—_—

TC-By»
circulates

TC-B,, taken up by
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GreenR, Blood 2017
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Nitrous oxide (N O) gas, used for anesthesia or recreationally



Vitamina B12 e alterazioni ematologiche

Alterata sintesi del DNA—>prolunfamento della fase S del
ciclo cellulare=>arresto della maturazione

Modifiche in senso megaloblastico nel midollo:

e precursori eritroidi piu grandi, preponderanza di
eritroblasti basofili rispetto a forme piu mature
contenenti emoglobina

e precursori granulocitari: metamielociti e forme a banda
con nuclei voluminosi a ferro di cavallo

e Megacariociti megaloblastici con nuclei ingranditi e
polilobati

GreenR, Blood 2017
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Approccio al paziente

Clinical suspicion
(e.g., macrocytosis, anemia, glossitis or neuropathy)
or patients with risk factors for CbID
(e.g., after gastric surgery)

Measure
serum Cbl

Cbl > 300 pmol/l

Cbl <150 pmol/l

(or > 400 pg/ml) (or 200 pg/mi)

g TN
CbID unlikely [

CbID confirmed

Additional
test

Investigate and possibly
remove causes (e.g.,
drugs), evaluate
possible concurrent
deficiency (e.g. iron or

Consider other
causes or perform
additional analyses

if CbID is strongly

suspected folate) and initiate
High MMA (> 350 nmol/l) and/or appropriate treatment
Hey (>15 pmoll) (parenteral or oral)
-
no Macro-ovalocytes and

hypersegmented neutrophils at
the peripheral blood film
+
Reticulocytosis after
1-week trial with oral Cbl

Figure 2. Possible algorithm for the diagnesis of CbID in the elderly. The diagnosis of CbID should be based on clinical signs and
E [= symptoms, and the combined use of biochemical and hematological indicators, including serum Cbl, MMA and Hcy levels, peripheral blood
smear. and a trial with oral Cbl sunplements.

Marchi G, Mediterr J Hematol Infect Dis 2020
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MMA e screening neonatale

Suspected Diagnosis

Propionic
Acidemia
N=43

Methylmalonic
Acidurias
N=19

Isolated
Remethylation
Disorders N=54

Combined
Remethylation
Disorders N=3

Homocystinuria
N=45

Vitamin B,,
Deficiency
N=294

Confirmed Diagnosis

Propionic
Acidemia
N=4

Methylmalonic
Acidurias
N=5

Isolated
Remethylation
Disorders N=3

Combined
Remethylation
Disorders N=1

Homocystinuria
N=1

Vitamin B,
Deficiency
N=153

False
Positive
N=292

Reischl-Hajiabadi AT, Nutrients 2022

NAPOLI, 28-29 SETTEMBRE 2026



Take home messages

- L’anemia carenziale e un problema globale

- La carenza di ferro e poco riconosciuta e risolta nonostante il ferro abbia un ruolo cruciale per
I’organismo

- Nuove line guida ASH sottolineano I'importanza del problema

- Carenza di ferro assoluta e funzionale vanno riconosciute e necessitano di un inquadramento
diagnostico

- Lo screening neonatale ci suggerisce che anche il deficit di vitamina B12 e poco riconosciuto e

trattato
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