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Il sottoscritto prof Alberto Piperno, in qualità di Relatore
dichiara che:

nell ’ esercizio della Sua funzione e per l ’ evento in
oggetto, DI NON ESSERE in alcun modo portatore di
interessi commerciali propri o di terzi; e che gli eventuali
rapporti avuti negli ultimi due anni con soggetti portatori di
interessi commerciali non sono tali da permettere a tali
soggetti di influenzare le mie funzioni al fine di trarne

vantaggio.

Disclaimer



Hereditary Hemochromatosis
diseases, genes and proteins

Hemochromatosis type 1
Hemochromatosis type 2a/2b (JH)
Hemochromatosis type 3
Ferroportin disease (HH type 4 A/B)

HFE
HFE2/HAMP
TFR2
SLC40A1

HFE
Hemojuvelin/Hepcidin
Transferrin receptor 2
Ferroportin

Disease Gene Protein

Genet Med 2016;18:618-626
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Juvenile hemochromatosis

Type 3 hemochromatosis

Hemocromatosis
Hepcidin-related pathology

Piperno et al. WJG 2009; Pietrangelo A. Gastroenterology 2010
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Juvenile hemochromatosis

Type 3 hemochromatosis

Hemocromatosis

TFR2 HFEHAMP-HJV

Piperno et al. WJG 2009; Pietrangelo A. Gastroenterology 2010

Iron overload (LIC mg/g)

Cirrhosis - Fibrosis

Hypogonadism, 
cardiopathy

51015

Arthropathy



Extrahepatic IOL and damage

Hepatocellular IOL

Liver damage

Slower rate of IOL Faster rate of IOL 

Rate, extent and duration of IOL 
define phenotype



HFE (n=93) p value Type 2 (n=26) p value Type 3 (n=11)

Age, years 44.8 ± 10.7 < 0.0001 23.3 ± 6.2 < 0.0001 39.4 ± 7.1

Tf saturation, % 87.7 ± 11.5 NS 88.6 ± 9.7 NS 92.9 ± 11.5

SF, μg/L 2,830 ±
2,239 NS 3,146 ± 1,270 0.003 2,023 ± 1,245

Hypogonadism, % 18.4 < 0.0001 96.1 < 0.0001 27.3

Cardiopathy, % 6.5 < 0.0001 34.6 NS 9.1

Reduced glucose 
tolerance, % 26.9 0.003 57.7 0.004 9.1

Cirrhosis, % 51.6 NS 42.1 NS 45.4

Arthropathy, % 12 NS 26.9 NS 36.3

IR, g 14.2 ± 8.9 NS 14.0 ± 5.2a NS 14.4 ± 8.9b

IR/age 0.32 ± 0.2 < 0.001 0.65 ± 0.3a NS 0.41 ± 0.3b

a 14 patients. b 6 patients.

De Gobbi M, et al. Br J Haematol. 2002;117:973-9

Clinical manifestations help in 
distinguishing HFE- vs Juvenile-HH 



Hemochromatosis type 4: genetic 
defects of ferroportin

Le Lan et al. Gastroenterology 2011;140:1199–1207

4 A: classical ferroportin disease 4 B: hepcidin resistence
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FP: ferroportin; Heph: hephestin; Cp: ceruloplasmin
Fe: s-iron; TS: transferrin saturation



Hemochromatosis type 4A and 4B 
have distinct phenotypes

personal data 

22-year-old woman
Tf saturation 24%; SF 3,200 µg/L;
LIC 3.9 mg Fe/g dry wt

Ferroportin disease type A Ferroportin disease type B

30-year-old men
Tf saturation 88%; SF 5600 µg/L;
LIC 14.5 mg Fe/g dry wt

Hepatocellular IOLKupffer cell IOL

Pietrangelo et al. N Engl J Med 1999;341:725-32;unpublished data



NTBI, non-transferrin-bound iron; 
RES, reticuloendothelial system; Tf, transferrin.

HFE-, TFR2-, HFE2, HAMP-HH, Fp-
type B: increased iron absorption

and macrophage release

 High serum iron
 increased Tf saturation
 formation of NTBI in the plasma

Liver damage

Hepatocellular IOL

Excess iron overwhelms
hepatocyte capacity

Systemic IOL

RES

Fp-type A: impaired
macrophage iron release

Excess iron overwhelms 
homeostatic mechanisms in 
the RES (spleen and liver)

High serum ferritin

Physiopathology of iron overload 
defines iron phenotypes



Increased serum ferritin

Transferrin saturation<45% >45%

No iron overload
Inflammation
Hepatocellular necrosis
High alcohol intake
Metabolic disorders (DHF)
Hereditary hyperferritinemia-cataract
Benign hyperferritinemia

Iron overload (mostly mild to moderate)
Chronic liver diseases (viral, ASH, NASH)
Metabolic disorders (DIOS)
Hemolytic anemias
Transfusional iron overload (early stages)
Parenteral iron administration (inadequate)
Ferroportin disease (HH type 4A)
Aceruloplasminemia

Primary iron overload
Hemochromatosis (type 1, 2 and 3)
Ferroportin disease (HH type 4b)

Secondary iron overload
Iron-loading anemias
Transfusional iron overload
End-stage liver disease
Porphyria cutanea tarda
Chronic liver diseases

Other iron overload diseases
DMT1 deficiency
Hypotransferrinemia
Neonatal hemochromatosis
African iron overload

Piperno A. Expert Opin. Med. Diagn. 2013;7:161

Hemochromatosis classification 
according to transferrin saturation



Genetic testing in hemochromatosis

Piperno et al. Gastroenterology 2000;119:441-5; Robson et al. J Med Genet 2004;41:721; Piperno A. Expert 
Opin. Med. Diagn. 2013;7:161

C282Y/C282Y
C282Y/H63D
H63D/H63D

HFE HFE-2
HAMP
TFR2
SLC40A1

Often private mutations. 
Need gene sequencing



Piperno A. Expert Opin. Med. Diagn. 2013;7:161

Diagnostic
algorithm 1

Hyperferritinemia and high transferrin
saturation



Diagnostic
algorithm 2

Piperno A. Expert Opin. Med. Diagn. 
2013;7:161

Hyperferritinemia and high transferrin
saturation



Define the amount of iron overload
Quantitative MRI: Liver

Calibration equations for the prediction of
LIC based on R2* proposed by different
authors.

•Highly accurate noninvasive
estimates of hepatic iron over
the entire clinically relevant
range.

• Interstudy variability is
low, making it a good tool for
serial evaluation of chelation
efficacy, leading to closer
monitoring.

• It is relatively inexpensive and
can be performed at the same
time for cardiac iron evaluation
(T2*).



All of the patients with compound genotypes had transferrin saturation largely higher than the usual cut-off for
HH (45%), and had a prevalent iron accumulation in hepatocytes, thus presenting with a full expressed iron
overload phenotype.

Mariani et al. BCMD 44 (2010) 159–163

p.C282Y heterozygotes with HH-
phenotype may carry rare HFE mutations



Diagnostic
algorithm 3

Hyperferritinemia and normal TS

Piperno A. Expert Opin. Med. Diagn. 2013;7:161

ceruloplasmin



Pelucchi et al, Clin Genet 2008

2/56
(3.6%)

Solo probandi con familiari affetti: 2/25 (8%)
Con alterazioni maggiori degli indici del ferro:    2/11 (18.2%)

Lo studio familiare dovrebbe precedere il test genetico in pazienti candidati.
La presenza di alterazioni maggiori degli indici del ferro nei familiari dei
probandi può essere un criterio aggiuntivo per migliorare il rapporto costo-
efficacia dell’analisi genetica.

No causal mutations 
in HFE, HJV, HAMP, 
TfR2

Fp mutations



http://dx.doi.org/10.1016/j.jhep.2015.06.027

NGS as a new tool for genetic diagnosis of 
patients with HH phenotype with a negative first 

level test (p.C282Y and p.H63D)



•Causes and pathogenesis of iron accumulation
•Severity of iron load
•Presence of organ damage
•Clinical status
•Goals of iron removal 
(prevention, rescue, maintenance) 

Iron removal has to be 
TAILORED 

according to

in order to choose the best therapeutic regimen: blood 
removal or iron chelation therapy and their 

frequency, dosage and duration of the therapy. 



Blood removal Chelators

Phlebotomy
•Hemochromatosis w/o 
anemia

•Secondary IOL w/o anemia 
(long term survivors of 
HSCT; IOL associated with 
CLDs)

Erythrocyto-Aferesis
•Selected cases

DFO, DFP, DFX
•Contraindication to 
phlebotomy

•Primary or secondary IOL 
with anemia

•Iron removal from brain in 
aceruloplasminemia and 
neurological focal iron 
disorders 

Management of iron overload



Tf, transferrin.

Fe2
3+ – Tf

phlebotomy
400-500 ml

Iron depletion through removal of RBC (1 ml of RBC ≅ 1
mg of iron; 500 ml of whole blood ≅ 250 mg of iron).
Erythropoiesis activation and mobilization of iron from

stores.

Bone marrow

RES

Increased iron 
requirement Increased iron 

release from stores

Increased iron 
absorption

Blood removal



Treatment Advantages Compliance Disatavantages Adverse effects

Phlebotomy Much 
experience; 
effective on 
the part of 
clinician; 
available, 

safe,
inexpensive

Excellent for 
iron 

depletion; 
good for 

maintenance*

Repeated
visits to 

healthcare
facility;

requires normal
erythropoiesis;
some patients

report
intolerance

Transient 
hypovolemia;

fatigue; increases
iron absorption; 

iron
deficiency if
monitoring

inadequate or
inappropriate

Erythrocyto
apheresis

Rapid, safe; 
may be

preferred for 
patients

with severe 
iron overload; 
hysovolemia

Excellent in
selected
patients

Limited clinical
experience;

requires special
apparatus and
facility, limited

availability;
Expensive°

fatigue; increases
iron absorption;
citrate reaction; 

iron
deficiency if
monitoring

inadequate or
inappropriate

Modified from Adams PC & Barton JC. Blood 2011; Mariani et al. Haematologica 2005; 90:717-718

Blood removal

*In some countries asymptomatic HH patients are accepted as donors. In general, the policies
regarding blood donation from patients remain widely variable (Pauwels NS et al. Vox Sang 2013)
°A recent study suggested that total apheresis treatment costs are not significantly higher because
fewer treatment procedures are needed (Rombout-Sestrienkova E et al. Tranfusion 2012).



•375 to 500 ml according to
sex, height and weight.

•Phlebotomies every 1-3 weeks
according to ferritin level.

•Ferritin every 4-8 phlebotomies
according to its baseline and
follow-up levels.

• If Hb <12 g/dl in men or 11
g/dl, in women, discontinue or
delay phlebotomies.

•For HH type 4A, there is a risk of
anemia during treatment.

•The goal is to achieve iron
depletion: serum ferritin around
50 µg/L.

•The goal of the maintenance phase
is to keep ferritin level between
50-100 µg/L. (MRI for residual
tissue iron excess, if needed)

•Usually, one phlebotomy every 2–
4 months is sufficient, but
sometimes can be every six.

•Ferritin is checked after every 6 or
12 months, according to
phlebotomy frequency.

• In the absence of a physiological
iron removal
mechanism, phlebotomies are
performed lifelong.

Blood removal: phlebotomy

Maintenance phase

Absolute contraindications: anemia, severe cardiopathy not linked to HH. Temporary or relative
contraindications: BP<100 mmHg, lower limb arteriopathy, stroke, heart beat <50 bpm or >100
bpm, pregnancy, insufficient venous network and an impaired general condition.

Guidelines recommend starting therapy in in HH patients with SF >200 µg/L
in women, >300-350 µg/L in men)

Induction phase



Blood removal
Efficacy on signs and symptoms

• Early diagnosis and treatment reduce morbidity and
mortality in hemochromatosis

• It reverses asthenia and pigmentation, normalizes
transaminases.

• May significantly improve cardiac function.
• May favour regression of hepatic fibrosis / cirrhosis.
• Improvement of diabetes is partial and inconstant
• Can improve early stages of hypogonadism, induce

partial and inconstant improvement in established
hypogonadism.

• It has variable, unpredictable effect on arthropathy.

AASLD Guidelines, Hepatology 2011; Niederau K et al. NEJM 1996; Cecchetti et al. Eur Heart J 1991; Falize et 
al. Hepatology 2006



Falize et al. Hepatology 2006

Niederau K et al. Gastroenterology 1996

Regression of severe liver fibrosis after 
phlebotomies in hemochromatosis

13% improvement

47% improvement



Piperno A. Expert Opin. Med. Diagn. 2013;7:161

Hemochromatosis: key points



Wild-type
N= 452 (39.9%)

p.H63D het
N= 257 (22.7%)

p.C282Y het
N= 77 (6.8%)

p.H63D homo
N= 88 (7.8%)

p.C282Y/p.H63D
N= 99 (8.7%)

p.C282Y/C282Y
N= 160 (14.1%)

Clinical validity of HFE testing
evaluation of 1133 patients presenting with 

hyperferritinemia

69.4% no significant genotype, mostly with normal transferrin 
saturation

Coletti & Piperno, thesis unpublished
Università degli Studi Milano Bicocca                

Scuola di Specializzazione in Medicina Interna
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Hereditary Anemias
Hereditary Metabolic Diseases
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