INTERESSAMENTO CARDIACO
IN CORSO DI EMOCROMATOSI
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HIGHLIGHTS CARDIOPATIE IN EMOCROMATOSI

* Principale causa morbilita/mortalita in pazienti politrasfusi

* Prevalenza e in aumento (> sopravvivenza porta a >
complicanze)

* Se diagnosticate in fase tardiva il trattamento e difficile

* Diagnosi precoce e possibile: bisogna pensarci!

* La terapia precoce puo modificare
sostanzialmente la prognosi del paziente

* Cardiologi non conoscono sufficientemente 'argomento:
ematologo/internista deve essere protagonista principale!




Omeostasi del ferro

g Iron loss
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Bone marrow
~300 mg
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Talassemia major Emocromatosi genetiche
Sickle cell disease Talassemia intermedia
MDS trasfusione-dipendenti MDS trasfusione-indipendenti



IBl e NTBI

Transferrina

Cellular iron uptake, trafficking and metabolism: Key

molecules and mechanisms and their roles in disease.

Lane et al. BBA 2006
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CNS

Neurons  ZIP8

Astrocytes 7 + DMT1 (activated)
Microglia 7 + DMT1 (activated)

Anterior pituitary gland

Gonadotrophs

Thyrotrophs

Somatotrophs 7

Corticotrop‘;s Thyroid gland
Lactotrophs Follicular cells 7

Heart

Cardiomyocytes
LTCCs, TTCCs + ?

Adrenal gland
Zona glomerulosa 7
PR
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Pancreas Liver Kidney
Acinar cells ZIP14 Hepatocytes ZIP14 Tubular epithelial cells ?
B-cells ZIP14 (human)

Iron overload cardiomyopathy. Better understanding of an increasing disorder. Guijja et al, JACC 2010
Non transferrin bound iron transporters. Knutson 2018



NTBI

Iron overload cardiomyopathy. Better understanding of an increasing disorder. Guijja et al, JACC 2010
Non transferrin bound iron transporters. Knutson 2018



Epcidina
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Modificato da Hepcidin and iron

Plasma iron homeostasis. Ganz T, Nemeth E (2012)



Epcidina nelle MDS

OPEN & ACCESS Freely available online “ PLoS one

Hepcidin Levels and Their Determinants in Different
Types of Myelodysplastic Syndromes

Valeria Santini'®, Domenico Girelli**>, Alessandro Sanna’, Nicola Martinelli?, Lorena Duca®, Natascia

Campostrini?, Agostino Cortelezzi®, Michela Corbella?, Alberto Bosi', Gianluigi Reda®, Oliviero Olivieri?,
Maria Domenica Cappellini®

Anemia, hypoxia Inflammatory cytokines
(IL-6...)
Prevailing in CMML and RAEB

EPO
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Iron stores Ineffective erythropoiesis
(transfusional overload) (by unknown factors, not GDF-15)
Response tend to be conserved in Tend to prevail in RA, 5q- syndrome,
RA, 5g- syndrome, and in RARS, and particularly in RARS

but relatively blunted as indicated
by the hepcidin/ferritin ratio



Come sospettare e diagnosticare una cardiopatia da
sovraccarico di ferro?

NO SP
Sintomi * Volume di sangue trasfuso
Ferritina da sola * TSat
Ecocardiogramma * Patologia di base (apoptosi
Biopsia epatica (spesso non progenitori eritroidi,
riflette accumulo eritropoiesi inefficacie)

extraepatico)

RM epatica per LIC (non * RM con valutazione T2*
correla con T2* cardiaca in pancreatica (rule out)
corso di tp chelante) * RM con valutazione

T2%* cardiaca



RM cardiaca T2*

| Inon Howeosrasis & Crrone Disease: Disoroers of Iron OverLoo | patients may be divided into cohorts using a “stoplight” scheme:

- e . green (T2* > 20 ms). vellow (10 ms < T2* < 20 ms) and red
Guidelines for quantifying iron overload s -

‘Mo (T2* < 10 ms) based upon their risk of arrythmias and cardiac

G  JohnC- Wood' dysfunction.?'3' As a result, a T2* value <10 ms is often used as a
St T . . . ) .

'Division of Cardiology, Department of Pediatrics and Radiology, Children’s Hospital of Los Angeles, “mggcr, ' fOI' ageressive Cscalatlon Of Chelator thcrapy--z Cardlac

Los Angeles, CA T2* is routinely used to monitor response to iron chelation therapy

in high-risk disorders such as beta thalassemia major and Blackfan-
Diamond syndrome. Cardiac T2* also serves as an end point for

45 year old male 35 year old female 45 year old male
with idiopathic CM with sickle cell anemia with HH

Iron Heart (-) Heart (+) Heart (-)
Overload Liver (-) Liver (+) Liver (+)

Iron overload cardiomyopathy. Better understanding of an increasing disorder. Guijja et al, JACC 2010



RM cardiaca T2* e prognosi
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Proportion of patients suffering heart failure

RM cardiaca T2* e prognosi
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Iron-Overload Cardiomyopathy: Pathophysiology, Diagnosis, and Treatment. Murphy et al, Journal of Cardiac Failure 2010



Come trattare una cardiopatia da sovraccarico di ferro?

How I treat

Y (% |
How I treat transfusional iron overload §° \ O 0

A. Victor Hoffbrand,' Ali Taher,” and Maria Domenica Cappellini®

Dipende da:

* Pz trasfusione-dipendente? E quanto!?
e Severita sovraccarico cardiaco
 Controindicazioni a chelanti?



Opzione 1: Salassi

* Non praticabili in pz trasfusione-
dipendenti

* Poco praticabili in caso di severo
accumulo marziale con disfunzione
sistolica per problemi di tolleranza

* Praticabili in pz non-trasfusione
dipendenti con sovraccarico
marziale cardiaco non severo e
normale FE




Opzione 2. Chelanti

Table 4. Chelation strategies in adult patients with -TM

DFO*

DFP

DFO + DFP combination

DFX

T2* =20 ms

Iron intake < 0.3 mg/kg/d
LIC = 15 mg Fe/g dw
LIC 7- < 15 mg Fe/g dw
LIC 3- < 7 mg Fe/g dw
LIC < 3 mg Fe/g dw

Iron intake 0.3-0.5 mg/kg/d
LIC = 15 mg Fe/g dw
LIC 7- < 15 mg Fe/g dw
LIC 3- <7 mg Fe/g dw
LIC < 3 mg Fe/g dw

Iron intake > 0.5 mg/kg/d
LIC = 15 mg Fe/g dw
LIC 7- < 15 mg Fe/g dw
LIC 3- < 7 mg Fe/g dw
LIC < 3 mg Fe/g dw

T2*10- < 20 ms

LIC = 15 mg Fe/g dw
LIC 7- < 15 mg Fe/g dw
LIC 3- < 7 mg Fe/g dw

LIC < 3 mg Fe/g dw

T2* <10 ms
LIC = 15 mg Fe/g dw

LIC 7- < 15 mg Fe/g dw

LIC 3- < 7 mg Fe/g dw

LIC < 3 mg Fe/g dw

40-50 mg/kg per day, 8-10 h/d, 6 or 7 d/wk, SQ

30-40 mg/kg per day, 8-10 h/d, 5 d/wk, SQ

30-40 mg/kg per day, 8-10 h/d, 5 d/wk, SQ
Suspend

40-50 mg/kg per day, 8-10 h/d, 6 or 7 d/wk, SQ

40-50 mg/kg per day, 8-10 h/d, 6 or 7 d/wk, SQ

30-40 mg/kg per day, 8-10 h/d, 5 d/wk, SQ
Suspend

40-50 mg/kg per day, 8-10 h/d, 6 or 7 d/wk, SQ

40-50 mg/kg per day, 8-10 h/d, 6 or 7 d/wk, SQ

30-40 mg/kg per day, 8-10 h/d, 5 d/wk, SQ

Suspend

50-60 mg/kg per day, continuous IV

40-50 mg/kg per day, 8-10 h/d, 6 or 7 d/wk, SQ

40-50 mg/kg per day, 8-10 h/d, 6 or 7 d/wk, SQ

Adjust to therapeutic index, T monitory safety
closely

50-60 mg/kg per day, continuous IV

40-50 mg/kg per day, continuous IV

40-50 mg/kg per day, continuous IV

Adjust to therapeutic index, T monitory safety
closely

75-100 mg/kg/d

75-100 mg/kg/d

75 mg/kg/d
Suspend

75-100 mg/kg/d

75-100 mg/kg/d

75 mg/kg/d
Suspend

75-100 mg/kg/d

75-100 mg/kg/d

75 mg/kg/d

Suspend

75-100 mg/kg/d

75-100 mg/kg/d

75-100 mg/kg/d

75-100 mg/kg/d

Not recommended

75-100 mg/kg/d

75-100 mg/kg/d

75-100 mg/kg/d

DFO 40 mg/kg/10-12 h/2 d + DFP
75 mg/kg/d

DFO 40 mg/kg/10-12 h/1-2 d + DFP
75 mg/kg/d

Suspend DFO/DFP 75 mg/kg/d

Suspend DFO/Suspend DFP

DFO 40 mg/kg/10-12 h/2 d + DFP
75 mg/kg/d

DFO 40 mg/kg/10-12 h/1-2d + DFP
75 mg/kg/d

Suspend DFO/DFP 75 mg/kg/d

Suspend DFO/Suspend DFP

DFO 40 mg/kg/10-12 h/2 d + DFP
75 mg/kg/d

DFO 40 mg/kg/10-12 h/2 d + DFP
75 mg/kg/d

DFO 40 mg/kg/10-12 h/1 d + DFP
75 mg/kg/d

Suspend DFO/Suspend DFP

DFO 40 mg/kg/10-12 h/7 d + DFP
75 mg/kg/d

DFO 40 mg/kg/10-12 h/5 d + DFP
75 mg/kg/d

DFO 40 mg/kg/10-12 h/2 d + DFP 75-
100 mg/kg/d

DFO 40 mg/kg/10-12 h/1-2 d + DFP 75-
100 mg/kg/d/Monitor safety closely

DFO 40 mg/kg/10-12 h/7 d + DFP 75-
100 mg/kg/d

DFO 40 mg/kg/10-12 h/5-7 d + DFP 75-
100 mg/kg/d

DFO 40 mg/kg/10-12 h/3-5 d + DFP 75-
100 mg/kg/d

DFO 40 mg/kg/10-12 h/1-2 d + DFP 75-
100 mg/kg/d

30-40 mg/kg/d

20-30 mg/kg/d

20-30 mg/kg/d
Suspend

30-40 mg/kg/d

30-40 mg/kg/d

20-30 mg/kg/d
Suspend

30-40 mg/kg/d

30-40 mg/kg/d

20-30 mg/kg/d

Suspend

40 mg/kg/d

30-40 mg/kg/d

30-40 mg/kg/d

Adjust dose, monitor safety closely

Not recommended

30-40 mg/kg/d

30-40 mg/kg/d

Adjust dose, monitor safety closely




Opzione 3. Calcio-antagonisti???

Cochrane Database of Systematic Reviews

Calcium channel blockers for preventing
cardiomyopathy due to iron overload in people
with transfusion-dependent beta thalassaemia

Cochrane Systematic Review - Intervention \ Version published: 12 July 2018

Amlodipine Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 At 6 months
Fernandes 2013 -6.52 117 5 04 567 10 48.7% -6.92[-10.58,-3.26) —
Fernandes 2016 -018 617 27 088 519 23 513% -1.06[4.21,209) — T
Subtotal (95% Cl) 32 33 100.0%  -3.91[-9.65, 1.83] R

Heterogeneity. Tau*=14.13, Chi*=566,df=1 (P=0.02); F= 82%
Test for overall effect Z=1.34 (P = 0.18)

1.1.2 At 12 months

Fernandes 2013 -442 513 5 -24 689 10 148% -2.02[8.22,4.18) =
Femandes 2016 056 560 30 -059 437 29 852%  0.03[-255,261) t
Subtotal (95% Cl) 35 39 100.0%  -0.27[-2.66, 2.11]

Heterogeneity. Tau?*= 0.00; Chi*= 036, df=1 (P = 0.55); F= 0%
Test for overall effect Z=0.22 (P =0.82)

10 -5 0 5 10
Favours amlodupine Favours control

Figure 2 Forest plot of comparison: 1 Amlodipine versus control, outcome: 1.1 Heart T2* (m/s) (change
from baseline).



Opzione 3. Calcio-antagonisti???

Cochrane Database of Systematic Reviews

Calcium channel blockers for preventing
cardiomyopathy due to iron overload in people
with transfusion-dependent beta thalassaemia

Cochrane Systematic Review - Intervention \ Version published: 12 July 2018

Amlodipine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 At 6 momhs
Fernandes 2013 -0.35 027 5 -002 019 10 368% -0.33[059,-0.07) =
Fermandes 2016 -0.16 051 27 0008 015 23 632% -017[037,003) — T
Subtotal (95% CI) 32 33 100,0% -0.23[.0.39,.0,07] EacC

Heterogeneity ChiF= 091, df=1(P=034),F= 0%
Testfor overall effect Z=2.78 (P = 0.005)

1.2.2 At 12 months

Fernandes 2013 03 047 5 -011 032 10 182% -019[-085,0.27)
Fernandes 2016 023 056 30 0028 022 29 818% -0.26[0.47,-0.04) ——
Subtotal (95% CI) 35 39 100.0% .0.25[.0.44, .0.05] gl

Heterogeneity. Chi*=0.07, df=1{(P=0.79); *= 0%
Testfor overall effect Z= 2.47 (P = 0.01)

05 -025 0 025 05
Favours amlopidine Favours control

Figure 3 Forest plot of comparison: 1 Amlodipine versus control, outcome: 1.2 Myocardial iron
concentration (MIC) (mg/g) (change from baseline).



Opzione 3. Calcio-antagonisti???

Cochrane Database of Systematic Reviews

Calcium channel blockers for preventing
cardiomyopathy due to iron overload in people
with transfusion-dependent beta thalassaemia

Cochrane Systematic Review - Intervention \ Version published: 12 July 2018

Review: Caldum channd Biodrs o prevening cardhom yopa®y due 10 ron overdoad in peogle with TansLson dependen! beta thalassasria
Companison: 1 Amlodhpane verous control
Quoome: 3 Lo ventsoudar ejecton Yackon (LVEF) s (change Tom basehne

Sudy o mbgroup Amlodipire Contol Moo Dvrence Weght Meon OvSrence

N Mean (509 N Mean (30 IV, Fived 95% CI IV Fixed 95% CI
1 Al & months
Famande 2013 5 a4 (2 10 0.3 (4.08) . Win 210608, 1.24)
Femandse 2010 27 014 (0.3% D 147 (517 . w0o% 13912545 )
Subtotal (95% CI) 2 33 e 100.0% -0.02[-249,245)

HetroQumity: Chit « 1,77 di a1 (P «0.18); IF «23%
Toot for overoll wfect £ « 0.02 (P « 000

A1 12 marvhs

Famandse 2013 5 0 (324 0 Q8 (500 = N% oro[381, 541)
Famandie 2016 » 1.3 (7.07) = 045 (4.95 - ®o% O04[203,218)
Subtotal (95% CI) k< 39 | ——p— 100.0 % 0.40( -2.97,2.17)

Hebeoguwily: Chit w 032, di = 1 (P 0.54); 2 0.0%
Toet kr overall et Z - 0.30 (P - 0.7

A A A A A
N 2 o 2 4
Favours amiodgine Favours conrol

Analysis 1.3 Comparison 1 Amlodipine versus control, Outcome 3 Left ventricular ejection fraction (LVEF)
% (change from baseline).



Opzione 3. Calcio-antagonisti???

Cochrane Database of Systematic Reviews

Calcium channel blockers for preventing
cardiomyopathy due to iron overload in people
with transfusion-dependent beta thalassaemia

Cochrane Systematic Review - Intervention \ Version published: 12 July 2018

Review: Calaum channd Blods 1or prevening cardhom yopa iy due 10 ron overdoad in pecghe with Yansbigon dependen! bets thalaseaeria

Companison: 1 Amlodhpine verous contol
Quome: 4 Serum werin N sl (changs Tom basebne

Sudy o subgroup Amlodipirn Contol Mean OvSrance Waght Meon OvSroncs
N Meoan (509 N Mean (30) IV, Ficed 98% CI 1V Fixed 95% €I

1 A1 & months

Famandes 2013 S S8 (02l 1w Rl R A R ) = 275N S350 45283, 18243 )

Famande 2010 30 M2 (90990 7 1000 (71D . T25% 29792001 02, 20518 )
Subtotal (95% 02 K 37 e — 100.0 % -390.54 [ -619.00, 37.93)
Hetroguwwity: Chit « 0.87, di = 1 (P <080, I D0%
Toot bor overoll oot 2 < 1.9 (P <007
A 12 monhs

Famande 2013 505091 (101216 0 05 (7843 - a4 0041 [ 100038, 30.%0 )

Famandes 2018 2 AT 1 X005 = TENE (01 .0 . Sen MAT2[ A1 83, 4 0)
Subtotal (55% CI) k< 38 ——m——— 100.0% MT.TB 741,61, 29605
Hebeoguwity: Chit w 022, di w1 (P w035, 00N
Toet kr overoll o8t Z - 008 (P -0 3%

1000 S0 o 50 1000
Favours amiodipine Favours conrol

Analysis 1.4 Comparison 1 Amlodipine versus control, Outcome 4 Serum ferritin ng/mL (change from
baseline).



Opzione 3. Calcio-antagonisti???

Cochrane Database of Systematic Reviews

Calcium channel blockers for preventing
cardiomyopathy due to iron overload in people
with transfusion-dependent beta thalassaemia

Cochrane Systematic Review - Intervention \ Version published: 12 July 2018

Review: Caldum channd Blodurs 1o prevening cardhom yapayy duse 10 ron overdoad in pecple with YansLson depenyden! bets thalassasria

Comparison: 1 Amlodkpine verous control
Quoome: S Uver T2 (mvgh (change Yom baseineg
Sudy o subgroup Ao Contal Meon Dvrence Weaght Meon Dvrencs
N Mean (509 N Mean (30 V. Fived 95% CI IV Fixed 96% CI
1 Al & months
Famandses 2013 S a1 (38 10 1.42 (200 d LR S 2ax|srs 1.04)
Famandie 2010 27 013 (1.7 » 0.72 (103 —.— wI3% QW |-1.52,04)
Subtotal (95% CI) K74 33 e 100.0 % 0.71[-1.61,018)

Hetbrogumity: Chit « 100, di « 1 (P <02, b 0%
Tt tr overall efct 2« 1,98 (P01 Dy

2 A2 manvhs
Famandses 2013 5 078 (395 0 0.2 (0.7D - % A00(o04e )
Famandes 2018 0 0.3 (3.4 = 183 (274 + LR L8 A28 [ 224, 002)
Subtotal (95% CI) 35 3 R el 1000 % 1.24[-2.76,027)
Hetrogumity: Chit w 000, dt w1 (P w09M); I 00%
Toet kr overall o8t Z - 1,00 (P -011)
“ 2 o 2 4
Favours amiocdpine Favours contol

Analysis 1.5 Comparison 1 Amlodipine versus control, Outcome 5 Liver T2* (m/s) (change from baseline)



Opzione 3. Calcio-antagonisti???

Cochrane Database of Systematic Reviews

Calcium channel blockers for preventing
cardiomyopathy due to iron overload in people
with transfusion-dependent beta thalassaemia

Cochrane Systematic Review - Intervention \ Version published: 12 July 2018

Review: Caldum channd Biods o prevening cardhom yopaty dus 10 ron overdoad in peophe with Tansbison depenyden! bets thalaseasria
Comparison: 1 Amlodipine verous conrol
Quroome: & Liver von conoentaton (UG (mg @) (change Yom basding

Sudy o subgroup Amiodipnrne Conval Meann Dvdrence Waght Mean Dvrence
N

N MNean (509 Meon (30 IV, Fived 08% CI IV, Fived 08% CI
1 Al o eonths
Famande 2018 27 007 (5.0 D LT . 1000% A6d|a90,00)
Subtotal (9% C 44 23 e — 100.0 % 1.64[-3.96,068 )
Hetwrogermly . not

Tt br overall efect 2« 1.2 (P Q1)

2 A1 12 marvhs

Femandes 2010 R L5 (0.0 o 200 (am . 1000% 201|424, 082)
Subtotal (96% C 30 29 —— 100.0% 201484 082)
Hetrogumily | not o

Toot o overoll etect Z < 1.% (P <018

B3 2
Favours amiochpine Favours contol

Analysis 1.6 Comparison 1 Amlodipine versus control, Outcome 6 Liver iron concentration (LIC) (mg/g)
(change from baseline).



CONCLUSIONI: 1. Ricercare cardiopatia da accumulo di ferro

in situazioni ad alto rischio

* Blackfan-Diamond anemia RIC
* Aplasia midollare

* Talassemia major

* MDS trasfusione-dipendenti/RARS

* Anemie sideroblastiche congenite

* Anemie diseritropoietiche congenite

* Emocromatosi tipo 2 (H|J, Hepc)

« HSCT

* Sickle cell disease

* Emocromatosi tipo 3 (TfR2)

* Talassemia intermedia

* Emocromatosi tipo | (HFE)

* Membranopatie eritrocitarie GIUDIZIO CLINICO
* MDS trasfusione-indipendenti




CONCLUSIONI: 2. Diagnosi con RM T2*

45 year old male 35 year old female 45 year old male
with idiopathic CM with sickle cell anemia with HH

Iron Heart (-) Heart (+) Heart (-)
Overload Liver (-) Liver (+) Liver (+)



CONCLUSIONI: 3. Miti da sfatare?

* Ci puo essere accumulo cardiaco
solo quando il fegato e “pieno di
ferro”

* Ci puo essere accumulo cardiaco solo

con TSat elevata




CONCLUSIONI: 4. Terapia e auspici futuri

* Terapia e in genere con ferrochelante/i (tipo/
dose dipende dalla severita dell’accumulo)

* Ruolo potenziale ma non ancora certo dei
calcio antagonisti

* Necessita di linee guida per la diagnosi e di
trial clinici per raccomandazioni terapeutiche
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Collaborations: Clara Camaschella, HSR, Milan; Paolo Arosio, University of Brescia;
Elizabeta Nemeth and Tom Ganz, UCLA; Dorine Swinkels, Radboud UMC, Nijmegen




