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Normal	body	iron	distribu<on	and	storage	

Andrews NC. N Engl J Med 1999;341:1986–1995, © Massachusetts Medical Society, with permission 
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Two to Tango: Regulation of Mammalian Iron Metabolism  Cell Volume 142, Issue 1, Pages 24-38 (July 2010)  

Iron	is	essen2al	for	physiological	health,	playing	an	
integral	role	in	oxygen	transport/storage,	DNA	
synthesis,	transla2on,	cellular	respira2on,	and	a	
number	of	metabolic	processes.	Excessive	iron,	
however,	is	injurious	to	cells,	2ssues,	and	organs.			



Non-transferrin-bound	iron	(NTBI)	and	labile	plasma	iron	(LPI)	

NTBI appears when plasma iron  
exceeds transferrin binding capacity  
(saturation > 60–70%)1 

LPI is a chelatable redox-active component of NTBI2 
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1.  Hershko	C,	Peto	TE.	Br	J	Haematol.	1987;66:149-51.		
2.  Cabantchik	ZI,	et	al.	Best	Pract	Res	Clin	Haematol.	2005;18:277-87	

3.  Ann N Y Acad Sci. 2016 Mar;1368(1):115-214 
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Iron toxicity on a cellular level 
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2. LPI present in 
systemic iron 
overload leads to 
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LCI  
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ROI are normally 
converted to 
water by resident 
enzymes SOD  
and GPX 

*Up to 3 kg ROI/day in inflammation! 

4. OH· radicals are highly reactive 
and can modify DNA, proteins and 
lipid components of cells 

3. ROI react with LPI producing 
noxious ROS, eg, OH· radicals 
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LPI, labile plasma iron 
LCI, labile cellular iron 
GPX, glutathione peroxidase;  
ROI, reactive oxygen intermediates 
ROS, reactive oxigen species  

 

Courtesy of Professor IV Cabantchik 



ROS production  

High levels of 
mithocondrial activity  Tissue 

damage 

Why	toxicity	due	to	iron	overload	occurs	
mainly	in	liver	and	heart?			

        Control                                  Iron loaded  Gao	X,	et	al.	Free	Radic	Biol	Med.	2010	49:401–40	

Hearts of iron-loaded mice had irregularly 
shaped mitochondria, electron dense material 

M: mitochondria 
MF: myofibrils 
H: electron dense iron stores 
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Gattermann N, Rachmilewitz EA. Ann Hematol. 2011; 90:1-10. 
Adapted from Farquhar MJ, Bowen DT. Int J Hematol. 2003;77:342-50. 
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oxidative stress in MDS 

Haemopoietic 
progenitor 

cell 

Disease	(AML)	
evolu<on	in	HR	MDS		



My	Agenda	
	

•  Iron	balance	and	overload	
•  Clinical	results	of	chela<on:	reduc<on	of	iron	overload	
•  Clinical	results	of		chela4on:		hematologic	improvement	

•  Clinical	results	of		chela4on:	survival	
•  Iron	chela4on	in	higher	risk	MDS	

•  Perspec4ves	





Prevalence of comorbidi5es in transfusion-dependent MDS


Transfused MDS patients have a higher prevalence of cardiac events, diabetes mellitus, 
dyspnoea, and hepatic and infectious diseases than non-transfused MDS patients  

Goldberg SL, et al. J Clin Oncol. 2010;28:2847-52. 
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14 

Overall survival of 1000 transfusion-dependent 
and non-transfusion-dependent patients with low 
and Int-1 IPSS risk  

Significantly greater 
mortality was noted in  

MDS patients who were 
transfusion-dependent  

(p < 0.0001) 

Adapted from de Swart L, et al. Blood. 2011;118:[abstract 2775]. 
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46%	of	pa<ents	had	hypertension,	18%	diabetes	mellitus,	12%	
arrhythmia,	and	12%	thyroid	disease.23	Survival	data	were	
further	confirmed	by	a	recent	update	



15 

Overall survival of transfusion-dependent 
patients by baseline serum ferritin status 
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de Swart L, et al. Blood. 2011;118:[abstract 2775]. 



•  51%	of	non-leukemic	causes	of	death	were	
due	to	cardiac	failure	in	low-risk	MDS,	
compared	with	31%	due	to	infec4on	and	8%	
due	to	hepa4c	cirrhosis.	Malcova'	et	al,	J	
Clin	Oncol	2005		

•  In	a	retrospec4ve	analysis	of	840	MDS	
pa4ents,	25%	had	cardiovascular	
comorbidi4es,	and	63%	of	deaths	were	due	
to	cardiac	failure.	Mul4variate	analyses	
showed	that	any	cardiovascular	comorbidity	
increased	non-leukemic	deaths	significantly,	
with	an	HR	of	3.7.	This	risk	was		even	more	
pronounced	in	pa4ents	who	are	transfused.	
Della	Porta	et	al,	Haematologica	2011	

Two	possible	explana4on	of	this	effect:		

•  1)	lower,	not	detectable,	levels	of	iron	
accumula4on	can	have	dangerous	clinical	
nega4ve	effect		

•  2)	circula4ng	“reac4ve	iron	species	-	free	iron	
forms”	in	myocyte	cells	can	damage	without	
clear	evidence	of	overload.	 

Although	iron	infrequently	accumulates	to	the	degree	seen	with	iron-related	
target	organ	damage	in	thalassemia,	its	mild	overload	is	s<ll	associated	with	poor	
prognosis	in	pa<ents	with	MDS.		
 

Angelucci and Pilo, 2017 



US	study	evalua<ng	LIC	by	MRI	(R2)	shows	high	
baseline	liver	iron	burdens	in	MDS	

•  12-month,	Phase	II	study	to	evaluate	the	efficacy	and	safety	of	deferasirox		
(20–30	mg/kg/day)	in	24	pa4ents	with	Low/Int-1-risk	MDS	

•  First	prospec4ve,	mul4center	trial	to	evaluate	LIC	using	R2	MRI	technique	

•  Baseline	iron	burden	pa4ents	demonstrates	a	high	degree	of	iron	overload		
(based	on	LIC,	serum	ferri4n,	labile	plasma	iron	[LPI],	etc)	

•  Iron	overload	meets	criteria	for	treatment	based	on	NCCN	and	Nagasaki	MDS	guidelines	

Greenberg PL et al. Leuk Res 2010  Study US02 
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Liver	enzymes	increase	in	MDS	with	transfusions	
at	LIC	values	>	15–20	mg	Fe/g	dry	wt	
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Jensen PD, et al. Blood. 2003;101:91-6. 

Liver iron (µmol Fe/g) 
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Molecular	level:	ROS	concentra<on	in	
hepatocytes	increases	with	LIC	

Low High Concentration of ROS 

Iron overload and ROS stress 
result in mitochondrial damage 



Myocardial	iron	in	unchelated	pa<ents	with	MDS		

Di Tucci AA.  Myocardial  iron overload assessment by T2* magnetic resonance imaging 
 in adult transfusion dependent patients with acquired anemias. Haematologica Sept 2008. 

1 

10 

100 

0 200 400 600 800 

pRBC received (mL/kg) 

C
ar

di
ac

 T
2*

 (m
s)

 
Lo

g 
sc

al
e 



Thalassemia	vs	hemochromatosis	vs	MDS:	a	different	iron	overload		scenario	

These	diseases	are	characterized	by	deep	clinical	differences	(age,	comorbidity,	func4onality	of	stem	cell,	anemia,	
non	prolifera4ve	diseases,	gastro	intes4nal	iron	absorp4on,	life	expectancy,	etc.).	Consequently	MDS	pa4ent	is	a	
completely	different	clinical	scenario	whose	characteris4cs	in	term	of	4ssue	and	organ	morbidity,	quality	of	life,	
therapeu4c	op4ons	and	finally	survival	is	completely	to	be	“de	novo“	designed 

Angelucci and Pilo, 2017 
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27 1. Data from List AF, et al. J Clin Oncol. [Epub ahead of print 2012 Apr 30] 
2. Data from Gattermann N, et al. Leuk Res 2010;34:1143-50. 
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EPIC	study:	Correla<on	between	decreased	serum	ferri<n	and	
improved	ALT	during	deferasirox	treatment	

•  At 12 months, there were significant reductions in 
–  Median serum ferritin (−253 ng/mL; P=0.002) 
–  Mean ALT (−27.7 ± 37.4 U/L; P<0.0001) 
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Gahermann	N	et	al.	Leuk	Res	2010;34:1143–1150		



Reduc<ons	in	LIC	(MRI	R2)	and	serum	ferri<n	with	
deferasirox	in	pa<ents	with	MDS	

 Study US02 
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•   LPI normalised in 80% of patients 









•  Of 159 participants enrolled from 37 Italian centers, 152 received ≥1 dose of deferasirox (initiated at 10–20 mg/
kg/day and titrated as appropriate), and 68 completed the study.  

•  Median serum ferritin level fell from 1966 ng/mL to 1475 ng/mL (P < 0.0001).  







Frequency of adverse events (AEs) during 
deferasirox treatment 

AE Frequency 
(% patients) Observations 

Non-progressive increase in 
serum creatinine 36 

Mild, mostly within normal range; dose 
dependent, often resolve spontaneously; may 
be alleviated by dose reduction 

Gastrointestinal disturbance 
(nausea, vomiting, diarrhea, 
abdominal pain) 

26 
Dose-dependent, mostly mild to moderate, 
generally transient and self-limiting even with 
continued therapy 

Skin rash 7 
Dose-dependent, mostly mild to moderate, 
generally transient and self-limiting with 
continued therapy 

Elevation in liver 
transaminases 2 

Most patients had elevated levels prior to 
deferasirox treatment 
Elevations >10 x ULN were uncommon (0.3%) 

High-frequency hearing loss 
and lenticular opacities ≤1 Uncommonly observed with patients taking 

deferasirox 
EXJADE® (deferasirox) Core Data Sheet 2011. Novartis Pharma AG. National Prescribing Information should be followed 
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Study	 n	 IPSS	risk	 RBC	
response	

Neutrophil	
response	

Platelet	
response	

Breccia	M,	et	al.	20101	 1	 Low	 Major	 NR	 NA	

Capalbo	S,	et	al.	20092	 1	 Low	 Major	 NA	 NA	

Messa	E,	et	al.	20083	 4	
Int-1		
Int-1	
High	

Minor	
Major	
Major	

NA	
NA	

Major	

NA	
NA	
NR	

Okabe	H,	et	al.	20094	 1	 NR	 Major	 Major	 NR	

Oliva	EN,	et	al.	20105	 1	 Low	 Major	 NA	 NA	

Guariglia	R,	et	al.	20116	 1	 Int-1	 Major	 Major	 NA	

List	AF,	et	al.	20097	 6	 Low/Int-1	 2	Major	
1	Minora	

1	Major	
1	Majorb	

1	Major	
1	Majorb	

Badawi	MA,	et	al.	20108	 1	 Int-1	 Majorc	 NA	 NA	

Nishiuchi	T,	et	al.	20109	 1	 Int-1	 Majord	 Majord	 NA	

Molteni	A,	et	al.	201010	 6	 NR	 5	Minor	 1	Major	 NA	

DFX can improve haemopoiesis in MDS: first reports 

1.	Breccia	M,	et	al.	Acta	Haematol.	2010;124:46-8.	2.	Capalbo	S,	et	al.	Acta	Haematol.	2009;121:19-20.	3.	Messa	E,	et	al.	Acta	Haematol.	2008;120:70-4.	4.	Okabe	H,	et	al.	Rinsho	Ketsueki.	
2009;50:1626-9.	5.	Oliva	EN,	et	al.	Transfusion.	2010;50:1568-70.	6.	Guariglia	R,	et	al.	Leuk	Res.	2011;35:566-70.	7.	List	AF,	et	al.	Blood.	2009;114:abstract	3829.	8.	Badawi	MA,	et	al.	Adv	
Hematol.	2010;2010:164045.	9.	Nishiuchi	T,	et	al.	Int	J	Hematol.	2010;91:333-5.	10.	Molteni	A,	et	al.	Haematologica.	2010;95	Suppl	2:abstract	1410.	

RBC, platelet, and neutrophil responses were assessed according to IWG 2000 criteria. 
a The patient also received darbopoietin treatment. b The patient also received G-CSF and decitabine treatment. 
c Response duration was 38 months; cutaneous leukaemic infiltration was observed. d Response duration was more than 12 months. 
 



Hematological response to ICT: 
Retrospective Italian study 

 
•  IWG 2006 criteria used  
•  25 pts were receiving EPO, started ≥6 mos before ICT, without significant clinical 

improvement  
•  3 patients were receiving a JAK2 inhibitor started ≥1 year before ICT 
•  Patients receiving any kind of therapy able to modify the erythroid response were excluded  

105 patients with 
hematologic 

malignancies who 
received ICT (92 
for ≥3 months) 

Deferasirox	(N=68)	
(9	PMF,	5	AA,	3	CMML,	51	MDS)	

Deferoxamine	(N=30)	
(6	PMF,	3	AA,	1	CMML,	2	AML,	18	MDS)	

Deferasirox	aher	deferoxamine	(N=7)		
(1	PMF,	6	MDS)	

Cilloni	D	et	al.	Blood	2011;118;abst	611	



  DFO  DFX DFO---DFX TOT 

Patients 29 57 6 92 

RBC transfusion independency 5 (17,2%)  12 (21%)  1 (16%)  18 (19,5%)  

HI-e (reduction of 4 U /8 weeks)  4 (13,7%)  9 (15,7%)  3 (50%)  16 (17,3%) 

HI-e ( increase of 1,5 gr/dL)  2 (6,8%)  5 (8,7%)  0 7 (7,6%)  

TOTAL  11 (37%)  26 (45,6%)  4 (66%)  41 ( 44,5%)  

IWG	response	criteria:	Cheson	et	al.	Blood	2006		

! 3	pa4ents	achieving	complete	erythroid	response	(2	with	DFO	and	1	with	DFX)	were	receiving	
concomitant	Epo	from	15,	17	and	53	months	with	stable	transfusion	requirement	at	the	4me	of	ICT	
		

Cilloni	D,	et	al.	Blood.	2011;118;[abstract	611].	

Hematological	Response	(RBC)			
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DFX can improve haemopoiesis in MDS: recent data 

1.	Cilloni	D,	et	al.	Blood.	2011;118:abstract	611.	2.	Molteni	A.	Leuk	Res	2013;37:1233-40.	3.	Cheong	JW,	et	al,	Transfusion.	2014;54:1542-51.	4.	List	A,	et	al.	J	Clin	Oncol.	
2012;30:2134-9.	5.	Gahermann	N,	et	al.	Haematologica.	2012;97:1364-71.	6.	Nolte	F,	et	al.	Ann	Hematol.	2013;92:191-8.	7.	Angelucci	E,	et	al.	Eur	J	Haematol.	
2014;92:527-36.	

Study	 n	 IPSS	risk	 RBC	
response	

Neutrophil	
response	

Platelet	
response	

Cilloni	D,	et	al.	20111	 57	 Low/Int-1	 45.6%	 NR	 NR	

Molteni	A,	et	al.	20132	 53	 Low/Int-1	 35.1%	 76.4%	 61%	

Cheong	JW,	et	al.	20143	 96		
(43	MDS)	 Low/Int-1	

Hb	level	
increased	by	
1.36	g/dL	

NS	 PLTs	increased	
by	10.7	x	109	

List	A,	et	al.	20124	
173	
52	
77	

Low/Int-1	 15%	 15%	 22%	

Gahermann	N,	et	al.	20125	
247	
50	
100	

Low/Int-1	 21.5%	 22%	 13%	

Nolte	F,	et	al.	20136	 50	 Low/Int-1	 11%	 NR	 NR	

Angelucci	E,	et	al.	20147	 152	 Low/Int-1	 11%	 3%	 15%	
RBC, platelet, and neutrophil responses are assessed according to IWG 2006 criteria (1–3). 
 



GIMEMA prospective trial: probability 
of acquiring transfusion independence 

Updated	data	from	Angelucci	E,	et	al.	Eur	J	Haematol.	2014;92:527-36.	

Non-parametric	cumula4ve	incidence	es4mator		
Drop-out,	progression,	and	death	were	considered	compe44ve	risks	

At	12	months	15.5%	(95%	CI	15.3–15.8)	

Transfusion-free	pa<ents:	
median	Hb	8.1	g/dL	(IQR	7.6–8.6)	

All	responses	to	last	≥	12	weeks	
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Pa4ents	at	risk	 138	 107	 86	 68	

The cumulative incidence of 
transfusion independence, 
adjusted for death and 
disease progression, was 
2.6%, 12.3%, and 15.5% 
after 6, 9, and 12 months, 
respectively.  



Poten<al	Mechanisms	for	the	Hematologic	
Effect	of	Deferasirox		

1. Messa E, et al. Haematologica. 2010;95:1308-16. 2. Ghoti H, et al. Eur J Haematol. 2007;79:463-7. 
3. Hartmann J, et al. Blood. 2008;112:[abstract 2694]. 4. Chan LSA, et al. Blood. 2008;112:[abstract 2685].  

5. Breccia M, et al. Acta Haematol. 2010;124:46-8. 6. Guariglia R, et al. Leuk Res. 2011;35:566-70. 
7. Ren X, et al. J Appl Physiol. 2000;89(2):680-6. 

Direct effect on a 
neoplastic clone or on 
bone marrow 
environment 

Promoting iron release from 
iron stores allowing use by 
hemopoietic tissue 

Reduction in oxidative 
species which correlate 
with inefficient 
erythropoiesis2–4 

Inhibition of NF-κβ leading to a reduction in  
the transcription of anti-apoptotic factors, 
cytokines, or adhesion molecules that may 
effect erythroid inefficacy1 

Increasing endogenous 
EPO levels7 

Potential mechanisms for the hematological  
effect of deferasirox5,6 



0 
100 
200 
300 
400 
500 
600 
700 

0 30 50 100 200 300 

* 

* 

Iron, µM 

B
FU

-E
 c

ol
on

y 
nu

m
be

r 

n = 4 
p < 0.05 

0 
100 
200 
300 
400 
500 
600 
700 

0 50 100 

* 

DFO, µM 
Iron, 100 µM 

n = 4 
p < 0.05 

* 
* 

0 
10 
20 
30 
40 
50 
60 
70 
80 

Iron, 
30 µM 

Iron, 
200 µM 

Iron, 30 µM Iron, 200 µM 

** p < 0.01 

Im
m

at
ur

e 
er

yt
hr

ob
la

st
 

po
pu

la
tio

n,
 %

 

The effect of iron overload and chelation on 
erythroid differentiation 

Taoka K, et al. Int J Hematol. 2012;95:149-59. 



Proliferation of BFU-E in patients with 
normal and elevated serum ferritin 
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Iron overload inhibited BM-MSCs proliferation ability. 

(B) The IO BM-MSCs showed a longer double time (2.07 ± 0,14 days) 
than control .The effect was reversed by DFX or NAC.  

Yuchen Zhang et al.PLoS One. 2015; 10(3): e0120219 
Effects of Iron Overload on the Bone Marrow Microenvironment in Mice 





Ghoti H, et al. Haematologica. 2010;95:1433-4.  

Changes in oxida5ve stress parameters in RBC,  platelets, and PMN, at 
baseline and aCer a mean of 3 months of deferasirox treatment


*Cell fluorescence is proportional to ROS and GSH, but inversely proportional to lipid peroxidation. 
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ROS effects on stem cells  

Carolina L. Bigarella et al. Development 2014;141:4206-4218 
© 2014. Published by The Company of Biologists Ltd 



Free Radical Biology and Medicine Volume 104, March 2017, Pages 144–164 

Reactive oxygen species and cancer paradox: To promote or to suppress? 





Deferasirox inhibits NF-κB in cell lines and MDS; 
deferoxamine and deferiprone do not 

Messa	E	et	al.	Haematologica	2010;95:1308	-	1316	
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N°	 Title	 Purpose	

NCT02663752	 A	Phase	II	Pilot	Study	to	Assess	the	Presence	of	Molecular	Factors	
Predic4ve	for	Hematologic	Response	in	Myelodysplas4c	Syndrome	
Pa4ents	Receiving	Deferasirox	Therapy.		
Belgium		mul4centric	study	

assess	the	presence	of	gene4c	
biomarkers	predic4ve	for	
hematologic	response	by	the	
use	of	gene	expression	profiling	
of	bone	marrow	aspirates	
obtained	from	MDS	pa4ents	
with	or	without	hematological	
response	

NCT02233504	 Pilot	Study	to	Assess	Hematologic	Response	in	Pa4ents	With	Acute	
Myeloid	Leukemia	or	High	Risk	Myelodysplas4c	Syndromes	
Undergoing	Monotherapy	With	Exjade	(Deferasirox)		
Abramson	Cancer	Center	of	the	University	of	Pennsylvania	

The	purpose	of	this	trial	is	to	
examine	the	hematologic	
response	rate	of	Exjade®	in	
pa4ents	with	AML	and	high	risk	
MDS	and	chronic	iron	overload	
from	blood	transfusions.		

NCT01956799	
	

Iden4fica4on	of	Mechanism	in	the	Erythroid	Response	in	Pa4ents	
With	Myelodysplasia	Undergoing	Chela4on	Therapy	(BIOFER12)	
Fondazione	Italiana	Sindromi	Mielodisplas4che	Onlus		
	

The	study	aims	to	evaluate	the	
molecular	mechanism	
underlying	the	erythroid	
response	observed	in	some	
pa4ents	with	myelodysplasia,	
myelofibrosis	and	aplas4c	
anemia	treated	with	
Deferasirox	or	Deferoxamina.	

NCT02477631	 Effect	of	Deferiprone	on	Oxida4ve-Stress	and	Iron-Overload	in	Low	
Risk	Transfusion-Dependent	MDS	Pa4ents		
Sheba	Medical	Center,	Israel	

To	evaluate	the	effect	of	
Deferiprone	on	oxida4ve	stress	
parameter	-	Reac4ve	oxygen	
species	(ROS)	

Ongoing studies, http://www.clinicaltrials.gov 
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Mainous	et	a,,	Br	J	Haematol	2014	



OS	

Progression	to	AML	



The “mitic” TELESTO study of deferasirox in MDS 

•  Prospective, multicentre study to investigate the clinical benefit of chelation 
therapy with deferasirox in 630 MDS patients 

•  Primary study (composite) end-point: event-free survival (death, cardiac and 
hepatic non-fatal events, hospitalization, AML evolution)) 

Deferasirox 10 mg/kg/day (first 2 weeks); 
then 20 mg/kg/day n = 420 

Placebo n = 210 

1 year Screening 
(1 month) 

Randomization (2:1 = deferasirox:placebo) 
Angelucci E, et al. Blood. 2009;114:[abstract 4854].  

2 years 3 years 4 years 5 years 
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Which	is	the	current	role	for	ICT	in	HR-MDS?	

•  Although	not	formally	contraindicated,	it	is	not	
generally	recommended	outside	the	seqng	of	AlloSCT	

•  Main	limi4ng	factors	are	the	expected		shorter	overall	
survival	(OS)	of		these		pa4ents,	and		the		poten4al		
increased	risk		of		renal	or	hepa4c	impairment/failure	
and	gastro-intes4nal	bleeding	(NCCN,	2017:	
contraindicated	in	HR-MDS)	

•  As	a	consequence,	limited	data	are	currently	available	
on	the	use	of		ICT,	in	par4cular	the	oral	chelator	
deferasirox	(DFX),	in	HR-MDS	not	eligible	for	transplant			



NO 
ROS 
IFN-γ 
IFN-α

LPI 
NTBI

Fas 
upregulation

LCI
Mitochondrial defects 

Cytochrome c release 

Caspase activation 

Apoptosis/ 
ineffective haemopoiesis 
(MDS)

Genotoxic 
effects on 
mtDNA and  
nuclear DNA

Mutations/ 
DNA damage 
response

Reactive 
oxygen 
species 
(ROS) 

Monocyte/ 
macrophage 

Iron 
overload 

Gattermann N, Rachmilewitz EA. Ann Hematol. 2011; 90:1-10. 
Adapted from Farquhar MJ, Bowen DT. Int J Hematol. 2003;77:342-50. 

The role of iron overload in inducing  
oxidative stress in MDS 

Haemopoietic 
progenitor 

cell 

Disease	(AML)	
evolu<on	in	HR	MDS		



Impact	of	Iron	Overload	in		Higher	Risk	MDS	treated	with	azaci<dine	

Komrokji et al, ASH Meeting 2011, abs. 2777 Garcia et al, ASH Meeting 2012, Poster 882  Itzkiyson et al,  Blood 2011  

•  Transfusion-dependence	(>	4	RBC	units/8	weeks)	at	baseline	nega4vely	affected		survival	for	MDS	pa4ents	treated	with	
azaci4dine	(Itzkynson	et	al,	2011).	

•  SF		>	1,000	ng/ml	were	independent	prognos4c	factors	for	both	OS	and	AML	transforma4on	at	mul4variate	analysis	in	
139	intermediate-2	or	high	risk	IPSS	MDS,		more	than	half	treated	with	azaci4dine	(Komrokji	et	al,	2011).		

•  High	SF	at	baseline	also	had	a	nega4ve	impact	on	response	and	OS	in	MDS	pa4ents	treated	with	azaci4dine	in	a	Spanish	
experience	(Garcia	et	al,	2012).		











DFX	in	HR-MDS:	the	Italian	study	
•  Ini4al	enrollment:		58	pa4ents,	represen4ng		13.7%	(range	4.5-33%)	

of	423	HR-MDS	pa4ents		observed	in	the	par4cipa4ng	Centres	
during	the	study	period	

•  Analysis	restricted	to	51	pa4ents	with	a	complete	dataset	of	clinical	
informa4on	

•  The	reasons	why	the	inves4gators	chose	to	treat	their	pa4ents	with	
DFX		were:		

					a)	Candidates	for	AlloSCT		(n.	8,	16%)		
					b)	Very	high	transfusion	burden	(n.	17,	33%)		
					c)	Stable	or	responsive	disease	under	life-extending	therapies			
									(life	expectancy	>	1	year)		(n.	24,	47%)	
					d)	Other	or	unspecified	reasons	(n.	2,	4%)	

Musto	et	al,		Br	J	Haematol,	2017	



Musto	et	al,		Br	J	Haematol,	2017		

•  DFX	median	dose:		1,000	mg	per	day	(range	375-	2,500	
mg),	for	a	median	4me	of	11	months	(range	0.4-75)	

•  Ini<al	daily	dose/kg:		5	mg		(8%,)	10	mg	(	42.%),	20	mg	
(48%)	30	mg		(2%)		(mean	dose:	14.8	+/-	5.9	mg/kg/d)		

•  Dose	reduc<on/increase:	10/4	pa4ents,	due	to	
intolerance	or	inefficacy,	respec4vely	

•  Toxicity:Seven	pa4ents	(13.7%)	showed	grade	2	(5	renal,	
2	GI)	and	one	pa4ent	(1.9%)	developed	grade	3	GI	
toxicity	

•  Defini<ve	DFX	interrup<on:	7	pa4ents	(three	renal	and	
one	GI	toxici4es,	three	because	of	leukaemic	evolu4on).	
One	pa4ent	stopped	DFX	auer	reaching	normal	SF	values	

•  Effects	on	liver:	Under	DFX	treatment,		eight	out	of	17	
pa4ents	(47%)	improved	or	normalized		ALT/AST	levels,	
increased	at	baseline	

•  Concomitant		treatments	received:	Thirty-nine	pts.	
con4nued	or	started	concomitant	therapies	with		
lenalidomide	(n.	1,	1.9%),		r-EPO	(n.	2,	3.9	%),	azaci4dine	
(n.	25,	49%),	or	both	(n.	11,	21.6%)		during	DFX	therapy;		
22	pts.	experienced	clinical	benefits	from	these	
treatments	and	4	successfully	received	Allo-SCT	auer	
DFX	therapy		



In	evaluable	pa<ents,	median	ferri<n	levels	decreased	from	1,709	ng/ml	at	baseline	(n.	51,	range	460-7,293),	to	
1,421	ng/ml	aher	one	month	of	DFX	treatment	(n.42,	443-8513),	to	1,382	ng/ml	at	6	months	(n.32,	439-10.112)	
and	to	1,100	ng/ml	at	12	months	(n.22,	198-4.282)		

Musto	et	al,		Br	J	Haematol,	2017		



Transfusion	independence	following	deferasirox		in	a	low-to-high	WPSS	risk	
transformed	MDS	with	complete	hematologic	response	

Guariglia R, et al. Leuk Res. 2011;35:566-70. 
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At	a	median	follow	up	of	35.3	months	from	diagnosis	and	21.4	months	aher	the	start	of	ICT,	
19	pa<ents	(37%)	evolved	into	AML.	

Musto	et	al,		Br	J	Haematol,	2017	
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La	ferrochelazione	delle	SMD:	che	cosa	è	
cambiato	negli	ul<mi	anni?	

•  Miglior	comprensione	dei	meccanismi	
fisiopatologici	dell’Iron	toxicity/Iron	
overload		

•  Aumentata	sensibilità	alla	valutazione	e	
presa	in	carico	dell’Iron	toxicity/Iron	
overload	nelle	MDS	

•  Riconoscimento	del	valore	prognos4co	
nega4vo	(possibile	impaho	sulla	OS)	
dell’Iron	toxicity/Iron	overload	nelle	
MDS	

•  Opzione	molto	pra4ca	e	faqbile	dopo	
l’introduzione	dei	chelan4	orali	

•  Migliore	ges4one	della	terapia	
ferrochelante	



“What’s	next”	per	la	ferro-chelazione	nelle	
Sindromi	Mielodsplas<che?		

•  Early	marker(s)	della	tossicità	da	ferro	

•  Marker(s)	di	risposta	al	trahamento	
ferrochelante	

•  Studi	prospeqci	sulla	sopravvivenza	

•  Valutazione	di	un	trahamento	
chelante	precoce		

•  Meccanismi	biologici	alla	base	della	
risposta	ematologica	

•  Definire/consolidare	il	ruolo	nelle	
forme	ad	alto	rischio	

•  Nuove	formulazioni	

•  Osso	e	sovraccarico	marziale	



Two	randomized,	ongoing	phase	2	trials		comparing	azaci4dine	alone	vs	
azaci4dine	plus	DFX		(NCT02159040	and	NCT02038816)	and	one	non-
randomized	phase	1/2	study	which		evaluates		the	addi4on		of	vitamin	
D	to	the		two-drug	combina4on		(NCT01718366)		will	beher	address:	

a.  	whether	azaci4dine	and	DFX	combina4on	is	safe	(mainly	in	terms	
of	infec4ons)	and	able	to	improve,	along	with	serum	ferri4n	and	
labile	plasma	iron	levels,	response		rate,		4me	to	leukaemic	
evolu4on	and	survival		

b.  The	role	of	intracellular	reac4ve	oxygen	species	(ROS),	erythroid	
colony	forming	units,	markers	of	DNA	damage,	and	specific	
signaling	pathways	will	be	also	inves4gated	

DFX	in	HR-MDS:	prospec<ve	trials	







Bulycheva E et al. Leukemia (2015) 29, 259-268 

The new scientific rationale of osteo-hematology as emerging research field in MDS 

!  The niche simultaneously contains stem cells, 
precursors cells and terminally differentiated cells 

 

!  Stem cells live in a specialized microenvironment 
or niche and depend on it for self-renewal and 
regulated differentiation 

!  Hematopoietic stem and progenitor cells (HSPCs) 
represent precursors for osteoclasts (OCs) 
responsible for bone resorption, whereas 
mesenchymal stem and progenitor cells (MSPCs) 
are precursors for osteoblasts (OBs) that produce 
the bone matrix 

!  In MDS model has reported decreased OBs 
and OCs number and bone formation rate 

 
!  Iron overload inhibit OBs and increase OCs 

!  Oxidative stress is involved in the 
pathogenesis of the bone loss during iron 
excess 
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