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Eisenhomeostase des menschlichen Organismus
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Eisenhomeostase des menschlichen Organismus
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Resorptions-bedingte Eisentberladung
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Transfusions-bedingte Eisentiberladung

Enterale Zufuhr
20d = 60mg

Transfusion

1 Blutkonserve enthalt ca. 200 mg Eisen

Enterale + parenterale Zufuhr
20d = 60+200mg
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Siderose-bedingte Organschaden - Pathogenese

Fe?* + H,0, = Fe3* + -OH + OH-

Hauptquelle der reaktiven Sauerstoffspezies (reactive oxygen species, ROS) in der Zelle

e Membrane damage

e |ysosomal hydrolase
release — cell death
e (Ca*trelease >decoupling

e Disturbance of the mitochondrial
respiratory chain

e Blockade of ion channels (Na,K-
ATPase)

 DNA damage
e Modulation of gene expression

e Fibroblast stimulation =
extracellular matrix = fibrosis
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https://de.wikipedia.org/wiki/Reaktive_Sauerstoffspezies

Siderose-bedingte Organschaden - Ubersicht

Hypophyse - Wachstumsretardierung, Hypogonadismus

— Schilddriise = Hypothyreose
Nebenschilddrise = Hypoparathyreoidismus

Herz = Kardiomyopathie, Herzinsuffizienz, Arrhythmie

Leber - Hepatopathie, Insulinresistenz, Leberfibrose,
-zirrhose, HCC

Pankreas = Diabetes mellitus, exokrine Dysfunktion

Gonaden = Hypogonadismus und Infertilitat



Sekundare Eisentberladung - Monitoring

Gesamtkorpereisen,

> -
| ebereisen Ferritin, MRT, SQUID
Herzeisen > Kardio-MRT (T2*)

Eisenuberladung > Laboruntersuchungen,

endokrine Organe (MRT: Pankreas, Hypophyse)




Sekundare Eisentberladung - Monitoring

Serumferritin
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Olivieri NF, et al. NEJM 1995 Taher A, et al. Am J Hematol 2010



Sekundare Eisentberladung - Monitoring

Lebereisenkonzentration (LIC)

Proportional zum Gesamtkorpereisen

o

Total Body Iron
Stores (ma/kg)

Hepatic lron Concentration
(mafg, dry weight)

Angelucci E et al. NEJM 2000



Hepatic Iron (umol/g)

Sekundare Eisentberladung - Monitoring

Lebereisenkonzentration (LIC)

Proportional zur Eisen : Chelator Ratio = von prognostischer Relevanz
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Sekundare Eisentberladung - Monitoring

Lebereisenkonzentration (LIC)

Liver biopsy o

+ Direct measurement of LIC

+ Quantitative, specific, sensitive

+ LIC accurately reflects TBI A
waight)

+ Allows parallel histopathology
(hepatitis, fibrosis, cirrhosis)

Angelucd E et al. NEJM 2000 StPerre T, &

Live
> Previous reference method ¢ e ] Pwe
Pl

2 8,000

- Uneven iron distribution in liver
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0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000
LIC from biomagnetic liver susceptometry (: g/g,,)

Fischer R. In: Andra W, Nowak H, editors. Magnetism in
medicine: @ handbook. Berlin: Wiley-VCH; 1998. p. 286-301

Magnetic Resonance Imaging (MRI)

LIC Rennes (Gandon et al.)

« Gradient-recalled echo sequences
. g e three ROI a 1cm? (100 Pixel)
Sample : o - o ¢ Mean per ROI

+ Potential for : ?efl"atxoa”ﬁgs':;g'(sgz) ¢ Published patients:
scanner widel Image Not well defined (HFE?) n=174
" ) 2 St Pierre T, et al. Blood 2005
- Up to date limite T S  Algorithm free of costs (WWW)
- Costs (?)

« various gradient-recalled
echo (GRE) sequences

« liver to musdle (L/M)
signal intensity ratio

- * Scanner specificity not considered
- (indirect measurement) pehiciEy

No control of accuracy

Gandon Y, et al. Lancet 2004

LIC Ferriscan (St. Pierre et al.)
e Spin echo sequences
* Total area of slice
e Calculation per voxel
e Published patients:
HFE n=23, TM n=9, TI n=41

« Algorithm commercially available

e Scanner specificity considered

e Phantom scans, quality management
(FDA approved)



Sekundare Eisentberladung - Monitoring

Herzeisenbestimmung - Kardio-MRT T2* Relaxationszeit

A Normal myocardial iron

Proportion of patients suffering heart failure

LVEF [%] ~ T2* [ms]
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Sekundare Eisentberladung - Monitoring

Herzeisenbestimmung - Kardio-MRT T2* Relaxationszeit

Carpenter et al 2013: MIC It. mT2*: [Fe] = 45,0 x (mT2*) 122

Figure. Progression towards normalization of mT2* and MIC over time by baseline
mT2* category (illustrated as percentage progression towards mT2* >20 ms

Gesamt- Base- | Mo.
and MIC >1.16 mg Fe/g dw) .
Wvc [Omr gruppe line 12
Baseline mT2*5to 10 ms
: Normal: mT2* >20 ms mT2*
: MIC > 1.16 mg Fe/g dw (ms) 12,0 13,9 15,6 17,1

MIC(me | 543 | 210 | 1,94 | 1,80
Fe/g dw

schwere myokardiale Eisenbelastung:

prozentuale Veranderung in Richtung
Normalisierung zu Mo12, Mo24 und
Baseline mT2* 15t0 20 ms Mo36 geringer fir mT2* als fir MIC

Time (months)

Berechnung:
mT2* = ((aktueller Wert - Baseline)/
(20 - Baseline)) x 100

Porter JB et al. ASH 2014

MIC = ((Baseline - aktueller Wert)/ . ' : : :
(Baseline - 1,16)) x 100 0 1 200 400 600 800

>

Progression towards normalization

Anmerkung: Werte >100 % bei Uberschreiten der Schwellen fir Normalwerte (=100 %)
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Eisenelimination durch Aderlasstherapie

Phlebotomie

Dauer: 26116 Mo. (9-66)
Intensitat: 6ml/kgKG 14-tagig

o
sl
s

VARIABLE

Age (yr)
Female sex (no. of patients)
Spleen present (no. of patients)

Hepatic iron (mg /g, dry weight)t
Before phlebotomy
After phlebotomy

Serum ferritin (ng,/ml){

Total Body Iron
Stores (mg/kg)

n I i I I 1

0 5 10 15 20 25 Before phlebotomy
Hepatic Iron Concentration Median
{ma/g, dry weight} Interquartile range

After phlebotomy
Median
Interquartile range

Angelucci E et al. NEJM 2000

ToTAL
IN=48)

174
17
37

10.8=6.3
1.1x0.4

1498
842-2344

110
29-147



Medikamentose Eiseneliminationstherapie

Prinzip
| toxisch | | nicht toxisch |
Chelator + Metall 4\Chelator etall\}lil>[Elimination]

\ 4
“Chelat”

Toxizitat — eine Frage der Balance

Effektivitat Toxizitat




Eiseneliminationstherapie — Indikation, Beginn, Ziel

15,000 ) B
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> 10,000+
E Homozygous — 30
E hemochromatosis
o
2 N\
()]
= - 20
g 5004 , " Threshold for cardiac disease and early death
©
= i , ] Heterozygous _
T Optimal iron chelation level hemochromatosis 10
CIJ — — O — -|—l —————— ‘III‘
T -
0 T T T T T T T T T 0
0 10 20 30 40 50

Olivieri NF. NEJM 1999
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Eiseneliminationstherapie — Indikation und Beginn

Anamien mit regelmaBigen Transfusionsbedarf

AWMF-Leitlinie 025/029

e Ferritin > 1000ng/ml
e Zahl der Transfusionen > 10-15 (ca. 200ml/kqg)

e Lebereisenkonzentration > 4.5 (3.2) mg/g d.w.

- Beginn der Eiseneliminationstherapie bei Patienten mit

angeborenen Anamien mit regelmaBigem
Transfusionsbedarf i.d.R. im Alter von 2-4 Jahren

- Immer dauerhafte (lebenslange) Therapie



Eiseneliminationstherapie — Ziel

Anamien mit regelmaBigen Transfusionsbedarf
AWMF-Leitlinie 025/029 alt

|. Zu Kapitel 2 FerriScan Gandon et al.

[.1. Empfohlene Grenzwerte zur Steuerung der Eiseneliminationstherapie anhand der
Lebereisenkonzentration (LIC) (nach Fischer et al. 4)

LIC in viver LIC #» LIC frsche LIC paraffind
Kommentar
(Mg/Plive:)  (UMOL/ ) (mg/gaw.) (mg/gaxw) (mg/gaw)
| 18 333 45+ 08 55410 Untergrenze des akzeptablen
’ T T Bereiches
- - - Obergrenze des akzeptablen
3 + i+ 72 =
2.1 38 0 961, 11,721 Bereiches
45 30 s 501 + 36 246+ 45 Risikoschwellenwert fiir

schwere Organsiderose®



Eiseneliminationstherapie — Ziel

Musallam KM et al. Elevated liver iron concentration is a marker of increased morbidity in patients

with B thalassemia intermedia. Haematologica 2011 P
— < B mg Fefg dw

LIC (g Felg dry weight)

1097 1 + 6 mg Felg dw
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= 0.8 1
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B : : I I-—IL| : tl:l : | : |__IL| | - : : |J_-| : : : [ Mild phenotype (neither splenectomized nor transfused)
| : I : : : o L—:" : I [? | : I I : [l Moderate phenotype (either splenectomized or transfused)
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341 1 8 | oL N 1 | 1.0 5
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0 . — EE: 081
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e ’;’ — LIC <6 mg Fe/g dw

Ziel der Eiseneliminationstherapie:

e Ferritin < 1000ng/ml SlCherhelt

e Lebereisenkonzentration < 4.5 (3.2) mg/g d.w.



Eiseneliminationstherapie — Ziel Sicherheit ?

Taher AT et al. Approaching low liver iron burden in chelated patients with non-transfusion-dependent

thalassemia: the safety profile of Deferasirox. Eur ] Haematol 2014

N=24/166
6 months before Tirme reaching LIC <3
Baseline reaching LIC <3 (mean time: 476 + 207 d)

Table 1 Laboratory parameters at baseline and prior to reaching Pericd 1 Period 2

LIC =3 Exposure-adjusted _

AE incidence® ——— | If——P—— | )2 —>

Pammeter, End of End of

mean + 5D Baseline perod 1’ period 2 1500 —

Creatinine, pmolL 518 £ 146 620 £ 2189 61.0+ 1949 g‘mm—

Creatining 144 B 4 423 1298 4+ 5319 1295 4+ 523 g __________

clearanca, -E o4 v e

m Lmmim =
Alanine 314 4+ 204 169 +£ 74 16.4 + 6.B “ 0

aminctransferase,

UL 12+

Urinary protein/ 0.2 £ 0.1 03 +02 0.2 £ 0.1 i

creatinine mtio, E B H

mg/mg g 7 Tl . &

T . i
"Last available assessment. 2 ¥

I I
Baseline Period 1* Pericd 2°
Time paint



Eiseneliminationstherapie - Medikamente

Eigenschaft

Deferoxamin

Deferipron

Deferasirox

Chelator : Eisen

1:1 (Hexadentat)

3:1 (Bidentat)

2:1 (Tridentat)

- 20-30(-40)
Standarddosis
(mg/kg/day) (25-)40-50 75(-100) 14-21(-28)
_ Subkutan, intravends Oral oral
Verabreichung . )
(12 h, 7 Tage/Woche) 3 x taglich 1 x taglich
Halbwertzeit 20-30 Minuten 3—4 Stunden 12 — 16 Stunden
Ausscheidung Urin, Faeces Urin Faeces (<10% Urin)

Nebenwirkungen

lokale Reaktionen, Augen-,

Innenohr- und
Knochenschaden,

pulmonale, allergische und

gastrointestinale
Storungen,
Agranulozytose /
Neutropenie,

Gastrointestinale
Stérungen, Exanthem

Kreatinin 1, renales
Fanconi-S., ALT 1;

neurologische Reaktionen Arthralgler.l., Katarakt?, Ototoxizitat?
Leberenzymerh6hung
Thal. major, intermedia Thal. major, SCA, DBA,
Anwendung bei - Major, ’ Thal. major CDA*, ..., Thal.

SCA, DBA, CDA, ...

Intermedia




Proportion without Cardiac Disease

Eiseneliminationstherapie - Medikamente

DFO

Olivieri NF et al. NEJM 1994

o
n
o

g
=]
S

T T T T T T T T

0 2 4 6 8 10 12 14 16
Years of Deferoxamine Therapy

Serielle Ferritinmessungen
>2.500ug/1

0 <33%
O 33%-67%
A > 67%

DFP

Maggio A et al. BCMD 2002

DFO 50mg/kg = 5d O
DFP 75mg/kg/d; t=1 J.

Differenz Ende-vs.-Start Therapie

DFP (n=71) DFO (n=73)
Ferritin (ng/ml) =222 -232
LIC (mg/g dw) -1.02 (n=20) -0.35 (n=15)
Leber MRT -0,06 0,14
Kardio-MRT -0,19 0,14
LVEF (%) 0 1

Pennell D et al. Blood 2006

T Deferiprone

=-0= Deferoxamine ]
7 e R s s e [

Myocardial T2* (ms)

P=.77

Baseline 6 months 12 months

Geometric mean T2* £ 95% Cl (ms)

30 -

25 4

20

15 A

10 A

DSX

Greenberg P et al. ASH 2005

B-Thal. DBA MDS

T T

Other a.

Change in LIC (mg Fe/g dw)

n=76 n=26 n=29 n=17

Pennell D et al. Haematologica 2012

tP=0.0012 versus baseline; *P < 0.001 versus baseline
Dashed line indicates normal cardiac T2* of 220 ms

Baseline 12 24 36

Time (months)



Eiseneliminationstherapie — Bedeutung der Compliance

Deferoxamine / Desferrioxamine / DFO (Desferal™)

Kaplan-Meier Analysis of Survival in 257 Consecutive Thalassemic Patients
According to the Mean Compliance with s.c. DFO Therapy

100
90
80
70
60
50

0-75 infusions/yr
40 75-150 "

30 150-225

20 225-300

10 300-365

SURVIVAL

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
YEARS

Gabutti V, Piga A. Results of Long-Term Iron-Chelating Therapy. Acta Haematologica 1996;95:26-36



Eiseneliminationstherapie - Medikamente

Eigenschaft

Deferoxamin

Deferipron

Deferasirox

Chelator : Eisen

1:1 (Hexadentat)

3:1 (Bidentat)

2:1 (Tridentat)

- 20-30(-40)
Standarddosis
(mg/kg/day) (25-)40-50 75(-100) 14-21(-28)
_ Subkutan, intravends Oral oral
Verabreichung . )
(12 h, 7 Tage/Woche) 3 x taglich 1 x taglich
Halbwertzeit 20-30 Minuten 3—4 Stunden 12 — 16 Stunden
Ausscheidung Urin, Faeces Urin Faeces (<10% Urin)

Nebenwirkungen

lokale Reaktionen, Augen-,

Innenohr- und
Knochenschaden,
pulmonale, allergische und

gastrointestinale
Storungen,
Agranulozytose /
Neutropenie,

Gastrointestinale
Stérungen, Exanthem

Kreatinin 1, renales
Fanconi-S., ALT 1;

Arthralgien L
neurologische Reaktionen thralgie B Katarakt?, Ototoxizitat?
Leberenzymerhdhung
Thal. major, intermedia Thal. major, SCA, DBA,
Anwendung bei - Major, : Thal. major CDA?*, ..., Thal.

SCA, DBA, CDA, ...

Intermedia




Eiseneliminationstherapie — Monitoring zur Chelatortoxizitat

Andamien mit regelmaBigen Transfusionsbedarf

AWMF-Leitlinie 025/029

Konsensusempfehlung 1

Tabelle 1. Zur Beurteilung der Eiseniiberladung, von Organschiden und von Nebemwirkluneen der
Chelathildner empfohlene Malnahmen (IN = notwendige Verfahren, E = im Emnzelfall ntitzlich).

Chelathddnertomsitit

:}eferipmn

Deferoxamin

Duff -Blathid wdchentlich™®
Zinki5. (niichtern) jahel

Ophthalm. Untersuchung jihrl
Andiometrie jihrl.
Kreatimn-Clearance jihrl. (ab 6 Jahre.)

Cj:'statiﬂ C 3- mitl.

”En‘.pfehh g des Herstellers

Deferasitox

Krea mtl
im 1. Monat u. bet Dossssteigemng
wichent] Koateolle
Cystatin C mitl.
Kreatimin-Clearance fahrl. (ab 6 Jahre )
ATT AST, GGT, AP, Bili mtl
im 1. Monar u. bet Dossssteigemng
2-pichent. Kontrolle
Kalzmm, Phosphat 15, 3- mtl
Urin-Stix (Proteinurier) mil
Ophthalm. Untersuchung jahd.

Andiometrie jihsl.

A A

A A A




Eiseneliminationstherapie Deferasirox

Goldberg SL et al. The Palatability and Tolerability of Deferasirox Taken With Different Beverages or
Foods. Pediatr Blood Cancer 2013

80 - Fun-in phase Assessment phase
70 O Like (somewhat/extremely) Ferritin:
B Neitherlike nor dislike . . . .
2 6o o m Dislike (somewhat/extremely) Stabil bei 18 — 60 jahrigen
g e Ruckl. Trend in anderen Altersgruppen
g 38 37
g 40 | B8 397
= 351
3 P . .
g 30| | = B | g 252 Pharmakokinetik:
g 20 = Dosis 20/kg/d: Anstieg um 84% (41-239)
10 - g o2 Dosis 30/kg/d: Anstieg um 19% (-30 - 80)
0 - T T T T
Perlabel Breakfast Breakfast Dinner Dinner No meal Other
wisoftfood w/heverage w/soft food wibeveragew/beverage
Mo, of ratings per 101 az 40 53 221 121

administration mode

TABLE II. Gastrointestinal Adverse Events (AEs) During the Run-In and Assessment Phases®

First 4 weeks of

Run-in phase assessment phase Overall assessment phase
AE system organ class n (%) n=>062 n=62 n=62
Gastrointestinal disorders 23 (37) 12 (19) 20 (32)
Abdominal pain 6 (10) 2(3) 5(8)
Upper abdominal pain 2(3) 3(5) 6 (10)
Diarrhea 15 (24) 4 (7 7 (11)

Nausea 9(15) 3 (5 7(11)




Eiseneliminationstherapie Deferasirox

Chang HH et al. Improved Efficacy and Tolerability of Oral Deferasirox by Twice-Daily Dosing for
Patients With Transfusion-Dependent B-Thalassemia. Pediatr. Blood Cancer 2011

Bessere Vertraglichkeit

TABLE II. Demographic Data and Outcomes for the Seven Patients Who Received Twice-Daily Deferasirox Due To Intolerance to Previous Onee-Daily Deferasirox

Tuotal
Suhject Age Adverse Severity Dosage duration  Serum ferritin
T, Gender  (years) Hepatitis B Hepattis C DM events (AEs) of AEs  (mg/kg/day) Outcomes (months)®  levels (ng/dl)®
1 Male 24 No Mo Mo JArthralgia Grade 2 15 Disappeared after twice-daily 8 1.357-1.769
deferasirox for 1 month
2 Female 28 No Yes Yes JArthralgia Grade 2 30 Improved to Grade 1 after twice-daily i S566-488
deferasirox for 2 months
3 Male 24 Mo No Mo JElevated liver enzyme levels Grade 1 25 Retumed to normal after twice-daily 3 1.104-575
deferasirox for 1 month
4 Male 25 No Yes Mo JElevated liver enzyme levels Grade 1 40 Retumed to normal after twice-daily 3 6.246-3,988
deferasirox for 3 months
5 Female 32 No Yes No  JGastrointestinal pain (GI upset)]| Grade 2 30 Disappeared after twice-daily 5 5.860-6.016
deferasirox for 1 month
6 Male 28 Yes No Mo JElevated liver enzyme levels Grade 2 40 Mot improved 3 4.318-2.766
7 Female 18 No No Mo JPancreatitis (only elevated Grade 2 20 Mot improved 5 864216
serum amylase levels)
DM, diabetes mellitus. *Total duration of twice-daily deferasirox at the time of analysis; ®Serum ferritin levels at baseline and the time of analysis.
Bessere Wirksamkeit
7000 p
14
— 6000 F =2 =
'-E' 212
2 so00 | { ]' £ 1
4000 p IS ]- T .|- c 08 b
C 3000 f E 0.6 |
= 2000 F a = 0.6 | _
t — Start of twice-daily deferasirox 8 Seartof twicedally defaratin
- 0.2}
(] —
-7 -6 -5 -4 3 -2 -1 0 1 2 3 B 5 6 7 -1 0 1 2 3 4 5 ] T

Time (months) Time {months)



Eiseneliminationstherapie Deferasirox

T | on-rr -
Serumferritin (SF) bei Start [ng/mL] 2485 (915-8250) 2983 (939-8250)
Absolute ASF n. 24 Wo. [ng/mL][Median] | -85,5 (2146 - 8250) | -350 (-4440- 3572)

Relative ASF n. 24 Wo. [ng/mL]

Random.
ICT-unbehandelte Patienten _—

|CT-vorbehandelte Patienten

DFX DT 20 mg/kg/Tag o.
DFX FCT 14 mg/kg/Tag

DT o. FT entsprechend
Dosis vor Auswaschzeit

Table 3. Most Common Adverse Events (>10% in Any Group)

Adharenz, Zufriedenheit, Praferenz

Poor —

Moderate —

Good -

Poor —

Moderate —

Good =

Deferasirox DT (N=86)

Deferasirox FCT (N=87)

All AEs Severe AEs AllAEs Severe AEs
AE n (%) n (%) n (%) n(%)
Total 77 (90) 22(26) 78 (90) 17 (20)
Diarrhea 30(35) 6 (7) 29 (33) 1(1)
Nausea 23(27) 2(2) 24 (28) 1(1)
Abdominal pain 23(27) 4(5) 23(26) 2(2)
Increased UPCR 11(13) 2(2) 18 (21) 0(0)
Vomiting 19 (22) 1(1) 15 (17) 0(0)
Abdominal pain upper 6(7) 1(1) 10 (1) 0(0)
Constipation 13 (15) 2(2) 7(8) 0(0)
Headache 12 (14) 2(2) 5(6) 0(0)

. Mean (95% Cl) satisfaction/preference
domain score

Mean (95% Cl) adhe'mnne domain score

Adherence domain score

[ Treatment: —— DFX DT -+~ DFX FCT

Minimal important
difference: 1 point

Satisfaction/preference domain score

[ —+— DFX DT -+~ DFXFCT|

Minimal important
difference: 1 point

Week 2 End of
(BL) treatment

AEs: npp = Ner
SAES: Ny > Nep
GI'SAES: nDT > nFCT

renalAES: Np; = Nr

Taher A, et al. New film-coated tablet formulation of deferasirox is well tolerated in patients with thalassemia or lower-risk MDS: Results of the
randomized, phase Il ECLIPSE study. Am J Hematol 2017; 92(5):420-428.



Eiseneliminationstherapie Deferasirox

Vergleichbares Sicherheitsprofil fir die DFX- FCT und DFX — DT
Ubereinstimmung mit dem bekannten DFX Profil

Weniger GI-SAEs unter der DFX-FCT

Patienten mit FCT

 hatten eine bessere Adhdrenz
« flhrten die Behandlung langer fort

* erzielten eine groBere SF-Reduktion

& Potentiell effektivere Behandlung der Eiseniberladung

Taher A, et al. New film-coated tablet formulation of deferasirox is well tolerated in patients with thalassemia or lower-risk MDS: Results of the
randomized, phase Il ECLIPSE study. Am J Hematol 2017; 92(5):420-428.



Eiseneliminationstherapie Deferipron

Long-term safety of deferiprone treatment in Median age at start of DFP 8.5 yrs. (0.6-17.6)
children from the Mediterranean region with
beta-thalassemia major: the DEEP-3 multi-center Table 2. Identified adverse drug reactions (ADR) to deferiprone (DFP).
observational safety study ADRs / Severity Serlousness Incidence
Botzenhart S, et al. Haematologica 2018: 103:el b mor:llll:rdat/e / “uns-:;:::s / B
Patients 297 (100.0) —
Blood and lymphatic system disorders
Age (years) 85 (4.0-12.2) Agranulocytosis ) 020 02 0.7 (0.1-24)
< b years 112 (37.7) Leukopenia 3R 3/0/0 30 0.7 (0.1-24)
K Non-splenectomized
6-10 years 66 (22.2) Neutropenia 38/25 26/12/0 /38 84 (5.5-12.2)
> 10 years 119 (40.1) GThroml}ocy‘tople(r;lla } 11 140/ 071 0.3 (0.0-1.9)
. . astrointestinal disorders
at diagnosis of 5-TM 08 (04-12) Abdominal pain 98 6300 9 27 (12:52)
at start of transfusion therapy 0.7 (05-12) Diarrhea 11 100 10 0.3 (0.0-1.9)
at start of chelation therapy 2.8 (2.0-4.5) Dyspepsia 4/4 400 N 1.3 (04-34)
Transfusional iron intake 293 (100.0) Nausea _ 9 120 30 10(02:23)
Salivary hypersecretion 11 100 10 0.3 (0.0-1.9)
Low (< U‘? mg/kg/day) 46 (15.1) Vomiting 14710 3110 140 34 (16-6.1)
Intermediate (0‘3‘0'5 m%gfda}o 197 (67‘2) Musculoskeletal and connective tissue disorders
High (> 0.5 mg/kg/day) 50 (17.1) Arthropathy 43/35 101303 4172 118 (8.3-16.0)
Annual blood requirement Bone pain 545 230 oM 17(0.5-39)
(mL pure RBC/kg/year) 125 (117-156)
207 — Neutropenia [
Spleen status 289 (100.0) ~ - horanuocytsis oo
=== Arthropathy e
Normal 51 (177) & 15 ‘Ea\le;;f:j:r:T!AST .---?: .............................................
Splenomegaly 168 (58.1) g AR
Splenectomized 70 (24.2) £ 10
Serum ferritin 268 (100.0) %
< 2,000 ng/mL (n, %) 143 (53.4) cE
2,000-4,000 ng/mL (n, %) 93 (34.7) ol
> 4,000 ng/mL (n, %) 32 (11.9) 0 6 12 18 24 80 3 42 48 54 60

Median (interquartile range) Exposed time (months)



Eiseneliminationstherapie Deferipron

Elalfy MS, et al. A Randomized Trial on the Safety and Efficacy of Early Start of Iron Chelation Therapy
with Deferiprone in Newly Diagnosed Children with Transfusion Dependent Thalassemia. ASH 2016,
#1286

* 64 Kinder mit Thal. major

e 3-4 —wochtl. Bluttransfusionen, Rekrutierung nach ~ 2-3 Transfusionen

e Start Transfusionen i.A. von 8.1+1.7 Mo.

e Serumferritin (SF £ 400 pg/L) o. Transferrin-Sattigung (TFS) £ 70% 0. LP1 < 0.2 uM )

e 1:1 Randomisierung in Deferipron (DFP)-Behandlung von 50 mg/kg/Tag vs. keine Chelierung (NC)

Anteil Kindern mit LPI = 0,6 uM, SF
> 1000 pg/L oder TFS > 70% > Nach 6 und nach 12 Monaten
Patienten mit Ausschluss von der Studie u.
SF >1000 ng/mL Beginn Standard-Chelattherapie

Neutropenie (GNZ 1,000-1,500/pL)




Eiseneliminationstherapie Deferipron

Elalfy MS, et al. A Randomized Trial on the Safety and Efficacy of Early Start of Iron Chelation Therapy
with Deferiprone in Newly Diagnosed Children with Transfusion Dependent Thalassemia. ASH 2016,
#1286

S Tomem. [norm. |

& DFP in subtherapeutischer Dosis
uber durchschnittlich 10 Monate
 bei Kindern mit einer TM und

leichten Eisenuberladung gut
vertraglich
« fuhren zu einer signifikanten

Reduktion der Eisenbeladung




Intensivierte Chelattherapie

iv.2 HD - DFO & Kombi-Therapie

Davis B and Porter JB. Long-term outcome of continuous 24-hour deferoxamine
infusion via indwelling intravenous catheters in high-risk p-thalassemia. Blood
2000; 95: 1229-1236

24h DFO iv. 70 =
Standard dose:
25-60(80)mg/kg/d 60
2 50
- Improvement of cardiac 3 | mean=49
- >
function =
1 mean=36
30
20 Pre Post
Portacath 6-12 months

Origa R, et al. Combined therapy with deferiprone and desferrioxamine in
thalassemia major. Haematologica 2005; 90: 1309-14

- Improvement of cardiac function Adverse events % of patients

m Initial
m Last

70

65 Agranulocytosis 38

- Neutropenia 88

£ Increased ALT* 18.0
5 % Nausea 320
50 Vomiting 10.0

5 Abdominal pain 9.0

- Zinc reduction 40.0

All patients Patients with cardiac disease Joint symptoms 2.5

n=64; age: 12-35 J.
DFO 40mg/kg 10-24h 2-6d/wk. + DFP 70-80mg/kg/d
for 12-57 mo. (mean31+11) (64 pts. 1 Jahr, 45 pts. 2 yrs.)

e

Grady RW, et al. Optimizing chelation therapy:
combining deferiprone and desferrioxamine.
Blood 1999; 96: 604a

The ,,Shuttle"- Effekt 1?

- Combination of deferoxamine und deferiprone

Simultaneous treatment H |
Sequential treatment \_i_i_ﬁ |
Alternating treatment | | | | |

Farmaki K, et al. Effect of enhanced iron chelation therapy on glucose metabolism
in patients with beta-thalassaemia major. Br J Haematol 2006; 134: 438-44

Before After
- Improvement of oeTT treatment  treatment

glucose normal 21 28
tolerance

IGT 15 9

Diabetes mellitus 6 4

total 42 41

normal - pathol. 2

pathol. = normal 12

n= 42; age: 8-42 ).
DFP 75-90mg/kg/d 7d + DFO 20-40mg/kg/d 8-12h 2-6d/wk.

eI



Intensivierte Chelattherapie Kombinationstherapien

Vlachodimitropoulou E, et al. BJH 2015

Synergistic intracellular iron chelation combinations: mechanisms and conditions for optimizing
iron mobilization.

(HuH-7 cells)

DFO 10uM 30,7 DFX 10uM 25,6 DFP 10uM 27,5
DFO 10uM+ DFX 10uM+ DFP 10puM+

DFX 5uM sl DFO 5uM 3619 DFO 5uM e
DFO 10uM+ DFX 10 uM+ DFP 10uM+

DFP 5uM e DFP 5uM iy DFX 5uM 43/2

Eisenentfernung in % nach 8 Stunden.

bei Kombi DFP/DFO 49% des Effekts = Synergie, 51% additiv
bei Kombi DFP/DFX 59% des Effekts = Synergie, 41% additiv



Intensivierte Chelattherapie Kombinationstherapien

Table 5. Iron balance (%) related to the frequency of drug administra-

Grady RW et al. Toward optimizing the use of

deferasirox: potential benefits of combined Patient1 125 107 8 l 53
: : , Patient? 219 18 15T 155 W
use with deferoxamine. Haematologica 2013 Pfient3 1B 1m0 B 0l

Patient4 125 107 9 fl E1!
Patients 221 189 158 126 3

Patient 6 171 147 122 a8 (K]
1 Wo. DSX 30 mg/kg/d p.o. Mono
DFX TDays 6GDays 5Days 4Days 3Days
Patient 1 | ih] H 33 26
1 Wo. DFO 40 mg/kg/d s.c. Mono. Plient2 1 WL @ WS
Patient 3 45 3 32 26 19
Patient 4 29 M il 16 12
i Patient 5 Bl o6 47 34 28
1 Wo. DSX + DFO Kombi et wm o m
SUM* TDays 6GDays 5Days 4Days 3Days
. . . Patient | 186 160 133 106 ()]
- Fixe low-iron Diat (11-15mg/d) .
- Je1EKd1 112131 Patient 3 183 161 134 108 ]
! re Patient4 154 131 109 87 66
- Quantitative Eisenbestimmung Pafients 287 26 25 164 12
) Patient 6 M H 195 156 17
(AAS) in — ——
com: TDays 6Days 5Days 4Days 3Days COM/S
« Nahrung e~
Patient ] 251 215 180 144 108 133
e Stuhl Patient? 268 729 191 153 115 T
. Patient 3 206 1T 147 118 ] 10
i Urln Patient 4 241 207 172 138 103 156
Patient 5 270 pEY 193 154 116 |
Patient & 267 prk] 191 153 115 9%




Intensivierte Chelattherapie Kombinationstherapien

Vlachodimitropoulou E, et al. BJH 2015

Synergistic intracellular iron chelation combinations: mechanisms and conditions for optimizing
iron mobilization.

(HuH-7 cells)

DFO 10uM 30,7 DFX 10uM 25,6 DFP 10uM 27,5
DFO 10uM+ DFX 10uM+ DFP 10puM+

DFX 5uM sl DFO 5uM 3619 DFO 5uM e
DFO 10uM+ DFX 10 uM+ DFP 10uM+

DFP 5uM e DFP 5uM iy DFX 5uM 43/2

Eisenentfernung in % nach 8 Stunden.

bei Kombi DFP/DFO 49% des Effekts = Synergie, 51% additiv
bei Kombi DFP/DFX 59% des Effekts = Synergie, 41% additiv



Femiin (L)

Intensivierte Chelattherapie

Kombinationstherapien

Deferipron (DFP) + Deferasirox (DFX)

VS

Deferipron (DFP) + .Deferoxamin (DFO)

Gruppe A (n=48):

Add. DFO s.c.

40 mg/kg/d Start 22.00h

DFP + DFO vs. DFP + DSX

Randomisierung
emee———)

Nebenwirkungen n(%) DFP + DFO DFP + DFX

Agranulozytose

Neutropenie 3(6,2)
Arthralgien 9(18,7)
Gastrointestinale Probleme 10 (20,8)
ALT (Anstieg> 3 fach) 3 (6,25)
S-Kreatinin (233%) > B 1(2,08)

Hautausschlag

Gruppe B (n=48):

Add. DSX p.o.
20 mg/kg/d um 22.00h

DFP 75 mg/kg/Tag, oral, geteilt in Dosen, Einnahme 8.00 und 15.00

A
- Grsups
i 2 Goan
. Ferritin o
e B
w00 ¥
2 g L—
g e Group B B
00000
g i
[]
woo] § T
& R ‘!‘
W00 0
! J ;
O DY : !
¥ -
1000 00

T T T T T T
ol o0 el LE L1 (1T 12 00

Tirme dirirg follow up (months)

Liver LIC (mgigmi)
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c

B
© o LC
: - &
[ 3 ]
' i g
’ -  ;
. ; i
o
]
]
00 10 400 60 B0 1000 1200

Time during follow up (months)

Gioup &1 RY Linead 8 0.

Group B: R' Linear = 0.

Cardiac T2® (msec)

30 00

Bl

10 601

Herz-T2*

5(10,4)
8(16,6)
6(12,5)
4 (8,33)
3(6,2)

2 (4,16)

Oeoup A- R Lines = 0130
|

L]
¥

-
o
2 @

T T T T T T T
" 00 0 00 L1 1000 7w

Time during follow up (months)

Géoup B: B Lines = 0312

P<0.001

Elalfy MS, et al. Efficacy and safety of a novel combination of two oral chelators deferasirox/deferiprone over deferoxamine/deferiprone in severely iron-
39 overloaded young beta thalassemia major patients. Eur J Haematol 2015; 95(5):411-420.



Fallbeispiel

w., geb. 5/1980, TM Stand 5/2016

50 5000
DSX / kgKG DFP / kgKG DFO /kgkG mmLIC mg/g mEt2* min MIC mg/g =——Ferritin
45 4500
40 DSX max 50 /kg 4000
35 3500
30 3000
25 2500
20 2000
15 1500
DFO max 200 /kg
10 1000
DFP max 100 /kg
5 500
0 - . 0
SEF S N SR R RN B R R N R B IR S RN RS T i
. VoY Vo LY



Eiseneliminationstherapie + Amlodipin ?

Fernandes JL, et al. A randomized trial of amlodipine in addition to standard chelation

therapy in patients with thalassemia major. Blood 2016;128(12):1555-1561

Amlodipin (5 mg/d bei KG > 30 kg 0. 2.5 mg/d bei KG <30kg) fiir 12 Monate

62 enrolled

62 randomized

31 assigned 31 assigned
Amlodipine placebo

| |

I I
Stratification Stratification

Reduction group
(Myocardial T2*
< 35ms) n=15

Prevention group
(Myocardial T2*
>35ms) n=15

Reduction group
(Myocardial T2*
< 35ms) n=15

Prevention group
(Myocardial T2*
> 35ms) n=14

Table 1. Baseline characteristics of patients

Characteristic

Amlodipine (n = 30)

Placebo (n = 29)

Sex, n (%)
Female
Age, y (range)

Chelation therapy at baseline, n (%)
DFO
DFP
DFX
DFO + DFP
DFO + DFX
Serum ferritin, ng/mL (median [range])
Myocardial T2*, ms (median [range])
Myocardial iron concentration, mg/g dry weight
(median [range])
Left ventricular ejection fraction, %
Myocardial T2* categories, n (%)
<10 ms
10to =20 ms
20 to <35 ms
=35ms
LIC, mg/g, median (range)
LIC categories, n (%)
<7 mg/g
7 to =15 mg/g
=15 mg/g

17 (57)
23.3 = 7.7 (12-38)

3 (10)
5 (16)
17 (57)
5 (16)
0

2638 (478-7282)
34.1 (2.8-43.8)
0.61 (0.45-12.81)

67.7 £ 55

4(13)

4(13)

7 (23)

15 (50)
11.3 (1.9-40.0)

10 (33)
8(27)
12 (40)

12 (41)
235 = 10.2 (8-49)

4 (14)

6 (21)

13 (45)

5 (17)

1)
1922 (386-13113)
34.1 (6.8-42.7)
0.61 (0.46-4.34)

67.1 = 6.6

2(7)
2(7)
11 (38)
14 (48)
9.2 (1.5-33.3)

12 (42)
9 (31)
8 (28)



Eiseneliminationstherapie + Amlodipin ?

Fernandes JL, et al. A randomized trial of amlodipine in addition to standard chelation

therapy in patients with thalassemia major. Blood 2016;128(12):1555-1561

Amlodipin (5 mg/d bei KG > 30 kg 0. 2.5 mg/d bei KG <30kg) fiir 12 Monate

Change in MIC (mg/g dw)

1

-
o
!

<
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» Prevention Group
® Reduction Group

o
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(@]
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15| .
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SR SR
@ 0 <% °
9 & & o
O 3 S 2
& e © ¢
?\

MIC (ma/g)

e Baseline MIC
= 12 Months MIC

Placebo

Amlodipine

*(ms) - log scale

T2

20

s

Placebo Amlodipine

U Keine SAE unter Amlodipine

U Bei TM-Patienten with kardialer Siderose, fiihrt die Kombination der Chelattherapie mit
Amlodipin zu einer effektiveren Reduktion der myokardialen Eisenkonzentration




Eiseneliminationstherapie Fazit

43

solide Basis fir Patienten-bezogene, effektive, sichere Chelattherapie
dennoch Neuerkrankungen durch sekundare Hamochromatose

> stetige Uberpriifung der Ziele, Indikationen und Strategien
Fokus auf Compliance- Sicherung
Strategien zur Vermeidung / Reduktion von Nebenwirkungen
sorgfaltiges Monitoring hinsichtlich Folgen der Eisentberladung
sorgfaltiges Monitoring hinsichtlich Folgen der Chelattherapie

sinnvolle Nutzung aller Medikamente einzeln u. kombiniert >
Steigerung von Effektivitat u./o. Reduktion von Nebenwirkungen

Anpassung an subjektive (Vertraglichkeit, Einfachheit) und objektive
(spezifische Situation der Eisentberladung) Bedurfnisse



Vielen Dank fiir Thre Aufmerksamkeit !

«4 Oh Gott ...
- (ch Kann liegen!
lch Kann liegen

llwe Konmoicees

holger.cario@uniklinik-ulm.de

Jesus heilt WorkKaholics



