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Case report : male 1941

* 1996 : liver function tests disturbed for years — repetitive TIA - sent
to hePatologist
* Platelet count 1 197 000

Ferritine 1693 g/L
* TSAT 64%

Discrete cardiomegaly
Abdominal ultrasound shows increased liver reflectivity

WHAT ARE YOUR NEXT STEPS?



Case report : male 1941

« BONE MARROW BIOPSY ( 1996!!1)

* Essential thrombocytosis
* No marrow fibrosis
* No cytogenetic abnormalities

* Hydroxycarbamide started



Case report : male 1941

* LIVER BIOPSY ( 1996!!1)

* Periportal fibrosis

* Important siderosis mainly in the liver parenchym, Kupfer cells, iron loaded
macrophages

* Diagnosis of “primary idiopathic hemochromatosis”
* ( no further work —up done)

e Start Phlebotomies every 2 weeks i nitially



Case report : male 1941

* 11/2006 :

* Has been incompliant off and on ( family doctor now performs phlebotomies
when needed...)

* phlebotomies become hematologically difficult, in spite of being on
anagrelide for years now

* Borderline anaemic, leukocytosis.....
* New bone marrow : dry tap, biopsy shows increase of fibrosis — no ultrasound

* 03/2008 evolution towards transfusion dependent myelofobrosis,
10/10 matched MUD identified
e RIC transplant ( splenic irradiation, Flu Bu ATG)
e Acute and chronic GVHD ( gut, skin, hepatic)



Case report : male 1941

* Dec 2008

* GVHD reasonably controlled but dramatic increase in LFT
* Ferritin 17000

* Phlebotomies started up again — at some point weekly ( if the GP wants to do
it)

* Increasingly better LFT and ferritin

* Oct 2010:

e Acute liver failure
e Acute cardiac failure
* Died in unresponsive shock



Normal body iron distribution and storage
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Regulation of Iron Uptake from the gut

Dietary iron

Non heme F%

iron

Hephaestin

Shed through
sloughing of
epithelial cells

"TATTJOURNAT'OF THE AMERTCANCOLTEGE OF GASTROENTEROLOGY | ACG

Kowdley, Kris V.; Brown, Kyle E.; Ahn, Joseph; Sundaram, Vinay ACG114(8):1202-1218, August 2019.



Iron overload and organ loading

Transferrin saturation due to Subsequent Uncontrolled iron
* Frequent blood transfusions, or formation of NTBI in loading of organs
 Ineffective erythropoiesis leading to plasma

increased iron absorption Pituitary

| " _ Parathyroid
Normal: no NTBI , Thyroid

produced Iron overload
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Complications of Iron Overload

Iron overload

Capacity of serum TRANSFERRIN
to bind iron is exceeded

v

v v

Excess iron promotes the
generation of free hydroxyl
radicals, propagators of
oxygen-related tissue
damage

} }
1 11 |

Insoluble iron complexes are
deposited in body tissues and
end-organ toxicity occurs




Organ systems susceptible to iron overload

Pituitary
Thyroid
Heart
Liver
Pancreas

Gonads

— impaired growth, hypogonadism

— hypoparathyroidism, hypothyroidism
— cardiomyopathy, cardiac failure

— hepatic fibrosis, cirrhosis

— diabetes mellitus

— hypogonadism, infertility



Causes of iron overload

Primary (hereditary)

e Resulting from a primary defect in the regulation of iron balance
(eg: hereditary hemochromatosis)

Secondary (acquired)

e Caused by another condition or by its treatment
* Anemias requiring repeated blood transfusion

(eg: thalassemia major, sickle cell disease, myelodysplastic syndromes and other
rare anemias such as Fanconi anemia, Black Diamond anemia..)

* |neffective erythropoiesis (MDS)
* Toxic ingestion

Feder JN et al. Nat Genet 1996;13:399-408
Porter JB. Br J Haematol 2001;115:239-252



Categories of hereditary hemochromatosis

Table 2. Categories of HH

Type 1A HH (homozygote) HFE on 6p21.3 AR Involved in hepcidin synthesisvia  Arthropathy, skin pigmentation, liver
Mutations in HFE: BMPS, interaction with TFR1. damage, diabetes mellitus,
1. C282Y endocrine dysfunction,

cardiomyopathy, hypogonadism.

Type 1C HH HFEon 6p21.3 AR Possible elevations in serum iron/
Mutations in HFE: ferritin, no evidence of tissue iron
INS656 deposition.

Type 2B juvenile HH HAMP (hepcidin) on 19q13 AR Downregulation of iron efflux from  Earlier onset, <30 years old,
erythrocytes. hypogonadism and cardiomyopathy
are prevalent.

Type 4A HH (FPN disease) SLC40A1 (FPN) on 2932 AD Duodenal iron export. Iron deposition in the spleen is very
Loss of function for FPN excretion common, lower tolerance to
phlebotomies and may have anemia.

tein, HH hereditag hemochromatosis.
OUR]}fAL JF THE RICAN COLLEGE OF GASTROENTEROLOGY | ACG

AD, automosomal dominant; AR, autosomal recessive; FPN, ferroportin; HAMP, hepatic:anﬁng‘}gfr?brlal pro

Kowdley, Kris V.; Brown, Kyle E.; Ahn, Joseph; Sundaram, Vinay ACG114(8):1202-1218, August 2019.
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Target population
. Asymptomatic, Adult first-degree
[ Sl ] [ ALT/AST> 35 mg/dL ] [ relative of HH
1 1 )
h
Step 1 Serum transferrin iron saturation (TS)
and serum ferritin (SF)
TS <45% and TS 245% and/or
normal SF elevated SF
v '
Step 2 [ No further evaluation ] [ HFE genotype ]
\ 4 C282Y/H63D
C282Y/C282Y compound heterozygote,
homozygote C282Y heterozygote,
| or non-C282Y
‘ ™y
SF >1000 pg/L or SF <1000 pg/L and
elevated liver enzymes normal liver enzymes
" Evaluate other liver/
hematologic disorders
: 4 * liver biopsy/MRI
Liver biopsy for Therapeutic g
Step 3 fibrosis staging and phleboptomy
rule out concurrent B Elevated HIC +
liver disease ~SF > 1000 ug/L .

Kowdley, Kris V.; Brown, Kyle E.; Ahn, Joseph; Sundaram, Vinay ACG114(8):1202-1218, August 2019.



Treatment

* Phlebotomies
* Initially once every 7-14 days

 When targets are met switch to maintenance ( Every 2-3 months)
* CONSIDER RED CROSS with attestation!

 GOAL : serum ferritine 50-100 ( and transferrin sat <50%?7?)
e Avoid vitamin C
* Diet strictly not recommended

* AVOID ALCOHOL ( risk cirrhosis x6)
* Screen for HC carcinoma ( OR 20)

* l[ron chelation generally not recommended



SECONDARY
HEMOCHROMATOSIS

Kowdley, Kris V.; Brown, Kyle E.; Ahn, Joseph; Sundaram, Vinay ACG114(8):1202-1218, August 2019.

Table 3. Causes of secondary iron overload

Thalassemia major

Chronic hemolytic anemia

Aplastic anemia

Hereditary spherocytosis

RBC transfusions

Long-term hemodialysis

Porphyria cutanea tarda

Hepatitis B

NAFLD

Miscellaneous

Chronic inflammatory states (systemic lupus erythematosus, rheumatoid
arthritis)
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Transfusion therapy results in
iron overloac

* 1 blood unit contains
200-250 mgiron

* Iron overload occurs after
~ 20 transfusions, leading to serum ferritin
levels of about 1,000 ug/L

* A 60 kg thalassemia patient receiving 45 units
of blood a year has transfusional overload of
Og/year

* |n addition, 4 mg/day may be absorbed from the
gut = 1,5g/year

\1 !
A

Whole blood: 0.47 mg iron/mL
“Pure” RBCs: 1.08 mg
iron/mL

RBCs = red blood cells. Porter JB. Br J Haematol. 2001;115:239-52.



Repeated transfusions lead to
iron overload
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Significant correlation between transfusion duration and
liver iron on biopsy (regularly transfused SCD patients)

Harmatz P et al. Blood 2000;96:76-79, © American Society Hematology, with permission



lron Overload

Iron-overloaded state

Parameter Normal
Mild Moderate Severe
3-7
Serum ferritin, pg/L <300 >1,000to0 <
>50
> 250
Labile iron pool, pM 0-0.4 >0.4
- Increased risk of complications Jensen PD, et al. Blood. 2003;101:4632-39.

_ _ . Data from Jensen PD, et al. Blood. 2003;101:91-6.
M Increased risk of cardiac disease Olivieri NF, Britenham GM. Blood. 1997:89:739-61.



Iron Overload assessment through liver biopsy

LIC (umol/g dw)

Biopsy sampling error increases with cirrhosis

Advantages Disadvantages
- Validated reference standard  Invasive; painful; potentially
serious complications,

» Direct measurement of LIC eg bleeding

- Quantitative, specific and sensitive Difficult to follow-up

* Provides information on liver - Risk of sampling error
]

histology/pathology especially in patients with
cirrhosis



Iron overload assessment through serum ferritin

Advantages Disadvantages
+ Easy to assess + Indirect measurement of iron burden
* Inexpensive * Subject to natural fluctuation

* Repeat serial measures are useful - Non-specific marker that may be
for monitoring chelation therapy affected by inflammation, infection,

+ Allows longitudinal follow-up of GVHD, liver damage

patients
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lron overload measurement through MRI

Liver MRI
Foia nomal (chi=20pmolig, Signa 1,5T)
Advantages Disadvantages
- Assesses iron content throughout * Indirect measurement of LIC
the liver

+ Requires MRI imager with
- Status of liver and heart can be dedicated imaging method

assessed in parallel
- Cost and availability
- Allows longitudinal patient follow-up

Cardiac MRI

Advantages Disadvantages

- Rapidly assesses iron content in the - Indirect measurement of cardiac
septum of heart iron

+ Functional parameters can be - Requires MRI imager with
examined concurrently dedicated imaging method

+ Iron status of liver and heart can be - Cost and availability
assessed in parallel

+ Allows longitudinal follow-up



Need for Cardiac Imaging

Myocardial T2" (ms)
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Chacko J, et al. Br J Haematol. 2007;138:587-93.



Iron Chelation Therapy

Excretion




Purpose of Iron Chelation Therapy

* Maintain iron balance with “safe” tissue iron levels
— PREVENTION
* match transfused iron with chelated (excreted) iron
* prevent iron from reaching levels at which tissue damage occurs
— RESCUE
* remove excess iron —slow process — finite pools
* reverse dysfunction

* Detoxification of labile iron — 24-hour protection
— extracellular (NTBI)
— intracellular (LIP)

* Wide therapeutic safety margin of regimen



|deal [ron Chelation Therapy

* To control body iron
— high and specific affinity for Fe3*
— high chelating efficiency
* To minimize iron toxicity
— 24-hour coverage
— slow metabolism and elimination rate
— good tissue penetration with stable iron complex
* Acceptable toxicity—efficacy profile
— clear drug—dose relationship with efficacy and toxicity
— no iron redistribution
* Simplicity and ease of monitoring
* Patient acceptance/compliance

— oral bioavailability
— suitable for monotherapy




Available Iron Chelation Therapy

Deferoxamine

Deferasirox
-ﬂ.i XJADE

Deferiprone |
B
i
: "FXJ.QDE
.

Chelator:iron binding

Usual dose (mg/kg/day)

Route of administration

Half-life

Excretion

Side effects

1:1

25-40

Subcutaneous, intravenous
(8-12 hours, 5 days/week)

20-30 minutes

Urinary, fecal

Local reactions, opthalmologic,
auditory, bone abnormalities,
allergic reactions

Ferriprooc sy
@0
i X V. mEmasl T fﬂﬂ-' A i;v‘.:'-‘.
Not indicated for MDS
3:1 2:1
75 20-—30

Oral 2-3 times daily Oral once daily
12-16 hours

3-4 hours
Fecal

Urinary
Gastrointestinal disturbances,

Gastrointestinal
rash

disturbances,
agranulocytosis / neutropenia,
arthralgia

Kwiatkowski et al Peditr Clin N Am 55 2008 Apr;55(2):461-82



Effective control of iron with Iron chelation

Maintenance or reduction of serum ferritin levels with appropriate dosing

DFO Deferiprone DFO:deferli?rone Deferasirox
combination
v v v v
24-hour control of NTBI/LPI levels
DFO Deferiprone DFO:defen;_orone Deferasirox
combination
X X v v
Levels rebound Continuous 24-hour chelz?t|on
2 F Levels rebound e : coverage achieved
when infusion is T administration e -
stopped required y

dosing

24-hour control achieved with continuous combination therapy of DFO and

deferiprone or with once-daily dosing of deferasirox




Iron chelation has improved survival in
thalassemia patients
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Brittenham GH, et al. N Engl J Med. 1994;331:567-73



Effective iron chemation
survival in -

vival probability

Sur
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Borgna-Pignatti C, et al. Haematologica. 2004;89:1187-93.



Impact of iron chelation therapy on cardiac
disease in Transfusion dependent thalassemia
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Olivien NF et al. N Eng J Med 1994;331:574-578
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Cardiac disease-free
survival in patients with:

¥ <33% ferritin measures
>2500 ng/mL

B 33—-67% ferritin measures
>2500 ng/mL

® >67% ferritin measures
>2500 ng/mL



Impact of [ron Chelation therapy in MDS

* Less easy to demonstrate!

e Other factors involved
* Age
 Comorbidities
* |Infections
* Bleeding
* Risk of leukemic transformation



High serum ferritin is associated with worse
survival in MDS

Overall survival by SF level

(n = 762)
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Adapted from Sanz G et al. Blood 2008;112(11);abst 640



Fach 500 mcg/l increase in ferritin above
30% increase in risk of dying

RA/RARS/5q-
(HR=1.42; p <0.001)

1-0 Serum ferritin
0.9 1000 ug/L
g 0.8 1500 ug/L
g 0.7 s 2000 Ug/L
— L
.5 0.6 2500 ug/
£
2 o
s 3
a
v 94
2
3 .
E
S 0.2
U
0.1
0.0

o 20 40 6o 8o 100 120 140 160

Survival time (months)

RA = refractory anemia;

RARS = RA with ringed sideroblasts;

RCMD = refractory cytopenia with multilineage dysplasia;
,; RCMD-RS = RCMD with ringed sideroblasts.

Cumulative proportion surviving

0.9
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0.4

0.3

RCMD/RCMD-RS
(HR=1.33; p=0.07)

Serum ferritin
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Survival time (months)

Malcovati et al. Haematologica. 2006;91:1588-90
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Iron Chelation may improve MDS patient survival

1.00 1
Median survival: 63 months (whole group),
115 vs 51 months (p < 0.0001)
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Rose C, et al. Blood. 2007;110:[abstract 249].



Survival with iron chemation according to IPSS

IPSS = Low IPSS = Int-1

Median: not reached, Median: 115 vs 50 months (p < 0.003)
vs 69 months (p < 0.002)
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Results were the same regardless of sex and age
Rose C, et al. Blood. 2007;110:[abstract 249].



Survival in MDS according to Iron Chelation Quality

1.00 A
120 std versus 69 months (low)(p< 0.001)
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ASHO7 - Blood, vol. 110, issue 11, Nov 16, 2007 - abstract 249 - Courtesy of C.Rose and GFM



Belgian Retrospective study in MDS patients

et chelated
1 Weakly chelated
- o ' Adequately chelated

Median (SE) OS

3.1 (0.4) years among non-chelated

' 4.3 (0.8) years among weakly chelated

10.5 (2.0) years among adequately chelated
R P<0.001

0.6

0.4+

Smrvival Distribution

0.0+

|
0 5 10 15 20

Survival Time (Years)

Only patients receiving adequate dosing of ICT and treated for at least 6 months
had a significant overall survival benefit.*

Multicenter, retrospective, observational, non-interventional study
(*) Adequate chelation : DFo subc. (40 mglkg/d, in slow infusion over 8-12 h, for at least 3 days per week), or DFX (20—30 mg/kg/d)
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Delforge et al. Leuk Res. 2014 May;38(5):557-63.




Iron overload and outcome in allotransplant

* Pre-transplant ferritin
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How can iron chelation improve
nematological response

Direct effecton a Reduction in oxidative
neoplastic clone species which Increasing endogenous
or on bone marrow correlate with inefficient EPO levels*
environment erythropoiesis’3
,
Potential mechanisms for the
haematological effect of deferasirox®*
.
( L. Inhibition of NF-kB, leading to a reduction
Promoting iron release from . L. . .
. . in the transcription of anti-apoptotic factors,
iron stores, allowing use by . .
haemopoietic tissue cytokines, or adhesion molecules
9 that may affect erythroid inefficacy’

NF-«B, nuclear factor kappa B.

1. Ghoti H, et al. Eur J Haematol. 2007:79-:463-7.
2. Hartmann J, et al. Blood. 2008;112:abstract 2694. 3. Chan LSA, et al. Blood. 2008;112:abstract 2685.
4._Ren X, et al. J Appl Physiol. 2000;89:680-6. 5. Breccia M, et al_ Acta Haematol. 2010;124:46-8.

6. Guarigha R, et al. Leuk Res. 2011;35:566-70. 7. Messa E, et al. Haematologica. 2010;95:1308-16.




Indications for Iron Chelation Therapy

Belgian guidelines

* Hemoglobinopathies

* Usually after 2-3 years of transfusion + Belgian Guidelines:
° Or 10_20 un |tS The following MDS patients would benefit most from iron chelation:

e Or fe rritin >1000 1. Patients with serum ferritin levels> 1000 ng/ml in the absence of inflammation
or liver disease

2. Transfusion dependent patients requiring two units per month or more for at
least one year

Patients with lower risk MDS (IPSS < 1.5: WHO RA,RARS, del (5q))
Patients with a life expectancy of at least one year
Patients without comorbidities that limit prognosis

Candidates for allograft

N e e W

Patients in whom there is a need to preserve organ function

Guidelines from the Belgian Haematological Society: Meers S, et al. Acta Clin Belg. 2013,68(4):253-62
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