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Abstract: It has been clearly shown that iron overload adds progressively significant morbidity
and mortality in patients with non-transfusion-dependent thalassemia (NTDT). The lack of
physiological mechanisms to eliminate the excess of iron requires effective iron chelation therapy.
The reduced compliance to deferoxamine and the risk of severe hematological adverse events
during deferiprone treatment have limited the use of both these drugs to correct iron imbalance
in NTDT. According to the principles of evidence-based medicine, following the demonstration
of the effectiveness and the safety of deferasirox (Exjade®) in a prospective, randomized, con-
trolled trial, deferasirox was approved by the US Food and Drug Administration in May 2013
for the treatment of iron overload associated with NTDT. This review, assessing the available
scientific literature, will focus on the profile of DFX in the treatment of non-transfusional
hemosiderosis in patients with NTDT.
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Introduction

The data presented are based on the retrieval of relevant medical literature by searching
PubMed with the terms “deferasirox (DFX)” and “non-transfusion-dependent thalas-
semia (NTDT)” for studies published between 2000 and 2015.

The Cochrane database for systematic reviews and clinical trial registries
was also searched, and pertinent reviews were identified (searches last updated
August 1, 2015).

Thalassemia is a complex entity related to a group of inherited diseases, caused
by defective or absent hemoglobin chain synthesis leading to anemia. In general, the
severity of the disease depends on the genotype inherited without a definite genotype—
phenotype correlation due to the presence of several genetic, along with environmental
factors, which can alter clinical expression jointly to secondary and tertiary genetic
modifiers.! However, patients with NTDT do not require regular RBC transfusions
for survival, but may require occasional transfusions owing to infection or pregnancy
or may require more regular transfusions later in life due to splenomegaly or other
complications.? Therefore, NTDT encompasses a great variety of syndromes mixed
in terms of their molecular background, clinical course, and severity, with the sole
common characteristic of independence from regular transfusions.® Currently, beta-
thalassemia intermedia, alpha-thalassemia (mainly HbH disease), and mild/moderate
forms of HbE/beta-thalassemia are the most prevalent forms in the world.*

Despite the lack of a stable transfusional iron overload, the majority of patients with
NTDT accumulate iron. Ineffective and expanded erythropoiesis are both responsible
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for the activation of known and unknown signals of epci-
din suppression and of a consequent increased intestinal
absorption of iron.® Thus, patients with NTDT progressively
increase their iron stores which may become clinically
significant in the second decade of life and is responsible,
along with chronic anemia and hemolysis, for most compli-
cations observed in older untreated patients.® However, it
is conceivable that, particularly in the more severe forms,
some complications could be ascribed to transfusion therapy
(either intermittent or regular) as observed for the increased
risk of endocrinopathy.’

Patients with NTDT accumulate iron chiefly in the liver
and scantly in the heart, which may explain the tendency to
not develop myocardial siderosis as compared to patients
with thalassemia major (TM).3° However, the liver iron
overload shown in patients with NTDT has been found to be
similar to that of patients with beta TM.!® The elevated iron
burden, despite occurring with differences in iron metabo-
lism, pathophysiology and loading rate, is directly involved
in the development of several complications or may add
in some way to their severity.'" In fact, evaluating a series
of unchelated patients by R2 and R2* magnetic resonance
imaging (MRI), a liver iron concentration (LIC) of 5 or more
mg/g dry weight (dw) was found to be the cut-off able to
accurately discriminate between patients with and without
morbidities.'? Recently, patients with NTDT were also found
to have an increased risk of hepatocellular carcinoma and
those affected showed a LIC of 8.5 mg/g dw (median: 8.5;
interquartile range: 4.5-17.8).1

Chelation in NTDT

Obviously, chelation practice has been routinely performed
in the management of iron overload in patients with NTDT,
as their anemia contraindicates phlebotomy, but for a long
time only as good clinical practice and without both the use
of guidelines and the evidence of clinical benefit as observed
in their TM counterparts. The optimal care study was the first
retrospective study highlighting a protective effect of iron
chelation therapy against several complications of NTDT
such as pulmonary hypertension and endocrinopathies and
thus reinforced the indication to accurately chelate this cat-
egory of patients.” On the other hand, it was demonstrated that
an increase in serum ferritin level over time was associated
with worsening of hepatic fibrosis in patients with NTDT who
are not receiving iron chelation treatment.'* The evidence of
these studies suggested to scrupulously estimate iron loading
particularly at liver level to control and prevent such iron
burden with effective iron chelation therapy.

Guidelines on NTDT chelation treatment have been
recently established and recommend initiation of chelation
therapy in patients with either ferritin levels higher than
800 ng/L or LIC above 5 mg/g dw."> However, measure-
ment of ferritin may underestimate the level of iron and
sometimes among the main NTDT subtypes an irregular
correlation exists between ferritin level and LIC, as measured
by R2 MRI or superconducting quantum imaging device.'®!7
Therefore, a decision-making algorithm has also been created
to aid monitoring of iron burden and initiation of chelation
therapy.'®

Until 2005, the two drugs were available to treat iron
overload in a variety of hematologic disorders: deferox-
amine (DFO), administered mainly using continuous slow
subcutaneous infusion, and the oral iron chelator deferiprone
(DFP).""? The DFO, a hexadentate chelator binding iron at
a 1:1 molar ratio, was introduced in clinical practice over
40 years ago to decrease iron overload.?! However, the need
for frequent and prolonged subcutaneous administration
has been associated with undesirable adverse effects and
noncompliance to treatment resulting in elevated risk of iron-
induced complications.?>* The oral three times a day agent
DFP, a bidentate hydroxypyridone with a small molecular
weight, was first used and approved in Europe in 1999 for
the treatment of iron overload in TM when DFO was con-
traindicated or inadequate. US Food and Drug Administration
approval for clinical use of DFP was delayed until October
2011 because of the lack of traditional safety and efficacy
trials comparing DFP and DFO. While DFO and DFP alone
and in combination have been widely used in several trials
involving patients with TM and proved to be effective in
the reduction of iron burden,?*?’ the scientific evidence of
their efficacy in the setting of NTDT is very incomplete and
limited to specific subpopulations.®® Recently, Calvaruso
et al described the first 5-year long-term randomized clinical
trial comparing the effectiveness of DFP vs DFO in patients
with thalassemia intermedia (TI) showing that long-term iron
chelation therapy with DFP is similarly effective as DFO.
However, the use of DFP was accompanied by the occurrence
of rare but serious adverse events during treatment, such as
neutropenia and agranulocytosis.?

The once daily oral iron chelator, DFX (Exjade®, Novartis
Pharmaceuticals Corporation, Basel, Switzerland), was
introduced later, but has rapidly shown to be effective for
reduction of body iron in iron-overloaded patients with
transfusion-dependent anemias. It is a tridentate chelator
that mobilizes iron stores by binding selectively to the ferric
(Fe**) form of iron.’**! The efficacy of DFX has also been
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demonstrated in sickle-cell disease and in bone marrow
failure syndromes, such as myelodysplastic and aplastic
syndromes, Diamond—Blackfan and Fanconi anemia.’?3*
In a Phase I/II trial with 49 patients with HF-related heredi-
tary hemochromatosis, DFX also proved to be effective
in reducing iron overload.** In the past few years, several
clinical trials have shown that accurate monitoring and dose
adjustment of DFX was safe and effective in the long-term
management of iron-overloaded patients with TM. Briefly,
it has been assessed that DFX at a dose of 20 mg/kg per day
can stabilize serum ferritin levels and LIC, while at doses of
3040 mg/kg per day is able to reduce these parameters and
achieve negative iron balance in patients with transfusional
iron overload.*

The DFX profile in NTDT

Pharmacokinetic and pharmacodynamic properties of DFX
have been mainly assessed among patients with TM and have
been extensively reviewed elsewhere.’’*® However, studies
from the myelodysplasia population seem to indicate that
DFX has a constant pharmacological profile, independently
from the underlying disease or race.*

The DFX is currently the only chelator to have gained
approval for the treatment of iron overload in patients with
NTDT in the USA (patients =10 years of age with an
LIC =5 mg Fe/g dw and SF >300 ng/mL) and in Europe
(LIC =5 mg Fe/g dw and SF >800 ng/mL with inadequate
response or contraindication to DFO).* To date three small
studies and one large randomized trial have evaluated the
safety and efficacy of DFX in patients with NTDT with iron
overload (Table 1).

In the prospective open label study by Voskaridou et al
11 patients received DFX at a starting dose of 10-20 mg/kg
per day, according to the baseline iron burden, with subse-
quent dose adjustments according to efficacy and adverse
events. After | year of treatment, significant improvement of
mean liver T2* (P=0.02) was observed in the eight patients
who completed the study.*!

In the study by Ladis et al,* eleven patients were enrolled
to receive DFX at 10 or 20 mg/kg per day for 24 months.
Mean LIC, measured by MRI-T2*, and mean serum ferritin
were significantly reduced (P=0.005 and P<<0.05, respec-
tively) in the nine patients completing the study both at 12 and
24 months and five patients achieved LIC <3 mg Fe/g dw.

In both studies, cardiac T2* and left ventricular ejection
fraction remained normal in all patients.*!*2

THALASSA, a randomized, double-blind, placebo
controlled phase II trial, is the largest study to investigate

the safety and efficacy of DFX in reducing iron overload in
patients with NTDT.* The trial included 166 patients with
B-thalassemia intermedia (n=95), o.-thalassemia (n=22) and
HbE/B-thalassemia (n=49), and was conducted over 1 year.
Iron-overloaded patients (=10 years of age with LIC =5 mg
Fe/g dw and serum ferritin >300 ng/mL) were randomized
to DFX starting doses of 5 or 10 mg/kg per day or match-
ing placebo. After 1 year of treatment with DFX mean
LIC decreased significantly from baseline in both starting
dose groups (DFX 5 mg/kg per day: —2.331£0.70 mg Fe/g
dw; P=0.001 and 10 mg/kg per day: —4.18+£0.69 mg Fe/g
dw; P<<0.001) compared to placebo. The decrease in LIC,
measured by R2-MRI, was more significant (P=0.009) for
the DFX 10 mg/kg per day group compared with the lower
dose group (—1.85+0.70 mg Fe/g dw). For both groups LIC
reductions were observed from week 24. Similarly, serum
ferritin decreased significantly with DFX from baseline to
week 52 compared to placebo (least squares mean 121 ng/mL
in 5 mg/kg per day group, —222 ng/mL in 10 mg/kg per day
group, +115 ng/mL for placebo; P<<0.001).

Patients who completed the THALASSA core study were
eligible to enter the 1-year extension phase, where patients
were continued on DFX or were switched from placebo.*
Overall, 133 patients entered the extension phase, including
48 who crossed over from placebo. The LIC and serum fer-
ritin continued to decrease throughout the extension phase.
Patients randomized to receive DFX in both phases (n=110)
achieved a mean absolute reduction of LIC of 7.14 mg Fe/g
dw from baseline and a mean decrease of serum ferritin of
450 ng/mL.

Patients who switched over from placebo achieved a
mean absolute reduction of —6.66 mg Fe/g dw from baseline.
At the end of the extension phase the proportion of patients
achieving an LIC of <5 mg Fe/g was 38.6% overall (39.1%
randomized to DFX in the core study; 37.5% originally
randomized to placebo). Serum ferritin also continued to
decrease over the extension study.

A subanalysis was performed evaluating LIC reduction
in various subgroups, based on baseline LIC, baseline serum
ferritin, age, sex, race, splenectomy status, and underlying
NTDT syndrome.* Across all subgroups, patients receiv-
ing DFX showed a greater reduction in LIC compared with
patients who received placebo with better results in patients
in the 10 mg/kg per day starting dose group.

DFX was in general well tolerated in all studies. The most
frequently reported adverse events were mild to moderate in
severity. In the THALASSA study adverse events assessed to
be drug related by the investigators were reported in 24.1%
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of the patients and were mostly gastrointestinal disorders
(mostly nausea and diarrhea), which resolved spontaneously
or with dose adjustment or drug interruption. Eight patients
discontinued the study because of adverse events. The safety
profile in the extension phase and in the smaller studies was
comparable.

As for renal function, no progressive increases in serum
creatinine were observed. In patients treated for 2 years, five
experienced two consecutive increases >33% above baseline
and above upper limit of normal.*#* No similar reports by
Voskaridou et al*! and Ladis et al,* although in the latter at the
end of the 2nd year of treatment serum creatinine increased
and creatinine clearance decreased compared to baseline, but
neither reached abnormal values.

In all three studies mean ALT levels decreased over time,
suggesting a corresponding improvement in liver function.
Only one patient in the THALASSA extension study experi-
enced hepatitis, which was suspected to be drug related.*

In general efficacy was achieved at relatively lower
doses compared to patients with transfusional iron overload.
However, monitoring for efficacy and adverse events with
adequate dose adjustments remains pivotal in all patients.

The most recent study was a multicenter trial performed
in Iran by Karimi et al who treated 50 B-thalassemia inter-
media patients with serum ferritin >1,000 ng/mL with DFX
for 12 months, observing a significant decrease of ferritin
starting at 4 months of treatment.*®

Conclusion

The recent definition of serum ferritin thresholds to predict
clinically relevant LICs together with more and more wide
access to MRI technology have led to the frequent diagnosis
of iron overload in patients with NTDT, where initiation
of chelation therapy is indicated. As a consequence, to
control iron imbalance and to prevent iron toxicity, the
long term use of a safe and effective chelator is required.
An extensive experience gained from studies in patients
with TM with over 150,000 patient years of drug exposure
has definitively shown that DFX has a favorable side-effect

profile in patients with transfusion-dependent thalassemia
(TDT), with treatment-related adverse events comprising
gastrointestinal, renal and dermatologic effects that were
generally mild and reversible on cessation of treatment.’
In this review the restricted experience from the results on
238 patients with NTDT under continuous DFX treatment
were evaluated. These studies involve small numbers of
patients followed for 1-3 years who generally had never
been transfused and encompasses two pilot studies, a pro-
spective, placebo-randomized trial with its 2-year extension
study and a retrospective study.*'~*¢ Overall, DFX, at doses
ranging from 10 to 20 mg and in a dose-dependent manner,
was effective in reducing LIC and/or ferritin in patients
with different subgroups of NTDT. Similarly to TDT, drug-
related adverse events reported during these studies, were
manageable, self-resolving, and typically did not necessitate
discontinuing therapy, even as patients achieved low LIC
levels toward the end of the study.”® Following monthly
monitoring, incidences of liver and renal abnormalities were
low and nonprogressive. Mild, nonprogressive increases in
serum creatinine levels were also observed in a few patients;
these increases were generally within the normal range and
rarely exceeded twice the upper limit of normal.

Future perspectives and open

questions

Taken together, these data suggest that the use of DFX can
successfully manage iron overload in patients with NTDT.
However, further data and larger study populations are
needed to explore the safety profile of this drug in this group
of patients (Table 2). Post-marketing surveillance studies
and information from the ongoing THETIS trial will provide
additional assessment of the long-term efficacy and safety
of DFX.* Given the need for lower doses as compared to
TM, less toxicity and less morbidity are expected in NTDT
than that observed when DFX was initially administered in
patients with TM. Obviously, in most NTDT forms, lifelong
treatment with iron chelation may not be necessary and
several attempts at improving drug efficacy and reducing drug

Table 2 Essential points in the future evaluation of deferasirox in NTDT

o Explore its safety profile in a larger population

e Observe its long term effect in patients with glomerular hyperfiltration

e Test alternative administration schedules or lower dosage in patients with LIC <5 and <3 mg Fe/g dw and maintenance therapy at LIC =3 mg Fe/g dw

e Evaluate prospective data on reversal of endocrinopathy/other complications and on overall survival

o Evaluate the interference with drugs administered to improve anemia

e Compare its safety and efficacy profile with other chelating agents

Abbreviations: LIC, liver iron concentration; NTDT, non-transfusion-dependent thalassemia.
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toxicity have been given particular attention, as the need to
interrupt chelation if treatment goals are reached. In fact, a
prudent and conservative approach has been adopted in the
THALASSA trial in the sense that LIC <3 mg Fe/g dw was
used as an indicator to interrupt iron chelation therapy in the
hypothesis that it could represent a low, acceptable iron bur-
den.*” In the described post hoc analysis, a consistent safety
profile was nevertheless demonstrated as patients approached
this target, indicating that such low iron burdens may be
obtained with minimal risk of overchelation.* This approach,
now included in current guidelines for chelation therapy in
NTDT, obviously will guarantee from the observed risk in
TDT that overchelation could further reduce glomerular
filtration rate also in NTDT.>® However, it should be taken
into account that cases of glomerular hyperfiltration may be
observed in patients with NTDT and that the administration
of DFX could bring the glomerular filtration rate levels under
control.’! Thus, it could be argued that occasionally a poten-
tial adverse event may become a useful strategy against the
potential damage of persistent glomerular hyperfiltration.
While a severe or >5 mg Fe/g dw LIC was clearly associ-
ated with complications, the level of “acceptable” iron burden
and iron associated toxicity in NTDT may be different and
transiently modifiable by occasional transfusional require-
ment. Currently, in line with the Thalassemia International
Federation guidelines for DFX use in patients with NTDT,
iron chelation should be stopped in patients reaching LIC of
3 mg Fe/g dw or SF of 300 ng/mL, when MRI is unavailable,
as safety data do not exist to support continued chelation
with DFX below this level.!> On the other hand, due to the
permanent progressive iron accumulation, therapy should be
restarted when patients re-achieve a LIC of 5 mg Fe/g dw thus
realizing a gray zone (from 3 to 5 mg Fe/g dw), where patients
are either interrupting treatment or waiting to restart it. It has
also been observed that each genetic entity of NTDT has
different erythroid activity, hepcidin levels and occasional
transfusional iron loading, which may generate in some cases
and in the presence of nearly normal LIC level, high levels
of saturation of transferrin which in turn produces labile iron
species and potential organ damage.’>** Given that DFX has
been shown not only to control iron burden but also labile
plasma iron, the chelatable form of non-transferrin-bound
iron, there could be the space to test DFX for a maintenance
and or a transient therapy in such circumstances.** As DFX
remains within the therapeutic range over a 24-hour period,
it offers a complete chelation coverage at standard doses
and can therefore better control labile plasma iron.> Further
studies are needed to fully evaluate the efficacy and the

safety of alternative administration schedules (ie, alternate
days, three times/week) and/or reduced doses of DFX to
control iron stores in this gray zone, where a maintenance
chelation therapy could be acceptable. Further studies are
also needed to better delineate the appropriate schedule of
treatment of DFX to induce a neutral iron balance according
to the increased risk of renal injury when a considered safe
or normal iron burden has been reached. On the other hand,
consideration should be given in the future also to better
tailor initial DFX therapy to the basal iron depot, to differ-
ent subtypes of NTDT, to splenectomy status and to the rate
of occasional transfusional iron intake, all conditions which
may affect iron balance in NTDT. Of particular interest,
over the long-term use of DFX, will be also the prospective
determination of the impact of iron chelation on most com-
mon complications and survival in patients with NTDT. The
THETIS trial will focus on the effects of 5-year treatment
with DFX on the endocrine profile. The favorable outcome
of DFX on osteopenia and osteoporosis observed in patients
with TM could be expected also in NTDT.* Similarly, the
reported long-term effects of DFX treatment on liver fibrosis
should be also readdressed in NTDT.%’

Currently, to improve anemia and reduce the occasional
transfusional requirements, patients with NTDT are fre-
quently treated with “older” drugs such hydroxycarbamide®
and new agents such as those interfering with the activity
of several transforming growth factor-f3 family cytokines
involved in late stages of erythropoiesis’*® and JAK2
inhibitors.®! Thus, the efficacy, safety, and pharmacokinetics
of DFX should also be evaluated in patients concomitantly
receiving some of these drugs, taking into account that the
potential interference of such drugs with mechanisms regu-
lating the iron absorption, could further address and limit
iron overload.

In conclusion, following the results of the THALASSA
and extension studies, DFX has become the current gold-
standard for iron chelation in patients with NTDT. However,
prospective data from a randomized comparison with other
chelating agents and from a magnitude of drug-exposure
comparable to that obtained for patients with TM should be
performed to obtain a more accurate and complete evaluation
of its profile in patients with NTDT.
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