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Abstract:

INTRODUCTION: Beta-thalassemias are a cluster of inherited (autosomal recessive) hematological disorders
prevalent in the Mediterranean area due to defects in synthesis of § chains of hemoglobin. The aim of present
study was to compare the effects of deferasirox and deferoxamine on iron overload and immunological changes
in patients with blood transfusion-dependent -thalassemia major and intermedia.

PATIENTS AND METHODS: This study involved 64 patients with known cases of 3-thalassemia major or intermedia
that has been treated with blood transfusion and iron chelators. Serum ferritin, serum iron, serum total iron binding,
unsaturated iron-binding capacity (UIBC), and immunological parameters were assessed in deferoxamine and
deferasirox-treated patients.

RESULTS: In deferoxamine-treated patients, serum ferritin levels were high (8160.33 + 233.75 ng/dL)
compared to deferasirox-treated patients (3000.62 + 188.23 ng/dL; P < 0.0001), also there were significant
differences in serum iron, total iron-binding capacity and UIBC (P < 0.0001) in deferasirox-treated patients
compared to deferoxamine-treated patients. Immunological changes between two treated groups showed
insignificant differences in levels of complements (C3 and C4) and immunoglobulin levels (IgM, 1gG, and
IgA) P> 0.05.

CONCLUSION: This study indicated that deferasirox is more effective than deferoxamine regarding the iron
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Beta—thalassemias are a cluster of inherited
autosomal recessive hematological disorders
prevalentin the Mediterranean area due to defects
in synthesis of B chains of hemoglobin, caused
by mutation in the HBB gene on chromosome
11 leading to from asymptomatic to clinically
severe hypochromic microcytic anemia.™

The types of beta-thalassemia are major,
intermedia, and minor depending on hemoglobin
type and clinical presentations that include
splenomegaly, hemolytic anemia, jaundice,
and gallstones, those only seen in major and
intermedia types, while in beta-thalassemia
minor the clinical presentation is mainly
misdiagnosed as iron deficiency anemia that was
refractory to iron therapy.?
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overload but not in the immunological profile in patients with blood transfusion-dependent -thalassemia.

Beta-thalassemia minor treated with folic acid
only and rarely need a blood transfusion,
while beta-thalassemia major and intermedia
are blood transfusion-dependent types, since
untreated beta-thalassemia leads to congestive
heart failure and eventually to death.”®! Repeated
blood transfusions lead to iron overload and
toxicity causing cardiac siderosis, pulmonary
hypertension, and endocrinopathy." Therefore,
iron chelating therapy is mandatory to
prevent iron overload-induced complications
accordingly, iron chelators such as deferoxamine,
deferiprone, and deferasirox are used with
repeated blood transfusion in the management
of anemia in beta-thalassemia major and
intermedia.®!
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The first iron chelator was deferoxamine derived from
Streptomyeces pilosus which introduced in 1960, administrated
parenterally (intravenous [IV] or subcutaneous [SC] but not
intramuscular) with short half-life and dose-dependent effect.[’!
SC administration of deferoxamine leads to severe pain at
site of injection, while prolonged IV administration leads to
noncompliance; also, frequent deferoxamine administration
causes growth retardation,”! thus, the necessity for oral iron
chelator is required like deferiprone and deferasirox.

Deferiprone is the first oral iron chelator, and it is a bidentate
hydroxypyridone introduced in the year 1980 for management
of iron overload through binding with iron and the complex
will excreted in the urine;® deferiprone has relatively short
half-life due to rapid hepatic metabolism and given in a dose
of 75 mg/kg/day with significant lowering of intracellular iron
overload.” Deferiprone leads to many adverse effects such
as agranulocytosis due to myelotoxicity, gastric upsets, liver
damage, and arthralgia."”!

Deferasirox is a new oral iron chelator introduced in 2005 for
the management of iron overload in beta-thalassemia major
and intermedia. Deferasirox has high plasma protein binding
with long half-life and metabolized by liver with subsequent
fecal excretion."! It is more effective than deferiprone in the
treatment of iron overload even in sickle cell anemia with
relatively less adverse effects compared to deferiprone, but it
causes transient acute renal insufficiency.™?

Moreover, beta-thalassemia major and intermedia are
associated with several immunological disorders due to defect
in phagocytosis, opsonization, lymphocyte functions, and
immunoglobulin levels;" these changes were linked to the iron
overload, splenectomy, and recurrent exposure to the foreign
antigens through repeated blood transfusion.!']

Therefore, the aim of present study was to compare the
effects of deferasirox and deferoxamine on iron overload
and immunological changes in patients with blood
transfusion-dependent beta-thalassemia major and intermedia.

Patients and Methods

This study was done in the Department of Clinical Pharmacology
and Therapeutic, College of Medicine, Al-Mustansiriya
University in cooperation with Iragi Center of Hematological
Diseases and Research in Baghdad, Iraq, from June to December
2015. This clinical patients-based study was done according to
the World Medical Association Declaration of Helsinki: Ethical
principles for medical research involving human subjects.!'”
This study was approved by the Scientific and Ethics Review
Board in College of Medicine, Al-Mustansiriya University. A
verbal informed consent was taken from all patient relatives
for enrollment in this study.

Study design

This study was a cross-sectional study from single hematological
center involved 64 patients with known cases of -thalassemia
major or intermedia that has been treated with blood transfusion
and iron chelators. The patients were selected randomly
from referrals to the Iraqi Center of Hematological Diseases
and Research, regardless of age and gender. Patients with

B-thalassemia were divided according to the type of therapy into
two groups. Group (A): 34 patients (19 females + 15 males) were
treated with blood transfusion plus IV deferoxamine infusion
(8 h/day) 30 mg/kg/each 3 days/week. Group (B): 30 patients
(18 females + 12 males) were treated with blood transfusion plus
oral deferasirox 30 mg/kg/day. Splenectomy had been achieved
in 18 patients (10 males + 8 females) and the duration between
splenectomy and participation in this study was 2-3 years.
Exclusion criteria included patients with sepsis, heart failure,
renal failure, active liver disease and rheumatologic diseases.

Hematological parameters

Fasting blood sample 10 mL was taken from an antecubital
site from each patient and then centrifuged immediately; sera
were stored at —80°C until used.

Serum ferritin in ng/dL was assessed by specific ELISA kit
(Human Ferritin ELISA Simple Step ab200018). Serum iron
in ug/dL was estimated by specific ELISA kit (serum iron
ELISA Kit. ABIN2105464). Serum total iron binding in ug/dL
was assessed by specific ELISA kit (MBS2601224 Human Total
iron-binding capacity ELISA Kit). All ELISA Kit methods were
done according to the manufacturer instructions. Unsaturated
iron-binding capacity (UIBC) which measures levels of free
transferrin (not bound to iron), UIBC = Total iron-binding
capacity (TIBC) (ug/Dl) — serumiron (ug/dL)." Complete blood
picture was prepared by Automated Touch Screen Hematology
Analyzer, Hs Code: 90189090, China (WHY 6480).

Immunological parameters

Serum levels of IgA, IgG, and IgM in mg/dL were assessed by
ELISA Kit method (Isotyping kits for human immunoglobulin,
fast ELISA, Catalog number RDB3257). Complement levels in
mg/dL of C3 and C4 were estimated by complement C4 and
C3 Human ELISA Kit (ab108824).

Statistical analysis

Data were expressed as mean + standard deviation, number
and percentage. The unpaired Student’s t-test was used to
evaluate the significance of differences between the treated
groups in terms of 95% confidence interval, t value with P<0.05
as statistically significant. Data analysis was done using SPSS
(IBM SPSS Statistics for Windows, Version 21.0.,2013 Armonk,
NY: IBM Corp).

Results

A total number of 64 patients with -thalassemia aged 16.63
+ 3.94 years, female to male ratio was 1.3:1, most of enrolled
patients were white so white:black ratio was 31:1.

Regarding types of thalassemia, it has been found that 67.19%
of B-thalassemic patients were major type while 32.81% were
intermediate type. The duration of starting blood transfusion
was 13.12 + 2.9 years whereas the duration of starting iron
chelation was 4.68% for age <5 years, 60.93% for age 5-10 years
and 34.37% for age >10 years.

With respect to iron chelation treatment, 53.12% got
deferoxamine and 46.87% got deferasirox. In addition, 18
(28.12%) patients experienced splenectomy. This study
pointed that complications recorded in 37.5% of thalassemic
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Table 1: Demographic characteristics of thalassemic
patients
Characteristics

n (%), mean+SD

Age (years) 16.63+3.94
Number 64
Gender

Male 27 (42.19)

Female 37 (57.81)

Female:male ratio 37:27
Race white:black ratio 62:2
Types of thalassemia

Major 43 (67.19)

Intermedia 21 (32.81)
Durations of blood transfusion (years) 13.12+2.9
Durations of starting iron chelation (years)

<5 3(4.68)

5-10 39 (60.93

>10 22 (34.37

Iron chelators
Deferoxamine
Deferasirox

30 (46.87

)
)
34 (53.12)
)
18 (28.12)

Splenectomy 24 (37.5)
Complications
Skeletal malformations 8 (12.5)
Recurrent infections 9 (14.06)
Gallstone 2 (3.125)
Hepatitis C 3(4.68)
Hepatitis B 2 (3.125)

patients which includes recurrent infections 14.06%, skeletal
malformations 12.5%, hepatitis C 4.68%, and hepatitis B 3.125%
and gallstone 3.125%. The demographic characteristics of
thalassemic patients are summarized in Table 1.

In deferoxamine-treated patients, serum ferritin levels were
high (8160.33 +233.75ng/dL) compared to deferasirox-treated
patients (3000.62 + 188.23 ng/dL; P < 0.0001); also there
were significant differences in serum iron, TIBC, and UIBC
(P < 0.0001) in deferasirox-treated patients compared to
deferoxamine-treated patients. There were insignificant
differences in hemoglobin and platelet count in deferoxamine
and deferasirox-treated patients (P = 0.7367 and P = 0.0721,
respectively) [Table 2].

Indeed, immunological changes between two treated groups
(deferoxamine and deferasirox-treated patients) showed
insignificant differences in levels of complements (C3 and
C4) and immunoglobulin levels (IgM, IgG, and IgA; P> 0.05)
[Table 3].

Discussion

This study revealed significant effects of deferasirox in
reduction of iron overload in B-thalassemia compared to
deferoxamine.

In deferasirox-treated patients serum ferritin levels were low
compared to deferoxamine-treated patients due to higher
efficacy and compliance of deferasirox,['” since; deferoxamine
parenteral administration led to poor compliance and efficacy.!!

These findings are corresponded with Vichinsky et al. study
that showed a higher efficacy of deferasirox compared to
deferoxamine in the reduction of iron overload in hemolytic

anemia.” In addition, animal model study demonstrated the
effectiveness of deferasirox in the reduction of liver and heart
iron overloads more than deferiprone and deferoxamine.

Regarding patients that are treated with deferasirox, both
TIBC and UIBC are improved through the reduction of serum
iron and iron burden in transfusion-dependent -thalassemia,
since circulating iron is normally bound to transferrin but in
a state of iron overload, the capacity for iron binding will be
reduced leading to increase in the nontransferrin bound iron.
Consequently this will lead to induction of oxidative stress and
reduction in the antioxidant capacity, so a high free iron can
be taken by cardiac and hepatic parenchyma independent on
transferrin receptors causing parenchymal damage.*!!

Moreover, Wood et al.’s experimental study demonstrated that
deferasirox has cardioprotective and hepatoprotective effects
through reduction of intracellular irons; it decreases cardiac
iron by 20.5% as deferiprone and both of these drugs are more
effective than deferoxamine;™ these findings are in agreement
with our results. Thus, favorable and potential effects of
deferasirox were attributed to the long biological half-life which
gave a 24 h protection from the effect of iron overload, unlike
the deferoxamine effect that gave protection only limited to the
time of drug exposure which was about 8 h.[!

In general, sustained serum ferritin levels >2500 ng/dL are
associated with organ toxicity, thus the goal of chelation
therapy is lowering serum ferritin below 2500 ng/dL"*! but
in this study, serum ferritin level in deferoxamine-treated
patients was 8160.33 + 233.75 due to poor compliance while in
deferasirox-treated patients serum ferritin level was 3000.62 +
188.23 due to unavailability and cost of this drug, but clinically
none of our enrolled patients observed signs and symptoms
of heart or hepatic dysfunctions in spite of high serum ferritin
levels.

Indeed, 12.5% of our patients developed skeletal and
growth retardation due to extramedullary erythropoiesis or
endocrinopathy as supported by Saffari et al.'s study, that
revealed a wide range of metabolic and endocrine disorders
in B-thalassemia major.!

Regarding the immunological changes in deferasirox versus
deferoxamine-treated patients, there were insignificant
changes in immunoglobulin and complement serum levels,
but those levels appear higher in immunoglobulin and low in
complement levels compared to the normal reference range.!

There is a debate regarding immunoglobulin and complement
serum levels in -thalassemia may be normal, increased
IgA only and decreased IgM with significant reduction in
complement serum levels.!

Higher immunoglobulin and lower complement serum
levels in the present study may be due to repeated blood
transfusion that leads to uninterrupted antigen exposure
which activated immunoglobulin production and complement
consumptions, recurrent infections in B-thalassemia also lead
to augmentation in immunoglobulin stimulation,®! also iron
burden in B-thalassemia modulates T-helper activity that plays
an important role in immunoglobulin activation.®
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Table 2: The differences between the effect of deferoxamine and deferasirox on hematological parameters of
blood transfusion-dependent p-thalassemia major or intermedia

Parameters Deferoxamine (n=34) Deferasirox (n=30) t 95% CI P
Serum ferritin (ng/dL) 8160.33+233.75 3000.62+188.23 97.7179 5054.13-5265.261 <0.0001*
Serum iron (ug/dL) 476.22+72.94 266.39+37.65 14.7008 181.17-238.48 <0.0001*
TIBC (ug/dL) 157.91+44.82 200.55+33.81 -4.3253 -62.35-22.92 <0.0001*
UIBC (ug/dL) 318.31+55.73 65.84+13.39 25.5917 232.48-272.45 <0.0001*
Hemoglobin (g/dL) 10.77+2.37 10.54+2.99 0.3379 -1.133-1.593 0.7367
Platelet count (n/uL) 200004.82+111.7 200056.33+114.88 -1.8304 -108.81-4.816 0.0721

*P<0.01, Data expressed as mean+SD, TIBC: Total iron-binding capacity, UIBC: Unsaturated iron-binding capacity, SD: Standard deviation, Cl: Confidence

interval

Table 3: The difference between the effects of deferoxamine and deferasirox on immunological parameters of
blood transfusion-dependent B-thalassemia major or intermedia

Parameters (mg/dL) Deferoxamine (n=34) Deferasirox (n=30) t 95% CI P
C3 80.5+28.2 82.44+10.37 -0.3735 -12.4158-8.53 0.7106
C4 11.55+4.74 10.76+3.22 0.7875 -1.217-2.797 0.4342
IgM 199.71+27.92 202.63+26.84 -0.4262 -16.61-10.77 0.6715
1gG 1679.63+204.54 1673.72+200.33 0.1164 -95.426-107.22 0.9077
IgA 220.55+44.72 233.51+45.81 -1.1421 -35.65-9.734 0.2579
Data expressed as mean+SD, C: Complement, P>0.05. SD: Standard deviation, Cl: Confidence interval

Furthermore, 28.12% of our patients underwent splenectomy Conflicts of interest

which may affect the immunological picture in patients with There are no conflicts of interest.

B-thalassemia since splenectomy leads to the impairment of

lymphocyte, macrophage, complement, and immunoglobulin References

qualitatively and quantitatively.® Darzi et al. pointed out to
the significant reduction in serum levels of both complement
(C3) and immunoglobulin (IgA, but not IgM) in -thalassemic
patients after splenectomy.""l Therefore, splenectomy alters the
immune status in patients with B-thalassemia via an unknown
mechanism.?"

Additionally, iron chelators lead to significant humoral
immune alterations through induction of anti-histone antibody
productions that cause an increase in the immunoglobulin
levels in patients with -thalassemia;* Bayraktar et al. also
revealed the potential role of deferoxamine in enhancement
of the response to interferon-alpha response in patients with
chronic hepatitis B through an unknown mechanism.®

Finally, an observational study done by Aleem et al. observed
that deferasirox in thalassemic patients led to an increase in the
total T and B lymphocytes, CD4, CD8, natural killer cells, and
IgG serum levels, which is in concordance with findings of
the present study related to the immunoglobulin levels.

Conclusion

This study indicated that deferasirox is more effective
than deferoxamine regarding the iron overload but not
in the immunological profile in patients with blood
transfusion-dependent B-thalassemia.

Acknowledgment

The authors expressing a deep thanks to all staff in the
Department of Clinical Pharmacology, College of Medicine,
Al-Mustansiriya University, Baghdad, Iraq, for their greatest
cooperation.

Financial support and sponsorship
Nil.

1. Rivella S. fi-thalassemias: Paradigmatic diseases for scientific
discoveries and development of innovative therapies.
Haematologica 2015;100:418-30.

2. Saetung R, Ongchai S, Charoenkwan P, Sanguansermsri T.
Genotyping of beta thalassemia trait by high-resolution DNA
melting analysis. Southeast Asian ] Trop Med Public Health
2013;44:1055-64.

3. Winichagoon P, Kumbunlue R, Sirankapracha P, Boonmongkol P,
Fucharoen S. Discrimination of various thalassemia syndromes
and iron deficiency and utilization of reticulocyte measurements
in monitoring response to iron therapy. Blood Cells Mol Dis
2015;54:336-41.

4. Moon SN, Han JW, Hwang HS, Kim M], Lee S], Lee JY, et al.
Establishment of secondary iron overloaded mouse model:
Evaluation of cardiac function and analysis according to iron
concentration. Pediatr Cardiol 2011;32:947-52.

5. Remacha AF, Arrizabalaga B, Villegas A, Duran MS, Hermosin L,
de Paz R, et al. Evolution of iron overload in patients with low-risk
myelodysplastic syndrome: Iron chelation therapy and organ
complications. Ann Hematol 2015;94:779-87.

6. Chiani M, Akbarzadeh A, Farhangi A, Mehrabi MR. Production of
desferrioxamine B (Desferal) using corn steep liquor in Streptonyces
pilosus. Pak ] Biol Sci 2010;13:1151-5.

7. Felice PA, Ahsan S, Donneys A, Deshpande SS, Nelson NS,
Buchman SR. Deferoxamine administration delivers translational
optimization of distraction osteogenesis in the irradiated mandible.
Plast Reconstr Surg 2013;132:542e-8e.

8. Fisher SA, Brunskill SJ, Doree C, Chowdhury O, Gooding S,
Roberts DJ. Oral deferiprone for iron chelation in people with
thalassaemia. Cochrane Database Syst Rev 2013;8:CD004839.

9. Bellanti F, Danhof M, Della Pasqua O. Population pharmacokinetics
of deferiprone in healthy subjects. Br J Clin Pharmacol
2014;78:1397-406.

10. Elalfy M, Wali YA, Qari M, Al Damanhouri G,
Al-Tonbary Y, Yazman D, et al. Deviating from safety guidelines
during deferiprone therapy in clinical practice may not be
associated with higher risk of agranulocytosis. Pediatr Blood
Cancer 2014;61:879-84.

16 Asian Journal of Transfusion Science - Volume 11 | Issue 1 | January-June 2017



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Al-Kuraishy and Al-Gareeb: Deferasirox and deferoxamine effects in patients with blood transfusion-dependent 3-thalassemia

Chang HH, Lu MY, Peng SS, Yang YL, Lin DT, Jou ST, et al. The
long-term efficacy and tolerability of oral deferasirox for patients
with transfusion-dependent -thalassemia in Taiwan. Ann
Hematol 2015;94:1945-52.

Elalfy MS, Adly AM, Wali Y, Tony S, Samir A, Elhenawy YI.
Efficacy and safety of a novel combination of two oral chelators
deferasirox/deferiprone over deferoxamine/deferiprone in
severely iron overloaded young beta thalassemia major patients.
Eur ] Haematol 2015;95:411-20.

Ezer U, Giilderen F, Culha VK, Akgiil N, Giirbiiz O. Immunological
status of thalassemia syndrome. Pediatr Hematol Oncol
2002;19:51-8.

Jansuwan S, Tangvarasittichai O, Tangvarasittichai S.
Alloimmunization to red cells and the association of alloantibodies
formation with splenectomy among transfusion-dependent
B-thalassemia major/HDbE patients. Indian J Clin Biochem
2015;30:198-203.

General Assembly of the World Medical Association. World
Medical Association Declaration of Helsinki: Ethical principles
for medical research involving human subjects. ] Am Coll Dent
2014;81:14-8.

Amah-Tariah FS, Ojeka SO, Dapper DV. Haematological values
in pregnant women in Port Harcourt, Nigeria II: Serum iron and
transferrin, total and unsaturated iron binding capacity and some
red cell and platelet indices. Niger ] Physiol Sci 2011;26:173-8.
Cappellini MD, Porter ], El-Beshlawy A, Li CK, Seymour JF, Elalfy M,
et al. Tailoring iron chelation by iron intake and serum ferritin:
The prospective EPIC study of deferasirox in 1744 patients with
transfusion-dependent anemias. Haematologica 2010;95:557-66.
Cappellini MD. Exjade(R) (deferasirox, ICL670) in the treatment
of chronic iron overload associated with blood transfusion. Ther
Clin Risk Manag 2007;3:291-9.

Vichinsky E, Torres M, Minniti CP, Barrette S, Habr D,
Zhang Y, et al. Efficacy and safety of deferasirox compared with
deferoxamine in sickle cell disease: Two-year results including
pharmacokinetics and concomitant hydroxyurea. Am ] Hematol
2013;88:1068-73.

Nick H, Wong A, Acklin P, Faller B, Jin Y, Lattmann R, et al.
ICL670A: Preclinical profile. Adv Exp Med Biol 2002;509:185-203.
Cabantchik ZI, Breuer W, Zanninelli G, Cianciulli P. LPI-labile
plasma iron in iron overload. Best Pract Res Clin Haematol
2005;18:277-87.

Wood JC, Otto-Duessel M, Gonzalez I, Aguilar MI, Shimada H,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Asian Journal of Transfusion Science - Volume 11 | Issue 1 | January-June 2017

Nick H, et al. Deferasirox and deferiprone remove cardiac iron in
the iron-overloaded gerbil. Transl Res 2006;148:272-80.

Wood JC, Cohen AR, Pressel SL, Aygun B, Imran H,
Luchtman-Jones L, et al. Organ iron accumulation in chronically
transfused children with sickle cell anaemia: Baseline results from
the TWiTCH trial. Br ] Haematol 2016;172:122-30.

Saffari F, Mahyar A, Jalilolgadr S. Endocrine and metabolic
disorders in $-thalassemiamajor patients. Caspian J Intern Med
2012;3:466-72.

Zhang XL, Pang W, Deng DY, Lv LB, Feng Y, Zheng YT. Analysis of
immunoglobulin, complements and CRP levels in serum of captive
Northern pig-tailed macaques (Macaca leonina). Dongwuxue Yanjiu
2014;35:196-203.

Amin A, JalaliS, Amin R, Aale S, Jamalian N, Karimi M. Evaluation
of the serum levels of immunoglobulin and complement factors
in b-thalassemia major patients in Southern Iran. Iran ] Immunol
2005;4:220-5.

Ghaffari J, Vahidshahi K, Kosaryan M, Soltantooyeh Z,
Mohamadi M. Humoral immune system state in £ thalassemia
major. Med Glas (Zenica) 2011;8:192-6.

Strehl C, Schellmann S, Maurizi L, Hofmann-Amtenbrink M,
Héaupl T, Hofmann H, et al. Effects of PVA-coated nanoparticles
on human T helper cell activity. Toxicol Lett 2016,245:52-8.

Dan L, Anthony S, Dennis L, Stephen L, Jameson J, Joseph L.
Harrison’s Principles of Internal Medicine. 18" ed. New York:
McGraw-Hill; 2012. p. 478-500.

Darzi AA, Kamali S, Khakzad M. Influence of splenectomy
on immunoglobulins and complement components in major
thalassemia. Caspian ] Intern Med 2015;6:30-3.

Ahluwalia J, Datta U, Marwaha RK, Sehgal S. Immune functions
in splenectomized thalassaemic children. Indian ] Pediatr
2000;67:871-6.

Pradhan V, Badakere S, Ghosh K. Antihistone and other
autoantibodies in beta-thalassemia major patients receiving iron
chelators. Acta Haematol 2003;109:35-9.

Bayraktar Y, Koseoglu T, Somner C, Kayhan B, Temizer A,
Uzunalimoglu B, ef al. The use of deferoxamine infusions to
enhance the response rate to interferon-alpha treatment of chronic
viral hepatitis B. ] Viral Hepat 1996;3:129-35.

Aleem A, Shakoor Z, Alsaleh K, Algahtani F, Igbal Z, Al-Momen A.
Immunological evaluation of 8-thalassemia major patients receiving
oral iron chelator deferasirox. ] Coll Physicians Surg Pak
2014;24:467-71.



