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Abstract

Background: Thalassemia is a group of hereditary blood disorders characterized by a
reduction or lack of synthesis of some globin chains. Mutations in the beta-globin gene can
lead to beta-thalassemia. Anemia is caused by inefficient erythropoiesis, which occurs when
there are either fewer beta-globin chains or none at all. The thalassemia syndromes are a
heterogeneous group of single gene disorders due to defective biosynthesis of 3- or a-globin
chains which causes partial or total suppression of normal hemoglobin production. A
deficiency in the alpha chain results in alpha thalassemia, while a deficiency in the 3 chain is
associated with B thalassemia . Treatments for thalassemia major include managing iron
chelation, hematopoietic stem cell transplantation, gene therapy, regular blood transfusions,
and promotion of fetal hemoglobin production.
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1.Introduction:

In thalassemia, the aberrant production or decreased rate of forming normal a- or B-globin subunits
of hemoglobin (Hb) A is the defining characteristic. The 3-globin genes are located on chromosome
11, whereas the a-globin genes are on chromosome 16, according to Adly et al. (2015). Red blood
cells include the protein hemoglobin, which is responsible for transporting oxygen from the alveoli to
the tissues in the body. Normal individuals include three different types of hemoglobin, which are
HbA, HbA2, and HbF. These types of hemoglobin contain a2; B2, a2; 82, and a2; y2 subunits,
respectively (Thein, 2018).
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Thalassemia is classified as 8, &, § v, 6B, and Y& based on the globin chain that is impacted. Two
main types of thalassemia, a- and B-, are determined by four and two genes, respectively, according
to Gibbs and Burdick (2009) and Sirachainan et al. (2016). More than a hundred changes to the same
DNA sequence are required to make it. Globin chains that aren't coupled aren't stable. Because of
their abrupt cellular death, they cause the premature elimination of red blood cell precursors and
reduce the blood's capacity to hold mature RBCs. When hemoglobin decomposes, it releases iron and
heme, which facilitate chemical processes that generate reactive oxygen species (ROS) or free radicals.
According to Adly et al. (2015), hepatocytes and islets of Langerhans activities are impaired by these
radicals and ROS.

According to Galanello and Origa (2010), beta-thalassemia is characterized by a decrease or complete
lack of the B-globin chain's synthesis rate. In 1925, Cooley and Lee were the ones who initially defined
thalassemia (Franco et al., 2014). Base substitutions on introns, exons, and promoter regions of 3
globin genes cause B-thalassemia, whereas deletions of the o gene cause a-thalassemia (Stauder et al.,
2018). According to Lei et al. (2019), microcytic and hypochromic anemia, along with various
syndromic variants, can result from diminished (B+) or nonexistent (0) globin chain formation,

which further divides it into different categories.

2.1. Types of beta-thalassemia

2.1.1. Beta-thalassemia major

The most severe form of thalassemia, called Cooley's anemia, is when people have a more severe
mutation in the B chain and are either homozygous (B+/B+, BO/B0) or compound heterozygous
(B+/B0) for the gene (Galanello & Origa, 2010; Tari et al., 2018). In most cases, it takes anywhere
from six months to two years. Severe anemia (heart failure, fatigue, and cachexia) is a symptom of
serious thalassemia. Hb levels below 7 g/dl and Hb F levels below 90% are possible. Bone deformities,
an enlarged spleen, and stunted growth were consequences of the bone marrow's expansion as a
response to decrease in hemoglobin. Pulmonary hypertension, lithiasis, and ulceration of the leg are
all symptoms of excessive hemolysis. Additionally, this disease is hindered by hypercoagulability. There
are a number of complications that can arise from regular blood transfusions, including iron overload
in various organs, diabetes, hypothyroidism, hypoparathyroidism, hypopituitarism, cirrhosis, cardiac
arrhythmia, myopathy, and a 71% mortality rate for thalassemia major patients (Leiet al., 2019).
Additional risks associated with HIV infection include osteoporosis, blockage in blood, and chronic
hepatitis B and C. Moreover, according to Borgna-Pignatti et al. (2004), there is a significant

likelihood of liver cancer in those who have liver infections.
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2.1.2. Beta-thalassemia intermedia

Individuals with thalassemia intermediate, a type of heterogeneous genetic mutation, have a minor
capacity to produce the B chain of hemoglobin (B+/B+, B+/B0). Both a and  mutations can occur
at the same time in certain cases (Galanello & Origa, 2010). Between the ages of 2 and 6, it happens.
A milder form of anemia is seen in thalassemia intermediate. Blood transfusions are unnecessary when
hemoglobin levels range from 7 to 9 to 10 g/dl. (Birgens & Ljung, 2007), the patient can live with or
with very little blood transfusions. Growth retardation, bone deformities, and infertility are among
issues that can arise when bone marrow expands with age. Hemolysis, in contrast, increases tissue iron
levels (Taher et al., 2011).

2.1.3. Beta-thalassemia minor

Thalassemia carrier trait, commonly known as BO/B or B+/B, happens when one 3 globin gene copy
is normal and one copy is faulty (Galanello & Origa, 2010; Tarie et al., 2018). Physiological stress,
pregnancy, and children are the most common triggers for thalassemia minor. Although there are no
outward signs of the disease, irregularities in the shape of red blood cells might cause moderate anemia
in rare cases (Romanello et al., 2018). Patients with 3-thalassemia minor or who are carriers may have
a hemoglobin level more than 10g/dl. If both mothers carry the thalassemia gene, the chances of the
baby being born with the condition are 25% (Moi et al., 2004).

3. Hereditary Transmission And Mutations Of Beta-Thalassemia

Having beta-thalassemia at birth is a result of an autosomal recessive gene. When one or both parents
have the mutation in the B globin chromosome, the offspring are considered obligate heterozygotes.
At birth, each child born to parents who are heterozygous has a 25% chance of being a carrier but
unaffected, a 25% chance of being an afflicted carrier, and a 50% chance of being an asymptomatic
carrier (Canatan & Kog, 2004; Galanello & Origa, 2010).

According to Yatim et al. (2014), there are over 200 mutations in the B-globin gene on chromosome
11, most of which are point mutations, which contribute to the molecular heterogeneity of the beta
form of thalassemia. Deletions are uncommon in -thalassemia, which is characterized by a decrease
or absence in the rate of B-globin chain formation. Al-Akhras et al. (2016) and Giardine et al. (2007)
offer a list of mutations according to their prevalence by ethnicity and severity.

3.1. Prevalence/incidence

Mediterranean countries, including those in Central Asia, the Middle East, Southern China, India,
South America, and those along the north coast of Africa, have the highest prevalence of 3-thalassemia
(Weatherall, 2010). With an 18% carrier percentage of the population, the Maldives has the highest
incidence of thalassemia in the world. According to Weatherall (2010), the estimated frequency of -
thalassemia ranges from 3% to 8% in China, 5% to 10% in Iran, 1% in Thailand, and up to 16% in

Cyprus. The spread of B-thalassemia to previously thalassemia-free areas, such Northern Europe, is
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due to human migration and marriages (Vichinsky, 2005). According to assessments, every year
around 80-90 million people are born with B-thalassemia, and approximately 1.5 percent of the
world's population carries the gene for the disease. Additionally, it has been predicted that 1 out of
10,000 people in the EU experience symptoms each year, and 1 out of 100,000 people globally do.

The impact of 3-thalassemia is comparable on boys and females (Hossain et al., 2017).

4. Pathophysiology

The result of insufficient (30) or decreased (8+) amounts of B-globin chain synthesis is ineffective
erythropoiesis, which in turn causes anemia. The process of ineffective erythropoiesis occurs when
there are an excess of unpaired a-globin chains in the blood. These chains create chemicals that are
imbalanced and insoluble, which then settle into erythroid precursors in the bone marrow.
Unfortunately, this leads to premature destruction of the erythrocytes and injuries to the plasma
membrane of RBCs. According to Shariati et al. (2016), this process is most common in both
immature red blood cell precursors and mature red blood cells, and it leads to anemia due to poor
erythropoiesis/hemolysis. Bone marrow enlargement can reach 25 to 30 times the normal rate and
defects in bone structure can develop as a consequence of anemia-induced increased erythropoietin
production. While the bone marrow does its best to prevent serious anemia by speeding up the
generation of red blood cells (RBCs), this is not always enough. According to Sangkhae and Nemeth
(2017), the release of heme from broken down red blood cells leads to an increase in the absorption
of iron in the gastrointestinal tract. Inadequate regulation of hepcidin causes high iron absorption,
which regulates iron intake from the duodenum. Overload of iron occurs as a result of increased
erythropoiesis and continuous blood exchange. Hyperoxidation of iron causes membrane lipid
peroxidation and impacts several organs, including the heart, by the production of harmful reactive
oxygen species (Hobanet al., 2015). Hemichromes are typical inclusions that form when a-chain
subunits oxidize, interacting with the membrane-bound proteins spectrin and ankyrin. The anomalies
cause an increase in membrane phospholipids and cholesterol. According to Chakrabartie et al. (2013),

the oxidized a chain interacts with proteins, making the membranes less stable and more stiff.

5. Complications

5.1. Iron overload

Because of blood exchange, individuals with more severe types of B-thalassemia major or intermediate
store iron in the reticuloendothelial system. Iron overload manifests more slowly in cardiac tissues but
also in a number of endocrine tissues, including hepatic parenchyma. Maintaining an optimal iron
concentration is the key to human homeostasis (Ganz & Nemeth, 2011). Every day, the body loses 1
mg of iron through cell loss in the urinary tract, colon, dermis, and other endodermal tissues. In

contrast, 1 ml of transfused blood contains 1 mg of iron, so a total of 200 mg of iron ends up in tissues.
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Because their bodies are unable to excrete iron, patients with severe thalassemia who receive blood
transfusions are at high risk of developing iron deposition (Camaschella & Nai, 2016). Ineffective
erythropoiesis, caused by RBC overload during cellular death, prevents the hepatic system from
managing hepcidin. Hepcidin is a 25-amino acid peptide hormone that normalizes iron flow into
serum in a harmful way and prevents the body from absorbing iron from food. It also releases iron
from Kupffer cells and discharges the buildup from hepatocytes (Ganz & Nemeth, 2011; Kim &
Nemeth, 2015). In the liver's spleen and Kupffer cells, an iron exporter known as ferroportin is located.
This protein has many passes across the cell membrane. A decrease in growth differentiation factor 15
(GDF15) and a suppression of hepcidin production were found in primary human hepatocytes of
thalassemia patients (Sangkhae & Nemeth, 2017). Iron can be released from macrophages and
absorbed more easily from the intestines when hepcidin manifestations are suppressed. Recent research
has examined the normal and pathological control of hepcidin production (Finianos et al., 2018). A
synthetic miniaturized hepcidin with an extended half-life was administered orally to mice and found
to decrease iron absorption. It has also been suggested as a potential beneficial mediator for patients
with severe B-thalassemia (Preza et al., 2011). Following its release from cells, iron is transported to
the bone marrow and other soft tissues. Approximately 20-25 mg of iron can circulate in a 24-hour
cycle bound to transferrin, and less than 1% of the body's total iron is always in circulation. According
to Evans et al. (2008), iron that is not bound with transferrin, commonly known as non-transferrin-
bound iron (NTBI), can likewise take on several forms in serum. Endocrinopathies, diabetes,
infertility, and liver cirrhosis can all be caused by an excess of iron. Instead of using the transferrin
receptors, non-transferrin-bound iron can enter tissues through multiple cellular channels, which have
the ability to damage cells (Wang et al., 2012). According to Evans et al. (2008) and Fernandes et al.
(2016), chelators can reduce the amount of iron that is not bound to transferrin in thalassemia patients.
When it comes to decreasing NTBI, intravenous delivery of chelators is superior to subcutaneous
administration. Desferrioxamine and other oral chelators mostly eliminated iron by eliminating the
soluble plasma iron in serum, but deferiprone and deferasirox effectively admitted and reduced the
intracellular labile iron segments (Jansovd & Simitinek, 2019). According to Brissot et al. (2012) and
Hershko (2010), there are different ways to understand labile plasma iron (LPI), which is a part of the
non-transferrin-bound iron pool. LPI activates metabolically by interacting with membrane
components and impacts the plasma membrane by triggering the production of free radicals or reactive
oxygen species. These radicals stimulate oxidative stress and cause lipid peroxidation, DNA oxidation,
and protein oxidation.

5.2. Hepatitis

Contagion connected to viruses is a significant risk for thalassemia patients. When people receive blood
and blood transfusion products for an extended period of time, it might lead to pathological hepatitis.

Although thalassemia patients and donors can benefit substantially from hepatitis B immunizations,

Tob Regul Sci. ™ 2023 ;9(1) : 7405-7420 7409



Shrouk Elsayed Sayed Ahmed Nafea et. al

Outlines of Beta-Thalassemia and Its Treatment Lines

hepatitis C is particularly challenging to prevent in this population because no vaccine is currently
available (Mousa et al., 2016; Soliman et al., 2014).

5.3. Osteoporosis

Almost all thalassemia patients will develop osteoporosis, a condition characterized by brittle bones
and associated discomfort. Axial bone density increases more rapidly than fringe bone density as we
mature. Osteoporosis in [B-thalassemia patients can lead to endocrine deficits, bone marrow
enlargement, iron toxicity, and the possible toxicity of chelators (Terpos & Voskaridou, 2010). Iron
accumulation in hepatocytes up to 7 mg/g (dry weight) may be tolerable, but chronic iron overload
and liver fibrosis caused by frequent transfusions without iron chelation raise the risk of liver cancer

(Mancuso, 2010).

6. Diagnosis

Several laboratory tests can be used to detect and diagnose thalassemia. These include genetic testing
(DNA analysis), complete blood counts (CBC), blood smears, prenatal testing (genetic testing of
amniotic fluid), iron studies, and hemoglobin electrophoresis (Alqahtani et al., 2018). Mutations in
the B- and a-globin chain genes can be detected with the use of a DNA analysis test. Although it is
not commonly done, it can also assist detect if someone is a carrier of thalassemia. Mutations can vary
in their symptoms; some do not manifest at all, some reduce B-globin chain formation in B-
thalassemia, and yet others prohibit B-globin from being made at all (Sagar et al., 2015).

6.1. Hematologic diagnosis

The Hb concentration ranges from 7 to 10 g/dl, the mean corpuscular volume is between 50 and 80
fl, and the MCH is between 16 and 24 pg. These parameters classify thalassemia intermediates. A
higher hemoglobin A2 level, along with lower MCH and MCYV, classifies a person as a mute or silent

carrier of thalassemia.

7. DPrevention

Genetic counseling, prenatal diagnostics, and identifying carriers could potentially prevent beta-
thalassemia (Origa & Comitini, 2019). A genetic counselor can help you understand the risks
associated with being a carrier, both for yourself and your children. Prenatal diagnosis can be achieved
by studying the fetal gene around four to five months of development or by sampling chorionic villi
at eleven weeks of gestation. To identify mutations in the father, it may be helpful to examine fetal
cells in maternal blood and fetal DNA in mother's serum (Mavrou et al., 2007). According to Khan
etal. (2019), there are three cell types that are used as sources of fetal DNA: lymphocytes, trophoblasts,
and nucleated erythrocytes (NRBCs). Preventing the birth of homozygotes can alleviate some of the
thalassemia burden. A large number of Western and Mediterranean nations have managed to

significantly change their homozygote populations throughout the past 20 years. According to Italia
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et al. (2019), thalassemia control programs are also in place in several republics, including China,

Lebanon, Iran, Canada, Egypt, Malaysia, and Pakistan.

8. Treatment

People with thalassemia characteristics do not require treatment. The fact that they can pass on
defective genes to their children suggests that this might be an intentional form of genetic counseling
(Mutar et al., 2019). Mild anemia is a lifelong symptom for those with B-thalassemia intermedia.
Constant monitoring and blood transfusions may be necessary. According to Kumar et al. (2012), iron
supplementation is not typically prescribed, although folic acid supplementation is frequently
suggested. Hypersplenism, a complication of thalassemia, can lead to growth retardation, increasing
anemia, and other mechanical abnormalities caused by splenomegaly. Although thalassemia
intermediate can cause symptoms, the acute form of the disease requires splenectomy for therapy
(Origa, 2014).

8.1. Splenectomy

Opveractivity of the spleen happens as a result of severe hemolysis in thalassemia major and thalassemia
intermedia. Regular blood transfusions can help avoid splenomegaly in young children. Nevertheless,
hypersplenism can manifest in youngsters between the ages of 5 and 10. With a decrease in transfusion
requirements, an improvement in Hb level, and a fall in iron accumulation, splenectomy protects
patients against ill health and growth retardation (Pecorari et al., 2008). When the annual transfusion
requirements exceed 200-220 ml RBCs/kg with 70% hematocrit and 250-275 ml RBCs/kg with
60% hematocrit, spleen removal is reccommended. According to Tkeda et al. (2005), it is advised to get
a meningococcal and pneumococcal vaccine before having the spleen surgically removed. Following
the procedure, it is recommended to take penicillin for antimicrobial prophylaxis in order to reduce
the risk of infections.

8.2. Iron chelation therapy

According to Sarker et al. (2014), when blood is regularly transmitted, the body accumulates 0.3-0.6
mg/kg of iron every day since each red blood cell carries 200 milligrams of iron. Deferasirox (DFX),
deferiprone (DFP), and deferoxamine (DFO) are the three main types of iron chelators. According to
Adewoyin and Oyewale (2015), iron removal is a crucial part of blood transfusion treatment. The
DFO, which is derived from Streptomyces pilosus, has a molecular weight of 657 and a half-life of 8-
10 minutes. As the iron chelator deferoxamine in plasma and bile, it penetrates the parenchymal cells
of the liver and chelates the iron. According to Borgna-Pignatti et al. (2004), the amount of iron that
is overloaded after a transfusion determines the length of the dose, which varies from patient to patient.
Deferoxamine is recommended for transfusion-dependent thalassemia patients at a dosage of 30-40
mg/kg per week for the first week of treatment, then 40-50 mg/kg and thereafter 60 mg/kg for
teenagers and adults, respectively. Between the ages of 2 and 4, chelation therapy begins following the
transfer of 20 to 25 RBC units (Taher & Cappellini, 2018). A synthetic chemical called DFP became
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famous in the 1980s in New York. The gastrointestinal tract absorbs deferiprone, and its half-life in
plasma is 1.5-4 hours. Adal et al. (2019) suggested a daily dose of 75 mg/kg, given orally three times
a day with meals; this dose might be increased to 100 mg/kg if needed. Deferiprone can chelate
intracellular iron and penetrates cell membranes faster than deferoxamine. By removing iron from the
heart, it improves cardiac function and protects against heart disorders caused by iron excess
(Buaboonnam & Charuvanij, 2017). As a precaution against the possible risk of agranulocytosis, 1%
of patients treated with DFP must have their total blood counts monitored regularly, once a week. A
highly bioaccumulative chelator called Deferasirox DFX (Exjade) was approved for usage in 2005 for
people who were transfusionally overloaded (Crichton et al., 2019). It is ingested orally. Deferasirox
is advised to be taken orally once day and has a half-life of 12 to 18 hours. The recommended dosage
is 20-30 mg/kg daily, however some people may find relief by increasing it to 40 mg/kg daily. It works
in both adults and children (Riviére et al., 2012).

8.3. Transplantation of bone marrow

Patients with thalassemia still have the option of undergoing bone marrow transplantation as their
primary definitive treatment (Majolino et al., 2017). The 1980s saw the completion of the most
successful bone marrow transplants. A 3% mortality rate and an 87% thalassemia-free survival rate
were observed in the young patients. One drawback of bone marrow transplantation (BMT) is the
need for a donor whose leukocyte antigen is compatible with the patient's (Sabloff et al., 2011). In the
youngest patients, the greatest outcomes include a rejection rate of 23%, a mortality rate of 7%, and
a thalassemia-free survival rate of 70%. The availability of bone marrow transplantation as a treatment
for thalassemia is still an issue for some individuals in India (Jeengar et al., 2017).

Effective chelating therapy, control of excessive iron problems, and consistent transfusion of packed
red cells are the current options for treatment of B-thalassemia in low socio-economic nations
(Grubovic et al., 2017).

8.4. Blood transfusion

The purpose of transfusion rehabilitation in B-thalassemia major is to treat anemia caused by
endogenous erythropoiesis and to keep the plasma hemoglobin level stable (Cihanet al., 2017). Once
a thalassemia diagnosis has been confirmed, blood transfusion therapy should be initiated in the event
of severe anemia. Growth retardation, increased splenomegaly, facial abnormalities, and bone
enlargement are some of the symptoms that should be monitored in persons with Hb > 7 g/dl. Due
to the development of various red cell antibodies and the difficulty in finding eligible blood donors,
regular blood transmission would not occur until after the second or third year. There have been
several proposed transfusion treatments over the years, but the most widely accepted aim is to have a
pre-transfusion hemoglobin level of approximately 9 to 10 g/dl and a post-transfusion level of 13 to
14 g/dl. According to Swakat et al. (2019), this prevents organ dysfunction, growth retardation, and
bone deformities, which could result in a normal quality of life and increased activity levels. Several

factors, including the patient's weight, hematocrit and hemoglobin levels, and other medical
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conditions, determine how often blood transfusions are necessary (Taher & Cappellini, 2018). The
recommended daily transfer of red blood cells (RBCs) for blood transfusion therapy is 15 to 20 ml/kg
in order to prevent an excessive increase in blood volume. Because these numbers can allow for the
monitoring of iron intake and the demand of red blood cells (RBCs), they are useful for evaluating
the efficacy of transfusion therapy (Galanello & Origa, 2010).

8.5. Gene therapy

The stem cells of patients are used in gene therapy to permanently cure B-thalassemia major. Patients'
peripheral blood, bone marrow, or umbilical cord blood are used to get hematopoietic stem and
progenitor cells (HSPCs). After that, a therapy can be administered to the cells or tissues, causing
DNA changes in the design. A normal 3 or y gene is introduced into a host cell's genome by a lentiviral
vector. According to Breda et al. (2010), humans are also intentionally transferring the hemoglobin
genome into pluripotent hematopoietic cells. Reinserted into patients, the cells containing the
appropriate genes flourish in the bone marrow. To circumvent the need for high-variation proficiency
in future gene therapies, induced pluripotent stem cells (iPSCs) could be utilized. The process involves
transforming fibroblasts, which are somatic cells, into a pluripotent state by exhibiting various
characteristics including Sox2, Klf4, Oct3/4, and C-Myc (Yang et al., 2016). To achieve the desired
gene modification, induced pluripotent stem cells must be used. Induced pluripotent stem cells
differentiate into hematopoietic stem cells and progenitor cells after they reach an appropriate
developmental stage. The next step is to reinfuse the patient with these HSPCs cells. While HSPCs
created from iPSC are not yet practical for HSCT due to the cells' limitations in multiplying in the
bone marrow, this technique will still control many of the extents in directly harvesting HSPCs from
the patient.

8.6. Transplantation of hematopoietic stem cells

According to Angelucci et al. (2014), stem cell transplantation could be a potential treatment for
thalassemia major. The treatment of thalassemia and other diseases makes use of this system. This
treatment for thalassemia involves transferring hematopoietic stem cells harvested from healthy
people's bone marrow. This treatment was effective for about 80% of transplant recipients (Bernardo
et al., 2012). According to Cario (2018), the most serious and dangerous issue with bone marrow
transplants is graft versus host disease (GVHD), which can cause the patients to die.

8.7. Induction of fetal hemoglobin production

Red blood cells have a longer lifespan in people who have long-term symptoms of thalassemia induced
fetal hemoglobin. Medications like hydroxyl urea are used to stimulate the formation of fetal
hemoglobin. It is possible that hydroxyurea can treat thalassemia and sickle cell disease. According to
Tari et al. (2018) and Wilber et al. (2011), hydroxyurea improves hematological and quantitative
indicators in thalassemia intermedia patients and increases the production of y-globin. Hydroxyurea

inhibits ribonucleotide reductase and is a harmful chemical during the cell cycle's synthesis phase

Tob Regul Sci. ™ 2023 ;9(1) : 7405-7420 7413



Shrouk Elsayed Sayed Ahmed Nafea et. al
Outlines of Beta-Thalassemia and Its Treatment Lines

(Finotti et al., 2015). The GATA-2 fetal hemoglobin gene is regulated and its expression is increased
in relation to apoptosis and the cell cycle. Additionally, the GATA-1 gene is suppressed. In addition
to increasing erythropoietin levels, it can stimulate the proliferation of progenitor cells (Pace et al.,
2015).

9. Conclusions

The process of beta-thalassemia is brought about by changes in the B-globin gene, leading to a decrease
or elimination of the normal B-globin chain production rate. Severe anemia is caused by oxidative
stress and the early death of red blood cells (RBCs) due to an excess of mismatched a-globin chains
and a lack of B-globin chains. Iron excess is worsened by blood transfusion therapy, which cures
anemia. Prenatal testing, genetic counseling, carrier discovery, and premarital screening can all help
prevent this condition. For people with thalassemia, the sole definitive treatment option is gene

therapy in conjunction with bone marrow transplantation.
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