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Case 1: Toddler (Transfusion
Regimen and Initiation of Iron
Chelation)

A 20-month-old boy recently moved to the USA
from Thailand with his family. He has a history
of thalassemia and has been treated with inter-
mittent transfusions whenever he has symptoms
of anemia, according to his parents. He is other-
wise active and playful. He is growing well, with
height and weight at the 10th and 25th percen-
tiles, respectively. His head circumference is at
the 50th percentile. His physical examination is
remarkable for pallor, frontal bossing, scleral
icterus, and moderate splenomegaly (2-3 cm
below left costal margin). His parents report that
his hemoglobin (Hb) is usually around 6 g/dL. A
complete blood count at your office shows Hb
6.3 g/dL and Hb electrophoresis with HbA 20 %,
Hb E 43 %, HbA, 6 %, and HbF 31 %. His serum
ferritin was 1150 mg/dL and he has never been
on iron chelation therapy.
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Question 1. What transfusion regimen is most
appropriate for him?

A. Intermittent transfusions when symptomatic.

B. Chronic transfusions to maintain his pre-
transfusion hemoglobin at 9.5 g/dL.

C. Discontinue transfusions to avoid iron overload.

D. Transfuse to maintain a normal hemoglobin
>12 g/dL.

Expert Perspective: First, it is always impor-
tant to confirm the exact diagnosis when estab-
lishing care for a new thalassemia patient. In this
child, the hemoglobin electrophoresis is consis-
tent with HbE-beta thalassemia, a common beta
thalassemia variant in Thailand (the presence of
normal adult HbA reflects previous transfusions).
The combination of chronic hemolysis and inef-
fective erythropoiesis leads to scleral icterus,
bony deformities due to increased bone marrow
expansion as well as hepatosplenomegaly (HSM)
in patients with thalassemia.

The decision to start regular packed red blood
cells (pRBCs) transfusion should take into con-
sideration clinical and laboratory factors.
Initiation of a regular pRBCs transfusion regimen
is recommended for patients with Hb levels
persistently below 7 g/dL or even if >7 g/dL, but
with poor growth, facial changes, recurrent frac-
tures, or significant HSM (Cappellini et al. 2014).
A typical transfusion regimen is every 2—5 weeks
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to maintain a pre-transfusion hemoglobin level of
9-10.5 g/dL (Cazzola et al. 1995, 1997). The fre-
quency of transfusions varies based on growth
needs, fatigue, and the presence of hypersplen-
ism. Younger children may need a more specific
volume calculation:

(Desired —actual Hb) x weight x3/ | L
hematocrit of transfused unit

to be transfused (Davies et al. 2007), generally
10-15 mL/kg. Each patient needs a detailed
record of their transfused blood to be able to
monitor their annual transfusion requirements.

Later in life, comorbidities, and lifestyle con-
siderations, such as school and work schedules
may become more impactful. For example,
patients with heart failure or more clinically sig-
nificant extramedullary hematopoiesis may
require more frequent transfusions to maintain a
higher pre-transfusion Hb level of 11-12 g/dL.

Most children with p-thalassemia major
(B-TM) will initiate regular transfusions before
1 year of age. Delayed transfusion initiation in
early life may seem advantageous, but it comes
with an increased risk of alloimmunization in
patients who start their regular transfusions after
the first few years of life, which can be a chal-
lenge for patients with lifelong transfusion needs
(Michail-Merianou et al. 1987; Spanos et al.
1990). Also, frontal bossing and relative macro-
cephaly in this patient suggest marrow expansion
to compensate for ineffective erythropoiesis.
Early and optimal transfusions can mitigate skel-
etal deformities.

Question 2. How would you monitor his iron
overload status?

A. Serum ferritin levels every 3—6 months

B. Liver biopsy

C. Magnetic resonance imaging (MRI) R2/R2*
or FerriScan every 12 months

D. Superconducting  quantum
device (SQUID)

interference
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Expert Perspective

Serum ferritin

In general, ferritin level is an easy and inexpen-
sive test that correlates well with body iron stores
in thalassemia and thus is a useful marker to
identify trends. Serum ferritin is more sensitive
than specific. In other words, down- or up-
trending ferritin levels would suggest decreasing
or increasing total body iron burden, respectively,
but neither is specific because of other possible
explanations. In patients with beta thalassemia
major (B-TM,), only 57 % of the variability of
ferritin levels can explain the variation in body
iron stores (Brittenham et al. 1993), which can be
due to infections or other inflammatory condi-
tions. Patients with good long-term control of
ferritin levels have better outcomes overall with
lower risk of cardiac disease and death (Olivieri
et al. 1994; Borgna-Pignatti et al. 2004). High
serum ferritin levels (>3000 pg/L) are less reli-
able as predictors of body iron (Davis et al. 2004),
and differences in this correlation depend on the
type of chelation used (Ang et al. 2010) and dura-
tion of chelation therapy (Fischer et al. 2003).
Serial ferritin monitoring is essential for deter-
mining when to initiate iron chelation therapy
and how to adjust the dose.

Liver Iron Concentration (LIC)

LIC is the most reliable indicator of total body
iron stores, response to chelation therapy, and
risk of hepatic and extrahepatic damage due to
iron overload (Angelucci et al. 2000). LIC up to
3 mg/g liver dry wt (gldw) is tolerable because of
the liver’s capacity for transferrin binding and
buffering of iron. Persistently elevated LIC
(>15 mg/g dry wt) have been associated with
poor prognosis, progressive liver fibrosis
(Angelucci et al. 1997), abnormal liver functions
(Jensen et al. 2003), and death due to myocardial
siderosis (Olivieri et al. 1994). Measurement of
LIC can be helpful prior to starting iron chela-
tion, if there are variable responses to chelation
or if the current regimen needs to be modified.
LIC correlates with total iron burden and ferritin
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levels (Angelucci et al. 2000), but this relationship
is not linear with high ferritin levels (>4000 pg/L)
(Cappellini et al. 2014).

Measurement of LIC can be done by biopsy,
magnetic resonance imaging (MRI), or magnetic
biosusceptometry using superconducting quan-
tum interference device (SQUID). Liver biopsy
had been the method of choice to determine LIC,
but the risk of the invasive procedure and the
propensity for sampling variability has limited
its acceptability to patients and providers. There
is a good correlation between liver iron evalu-
ated by either MRI R2 and R2* techniques or
liver biopsy, and all can give reliable estimates
of total body iron and monitor iron balance with
adequate long-term control overtime (St Pierre
et al. 2005; Wood et al. 2005). SQUID has mod-
erate to strong correlation with serum ferritin but
has a very limited use worldwide, as it is avail-
able in only a few centers.

Myocardial Iron and Heart Function Assessment

MRI techniques are the most widely used
tools for monitoring liver and myocardial iron
burden (Kwiatkowski et al. 2012). Myocardial
T2* (mT2*) MRI with shortened T2* values
(<20 ms) is associated with decreased left ven-
tricular ejection fraction (LVEF) (Anderson et al.
2001). Cardiac MRI T2* values of >20 ms are
normal, while values of <10 ms signify severe
myocardial iron loading. f-TM patients at risk of
developing clinical heart failure can be identified
earlier when intensification of iron chelation can
be beneficial (Davis et al. 2001, 2004). Moreover,
patients with T2* values <10 ms are at a 160-fold
increased risk heart failure in the next 12 months
(Kirk et al. 2009).

The risk of myocardial iron loading in $-TM
increases with age, and it is uncommon to have
an abnormal cardiac T2* in the first decade of
life. The risk increased to 24 and 36 % in chil-
dren aged 9.5-15 and 15-18 years old in one
retrospective  study (Wood et al. 2008).
Therefore, in children with f-TM, cardiac T2*
surveillance is recommended annually starting
at 10 years of age.

a

Iron assessment in endocrine organs

Although MRI may be helpful to evaluate iron
burden in endocrine organs, this has been supported
by only small number of studies. Patients with
higher pancreatic and pituitary iron levels were
associated with an increased risk of glucose dys-
regulation (Noetzli et al. 2012a) and hypogonad-
ism (Noetzli et al. 2012b), respectively.

Question 3. When should iron chelation ther-
apy be started?

A. After he has received chronic transfusions for
1-2 years

B. After approximately 20-25 units of pRBCs

C. When the serum ferritin level is >1000 ng/mL
for at least two steady-state separate
measurements

D. When the liver iron concentrations is >3 mg
Fe/g dry wt measured by biopsy or MRI

E. All of the above

Expert Perspective: Iron chelation therapy should
be initiated in children after receiving chronic
transfusions for 1-2 years or approximately 20-25
units of pRBCs. Iron chelation initiation is not
recommended before age 2 years and there is no
evidence of harm for waiting. Elevated serum ferri-
tin level >1000 ng/mL for at least two steady-state
separate measurements or with elevated liver iron
>3 mg/g dry wt measured by biopsy or MRI has
also been used as criteria for chelation initiation
(Rachmilewitz and Giardina 2011).

Iron chelation therapy is used to remove accu-
mulated iron from regular transfusions and to
minimize ongoing iron loading process (Cohen
et al. 2008). Higher chelation doses may be
needed with increased transfusional needs. There
are differential rates of iron loading and unload-
ing in different organs. While iron tends to accu-
mulate earlier in the liver before the heart, it can
be cleared faster from the liver than the heart
(Noetzli et al. 2008; Anderson et al. 2001, 2004,
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Deborah Chirnomas et al. 2008); iron chelators
generally remove iron from the liver faster than
from the heart, protect against further cardiac
iron accumulation and reverse possible iron-
related cardiac abnormalities, and improve some
endocrine abnormalities with more intensive
chelation regimens(Anderson et al. 2004;
Farmaki et al. 2010).

The common practice is to maintain the fol-
lowing goals while on chelation therapy: ferritin
500-1500 mg/mL, LIC between 2 and 7 mg/g
dry wt, and cardiac T2* >20 ms. Some centers
have used more intensive chelation regimens in
adult patients with f-TM to target lower serum
ferritin levels with improvement in endocrinopa-
thies and other iron-related morbidities (Farmaki
et al. 2010, 2011). This approach has not been
studied in children and careful chelation dose
adjustment would be important to avoid addi-
tional toxicities.

Case 2: Adolescent (Disease
Complications)

A 17-year-old girl with B-TM presents with bone
pain and delayed puberty. She has been on
chronic transfusions since age of 2 years and she
started iron chelation at age 3 years with deferox-
amine. She had poor compliance with the nightly
subcutaneous deferoxamine infusions and chela-
tion changed to deferasirox 4 years ago. Her
serum ferritin levels are elevated (35004500 mg/
dL range). Over the last year, she has required
more frequent transfusions with an annual trans-
fusion volume of 240 mL/kg/year to maintain her
pre-transfusion hemoglobin at 9 g/dL. She is
active and likes to play soccer. On exam, she is
short (<3rd percentile for height) and pale with
scleral icterus and has marked splenomegaly and
Tanner 2 breast development with scant pubic or
axillary hair. She has not had menarche yet.

Question 4. How would you manage her
growth impairment and delayed puberty?

A. Provide reassurance and monitor height and
weight annually.
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B. Perform testing to identify possible causes.

C. Consider an empiric trial of growth hormone
treatment for a year.

D. Start dual iron chelation therapy.

Expert Perspective: Many children with p-TM
will have growth failure, mainly short stature.
Growth failure and pubertal delay are multifacto-
rial and can be due to chronic anemia, ineffective
erythropoiesis with a hypermetabolic state, nutri-
tional deficiencies (protein-calorie malnutrition,
vitamin D and A, zinc and carnitine deficiencies),
chelation toxicity (particularly deferoxamine),
chronic liver disease, chronic heart failure, and
iron-induced endocrinopathies (hypogonadism,
hypothyroidism, growth hormone deficiency)
(Vogiatzi et al. 2009; De Sanctis et al. 2013).

Careful clinical evaluation is necessary for
thalassemia children with growth failure. An
important first step is to document measurements
of height (cm) and growth velocity every
6 months (cm/year) using national standard
growth chart for age and sex, taking into account
the height of the parents. Other signs of possible
underlying causes of growth failure should be
explored as well.

A laboratory work up would include the fol-
lowing (Cappellini et al. 2014):

e Thyroid function tests (Free T4, thyroid-
stimulating hormone)

» Pituitary-gonadal axis assessment (testoster-
one, estradiol, luteinizing hormone [LH],
follicle-stimulating hormone [FSH])

¢ Pituitary growth axis with insulin growth fac-
tor-1, insulin growth factor binding protein-3,
and growth hormone (GH) stimulation test
(clonidine, glucagon, or growth hormone
releasing hormone)

¢ Calcium homeostasis (calcium, phosphate,
alkaline phosphatase, parathormone, and
25-OH vitamin D levels)

¢ Oral glucose tolerance tests

Prevention is the best treatment for growth
impairment and delayed puberty in children with
B-TM. This includes regular pRBCs transfusion
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(pre-transfusion goal of Hb 9-10 g/dL),
proper iron chelation (serum ferritin goal of
<1000 mg/dL), and adequate nutrition. Patients
with hypothyroidism and diabetes mellitus often
need thyroid replacement therapy and insulin,
respectively. Hormone replacement therapy may
improve manifestations of hypogonadism and
help to achieve puberty. Ovarian reserve testing
including a pelvic ultrasound to evaluate ovarian
and uterine size as well as number of ovarian
antral follicle counts may be appropriate if there
is no response to hormone replacement. A con-
sultation with an endocrinologist would be ben-
eficial in most cases. Early diagnosis and proper
timely management of pubertal and growth
delay in children with B-TM are critical to try to
achieve normal growth spurt and pubertal
maturation.

Question 5. How would you evaluate her bone
health? What is the most appropriate initial
intervention for osteopenia in children with
p-TM?

A. Sufficient calcium and vitamin D supple-
ments and increased physical activity

B. Adequate iron chelation

C. Growth hormone replacement therapy

D. Bisphosphonates to inhibit the function of
osteoclasts

Expert Perspective: Patients with -TM are at
high risk for osteoporosis, fractures, and skeletal
deformities. Osteopenia and osteoporosis are
common causes of morbidity in patients with
B-TM, seen approximately 40-50 % (Voskaridou
and Terpos 2004). Bone pain can be symptom of
low bone density and increases with age particu-
larly if patients have been on deferoxamine for
iron chelation (Haines et al. 1984). A radiologi-
cal evaluation of the skeleton should include
assessment of bone maturation (bone age) and
measuring bone mineral density (DEXA scan) in
late childhood and early adolescence. Delayed
puberty in girls is more often due to hypogonado-
trophic hypogonadism than from ovarian iron
deposition and should be suspected if the FSH
and the estradiol are both low.
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Low bone mineral density (BMD) in children
with B-TM is due to an imbalance between bone
formation by osteocytes and bone resorption by
osteoclasts. This can be secondary to genetic fac-
tors as well as iron deposition in the bone with
direct toxic effects of iron on osteoblasts, defer-
oxamine exposure, vitamin C and D deficiencies,
lack of physical activity, and iron-related endo-
crinopathies including hypothyroidism, hypo-
parathyroidism, diabetes mellitus, IGF-1 and
growth hormone deficiencies, and mainly hypo-
gonadism with delayed sexual maturation.

DEXA scan is the gold standard imaging
modality for the assessment of BMD. Osteoporosis
is defined as 2.5 standard deviations (SD) below
the normal mean in BMD, whereas osteopenia
occurs with BMD between 1.5 and 2.5 SD below
the normal mean. Annual assessment of minerals
(calcium and phosphorus), vitamins (C and D),
and hormonal levels is crucial for adequate moni-
toring of bone health in children with p-TM, in
addition to an annual DEXA scan starting in
early adolescence.

Management of osteopenia and osteoporosis in
children B-TM consists of sufficient calcium and
vitamin D supplements, adequate iron chelation
(better to avoid deferoxamine, if possible),
increased physical activity, adequate glycemic
control, hormone replacement therapy for differ-
ent iron-related endocrinopathies, and bisphos-
phonates to inhibit the function of osteoclasts. The
use of bisphosphonates, particularly intravenous
formulations (pamidronate, neridronate, or zole-
dronic acid), has been associated with reduction of
bone resorption, increase of BMD, reduction of
back pain, and improved quality of life overtime
(Voskaridou et al. 2003, 2006; Forni et al. 2012).
However, bisphosphonates should not be given
concurrently with calcium and vitamin D for lon-
ger than 2 years (Cappellini et al. 2014).

There are other novel agents for osteoporosis
that are under investigation but their effects in
B-TM-induced osteoporosis remain to be proven
(Cappellini et al. 2014). Denosumab is a mono-
clonal antibody against RANKL that has been
recently licensed by the US FDA for the treatment
of postmenopausal osteoporosis (Miller 2011).
Antibodies against Dkk-1 or against sclerostin
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may be future agents for the effective manage-
ment of osteoporosis in patients with
B-TM. Additionally, teriparatide, a recombinant
peptide fragment of parathyroid hormone, and
strontium ranelate, a second anabolic agent, are
other agents that may help to prevent osteoporosis-
related fractures in postmenopausal women.
Furthermore, luspatercept, a chimeric protein
containing the extracellular domain of the activin
receptor 2A (ActRIIA), inhibits activin-A, which
increased both BMD and Hb levels in f-TM ani-
mal models (Suragani et al. 2014), and a phase II
study had recently started in patients with f-TM
and thalassemia intermedia.

Question 6. What are the indications for
splenectomy in patients with -TM?

A. Increased blood requirement (more than 200—
220 mL/kg/year)

B. Hypersplenism (leukopenia, thrombocytope-
nia, and worsening anemia)

C. Symptomatic splenomegaly with left upper
quadrant abdominal pain or early satiety

D. All of the above

Expert Perspective: Splenomegaly is not
uncommon in patients with 3-TM and is usually
due to excess destruction of defective red blood
cells and extramedullary hematopoiesis in the
spleen. The ultimate goal of splenectomy in
patients with B-TM is to reduce iron overload by
reducing  their transfusion  requirement
(Rachmilewitz and Giardina 2011). The inci-
dence of splenomegaly and the need for splenec-
tomy has dramatically decreased over time (Piga
et al. 2011; Thompson et al. 2011), particularly
with the use of regular transfusion regimens
maintaining adequate pre-transfusion Hb of
9-10.5 g/dL.

Patients undergoing splenectomy are at
increased risk of overwhelming infections
(Streptococcus pneumoniae, Haemophilus influ-
enzae type b, and Neisseria meningitidis), venous
thromboembolism, and pulmonary hypertension.
Therefore, splenectomy should be avoided in
children with p-TM, particularly those <5 years
of age, and should be considered if the patient has
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increased blood requirement that prevents
adequate control with iron chelation therapy
(usually >200-220 mL/kg/year), hypersplenism
(leukopenia, thrombocytopenia, and worsening
anemia), or symptomatic splenomegaly with left
upper quadrant abdominal pain or early satiety
(Cappellini et al. 2014).

Total splenectomy is the most commonly used
approach, either open or laparoscopic.
Laparoscopic splenectomy has superior out-
comes with shorter hospital stay and more sig-
nificant reduction in 30-day postoperative
mortality and other postoperative complications,
such as wound and infection complications
(Musallam et al. 2013a). Partial splenectomy is
another less commonly used approach, because
the splenic volume that needs to be preserved for
adequate immune function and the risk of splenic
regrowth remains unknown. Additionally, there
have been no comparative effectiveness studies
comparing total versus partial splenectomy (Rice
et al. 2012).

Regardless of the splenectomy approach,
patients should receive pneumococcal, meningo-
coccal, and Haemophilus influenza vaccines at
least 2 weeks before splenectomy with repeat
doses in 3-5 years afterward and should also take
lifelong penicillin or other antibiotic alternatives
(erythromycin or trimethoprim sulfamethoxa-
zole) for prophylaxis.

Question 7. What are the assessments that you

would consider for her comprehensive care?

A. Liver iron measurement MRI or
FerriScan) every 12 months

B. Serum ferritin every month

C. Annual serologies for blood-borne pathogens

D. All of the above

(R2*

Expert Perspective: Children and adults with
B-TM require close monitoring of their growth
and regular follow-up with physical examination
and laboratory assessments by hematologists
who are familiar with the management of thalas-
semia, preferably and adults in a comprehensive
thalassemia center. Monthly and annual assess-
ments are recommended (Table 1) (Martin and
Thompson 2013).
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Table 1 Recommended monthly and annual assessments for patients with beta thalassemia major

Monthly laboratory assessments
Complete blood count
Serum ferritin
Comprehensive metabolic panel
Urinalysis

Annual laboratory assessments
Fasting serum glucose
Free T4, thyroid-stimulating hormone
Parathyroid hormone

Luteinizing hormone, follicle-stimulating hormone, estradiol/testosterone

Tonized calcium, vitamin D, vitamin C

Insulin growth factor-1, insulin growth factor binding protein-3

Trace elements such as zinc, copper, selenium

Viral studies including human immunodeficiency virus and hepatitis A, B, C

Imaging and screening studies

Cardiac T2-star (T2*) magnetic resonance imaging (MRI) (>age 10 years)

Liver iron measurement (R2* MRI or FerriScan)
Bone mineral density
Hearing screening

Vision screening

Case 3: Young Adult (Pregnancy,
SCT, and Gene Therapy)

A 27-year-old female with beta thalassemia major
presented to your office for routine assessment.
She has been doing well since her last visit with no
acute illness, emergency room visits, or hospital-
izations. She continued to receive chronic transfu-
sions every 4 weeks with an average of pre-Hb
level of 9-10 g/dL. She has been on deferasirox
(25 mg/kg) for the last 3 years but she is experienc-
ing nausea and bloating. Her serum ferritin has
been 2500-3500 mg/dL. She has a history of type
I diabetes that is well controlled on insulin. She
earned a degree in computer sciences and works as
a software programmer. She was married a year
ago and is interested in pregnancy in the near
future. She has questions about thalassemia rec-
ommendations for pregnancy preparation and
availability of definitive treatment options includ-
ing stem cell transplantation and gene therapy.

Question 8. What, if any, changes should she
make in her iron chelation strategy?

A. Increase her deferasirox dose.
B. Add an additional chelating agent.

C. Stop all chelation now.
D. Reduce the frequency of her transfusions.

Expert Perspective: Three iron-chelating
agents, deferoxamine (DFO), deferiprone
(DFP), and deferasirox, are FDA-approved
commercially available. The dose, route, side
effects, and practical considerations for the
three agents are summarized in Table 2. Each
agent has its own advantages, disadvantages,
side-effect profile, and monitoring require-
ments; therefore, the choice of the chelating
agent should be tailored for each individual
patient with carefully weighted risks and
benefits.

Close monitoring is needed for patients with
transfusional iron overload to optimize their che-
lation therapy. Routine monitoring may vary with
different iron chelators and at minimum should
include serum ferritin levels (every 3 months)
and measurements of cardiac and liver iron bur-
den with MRI scans (annually). Modification of
chelation regimen may be warranted in patients
with rising serum ferritin levels despite adher-
ence to chelation therapy, cardiac T2* <20 ms, or
LIC >7 mg/gldw.
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Table 2 Dose, route, frequency, side effects, and practical considerations of the three commercially available iron

chelators

Deferoxamine (DFO)
25-40, up to 60
SubQ or IV

Infusion over 812 h, up to
24 h with higher doses

Dose (mg/kg/dose)

Route and frequency

5-7 days/week

Side effects Local skin reaction

Visual changes?®

Tinnitus and high-frequency
hearing loss

Bony deformities (metaphyseal
dysplasia, short stature)

Neurotoxicity
Pulmonary interstitial fibrosis

Infections with Klebsiella or
Yersinia

Three times daily

Arthralgia and arthropathy

Elevated liver enzymes

Deferiprone (DFP) Deferasirox (DFX)
75-100 20-40
Oral Oral

Dispersible tablets that
must be dissolved in a
large glass of water or
juice or film-coated tablets

Once daily
Neutropenia (ANC Rash
500-1500x 10%/L)
Agranulocytosis (ANC GI upset (bloating, nausea,
<500x 10°/L) loose stools)"
GI upset Elevated liver enzymes

Nephrotoxicity®

GI ulcers, hemorrhage

ANC absolute neutrophil count, /V intravenous, SubQ subcutaneous
*Visual changes (DFO): visual loss and/or changes in visual acuity, color vision changes, retinal opacities and pigment

changes, delayed visual evoked potentials, optic neuritis

"Nephrotoxicity: elevated creatinine, proteinuria, renal Fanconi syndrome
AVisual changes (DFX): cataracts, lenticular opacities, retinal disorders, elevations in intraocular pressure

Combined chelation therapy should be con-
sidered in patients with severe transfusional iron
overload (LIC >15 mg/gldw or cardiac T2*
<10 ms), dose-limiting toxicity of a single chela-
tor used, and evidence of iron-induced cardiac
dysfunction (arrhythmias, reduced left ventricu-
lar ejection fraction). There has been accumulat-
ing evidence to support the effectiveness of a
combined chelation with both DFP and DFO in
reducing serum ferritin levels and LIC (Tanner
et al. 2007; Kattamis et al. 2006). This combina-
tion is advantageous, compared to deferoxamine
alone, in patients with severe cardiac iron
overload in improving their cardiac T2* and left
ventricular ejection fraction (Tanner et al. 2007).

The combination of deferoxamine and defera-
sirox in patients with f-TM has showed significant
improvement in serum ferritin levels, LIC, and
cardiac T2* with satisfactory safety profile in two
different studies over 12-month period (Lal et al.
2013; Cassinerio et al. 2014). Similarly, the use of
combined deferasirox and deferiprone for 1 year
was associated with significant reduction in serum

ferritin levels and LIC with comparable reversible
side effects to either drug alone (Farmaki et al.
2011; Totadri et al. 2015). Furthermore, a recent
randomized trial of DFP/DFO versus DFP/DFX
has shown a significant comparable reduction of
serum ferritin and LIC as well as improvement in
quality of life in both study arms with tolerable
side effects. However, DFP/DFX arm was associ-
ated with more significant improvement in cardiac
T2* and higher reported satisfaction and adher-
ence rates (Elalfy et al. 2015).

Question 9. How would you counsel her about
pregnancy and other precautions during
pregnancy?

A. Ovarian reserve testing should include anti-
miillerian hormone levels and antral follicle
counts.

B. No testing, since all women with TM are
infertile.

C. Continue taking her current chelation during
pregnancy.
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Expert Perspective: Some women with
thalassemia may have spontaneous puberty,
normal menstrual function with a preserved
hypothalamic-pituitary-gonadal axis, but they
may later experience premature ovarian failure.
Many adult patients with -TM are subfertile due
to hypogonadotrophic hypogonadism (HH) sec-
ondary to iron overload (Skordis et al. 1998).
Other endocrinopathies, such as hypothyroidism
and diabetes, may affect reproductive capacity.
Ovarian reserve testing should include serum
levels of anti-miillerian hormone (AMH) and
ultrasound to assess the number of antral folli-
cles. Patients with low ovarian reserve have lower
chances of spontaneous pregnancy and poor
response to hormonal stimulation, particularly
with aging (Singer et al. 2011). AMH is produced
by the pre-antral and early antral follicles with
small inter- and intra-cycle variability. Low ovar-
ian reserve is considered predictive for low
chances of spontaneous pregnancy and for poor
ovarian response to hormonal stimulation.

Pregnancy planning is critical for patients
with f-TM because of the high risk for serious
complications for both mother and baby. A mul-
tidisciplinary team of hematologist, geneticist,
reproductive medicine specialist, cardiologist,
obstetrician, and nurse specialist is needed. Prior
to pregnancy, screening echocardiogram, electro-
cardiogram, testing for acquired red cell antibod-
ies, and testing of partner for hemoglobinopathies
should be performed. Assisted reproductive tech-
niques are viable options for successful pregnan-
cies in women with thalassemia.

During pregnancy, some patients will need
increased transfusion support to maintain Hb
level >10 g/dL. For better outcomes, patients
should have a cardiac MRI with T2* more than
20 ms, echocardiography with left ventricular
ejection fraction >65 % and fractional shortening
>30%, and electrocardiogram with no significant
arrhythmias (Cappellini et al. 2014) prior to
attempting a pregnancy. Most patients should dis-
continue all iron chelation as soon as they become
pregnant. While there is limited data on potential
teratogenicity of deferasirox or deferiprone, def-
eroxamine has been used safely after the first tri-
mester. Bisphosphonates have long half-life and,

47

therefore, should be stopped about 6 months prior
to conception and during breastfeeding. Interferon,
ribavirin, and hydroxyurea should also be discon-
tinued at least 6 months before conception.
Patients should be advised about healthy lifestyle
and the need for supplementation with calcium,
vitamin D, and folic acid. Breastfeeding should be
recommended unless the mother is HIV positive.

Question 10. What option for allogeneic
hematopoietic cell transplantation is associ-
ated with the best outcomes in patients with
p-TM?

Unrelated umbilical cord blood donor
Matched sibling donors

Matched unrelated donors
Haploidentical related donors

OSnwp>

Expert Perspective: Hematopoietic cell trans-
plantation (HCT) is the only available curative
treatment option for patients with 3-TM. With
more than 3000 HCTs performed worldwide
(Angelucci 2010), outcomes continue to improve,
with transplant-related mortality of <5% and a
cure rate of 80-90 % (Angelucci 2010), compared
to 73% in earlier reports (Angelucci and
Baronciani 2008). This is due to the availability of
more effective graft-versus-host disease prophy-
laxis, better treatment options for cytomegalovi-
rus infection, broad spectrum systemic antibiotic
therapy, higher resolution and better HLA typing,
and the wide adoption of aseptic techniques.

One common risk stratification tool for HCT
in thalassemia is the Pesaro classification, which
incorporates the presence of portal fibrosis, hepa-
tomegaly, or history of inadequate chelation for
the more accurate prediction of overall survival,
disease-free survival, and risk for graft rejection.
Three-year probabilities for overall survival and
thalassemia-free survival varied among classes;
class 1 (no risk factors) had 94 % and 94 %, class
2 (one risk factor) had 80 % and 77 %, and class 3
(both risk factors) had 61% and 53 %, respec-
tively (Lucarelli et al. 1990, 1993). Patients with
B-TM are also at higher risk for mortality if they
were >7 years old and had hepatomegaly at the
time of or prior to HCT (Sabloff et al. 2011).
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Most patients with -TM lack a HLA-matched
sibling donor. Alternative options include the use
of matched unrelated marrow donor, matched
unrelated cord blood, and mismatch related
donor, which remain experimental (Cappellini
et al. 2014). Allogeneic HCT with reduced inten-
sity conditioning regimen has proven safety and
effectiveness with a 5-year probability of survival
and disease-free survival of 93% and 84 %,
respectively, but at this time is not recommended
outside of a clinical trial (Bernardo et al. 2012).
HCT may be cost effective considering the cost
of lifelong regular transfusions, iron chelation
therapy, and management of other disease com-
plications and comorbidities.

Question 11. What about the use of other
alternative or novel drugs might help her?

A. Hydroxyurea to induce fetal hemoglobin
B. Short-chain fatty acids

C. New agents to induce erythroid maturation
D. All of the above

Expert Perspective: Hemoglobin-F  (HbF)
inducers may reduce transfusion frequency and
volumes. The evidence of the effectiveness of
these agents varied in previous studies that
included different patient populations and con-
sidered different end points (Musallam et al.
2013b). The most commonly studied drug is
hydroxyurea. Observational studies of HU in
patients with different forms of P-thalassemia
have shown some benefits with higher hemoglo-
bin levels and decreased transfusion require-
ments (Musallam et al. 2013b). Additionally, the
use of HU combined with recombinant erythro-
poietin has shown higher hemoglobin levels than
using HU alone in patients with non-transfusion-
dependent  thalassemia, but not p-TM
(Loukopoulos et al. 1998).

Demethylating agents have been also used to
increase HbF levels in patients with p-TM. Earlier
studies included 5-azacytidine with remarkable
increase in Hb level and HbF percent; however,
there have been concerns regarding its safety pro-
file and long-term side effects with possible
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mutagenicity (Musallam et al. 2013b). More
recently, a small pilot study of decitabine in
patients with p-thalassemia intermedia has shown
an increase in both total Hb and HbF levels and
improvement in markers of hemolysis with toler-
able side effects (Olivieri et al. 2011).

Short-chain fatty acids include sodium phen-
ylbutyrate and isobutyramide, and both can
increase HbF levels as well. The use of oral
sodium phenylbutyrate in patients with homozy-
gous f-thalassemia was associated with higher
total Hb and HDF levels and an improvement in
markers of ineffective erythropoiesis (Collins
et al. 1995). In contrast, isobutyramide had
shown variable responses of HbF in patients
with non-transfusion-dependent thalassemia
(Taher et al. 2012).

Activin receptor antagonist (ACE-536) is
another novel agent that has shown promising
results in patients with fB-thalassemia. ACE-536
works by promoting late erythrocyte differentia-
tion independent of erythropoietin. Recently, a
phase 2 study of ACE-536 in adults with
fB-thalassemia demonstrated more than 50 % and
12-60% reduction in transfusion requirements
and ferritin levels in patients with f-TM from their
baseline, respectively, with increased Hb levels in
patients with non-transfusion-dependent thalas-
semia (Piga et al. 2014). ACE-536 had satisfactory
safety profile with no reported serious side effects.

Question 12. What do we know about gene
therapy in thalassemia so far?

A. Tt has proven efficacy and should be offered
to all patients.

B. It should be considered to control iron
overload.

C. Early data on safety and efficacy are
promising.

D. The risk of leukemia is high with gene ther-
apy and should be avoided.

Expert Perspective: Efforts to evaluate the role
of gene therapy in thalassemia started in early
2000 with promising results in mouse models
(May et al. 2002; Rivella et al. 2003). The prin-
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ciples of gene therapy involve autologous stem
cell collection ex vivo globin gene transduction
with a lentiviral vector coding for normal f-globin
gene and followed by reinfusion of the trans-
duced stem cells (Cavazzana-Calvo et al. 2010;
Chandrakasan and Malik 2014). The ultimate
goal is to increase patients’ ability to produce
normal adult Hb to become transfusion indepen-
dent or reduce their transfusion requirement to a
minimum. Risks of gene therapy include condi-
tioning toxicity, transfer of replication-competent
virus, clonal dominance with insertional onco-
genesis, and infertility. Early results of gene ther-
apy have been very promising in terms of safety
and efficacy, but follow-up data is limited.

Answers

Question 1.
Question 2.
Question 3.
Question 4.
Question 5.
Question 6.
Question 7.
Question 8.
Question 9.
Question 10. B
Question 11. D
Question 12. C
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