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1 | INTRODUCTION

| Gian Luca Forni® | Yesim Aydinok® | Vip Viprakasit*

Abstract

B-thalassemia major is an inherited hemoglobinopathy that requires lifelong red
blood cell transfusions and iron chelation therapy to prevent complications due to
iron overload. Traditionally, -thalassemia has been more common in certain regions
of the world such as the Mediterranean, Middle East, and Southeast Asia. However,
the prevalence of B-thalassemia is increasing in other regions, including Northern
Europe and North America, primarily due to migration. This review summarizes the
available data on the changing incidence and prevalence of -thalassemia as well as
factors influencing disease frequency. The data suggest that the epidemiology of
B-thalassemia is changing: Migration has increased the prevalence of the disease in
regions traditionally believed to have a low prevalence, while, at the same time, pre-
vention and screening programs in endemic regions have reduced the number of af-
fected individuals. Various approaches to prevention and screening have been used.
Region-specific prevention and treatment programs, customized to align with local
healthcare resources and cultural values, have been effective in identifying patients
and carriers and providing information and care. Significant challenges remain in uni-

versally implementing these programs.
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due to iron overload, such as cardiac morbidity, liver disease, and

endocrine dysfunction.’®

B-thalassemias are a heterogeneous group of hereditary hemoglo-
binopathies characterized by defects in the p-globin chain of he-
moglobin and autosomal recessive inheritance. Homozygous or
compound heterozygous forms have an imbalance in the production
of a- and non-a-globin chains, resulting in ineffective erythropoiesis
and decreased production of normal hemoglobin A

Patients with p-thalassemia major have severe chronic hemo-
lytic anemia and require regular blood transfusions from early
childhood.® Chronic blood transfusion therapy is typically com-
bined with iron chelation therapy (ICT) to prevent complications

Patients with p-thalassemia intermedia have symptoms in be-
tween carriers and those with p-thalassemia major: Anemia is often
moderate, but patients may still have morbidity due to ineffective
erythropoiesis and hemolysis, including ulcers, pulmonary hyperten-
sion, and pain. Some patients require occasional blood transfusions,
although less frequently than patients with p-thalassemia major.}?

Historically, the prevalence of B-thalassemia has been highest in the
Mediterranean region, the Middle East, and Southeast Asia and lowest
in Northern Europe and North America.* Due to migration patterns,

B-thalassemia is increasingly more common in non-endemic regions,
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including Western Europe and North America.® In this review, we dis-
cuss changing patterns in the incidence and prevalence of p-thalas-
semia in Europe, North America, the Middle East, and Southeast Asia,

providing evidence for the regional burden that this disease poses.

2 | INCIDENCE OF B-THALASSEMIA

According to a 2008 report from the World Health Organization,
more than 40 000 infants are born with B-thalassemia each year,
of whom about 25 500 have transfusion-dependent p-thalassemia.®
The annual numbers of expected newborns with p-thalassemia are

20420 in Southeast Asia, 9914 in the Eastern Mediterranean region,

TABLE 1 Frequency of B-thalassemia in Southeast Asia

Prevalence of B-thalassemia per

Country 100 000 persons? (year) rate, % (year)
China - 3.0-6.0 (2007)
- 1.1-2.3 (2011)
- 2.72 (2013)
526 (1981) -
4526 (2012)
Cambodia — 3.0 (2005)
Hong Kong - 3.5(2007)
India — 3.0-4.0 (2007)
1660 (2005-2015) 4.6 (2005-2015)
1250 (2014-2015) 8.64 (2014-2015)
Indonesia — 3.0-10.0 (2005-2007)
Laos — 3.6 (NR)
9.0 (2005)
Malaysia - 4.5 (2007)
3.0-5.0 (2005)
- 12.8(2008)
Myanmar — 0.5-3.4 (2007)
4.0 (2005)
Pakistan — 5.5(2010)
Philippines — 1.2 (2005)
Singapore - 0.93(2007)
Sri Lanka — 2.2 (2007)
Taiwan — 1.0-3.0 (2007)
Thailand — 1.1 (2005)
— 3.0-9.0 (2007)
— 1.0-9.0 (2005)
Vietnam — 1.5 (2007)

1.6-25.0 (2005)

Abbreviation: NR, not reported.

p-thalassemia carrier
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1019 in Europe, and 341 in North, Central, and South Americas.®
In Thailand alone, at least 625 new p-thalassemia major and 3250
new cases of p-thalassemia/hemoglobin E (Hb E) are expected each
year (1 in 180 births), and more than 55 000 surviving patients have
transfusion-dependent thalassemia.®

Few European countries have reported incidences of p-thalas-
semia major. In Belgium, the incidence is 1 in 25 000 neonates.? A
French registry study reported an incidence of 1 in 112 881 births
between the years 2005 and 2008.” The Greek National Registry
for Hemoglobinopathies reported a significantly lower incidence
of B-thalassemia than expected based on the prevalence of carri-
ers, thereby demonstrating the efficacy of thalassemia prevention

programs.®

Availability of screening program® (year of

initiation)

Premarital/

carrier Prenatal Newborn References
NR NR NR 16
No No No 17
NR NR Local (2013) 18
NR NR NR 19
NR NR NR 20
NR NR NR 16
Regional (NR) Regional (NR) NR 16
Voluntary (NR) NR NR 21
No No No 22
NR NR NR 16,20
NR Yes (NR) NR 23
NR NR NR 20
NR NR NR 16
NR NR NR 20
No No No 24
NR NR NR 16
NR NR NR 20
No No No 25
NR NR NR 20
NR NR NR 16
No No No 16
NR NR NR 16
NR NR NR 26
NR NR NR 16
NR NR NR 20
NR NR NR 16
NR NR NR 20

?Prevalence values were converted into number of patients per 100 000 for consistent reporting; therefore, they are estimates.

PAs published in the reference.
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Similarly, an Iranian study showed a decline in affected birth rate
from 2.53 per 1000 births in 1995 to 0.82 per 1000 births in 2004.” In
Oman, between the years 2005 and 2007, the incidence of $-thalas-
semia major was 0.08%, with a carrier rate of 2.6%.10 Approximately
10 years earlier in 1995, the incidence was reported to be 0.4 per
1000 births.! In Iraqg, the incidence of p-thalassemia decreased from
72.4 per 100 000 live births in 2010 to 34.6 per 100 000 live births
in 2015.2 A comprehensive National Hemoglobinopathy Control
Program was implemented by law and came into force on October
24,2002, in 33 provinces of Turkey and, by 2008, a 90% reduction
in affected newborns in Turkey was achieved.®®

In the United States, B-thalassemia remains a rare disease; in the
state of California, the reported incidence is 1 in 55 000 newborns.**

3 | PREVALENCE OF B-THALASSEMIA

Worldwide, approximately 1.5% of people are p-thalassemia car-
riers.* Although the overall combined number of patients with the
disease and those who are carriers is known in most countries, sig-

nificant variations occur even within small geographic regions.**>

TABLE 2 Frequency of B-thalassemia in the Middle East

Prevalence of B-thalassemia per p-thalassemia

Country 100 000 persons? carrier rate (year)
Bahrain 9 (2007) 2.0% (2007)
— 2.9% (2013)
Egypt = 9.0%-10.0% (NR)
— 5.3%-9.0% (2007)
_ 4.5% (2013)
Iran — 5.7/1000
(1997-2011)
- 4.0%-8.0% (NR)
Iraq — 3.7% (2006)
— 33.5/100 000
(2010)
37.1/100 000
(2015)
Jordan — 3.0%-5.9% (2013)
Lebanon - 2.0%-3.0% (2007)
Oman 40°¢ 4.0% (1995)
Palestine — 3.0%-4.0%
(1996-2015)
Qatar — 2.0%-3.0% (NR)
Saudi Arabia — 1.0%-15.0% (2013)
United Arab — 8.5% (2013)
Emirates

Abbreviation: NR, not reported.

The prevalence and carrier rates of p-thalassemia are relatively
high in Southeast Asia (Table 1).142° For example, the reported prev-
alence ranges from 1.25% to 1.66% in India 2?2 but is approximately
2.21% in China.’®? Carrier rates range from 0.5% in Myanmar % to
12.8% in Malaysia.?* The most recent data on p-thalassemia carrier
rates in Southeast Asia are summarized in a review.°

In the Middle East, the prevalence of B-thalassemia is tradition-
ally high due in part to a high carrier rate and a cultural preference
for consanguineous marriages (Table 2).11121516,27-31 Y h\wever, the
introduction of prevention programs in many countries in this region
has led to a decrease in prevalence over the last decades.'®

In some European countries, the prevalence of p-thalassemia
and other major hemoglobinopathies is increasing due to migra-
tion, and major hemoglobinopathies are now the most common ge-
netic rare disease in Europe (Table 3).718:1516,82:42 A ¢ of 2007, new
cases of hemoglobinopathies occurred at a comparable frequency
throughout Northern, Western, and Southern Europe.®® Although
birth rates are decreasing in the general population, affected birth
rates remain relatively high among some at-risk migrant groups.33
The effect of migration is illustrated by the increased prevalence
of p-thalassemia observed in the United Kingdom. In the 1960s,

Screening program available® (year of initiation)

Premarital/carrier Prenatal Newborn References
Voluntary (1991); Yes (1994) Yes 16
mandatory (2004) (2007)
NR NR NR 27
NR No NR 28
No No No 16
NR NR NR 27
Yes (1995) Yes (1995) NR 29
NR NR NR 15
Pilot (2006) Pilot (2006)  NR 30
Yes (NR) NR NR 12
NR NR NR 27
Mandatory (1994) Yes (1994) NR 16
No No NR 11
Yes (2001) NR NR 31
NR NR NR 15
NR NR NR 27
Mandatory (2012) Yes (NR) Yes (NR) 27

?Prevalence values were converted into number of patients per 100 000 for consistent reporting; therefore, they are estimates.

PAs published in the reference.
“Specified as p-thalassemia major.
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TABLE 3 Frequency of B-thalassemia in Europe

Country
Albania
Austria

Belgium

Bulgaria

Cyprus

Denmark
Finland
France

Corsica

Germany

Greece

Italy

Ireland
Luxembourg
Malta

The Netherlands
Norway

Portugal

Romania
Spain

Menorca

Sweden
Switzerland

Turkey

Prevalence of
p-thalassemia per
100 000 persons?

65 (NR)

1 (NR)

2 (NR)

0.69 (2007)
3.65° (2007
0.5(2008)
25 (NR)
3.66(2012)
563 (NR)
90 (1995-2015)
4 (NR)
1(NR)

4 (NR)

0.58 (2007)
3 (NR)

0.55 (2007)
25(2000-2015)
36 (NR)
1(NR)

2 (NR)

24 (NR)

5 (NR)

4 (NR)
1(NR)
0.38(2007)
3(NR)
1(NR)

6 (NR)
5(NR)

5.7 (1995-2000)

p-thalassemia
carrier rate, %
(year)

15.0 (2007)

0.7-3.1 (2007)
3.0(2009)

8.0 (2007)
1.0-12.0 (2007)
10.0-16.0 (NR)

0-5.0 (2007)
2.7 (2007)

1.66 (NR)
4.3(1995-2000)

3.0(1997-1998)
3.1(2012-2013)

1.06-6.80
(2003-2013)

2.67 (NR)

Availability of screening program® (year of initiation)

Premarital/ carrier

NR

NR

NR

NR

NR

NR

NR

NR

Yes (NR)
NR

Yes (1978)
Yes (NR)
NR

Local (NR)
NR

NR

NR

NR

Yes (1973)
NR

Yes (NR)
Regional (NR)
NR

NR

NR

NR

Yes (NR)
NR

Yes (NR)
NR

NR

NR

NR

NR

NR

NR

Regional, voluntary (2003)
Regional (1997)

Regional, mandatory
(2003)

NR

Prenatal

NR

NR

NR

NR

No

NR

NR

NR

NR

Yes (1978)
NR

Yes (NR)
NR

NR

NR

NR

NR

NR

Yes (1973)
Yes (1973)
NR
Regional (1970s)
NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR
NR
NR
Regional (2003)
NR

NR

NR

Newborn

NR

NR

Regional (1994)
Regional (NR)
Regional (1994)
Regional

NR

NR

NR

NR

NR

NR

NR

Yes (2000)
Targeted (1994)
NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Yes (2007)
NR

NR

NR

NR

NR

Regional (NR)

NR
NR
NR
NR
NR

NR

NR
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(Continued)

Prevalence of p-thalassemia

Availability of screening program® (year of initiation)

p-thalassemia per carrier rate, %

Country 100 000 persons? (year) Premarital/ carrier Prenatal Newborn References
United Kingdom

Scotland 3(NR) — NR Yes (2000) Yes (2000) 33

England & Wales 10 (NR)
Former Yugoslavia 3 (NR) — NR NR NR 33

Abbreviation: NR, not reported.

#Prevalence values were converted into number of patients per 100 000 for consistent reporting; therefore, they are estimates

b As published in the reference.
‘Specified as p-thalassemia major.

10% of the population of Cyprus migrated to London as a result
of civil war.**4* Of approximately 57 000 migrants, 17% were
carriers of B-thalassemia, resulting in a prevalence of 7 per 1000
neonates.*> Around the year 1999, the prevalence in the United
Kingdom had increased by approximately 14 persons per year, be-
cause the number of births exceeded the annual number of deaths,
and approximately 2 or 3 children migrated to the United Kingdom
each year.** In the first years of the 21st century, the prevalence
of B-thalassemia major decreased to 0.3 to 10 per 1000 in differ-
ent parts of the United Kingdom.33 Currently, most patients with
B-thalassemia in the United Kingdom have a Pakistani or Indian
background.*¢

In the United States, the prevalence of p-thalassemia has in-
creased approximately 7.5% over the last 50 years.*’ The Cooley's
Anemia Foundation maintains a voluntary patient registry and has
identified 1270 patients with p-thalassemia (as of September 19,
2019), mostly on the East and West Coasts (Janet Kwiatkowski, MD,
MSCE, personal communication).

4 | FACTORS AFFECTING INCIDENCE AND
PREVALENCE IN DIFFERENT COUNTRIES/
REGIONS

Multiple factors contribute to the changing epidemiology of
B-thalassemia. These factors include migration, implementation of

B-thalassemia prevention programs, and improved survival rates.t>%3

4.1 | Migration

In 2017, the global number of refugees reached an all-time high
of 25.4 million,*® including many people from regions where
B-thalassemia is endemic, such as Syria, Afghanistan, and Myanmar.
Several countries have experienced significant increases in the
number of refugees that they host such as Germany, Greece, Italy,
Turkey, Lebanon, Iran, and Pakistan.*®

Recently, Italy has accepted many refugees who crossed the
Mediterranean Sea, demonstrated by the more than 126 000

applications for asylum submitted in 2017.* In one study of patients
with B-thalassemia in the Italian region of Umbria, 60% of the study
population was diagnosed between 2012 and 2015 and the remain-
ing 40% between 1988 and 2011.%° These data were in line with an
increase in immigrants in the region: Immigrants accounted for 5% of
the Umbrian population in 2004, rising to 11% in 2014.

In Turkey, an estimated 3.4 million Syrian refugees have entered
the country since 2011, with 276 158 babies being born to Syrian
couples living in Turkey between 2011 and 2017.°° These couples
were not covered by the premarital screening program that was
widely implemented in Turkey in 2002. In 18 pediatric hematology/
oncology centers throughout Turkey, 318 children from 235 refu-
gee families had p-thalassemia (mean age 8.1 years); most of these
patients presented with an inadequate transfusion and chelation
history. A total of 72 of 318 affected children from refugee families
were born in Turkey, indicating an urgent plan to screen refugee cou-
ples at risk for hemoglobinopathies.>!

In the United States, the incidence and prevalence of p-thalas-
semia has increased significantly because of an increase in immi-

5253 35 well as an

gration from Asian countries in the past decades,
increased adoption rate of children with p-thalassemia from China
and other countries. According to the Cooley's Anemia Foundation,
12% of patients with p-thalassemia in their US patient database were
adopted from other countries.’*

In Asia, economic growth in several emerging countries, such
as Thailand and Malaysia, has drawn millions of immigrant workers
from neighboring countries who lack standardized care for thalas-
semia—a result likely to lead to an increased thalassemia burden in

the near future.”®

4.2 | Prevention programs

Comprehensive prevention programs include public education, ge-
netic counseling, and population screening, accompanied by prena-
tal diagnostics. Effective public education is the initial step for all
prevention programs. An Iranian study showed that 69% of people
who are B-thalassemia carriers were insufficiently knowledgeable re-

garding the prevention of B-thalassemia in their potential offspring,



KATTAMIS ET AL.

Haer

and only 13% participated in screening.56 In many European coun-
tries, including France, The Netherlands, Italy, Spain, and the United
Kingdom, local and national campaigns are often driven by patient
organizations and aim to improve education and awareness for
hemoglobinopathies.3? Such campaigns are most successful if they
include the broader community, including educational and religious
organizations.3%°’

Screening programs are being developed in multiple coun-
tries and are tailored to local needs and customs.* Currently, many
screening programs are often unstructured and highly dependent on
the knowledge of healthcare professionals and patients.?? Screening
programs generally target possible carriers or at-risk patient popu-
lations.%? Population screening, premarital screening, preimplanta-
tion genetic diagnosis, and prenatal diagnosis offer information and
choices to at-risk individuals and couples.** Factors for efficacy in-
clude cultural aspects such as awareness, stigmatization, religious
considerations, and whether pregnancy discontinuation (in the
event of an affected fetus) is legal and morally accepted in the re-
spective country.”®

While participation in screening programs takes place on a vol-
untary basis in most countries, some countries have chosen to im-
plement mandatory premarital screening for p-thalassemia (Tables 2
and 3). Following a participation rate of only 20% in voluntary pre-
marital counseling, the government of Bahrain decided to make the
screening program mandatory in 2004, although the autonomy of
the couple regarding testing is fully respected.’® Other countries
with mandatory screening programs include Lebanon,'® Turkey,*
and the United Arab Emirates.?’

These programs are well established in many European countries
where p-thalassemia has been historically endemic, such as Greece,
Italy, and Cyprus, and in countries that receive a high number of
immigrants from endemic countries, such as the United Kingdom
and France.®? In Italy, policies for the prevention of hemoglobinopa-
thies have been in place since the 1970s.>%%° Free voluntary carrier
screening as well as prenatal and preimplantation genetic diagnos-
tics are available nationwide.’”%° Increasing awareness among the
general population, leading to acceptance of screening, has been
a major success factor of the Italian prevention program.3?¢° In a
report covering 40 years of experience with a screening program
in Sardinia, the main causes of affected births (3-5 annually in re-
cent years) were false paternity and decline of prenatal screening
and pregnancy termination.>®¢° In Sicily, an 85% decrease in the in-
cidence of B-thalassemia major and sickle cell anemia (from 1 in 245
live births to 1 in 2000) has been documented following 30 years
of preventative measures, which included legislative action, a pub-
lic awareness campaign, screening and carrier diagnostics, genetic
counseling, and prenatal diagnosis.®* In addition, a universal screen-
ing program for hemoglobinopathies is active for couples before
and/or after conception, according to Italian law, given that Italy is
considered an area endemic for hemoglobinopathies.61

In Cyprus, a prevention program was introduced in 1973 and has
led to a significant decrease in the number of affected babies born.*®

Similarly, the Greek National Prevention Program for thalassemia

9
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and other hemoglobinopathies was initiated in 1974 and includes
education and prenatal diagnosis. The program led to a significant
decrease in the number of affected newborns, from 150 to 200
new cases per year before the screening program, to fewer than 5
cases per year by 2010.8%? Except for an unexplained increase in
2011, the number of affected births has been declining for p-thal-
assemia major and has remained low for p-thalassemia intermedia.>®
The main causes of affected births were lack of medical care due
to financial reasons or low educational level (34%), unawareness of
screening tests (23%), religious reasons (13%), social or bioethical
reasons (13%), and misinterpretation of test results or laboratory
errors (13%) 8 another study pinpointed carrier misidentification as
the main reason for affected births.%2

In Turkey, a comprehensive national hemoglobinopathy con-
trol program focused on premarital screening was implemented in
2002. Although official reports from Turkey indicated a significant
reduction in the number of affected births in 2008, follow-up reg-
istry data suggested a consistent decrease only after 2009.%% This
reduction was also observed in other Turkish studies.***! The prev-
alence of p-thalassemia carriers remained stable (range 2.0%-3.8%)
in the Mugla province of Turkey during roughly the same time period
(1997-2012); however, the authors acknowledged that prevalence
varies significantly between regions.*°

Other successful screening programs in Asia have been aimed at
the general population or at specific target groups. In Thailand, the
national program for prevention and control for severe thalassemia
syndromes, including p-thalassemia major and f-thalassemia/Hb E,
was established in 1994. This program offers full reimbursement for
carrier screening in pregnant women and their partners.64 In more
recent years, this has resulted in a remarkable decrease of new pa-
tients, largely because the Thai government legally allows termina-
tion of pregnancy before 24 weeks of gestation for women with a
molecularly confirmed affected fetus with severe thalassemia syn-
dromes, including p-thalassemia major and p-thalassemia/Hb E.%>¢¢

Similar screening strategies have been applied successfully
in Albania, Canada, Myanmar, and Malaysia.“ﬂ'70 The National
Thalassemia Major Prevention Program was introduced in Taiwan in
1993 and led to a 91% reduction in the incidence of p-thalassemia
major between 1986 and 1995.7*

Since the introduction of mandatory premarital screening in
Saudi Arabia in 2004, the prevalence of p-thalassemia decreased
from 32.9 to 9.0 per 1000 persons screened in 2004 and 2009, re-
spectively (P <.001).”%In Iran, the B-thalassemia prevention program
was introduced in 1991, and, by 2001, more than 2.7 million couples
had been screened.”®

Utilization of prenatal testing can vary by ethnic group. In
the United Kingdom, the utilization rate was more than 90% in
couples of Mediterranean origin but only 20% in couples of Asian
(mainly Pakistani) origin.** In Southeast Asia, Thailand has paved
the way for prenatal screening and prenatal diagnosis of thalas-
semia, as mentioned above; illustrating this, a pilot study of in-
ternational collaboration between Thailand and Laos primarily

focusing on prenatal diagnosis proved to be an effective way to
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identify thalassemia carriers.”*”> Screening of pregnant women
and their partners took place in Laos, and laboratory samples were
analyzed in the neighboring country of Thailand.”®> However, a re-
cent survey of migrant workers in Thailand, especially those from
Myanmar and Cambodia, showed that there is insufficient knowl-
edge about all aspects of thalassemia, including prevention and
control, because no national program exists for thalassemia and
infrastructure to support screening is Iacking.55

Traditionally, obstacles to the efficacy of prevention programs
have been consanguineous marriages, religious beliefs, and low so-
cioeconomic status. Consanguineous marriages are a particularly
common tradition in many regions where p-thalassemia is endemic,
such as North Africa and the Middle East, thereby increasing the risk
of autosomal recessive diseases.’® In a Turkish observational pro-
spective study of 1988 patients, of whom 94% were diagnosed with
B-thalassemia major or intermedia, almost one-half (48%) were born
to consanguineous parents.®® Similarly, an Egyptian study of 44 pa-
tients with p-thalassemia reported that 60.6% had consanguineous
parents.28

Another possible limitation of screening programs is the un-
willingness of healthcare professionals to offer prenatal diagnos-
tic screenings and pregnancy terminations to their patients. In a
Malaysian questionnaire study, 98% of healthcare professionals
agreed that they would discuss prenatal diagnostics with their pa-
tients, whereas only one-half of them were prepared to discuss ter-
mination of pregnancy.76 The most frequently cited reasons not to
discuss termination of pregnancy were the disease not being consid-
ered serious enough (54.9%) and abortion not being allowed by their
religion (17.6%) or by law (13.7%).7

Definingthe prevalence of the diseaseineach countryisimportant
to properly organize health system resources. Hemoglobinopathies
have an important impact on healthcare.®? Between the years 1997
and 2010, a total of 4506 patients with hemoglobinopathies in a
Greek registry were found to require 18% of the country's total red
blood cell supply.”” B-thalassemia also poses a significant economic
burden on healthcare systems. In the United Kingdom, total health-
care expenditure attributable to managing p-thalassemia major over
50 years was estimated to be USD 720 201 at 2013-2014 prices.”®
A study of 331 patients with p-thalassemia in Greece found that the
mean annual cost per patient, including all treatment strategies, was
EUR 32 064 for the period 2009 to 2011, a value that increased from
EUR 30 997 in 2009 to EUR 32 564 in 2011.”% In Iran, a study of
the economic burden of p-thalassemia major found that the average
annual cost per patient was USD 8321.80, regardless of the cost of
lost welfare.®° A study from Thailand showed that at least one-third
of the cost per patient was associated with the cost of ICT. With the
current pricing of ICT, the estimated lifetime need for ICT for the
entire patient population could cost up to many billions of dollars.®

A 2014 cost-benefit analysis of p-thalassemia prevention in
northern Israel found that the cost of preventing one affected new-
born was USD 63 330; in comparison, the cost of treatment for one
patient over a 50-year period was USD 1 971 380.8! Therefore,

prevention of 45 affected newborns over 10 years represents a net

saving of USD 88.5 million (or USD 76 million once costs of the pre-

vention program have been deducted).®!

4.3 | Survival

Survival rates have significantly improved in countries with ad-
equate health resources where clinicians and patients adhere to
guidelines.? Indeed, current therapeutic approaches with adequate
blood transfusions and timely and appropriate control of iron over-
load have transformed a pediatric disease with short life expectancy
into a chronic disease with prolonged survival.®

The two main factors affecting survival rates in patients with
transfusion-dependent thalassemia (TDT) are lack of adequate
blood transfusions, particularly in developing regions of the world,
and complications due to iron overload. Worldwide, an estimated
25 500 infants with TDT are born every year; overall, only about
12% of these patients receive blood transfusions, with 2.7% of pa-
tients with TDT transfused in Africa and Western Pacific regions and
52.4% of patients with TDT transfused in the Americas.’

For patients who receive regular blood transfusions, iron over-
load can lead to significant morbidity of the heart, liver, and endo-
crine glands.® Among the nearly 100 000 patients worldwide living
with TDT, only 39% receive adequate ICT, and approximately 3000
of these patients die annually because of complications related to
iron overload.’

The risk of death due to iron overload has decreased since the in-
troduction of ICT in 1967, when deferoxamine was first introduced,
followed by the oral ICTs deferiprone and deferasirox, which were
introduced in 1999 and 2006, respectively““‘*gz'83 In an observa-
tional study of 539 patients with p-thalassemia in Cyprus, overall
survival improved after the year 2000 4 updated analyses from this
study demonstrate that survival to age 30 between 2000 and 2018
increased by 8 percentage points compared with the period of 1980
to 1999, and ICT with either deferiprone or deferasirox was an in-
dependent predictor of survival.®> Increased use of hematopoietic
stem cell transplantation % and cardiac iron monitoring with mag-
netic resonance imaging have also helped improve survival rates and
reduce complications related to iron overload.®”

Although rates of survival and complication-free survival con-
tinue to improve as a result of better treatment options, new com-
plications are also emerging in long-term survivors.®388 |n a study
of 4506 patients with hemoglobinopathies registered at 43 treat-
ment centers in Greece, the number of deaths due to p-thalassemia
steadily decreased from 2000 to 2010, with heart disease (52.3%)
and liver carcinoma (13.8%) being the most common causes of
death.® An update of this registry showed that the total number
of patients with thalassemia major decreased as age increased,
with the majority of patients being middle-aged‘38 In a retrospec-
tive cohort study that included 911 patients with p-thalassemia in
Iran, the 20-, 40-, and 60-year survival rates were 85%, 63%, and
54%, respectively.89 Education, marital status, ferritin level, and

presence of comorbidities significantly influenced survival rates.



KATTAMIS ET AL.

IAEaE-WiLEY- L

FHRB™"
NR
NHR®
TCRA{\IZIS_CSA 1,289
TCRN' UKTR + UKRPDHD”
342 1,074
FCRPAT®  NRPBTM'™
2 270
LIRSS REPHem® 'MUH" NHR
4 73 NRHG™ 4,051
Rl:;f:'; ITHANET® 3,241 ETRM™
291,168 1,053
Unnamed'®
243 TRT"

2,871

FIGURE 1 p-thalassemia registriesf. 1. Thalassemia Clinical Research Network?*?°—Canada, USA. 2. Thalassemia Data Collection and
Blood Safety Monitoring—USA. 3. Registry and Surveillance System for Hemoglobinopathies”>—USA. 4. Thalassemia Clinical Research
Network Longitudinal Cohort Study’>—Canada, UK, USA. 5. ITHANET?2—59 countries. 6. National Haemoglobinopathy Registry46—U K.

7. United Kingdom Thalassaemia Register>**

French Certified Registry of Patients Affected by Thalassemia”?®

and United Kingdom Register for Prenatal Diagnosis for Haemoglobin Disorders**?’—UK. 8.
—France. 9. National Registry of Hemoglobinopathies”—Spain. 10. The

Italian Registry for Thalassemia and Hemoglobinopathies—National Institute of Health-Italy. 11. Finnish Hematology Registry and Clinical
Biobank-Finland. 12. National Registry of Patients with Beta-Thalassemia Major®®-Bulgaria. 13. National Registry for Hemoglobinopathies

in Greece®38-Greece. 14. National Haemoglobinopathy Registry%°

—Turkey. 15. Electronic Thalassemia Registry Mazandaran'®*—Iran. 16.

Unnamed!'—Oman. 17. ThalRThai (V. Viprakasit, personal communication)—Thailand. t Only includes registries that offer at least partial
information and/or publications in English; known numbers of patients with beta-thalassemia are shown as per publication date or August

2020, whichever came first

Comparable results were reported by Zamani and colleagues, who
reported 10-, 20- and 30-year survival rates of 98.3%, 88.4%, and
80.5%, respectively.”® In contrast, in Thailand, only 20% of patients
with B-thalassemia major reached their fourth decade of life, mainly
because they received inadequate blood transfusions and ICT in
the past.”! Therefore, it is unsurprising that the number of surviv-
ing patients with B-thalassemia major in the current registry was
lower than one would expect based on genetic epidemiology alone

(Figure 1).5,7,8,11,38,44,63,91,92

5 | DISCUSSION

Most of the data included in this review derives from published
registries for hemoglobinopathies in general and pB-thalassemia
specifically (Figure 1). Registry data provide epidemiological data
as well as information on the effectiveness of treatment, screen-
ing programs, and public health and education programs using one
or more data sources.*®? As of July 2018, a total of 149 organiza-
tions from 45 countries were participating in an electronic network
called ITHANET, which aims to collect data, disseminate knowledge,
harmonize treatment, and coordinate research and prevention pro-
grams for hemoglobinopathies.??

The changing patterns of thalassemia prevalence in different
parts of the world are mainly affected by changes in the number
of births of new patients and are largely influenced by prevention

programs, population migration, and improved survival of patients

with p-thalassemia. Historically, -thalassemia is highly prevalent
in the Mediterranean, Middle East, and Southeast Asia, and mi-
gration patterns have increased the prevalence of this hemoglo-
binopathy in North America and Northern European countries.
Importantly, the increasing prevalence in these countries has in-
creased the burden on healthcare systems. As long as migration to
these regions continues, for example, due to economic, social, or
environmental reasons, the prevalence of p-thalassemia will con-
tinue to increase until the point is reached where large-scale pre-
ventive measures are implemented. The COVID-19 pandemic has
significantly diminished migration, but its long-term consequences
remain to be seen.

Overall, thalassemia screening programs have reduced the num-
ber of affected births, particularly in countries where p-thalassemia
is prevalent. Voluntary prenatal screening is preferred in Southeast
Asia and Europe, whereas in other areas, like in some Middle East
countries, mandatory premarital screening exists. It is unlikely that
many European countries will follow their example, as healthcare
decisions are generally considered to be personal decisions in this
region. An increasing number of informed couples, however, com-
plete at-risk pregnancies due to the growing availability of support-
ive treatments (eg, red blood cell transfusions, oral ICT), approved
therapies (eg, luspatercept), and curative options (eg, bone marrow
transplantation). Although many countries have effective screening
and prevention programs in place, increased focus on education and
awareness is needed to identify patients and carriers and provide

all patients with the care they need, in addition to offering at-risk
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couples options to prevent future affected offspring. Changing na-
tional legislation to allow termination of pregnancy in case of a fetus
with B-thalassemia could also play a role in reducing the occurrence
of this disease. Political and religious aspects, however, may be dif-
ficult to influence, often change over time, and can result in local
differences in legislation. For example, pregnancy termination was
deemed legal by the US Supreme Court in 1973, but many states
have since restricted its use by making it illegal for doctors to termi-
nate the pregnancy unless the mother's life is threatened or by not
allowing insurance coverage for the procedure. Furthermore, while
most European countries allow termination in late stages of the preg-
nancy in case of an affected fetus, few countries in the Middle East
and North Africa allow an abortion in case of fetal impairment.96

Further research is needed to determine how to best implement
screening and prevention programs in each region. The most im-
portant factors, such as prevalence, access to healthcare, cultural
habits, and political and religious beliefs, vary locally and require
different solutions for barriers to be overcome. Analyzing deter-
minants of effective projects that prevent hemoglobinopathies
and other diseases and sharing best practices internationally can
help the further development of current as well as new prevention
programs.

It can be difficult to measure the specific incidence and prevalence
of B-thalassemia in countries where p-thalassemia is relatively rare and
no screening programs are available. Differences in methodology in
data collection and reporting further limit the availability of epidemio-
logic data. Most studies do not differentiate between the frequency of
B-thalassemia major and intermedia, while others include other hemo-
globinopathies, such as sickle cell disease or a-thalassemia. Collecting
and publishing data for p-thalassemia overall and for its subtypes sep-
arately will help provide more insight into the epidemiology of this dis-
ease, especially if these data were to be reported by regions within a
country where relevant differences between regions exist.

For observational studies, including registries, insufficient report-
ing of patients as well as missing data in registries may limit the ro-
bustness of the study results. Thus far, few registries have published
longitudinal data, making it difficult to draw conclusions about trends
in epidemiology over time. Micromapping and longitudinal follow-up
are needed to improve the knowledge and understanding of the epide-
miology of p-thalassemia in traditionally non-endemic countries.

In conclusion, the patterns of B-thalassemia have changed
considerably over the past decades. The implementation of pre-
vention and screening programs has lowered the prevalence
and incidence of p-thalassemia in regions with a historically high
number of carriers and patients. Many cultural, political, and fi-
nancial barriers to these programs still exist which often require
a long time to change. In contrast, migration has resulted in an
increased number of patients in regions where the disease was
traditionally rare, such as North America and Northern European
countries. Healthcare systems worldwide will need to continu-
ously adjust to reduce the burden of this disease and improve the
health, life expectancy, and quality of life of patients and carriers

of B-thalassemia.
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