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ABSTRACT
Thalassemia, classified as the main types α- and β-thalassemia, is a 
single gene disorder resulting from globin chain synthesis impairment 
through the mutation or deletion of globin genes. The incidence 
of thalassemia is high worldwide, with high associated mortality. 
Therefore, treatment is important to improve patient outcomes. This 
paper reviews the current status of β-thalassemia major in China, 
including its epidemiology and treatment. 
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Introduction
Thalassemia, also referred to as Mediterranean anemia, 
has a high frequency in Mediterranean countries and 
Southeast Asia, hence its name.1 It is an autosomal 
recessive disease with similar incidences in both males 
and females. The pathogenesis of thalassemia is mainly 
associated with ineffective erythropoiesis. It comprises a 
group of congenital hemolytic diseases, and is one of the 
most common single gene disorders worldwide. Mutations 
or deletions in globin genes cause abnormal hemoglobin 
(Hb) formation, resulting in chronic hemolytic anemia. Its 
essence is the invalid hematopoiesis of marrow, namely 
in situ hemolysis. However, acute hemolysis can also 
occur in severe acute infections. In this paper, we review 
the general status of thalassemia in China, including its 
epidemiology and treatment. 

Epidemiology 
Based on incomplete statistics, there are currently an 

estimated 300 000 children with major and intermediate 
thalassemia in China. Surveys of thalassemia in mainland 
China were first carried out in the 1980s, and an 
understanding of the epidemiological characteristics of 
the disease has provided important information to aid its 
prevention. 

Previous studies indicated a high frequency of thalassemia 
in southern China, mainly south of the Yangtze River 
and particularly in the provinces of Yunnan, Guangdong, 
Guangxi, Fujian, and Sichuan.3 However, in recent 
decades, the mobility and migration of people to northern 
China has rapidly increased, and thalassemia non-
prevalent areas are now facing the ‘new’ disorder. During 
the past two decades, China and Southeast Asian countries 
have seen rapid economic development, and more families 
are now emigrating to European and American countries 
for studying, business, family integration, or seeking better 
standards of living.4

China has great variation in the incidence of thalassemia 



44 wileyonlinelibrary.com/journal/ped4

among different provinces, and may face similar 
challenges with migration of the population from south 
to north. Southern China has a high prevalence of α- 
and β-thalassemia that is not seen in northern China.5 
Epidemiological data have also suggested a possible 
association between a high incidence of thalassemia and 
the prevalence of malaria. Nationwide prevalences of 
α-thalassemia and β-thalassemia are 4%–15% and 1%–6%, 
respectively,6 with over 200 million people thought to be 
affected. The reported incidence of globin gene deficiency 
related to thalassemia is 2.5%–20% in various regions 
of southern China, but is as high as 10% and 20% in the 
provinces of Guangdong and Guangxi, respectively, with 
the number of cases of thalassemia in these two provinces 
accounting for more than 40% of all cases in China. 

Children with thalassemia show retarded growth and 
development. Surveys suggest that parents of children with 
thalassemia were mainly educated to middle school level 
or below, with the father having a slightly higher level of 
education than the mother. The parents’ occupations are 
largely in farming or as migrant workers, with the mother 
undertaking more family responsibilities. Self-financing 
remains the main method of paying medical expenses for 
thalassemia in China. However, it is difficult for patients 
with thalassemia to receive standardized treatment and a 
guaranteed quality of life. Furthermore, 90% of affected 
families have an income less than $8700, and medical 
treatment and daily expenses account for their main 
expenditure; therefore, nearly 80% of thalassemia-affected 
families are in debt, and there is a high risk of poverty 
because of illness. 

Currently, tests for thalassemia involve prenatal screening 
and genetic testing. However, only 30% of thalassemia 
parents interviewed had received premarital examinations and 
fewer than 10% had received genetic testing, while 95.4% of 
parents did not know about thalassemia before giving birth.7 
Fetal ultrasounds during mid-gestation enable the simple 
diagnosis of α-thalassemia by showing whole body skin, 
subcutaneous tissue edema, pleuroperitoneal effusion, heart 
enlargement, pericardial effusion, hepatosplenomegaly, and 
obvious growth retardation. 

An alternative diagnostic method is genetic testing. Fetal 
DNA can be obtained invasively from villi, amniotic fluid, 
or umbilical cord blood, although this is associated with 
risks to the mother and child. Instead, fetal cells can be 
extracted non-invasively by separating and enriching from 
maternal peripheral blood, or obtained as blastocyst cells 
or polar bodies from eggs. Prenatal diagnosis is a current 
research hotspot, and successful cases have been reported 
within China and overseas.8 However, the technique has 
not yet entered clinical practice. 

Treatment 

Thalassemia represents a major health issue in China, 

resulting in major economic losses and mental stress. 
Multiple therapeutic approaches are therefore needed. 

Blood shortages are the major obstacle to standardized 
treatment for thalassemia. Standard transfusion volumes 
for children with thalassemia in China should be at least 
90 g/L, but a lack of blood means this is usually limited 
to 60 g/L, and only 32.1% of children receive the required 
transfusion. Local governments therefore continue to 
explore prophylactic and therapeutic options, with some 
emerging effective empirical models. The Guangxi 
model proposes effective prophylaxis at childbirth, with 
outpatient treatment included in the reimbursement; the 
Guangdong (Shenzhen) model involves adequate blood 
transfusion and the costs of therapy included in the 
child’s medical insurance; and the Hainan model includes 
treatment under major disorder relief and offers one-stop 
reimbursement of medical expenses. At present, the main 
social support organizations include mutual assistance 
organizations for thalassemia parents, volunteer service 
organizations, some foundations, and professional social 
organizations. 

Transfusion and iron chelation therapy 

Transfusion is the main treatment for β-thalassemia major, 
and the Thalassemia International Federation recommends 
washing red blood cells to avoid transfusion-related 
reactions. Small transfusions are only suitable for patients 
with intermediate thalassemia and are not recommended 
for β-thalassemia major,9 which requires medium or 
large transfusions at an early stage to maintain Hb levels 
above 90 g/L thus avoiding effects on child growth and 
development and reducing the incidence of bone lesions. 

The iron load should be assessed dynamically every 3–6 
months. Iron chelation should be applied if the number 
of transfusions is more than 10–20 or if the serum ferritin 
level is >1000 µg/L, while it should be suspended if the 
serum ferritin level is <1000 µg/L.10 Current commonly 
used chelators are desferrioxamine, deferiprone, and 
deferasirox. Subcutaneous or intravenous administration of 
desferrioxamine 30–50 mg/(kg ∙ d), and oral administration 
of deferasirox 20–40 mg/(kg ∙ d) can be used for children 
aged over 2 years, while oral administration of deferiprone 
25 mg/kg three times daily is suitable for children over 10 
years of age. However, safety data for children of 6–10 
years are limited, and data for those under 6 years of age 
are lacking. 

Because of major advances in transfusion and chelation, 
most Chinese patients with β-thalassemia major are 
in good health, can have a family, and work full time. 
However, despite such advances and improvements, 
compliance with comprehensive transfusion and chelation 
therapy and its availability remain pivotal factors in 
determining the survival and quality of life. Long-term 
transfusion and chelation therapy is highly challenging for 
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many developing countries where the disease is prevalent, 
representing a major and unsustainable health burden.11 
Nevertheless, long-term survival with current management 
protocols has increased significantly. Multicentric studies 
suggest that children born after 1995 have a near normal 
life,12 and this is likely to continue with the improvement 
of social economic situation in the future. Therefore, 
the current treatment approach in China appears to be 
acceptable at this time. 

Hematopoietic stem cell transplantation (HSCT) 

HSCT is the only curative treatment for β-thalassemia 
major, and offers a better long-term quality of life than 
other therapies. It can be performed using matched sibling 
donors, matched unrelated donors, or human leukocyte 
antigen (HLA)-haploidentical donors, and stem cells 
can be derived from bone marrow, umbilical cord blood, 
peripheral blood, or a mixture of these.

Nanfang Hospital was the first and remains the largest 
unit to carry out HSCT for thalassemia in China. For 
thalassemia HCST, it is best to transplant as early as 
possible, preferably with matched sibling donors. A 
multicenter study examined 1110 children, adolescents, 
and young adults with β-thalassemia major who underwent 
HSCT with grafts from HLA-matched relatives (61%), 
HLA-mismatched relatives (7%), HLA-matched unrelated 
donors (23%), and HLA-mismatched unrelated (9%) 
donors. The 5-year incidence of graft failure was 23% 
among patients aged 16–25 years compared with 8% and 
10% in patients aged ≤ 6 and 7–15 years, respectively. 
Overall survival (OS) and disease-free survival (DFS) 
were highest in children aged ≤ 6 years who received 
grafts from HLA-matched siblings or HLA-matched 
unrelated donors. Five-year OS rates in patients aged ≤ 6 
years, 7–15 years, and 16–25 years were 91%, 83%, and 
55%, respectively, and corresponding DFS rates were 
87%, 79%, and 55%, respectively.13 

Although there is a current lack of matched sample sources 
for bone marrow transplants in China, it is relatively easy 
to obtain hematopoietic stem cells from peripheral blood. 
This can be done with the injection of hematopoietic cell 
growth factor before transplantation to promote the release 
of bone marrow stem cells into peripheral blood, or by the 
use of hematopoietic monotherapy technology. Nanfang 
Hospital, the Guangzhou Women and Children’s Medical 
Center, Shenzhen Children’s Hospital, and the Department 
of Pediatrics, West China Second Hospital, Sichuan 
University carried out 224 sibling peripheral blood stem 
cell transplantations with a median follow-up of 4 years. 
They reported OS, event-free survival (EFS), and graft 
failure rates of 95.9%, 95.5%, and 2%, respectively. 

Unmatched cord blood hematopoiet ic  s tem cel l 
t ransp lan ta t ion  (UCBHSCT)  and  bone  marrow 
hematopoietic stem cell transplantation (BMHSCT) offer 

the advantages of: a lower incidence and severity of graft 
versus host disease (GVHD); a lower risk of infection 
and spread of latent viruses such as cytomegalovirus, 
Epstein-Barr virus, hepatitis B virus, and HIV; faster post-
transplantation immune reconstruction of recipients; and 
no risk of damage to donor hematopoietic stem cells. 
Moreover, in terms of donor selection and matching, 
studies have shown that the EFS and OS of UCBHSCT for 
related and unrelated donors are not significantly different 
from those of BMHSCT.14,15 However, UCBHSCT has 
the disadvantages of a high risk of rejection and delayed 
hematopoietic recovery after transplantation.16 A study 
conducted by the Pediatric Department of Nanfang 
Hospital and Shenzhen Children’s Hospital analyzed 
the outcome of fresh cord blood transplantation from 
matched HLA-identical sibling donors in 35 children with 
β-thalassemia major from 2010 to 2016. The estimated 
5-year OS and thalassemia-free survival rates were 97.1% 
and 94.2%, respectively.17 The conditioning protocol 
included intravenous busulfan, cyclophosphamide, 
fludarabine, and thiotepa. 

Suitable unrelated donors can be identified using stringent 
criteria for immunogenetic compatibility by the high-
resolution molecular typing of class I and class II HLA 
loci. Nanfang Hospital also achieved good outcomes 
by adopting unrelated donor peripheral blood stem 
cell transplantation (UDPBSCT).18 They used a novel 
NF-08-TM transplant protocol based on intravenous 
busulfan, cyclophosphamide, fludarabine, and thiotepa 
in 82 consecutive patients with β-thalassemia major, 
including 52 with well-matched HLA UDPBSCT and 
30 with matched sibling donor hematopoietic stem cell 
transplantation (MSDHSCT). The age at transplantation 
was 0.6–15.0 years, and the male:female ratio was 56:26. 
The follow-up time was 12–39 months. Estimated 3-year 
OS and thalassemia-free survival rates were 92.3% 
and 90.4%, respectively, in the UDPBSCT group, and 
90.0% and 83.3%, respectively, in the MSDHSCT group. 
Cumulative incidences of graft rejection and grade III–
IV acute GVHD were 1.9% and 9.6%, respectively, in 
the UDPBSCT group and 6.9% and 3.6%, respectively, 
in the MSDHSCT group. The cumulative incidence of 
transplant-related mortality was 7.7% in the UDPBSCT 
group and 10.0% in the MSDHSCT group. Therefore, 
UDPBSCT using the well-tolerated NF-08-TM protocol 
showed similar results to MSDHSCT. However, the 
transplant protocol needs to be further validated. 

The success rate of BMHSCT is generally more than 
80%, but in areas with high kinship only 10%–20% 
of donors are completely matched. Therefore, most 
patients with thalassemia are unable to undergo HSCT. 
As an alternative, the problem of stem cell matching can 
be solved by haploidentical peripheral blood or bone 
marrow hematopoietic stem cell and complementary 
transplantation with unrelated cord blood. Between 
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2012–2017, eight children (four males and four females, 
median age 5 years) with thalassemia major received 
haploidentical HSCT at the Department of Hematology 
in Zhujiang Hospital. The conditioning regimen was 
fludarabine, busulphan, cyclophosphamide, and anti-
thymocyte globulin, which is usually administered to 
leukemia patients receiving haploidentical HSCT at this 
center. All patients survived at a median follow-up of 
36 months and had achieved independence from blood 
transfusion, with OS and thalassemia-free survival rates 
of 100%.19 Combined cord blood and granulocyte colony-
stimulating factor-primed bone marrow grafting is also 
considered an effective treatment option for thalassemia 
major, with a previous study showing that mixed 
transplantation was associated with less acute and chronic 
GVHD.20 

Drug treatment 

Drugs can increase the synthesis of fetal hemoglobin by 
reducing expression of the α-gene or increasing expression 
of the γ-gene, thus improving the imbalance between 
α- and non-α-globin chains and reducing the resulting 
anemia. Busulfan, isoniazide, hydroxyurea, 5-azacytidine, 
and cytosine have been used to this end. Thalidomide 
50 mg/day has also been shown to improve hemoglobin 
levels to 25 g/L, but its long-term safety remains to be 
determined.21

Splenectomy 

Splenectomy can relieve hemolysis in children with 
obvious hypersplenism or macrosplenism, notably in 
patients with β-thalassemia major. If the child has already 
developed splenomegaly and signs of hypersplenism, 
then splenectomy is indicated.22 However, a child’s 
immune function remains underdeveloped up to 5 years 
old, and splenectomy may thus have adverse effects on 
immunity, with an increased risk of secondary infections. 
Splenectomy should therefore only be performed in 
children older than 5 years, and surgical indications should 
be strictly controlled. However, one review recommended 
that partial splenectomy reduced the transfusion 
requirement in children younger than 5 years old, but only 
as a temporary measure.23

Gene therapy 

Gene therapy can be an effective option for diseases 
caused by a single gene mutation. Conventional treatment 
involves introducing normal target gene fragments into 
receptor cells using expression vectors, and expressing 
them to restore the function of the defective genes. 
Thalassemia treatment represents a research hot spot for 
gene therapy, and this is currently being pursued at some 
transplant centers in China. Gene therapy can be used to 
knock out/in specific genes and replace particular DNA 
fragments, as well as to carry out accurate gene editing.24 

Another method is induced pluripotent stem cell (iPSC) 
transplantation, which is mostly used in the treatment 
of β-thalassemia major. In this procedure, mutant genes 
of patients are modified by gene editing technology in 
the process of dedifferentiating into iPSCs or during the 
differentiation of iPSCs into hematopoietic stem cells; 
corrected hematopoietic stem cells are then returned to 
the patient for treatment.25,26 Currently, there are three 
commonly used gene editing technologies: zinc finger 
nucleases, transcription activator-like effector nucleases, 
and clustered regularly interspersed short palindromic 
repeats (CRISPR) associated nuclease /CRISPR-associated 
protein 9. This latter system is more accurate, efficient, 
and simple to operate than other gene editing technologies, 
and has broad application prospects.

Summary 
Among patients with thalassemia, thalassemia major has 
the worst prognosis, and affected patients often die from 
serious anemia, heart failure, systemic organ failure, or 
infection if left untreated. The effective prevention of the 
birth of children with thalassemia major is the primary 
task. We should learn from international experience in 
the prevention of thalassemia and establish a long-term 
cooperation mechanism for it at home and abroad. 

A successful prevention program requires efforts such as 
government policy, public education, genetic counselling, 
prenatal screening, and diagnosis.27 Prevention programs 
for β-thalassemia major in endemic areas have been shown 
to be successful in regions such as Cyprus and Sardinia.4 
In 1994, the World Health Organization designated May 8 
as International Thalassemia Day to raise government and 
public awareness of thalassemia. Improved understanding 
and management of thalassemia will help improve the 
quality of life and reduce the economic and social burdens 
related to this disease in China. 
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