Preface

In recent years, the pathogenesis of hematological disorders in children has been
clarified, which has led to remarkable progress in the treatment outcome for these
disorders. In particular, molecular targeted therapy has been shown to have an effect
on childhood leukemia refractory to conventional therapy. Further development of
these strategies will enable us to use more effective and less toxic therapies for
hematological disorders in the future. Here we describe the pathogenesis and treat-
ment (present and future) of several representative hematological disorders in chil-
dren, especially focusing on the genetic and molecular aspects.

Most hematological disorders in children arise from intrauterine endogenous or
exogenous exposures, genetic susceptibility, or several factors after birth. A good
example is the case of infant leukemia. Greaves et al. [1] clarified the etiology of
infant leukemia; analysis of MLL gene rearrangements in identical leukemic twins
suggested that the MLL gene undergoes prenatal rearrangement and leukemic cells
are present in the blood of newborns. In utero exposure to some drugs and foods that
possess functional similarity to topoisomerase-II inhibitors and certain environmen-
tal factors may affect MLL gene rearrangements, which contribute to leukemogen-
esis [2]. This conclusion can be expanded to B-cell precursor acute lymphoblastic
leukemia (ALL) with TEL-AMLI [3] or hyperdiploidy [4], acute myeloid leukemia
(AML) with AMLI-ETO [5], and acute megakaryocytic leukemia with GATAI
mutations in Down syndrome [6]. Clarification of leukemogenesis after birth is
needed to establish more appropriate treatment modalities in childhood leukemia.
We have recently shown that the MLL-miRNA let7b-oncogene HMGA?2 pathway
plays an important role in the proliferation of leukemic cells and could be a possible
molecular target for the therapy of infant leukemia [7].

Congenital bone marrow failure syndrome in children is an inherited disease,
including Fanconi anemia (FA), dyskeratosis congenita, Shwachman—Diamond
syndrome, Diamond—Blackfan syndrome, severe congenital neutropenia, and con-
genital amegakaryocytic thrombocytopenia, which are characterized by cytopenias
in different hematologic lineages and several congenital abnormalities [8]. Early
diagnosis of bone marrow failure syndrome is important for optimizing clinical
management, anticipating possible complications that may develop later in life, and



vi Preface

providing appropriate genetic counseling for the family [9]. Many of these syn-
dromes require multidisciplinary and multispecialty medical care for appropriate
surveillance and management. As a representative disease, FA is caused by germ-
line mutations in DNA repair genes with autosomal recessive inheritance. A major
problem of FA is its high risk of cancer, which increases with age. In particular, the
risk of myelodysplastic syndrome or AML is relatively high, indicating that most
patients with FA need hematopoietic stem cell transplantation (HSCT) before the
onset of malignancy [10]. However, the rate of treatment-related side effects and
graft-versus-host disease, as well as the risk of head and neck cancers, is high in FA
patients after HSCT, demonstrating the need for a more appropriate conditioning
regimen [8].

A high risk of malignancy can also be seen in other types of congenital bone
marrow failure syndrome, and the molecular pathology will be similar and some-
times overlap between different subtypes. Genetic advances have already led to
improved diagnosis, particularly in cases wherein the presentation is atypical.
These advances may also lead to new treatments. In the meantime, it is important
to obtain accurate information on the incidence and natural history of each disor-
der in order to provide a more rational basis for the optimal provision of clinical
services [11].

Acquired aplastic anemia (AA) is an uncommon, life-threatening disorder in
childhood. Because of major advances in diagnosis and therapeutic approaches,
nowadays AA is a disease that results in long-term survival in more than 90% of
cases [12]. In recent years, an immune-mediated pathogenesis for AA has been sug-
gested because immunosuppressive therapy is usually effective and bone marrow
lymphocytes from patients can suppress normal marrow cells in vitro [13]. Numerous
studies have established that HSCT, especially bone marrow transplantation, from
HLA-matched donors is highly successful, with five-year survival rates of >90%
[14]. Unfortunately, horse antithymocyte globulin (ATG) is no longer available and
an alternative agent, rabbit ATG, is associated with a lower response rate for AA in
children [15].

Hemophagocytic lymphohistiocytosis (HLH) is characterized by fever and hepa-
tosplenomegaly associated with pancytopenia, hypertriglyceridemia, hypofibrino-
genemia, and infiltration of histiocytes with hemophagocytic activity. HLH can be
classified into two distinct forms, primary and secondary HLH; primary HLH
includes familial hemophagocytic lymphohistiocytosis and several immunodefi-
ciencies, while secondary HLH is usually associated with infections [especially
Epstein—Barr virus (EBV) infection], immune disorders, or malignancy (especially
non-Hodgkin lymphoma). In primary HLH, uncontrolled T lymphocyte activation
by impairing defects of genes, such as perforin (PRF1) and MUNC13-4, results in
large quantities of inflammatory cytokines that promote macrophage infiltration and
formation of the cytokine network [16]. The pathogenesis of secondary HLH, espe-
cially EBV-HLH, is not fully understood. In EBV-HLH, inflammatory cytokines
produced by EBV-infected T cells or natural killer cells are responsible for macro-
phage activation and subsequent development of HLH [17].

The treatment of HLH has been established in recent years. Imnmunochemotherapy
followed by HSCT can be used for primary HLH, while the clinical course of
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EBV-HLH varies among patients and treatment that is more appropriate should be
organized for secondary HLH. Identification of all instigating mechanisms may
prompt the development of novel approaches, including gene therapy, for this disor-
der in the future.

Langerhans cell histiocytosis (LCH) is a rare clonal disorder characterized by the
proliferation of clonal CD1a-positive LCH cells in the skin, bone, lymph nodes, and
other organs. LCH cells are immature dendritic cells, and the JAG-mediated Notch
signaling pathway may play an important role in maintaining LCH cells in an
immature state [18]. More than half of the LCH patients have the oncogene BRAF
mutation, suggesting that LCH is a neoplastic disorder [19]. The outcome of LCH
varies depending on the extent of organ involvement, and treatment should be
planned according to the clinical subtype. In single-system disease, local corticoste-
roid therapy can be used for patients with single bones affected by lesions with no
CNS risk [20], while chemotherapy is available for those with multiple affected
bones or with CNS-risk lesions. In multisystem disease, on the other hand, chemo-
therapy including vincristine, cytarabine, and corticosteroid has been used with
great success, with a mortality rate of only 10% [21].

Despite their successful treatment, LCH patients often develop long-term
sequelae, including diabetes insipidus, orthopedic problems, hearing loss, neuro-
logical problems, growth-hormone deficiency, pulmonary fibrosis, and biliary cir-
rhosis [22]. The incidence of these sequelae increases with follow-up time. Further
novel therapeutic measures are required to reduce these permanent sequelae.

Hematological disorders in children are usually rare, but clarifying their patho-
genesis has progressed and appropriate treatment has been established in the recent
years. More effective and less toxic therapies for these hematological disorders need
to be developed in the near future.

Ehime, Japan Eiichi Ishii

References

1. Greaves MF. Infant leukemia biology, aetiology and treatment. Leukemia.
1996; 10: 372-17.

2. Greaves MF, Maia AT, Wiemels JL, Ford AM. Leukemia in twins: lessons in
natural history. Blood. 2003; 102: 2321-33.

3. Wiemels JL, Cazzaniga G, Daniotti M, et al. Prenatal origin of acute lympho-
blastic leukaemia in children. Lancet. 1999; 354: 1499-503.

4. Panzer-Griimayer ER, Fasching K, Panzer S, et al. Nondisjunction of chromo-
somes leading to hyperdiploid childhood B-cell precursor acute lymphoblastic
leukemia is an early event during leukemogenesis. Blood. 2002; 100: 347-9.

5. Wiemels JL, Xiao Z, Buffler PA, et al. In utero origin of t(8;21) AMLI-ETO
translocations in childhood acute myeloid leukemia. Blood. 2002; 99: 3801-5.

6. Ahmed M, Sternberg A, Hall G, et al. Natural history of GATA1 mutations in
Down syndrome. Blood. 2004; 103: 2480-9.



viii

]

oo

b

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Preface

. Wu Z, Eguchi-Ishimae M, Yagi C, et al. HMGA?2 as a potential molecular target

in KMT2A-AFF1-positive infant acute lymphoblastic leukaemia. Br J
Haematol. 2015; 171: 818-29.

. Rivers A, Slayton WB. Congenital cytopenias and bone marrow failure syn-

dromes. Semin Perinatol. 2009; 33: 20-S.

Khincha PP, Savage SA. Neonatal manifestations of inherited bone marrow
failure syndromes. Semin Fetal Neonatal Med. 2016; 21: 57-65.

Alter BP, Giri N, Savage SA, et al. Malignancies and survival patterns in the
National Cancer Institute inherited bone marrow failure syndromes cohort
study. Br J Haematol. 2010; 150: 179-88.

Dokal I, Vulliamy T. Inherited bone marrow failure syndromes. Haematologica.
2010; 95: 1236-40.

Hartung HD, Olson TS, Bessler M. Acquired aplastic anemia in children.
Pediatr Clin North Am. 2013; 60: 1311-36.

Kagan WA, Ascensao JA, Pahwa RN, et al. Aplastic anemia: presence in human
bone marrow of cells that suppress myelopoiesis. Proc Natl Acad Sci U S A.
1976; 73: 2890-4.

Samarasinghe S, Steward C, Hiwarkar P, et al. Excellent outcome of matched
unrelated donor transplantation in paediatric aplastic anemia following failure
with immunosuppressive therapy: a United Kingdom multicenter retrospective
experience. Br J Haematol. 2012; 157: 339-46.

Yoshimi A, Niemeyer CM, Fuhrer MM, et al. Comparison of the efficacy of
rabbit and horse antithymocyte globulin for the treatment of severe aplastic
anemia in children. Blood. 2013; 121: 860-1.

Ishii E, Ueda I, Shirakawa R, et al. Genetic subtypes of familial hemophago-
cytic lymphohistiocytosis: correlations with clinical features and cytotoxic T
lymphocyte/natural killer cell functions. Blood. 2005; 105: 3442-8.

Kogawa K, Sato H, Asano T, et al. Prognostic factors of Epstein-Barr virus-
associated hemophagocytic lymphohistiocytosis in children: Report of the
Japan Histiocytosis Study Group. Pediatr Blood Cancer. 2014; 61: 1257-62.
Morimoto A, OhY, Shioda Y, et al. Recent advances in Langerhans cell histio-
cytosis. Pediatr Int. 2014; 56: 451-61.

Badalian-Very G, Vergilio JA, Degar BA, et al. Recurrent BRAF mutations in
Langerhans cell histiocytosis. Blood. 2010; 116: 1919-23.

Morimoto A, Ishida Y, Suzuki N, et al. Nationwide survey of single-system
single site Langerhans cell histiocytosis in Japan. Pediatr Blood Cancer. 2010;
54:98-102.

Morimoto A, Shioda Y, Imamura T, et al. Intensified and prolonged therapy
comprising cytarabine, vincristine and prednisolone improves outcome in
patients with multisystem Langerhans cell histiocytosis: Results of the Japan
Langerhans Cell Histiocytosis Study Group-02 Protocol Study. Int J Hematol.
2016;104:99-109.

Haupt R, Nanduri V, Calevo MG et al. Permanent consequences in Langerhans
cell histiocytosis patients: a pilot study from the Histiocyte Society-Late Effects
Study Group. Pediatr Blood Cancer. 2004; 42: 438—44.


http://www.ncbi.nlm.nih.gov/pubmed/26403224
http://www.ncbi.nlm.nih.gov/pubmed/26403224
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khincha PP[Author]&cauthor=true&cauthor_uid=26724991
http://www.ncbi.nlm.nih.gov/pubmed/?term=Savage SA[Author]&cauthor=true&cauthor_uid=26724991
http://www.ncbi.nlm.nih.gov/pubmed/26724991

2 Springer
http://www.springer.com/978-981-10-3885-3

Hematological Disorders in Children

Pathogenesis and Treatment

Ishii, E. (Ed.)

2017, X, 269 p. 24 illus., & illus. in color., Hardcover
ISEM: 978-981-10-3885-3



