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ARTICLE INFO ABSTRACT

Article history: Background: Technological advances including high-throughput sequencing have identified numerous tumor-
Received 20 December 2013 specific genetic changes in pediatric and adolescent cancers that can be exploited as targets for novel therapies.
Received in revised form 16 June 2014 Scope of review: This review provides a detailed overview of recent advances in the application of target-specific
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therapies for childhood cancers, either as single agents or in combination with other therapies. The review sum-
marizes preclinical evidence on which clinical trials are based, early phase clinical trial results, and the incorpo-
ration of predictive biomarkers into clinical practice, according to cancer type.
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g;m/ﬁ;ﬁi cancer Major conclusions: There is growing evidence that molecularly targeted therapies can valuably add to the arsenal
Molecular diagnostics available for treating childhood cancers, particularly when used in combination with other therapies. Nonethe-
Targeted therapy less the introduction of molecularly targeted agents into practice remains challenging, due to the use of unselect-
Biomarkers ed populations in some clinical trials, inadequate methods to evaluate efficacy, and the need for improved
preclinical models to both evaluate dosing and safety of combination therapies.
General significance: The increasing recognition of the heterogeneity of molecular causes of cancer favors the con-
tinued development of molecularly targeted agents, and their transfer to pediatric and adolescent populations.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-SA license
(http://creativecommons.org/licenses/by-nc-sa/3.0/).
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1. Introduction 2. Relevant biomarkers in childhood malignancies and novel

Childhood cancers are rare, representing less than 1% of new cancer
diagnoses, however, they are still the leading cause of disease-related
death in children in industrialized countries such as the US [1].
Children's malignancies are generally treated with a combination of cy-
totoxic chemotherapy, radiation, surgery, and occasionally bone mar-
row transplant, which have markedly improved the overall 5-year
survival rate over the past decades from 50 to 60% for cases diagnosed
during the 1970s, to over 80% today [2].

The greatest contribution to better outcomes comes from ad-
vances in our understanding of the genetics of cancer [3-5], and
the discovery of molecular biomarkers and incorporation of novel
targeted agents has led to improved outcomes for cancer patients,
and decreases in both short- and long-term toxicities [6]. Some bio-
markers are routinely used for diagnostics (such as Ki-67 staining as
proliferation index) [7], risk-stratification (MYCN amplification in
neuroblastoma) [8] and monitoring (S100-beta in melanoma) [9].
Others are used to direct the use of targeted therapy, such as the fu-
sion tyrosine-kinase protein BCR-ABL for the use of imatinib in
chronic myeloid leukemia (CML) and Philadelphia chromosome
positive (Ph +) acute lymphoblastic leukemia (ALL) [10,11] or ana-
plastic lymphoma kinase (ALK) mutations (especially EML4-ALK
rearranged cancers) for the use of crizotinib, the ALK inhibitor ap-
proved for treatment of non-small cell lung cancer (NSCLC) [12,
13]. In summary, the genetic heterogeneity now recognized to un-
derpin pediatric and adolescent cancers may be exploited by agents
targeting these specific molecular/genetic lesions. A principal chal-
lenge is to now further expand the number of molecular targets in-
vestigated, and integrate conventional practices with the best
target-matched therapies. The aim of this review is to give an over-
view of recent advances in the application of “druggable” bio-
markers, and the use of target-specific therapies for childhood
cancers.

therapies

The role of germ-line mutations in explaining susceptibility to child-
hood cancer and genetic predisposition to familial malignancies is well
established [14], whereas the roles of somatic, acquired mutations have
become a central subject of study in more recent years. Cancer bio-
markers are now increasingly used to characterize human tumors and
to explain the heterogeneity that exists between different tumors. Such
heterogeneity is reflected by the wide range of sub-classifications (diag-
nostic markers) and risk-stratifications (prognostic markers) existing for
many cancer types, as well as by the increasing number of molecules able
to forecast the response of patients to personalized therapies (predictive
markers) [15].

The following sections represent an overview of relevant markers
and matched therapies in pediatric tumors. A full list of the molecular
inhibitors reviewed is available in Table 1, while a schematic summary
of cancer pathway inhibition is shown in Fig. 1. Table 2 reports the fre-
quency of mutation/overexpression of some biomarkers relevant in
childhood cancer.

2.1. Leukemias

Leukemias are the most common type of childhood cancers, ac-
counting for one-third of all cancers diagnosed in children. Among
them, ALL accounts for approximately three-quarters of all child-
hood leukemia diagnoses, while acute myelogenous leukemia
(AML) is 5 times less frequent. Chronic myeloid leukemia (CML)
and chronic lymphocytic leukemia are very rare in the pediatric pop-
ulation [16]. Several chromosomal abnormalities have been identi-
fied in pediatric leukemias, including translocations such as t(9;22)
BCR-ABL, t(12;21) TEL-AML1, t(8;21) AML1-ETO and t(15;17)
PML-RARA [17].
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