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Current therapeutic approaches in pediatric acute

lymphoblastic leukemia.*

Esquemas terapéuticos actuales en leucemia linfoblastica

aguda pediatrica

Hiroto Inaba

Abstract

Acute lymphoblastic leukemia (ALL) is the most common pediatric cancer. The current
approach to treating ALL uses risk stratification based on the biological features of the
leukemic cells and the response to treatment. However, to further improve survival
to as close to 100% as possible and to reduce the adverse effects of treatment, inno-
vative approaches are needed. Currently, many frontline ALL treatment protocols are
incorporating novel precision-medicine strategies based on inherited and leukemia/
lymphoma-specific genomic features and targeted treatment approaches, which could
lead to improved cure rates and reduced toxicities.
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Resumen

La leucemia linfoblastica aguda es el cancer pediatrico mas comdn. Los esquemas
terapéuticos actuales de la leucemia linfoblastica aguda usan estratificacién del riesgo
con base en las caracteristicas biolégicas de las células leucémicas y la respuesta al
tratamiento. Sin embargo, para mejorar la supervivencia lo mds cercano posible al
100% y para reducir los efectos adversos del tratamiento se necesitan enfoques inno-
vadores. En la actualidad muchos protocolos de tratamiento de primera linea contra
la leucemia linfoblastica aguda estan incorporando nuevas estrategias de medicina de
precisién basadas en caracteristicas gendmicas heredadas y especificas de la leucemia-
linfoma y enfoques de tratamiento dirigido, que podrfan mejorar las tasas de curacién
y reducir la toxicidad.
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BACKGROUND

Acute lymphoblastic leukemia (ALL) is the most
common pediatric cancer. Over the past few
decades, the survival of children with ALL has
improved significantly; the St. Jude Children’s
Research Hospital Total XV study demonstrated
a 5-year overall survival of around 94%." The
current approach to treating ALL uses risk strati-
fication based on the biological features of the
leukemic cells and the response to treatment,
treatment modification based on the patients’
pharmacodynamics and pharmacogenomics,
and improved supportive care.? However, to
further improve survival to as close to 100%
as possible and to reduce the adverse effects of
treatment, innovative approaches are needed.
Next-generation sequencing of leukemia samples
(whole-genome, exome, and transcriptome
sequencing), as well as of germline samples
(whole-genome and exome sequencing), can
be used to study leukemogenesis, to define new
ALL subtypes, to identify new prognostic markers
and therapeutic targets to facilitate personal-
ized precision medicine, to monitor treatment
response with sensitive assays, and to predict
adverse effects.’

It is considered that ALL pathogenesis starts in
utero and that promotional exposure events are
probably important for disease emergence.*
Infection is the strongest candidate for a causal
exposure in pediatric ALL.> The incidence of ALL
is significantly lower in infants who were placed
in day care during their first few years of life than
in those who were not placed in day care dur-
ing that time. Immune-cell programming occurs
with infection during infancy. Good hygiene can
prevent infection, but infection after infancy can
cause aberrant/pathologic immune responses
that may lead to a second hit for leukemogenesis.
In addition, genome-wide association studies
of childhood ALL that compared the whole ge-
nomes of a large series of ALL patients to those

2018 abril-junio; 19(2)

in an ethnically matched control group identified
leukemia-susceptibility genes as common allelic
variants in IKZF1, ARID5B, CEBPE, and CDKN2A
and as rare germline mutations in PAX5, ETV6,
and TP53.°

High-resolution profiling of genetic alterations
in leukemia samples has transformed our under-
standing of the genetic basis of ALL.>® ALL can be
subdivided into more than 20 genetic subtypes,
which is important for risk stratification and
for selecting an appropriate treatment strategy
(Figure 1). Although the outcomes are excellent
for patients with National Cancer Institute (NCI)
standard-risk ALL (e.g., those with the ETV6-
RUNXT fusion or hyperdiploid ALL), significant
improvements are needed in the cure rates for
patients with NCI high-risk and very high-risk
ALL, such as those with MLL rearrangements
(especially infants), hypodiploid ALL, iAMP21,
BCR-ABL1-like ALL, or MEF2D rearrangements.
BCR-ABL1-like ALL (also known as Ph-like ALL)
has a gene-expression profile similar to that of
BCR-ABL1-positive (Ph-positive) ALL; a diverse
range of genetic alterations activating tyrosine
kinase signaling; the mutation of lymphoid
transcription factor genes such as /IKZF1 (in
70%-80% of cases); and a poor outcome.” The
kinase-activating alterations can be targetable
with tyrosine kinase inhibitors (TKIs), such as
dasatinib/imatinib (for ABL-class fusions) and
ruxolitinib (for mutations that cause JAK-STAT
signaling alterations). Table 1

Minimal residual disease evaluation is criti-
cal for evaluating treatment response and risk
classification in contemporary ALL protocols.?
Flow cytometry analysis uses aberrant immuno-
phenotypes to detect leukemia cells and has a
sensitivity of approximately 1 in 10* cells. PCR
can monitor immunoglobulin and T-cell receptor
genes or fusion transcripts with a sensitivity of
approximately 1 in 10° cells. However, next-gen-
eration massive parallel sequencing technology
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Figure 1. Genetic subtypes of ALL.

may allow analysis with even greater sensitivity
(capable of detecting as few as 1 in 10° cells).
Patients with persistent minimal residual disease
after conventional chemotherapy may be consid-
ered for immunotherapy (with chimeric antigen
receptor T cells and/or antibody therapy [e.g.,
blinatumomab/inotuzumab]).>"!

Analysis of inherited genomic features can
identify genotypes associated with treatment
toxicities. For example, individuals with the TT
genotype in the CEP72 promotor regions have
a higher incidence of vincristine-associated pe-
ripheral neuropathy than do those with the CC
or CT genotype.'?The TPMT and NUDT15 gen-
otypes are associated with 6-mercaptopurine
tolerability:"*> TPMT deficiency is common in
patients with European ancestry and NUDT15
deficiency is often seen in patients with Asian
or American Indian ancestry. This information

can be used for dose adjustments of chemo-
therapeutic agents.

Currently, many frontline ALL treatment proto-
cols are incorporating novel precision-medicine
strategies based on inherited and leukemia/
lymphoma-specific genomic features and tar-
geted treatment approaches, which could lead
to improved cure rates and reduced toxicities.
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Kinase rearrangements and therapeutic targets in BCR-ABL-like ALL

m Tyrosine kinase inhibitor NI G
partners

ABLT Dasatinib

ABL2 Dasatinib 3
CSFIR Dasatinib 3
PDGFRB Dasatinib 7
PDGFRA Dasatinib 1
CRLF2 JAK2 inhibitor 2
JAK2 JAK2 inhibitor 19
EPOR JAK2 inhibitor 4
TSLP JAK2 inhibitor 1
DCKH Unknown 1
IL2RB JAK1/JAK3 inhibitor 1
NTRK3 TRK inhibitor 1
PTK2B FAK inhibitor 3
TYK2 TYK2 inhibitor 3
FLT3 FLT3 inhibitor 1
FGFR1 Sorafenib/dasatinib 1
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