Ppcnies TETCKOU 3
I'EMATOJIOTUUU u OHKOJIOT'UUN 2016 |

xxedpdpu E. Pyonurir B 1979 1. ¢ omimurieM oKoHYUI BUCKOHCUHCKU yHU-
BepcuteT B Manucone (CILA) mo crenmanbHocTU «MoOJeKyasipHas OMOJIOTHSI»,
IOCJIe Yyero padboTa B 00JIaCTU M3yYeHUs] OMOJOTUYECKIX OCHOB PEKOMOMHALIMY
oenka. B 1987 1. Ixxedpdpu E. PyoHUTI momydun cTeneHb ToKTopa (unocodun
(PhD) o 6uonoruu, B 1988 1. — 3BaHue moktopa meauuuHbl (MD) B Kanudop-
HutickoM yHuBepcuteTe B Can-duero (CILLA). B 1991 1. oH 3aBepiii nHTepHATY-
py 1o nenuaTpuu, a B 1994 . — opauMHaTypy IO 1ETCKOI TeMaToI0TUM-OHKOJOT MU
B Jletckoii 6onbHule Jltocunsb [Makapa B Ctandopae (CLLHA), roe BmociaeacTBun
paboTai Bpauom 10 1995 .
B 1995 . HaunHaeTcs kapbepa npodeccopa Pyonurna B [ocniurane Cpsitoro
WNyner (Mempuc, CIIA), rae oH npoiiiel1 MyTh OT Bpaya 1o IUpeKTopa OTAeaa Jeii-
KeMuu/mumM@omebl. 3a BpeMsi padoThl B rocniutaie Ixeddpu E. PyoHUTI pyKoBo-
JIAJI IIOATOTOBKOM Bpayeii-OpAMHATOPOB, B HACTOSIIIIEE BPEMsI OH SIBJISIeTCS IPpOodeccopoM OT/eIa IeAMaTpunl YHUBEP-
cuteta Tenneccu (CIIA).

ITpodeccop PyoHuUTI uiieH psga mpodeccMoHalbHBIX OpraHu3aluii, cpeayd KOoTophix JleTckas oHKoJIornyecKast
rpyrma (Children’s Oncology Group — COG), AMepukaHcKoe o011ecTBO reMaTtosioroB (American Society of Hematology —
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xedbdpu E. PyoHuti aBTop 168 opurnHaabHbBIX CTaTeii, 36 KHUT U [JIaB B KHUTAX, OH PEryJIIPHO BBICTYIIAeT Ha
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Acute myeloid leukemia (AML) is a complex disease that is characterized by diverse genetic and epigenetic abnormalities. The heterogeneity
of AML subtypes implies that improvements in clinical outcome will require the development of therapies that are specific for each subtype of
the disease and the design of novel clinical trials to test these strategies. In this review, we briefly summarize recent clinical trials, the genetic
diversity of AML, and the use of minimal residual disease in the treatment of AML.
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Introduction

Improvements in supportive care, refinements in risk
classification based on a deeper understanding of the
biology and genetics of acute myeloid leukemia (AML), and
the monitoring of minimal residual disease (MRD) to
assess response to therapy, have all contributed to
improvements in outcome for children with this disease.
Here, we discuss the results of recent clinical trials, the
genetic diversity of AML, and the use of MRD in the
treatment of patients with AML.

Results of recent clinical trials

Complete remission and overall survival rates are now
greater than 90% and 60%, respectively, for children with
AML who are treated on contemporary clinical trials.!
Cooperative group studies conducted over the past 20 to
30 years have sought to determine the optimal
anthracycline dose and agent during induction therapy,
the benefit of cytarabine intensification during induction
therapy, the ideal duration of postremission therapy, the
effects of new agents, and the value of MR D monitoring.
Although most therapeutic interventions were determined
to be safe, nearly all randomized clinical trials
demonstrated similar results between treatment arms. For
example, 521 children with AML were randomly assigned
to receive liposomal daunorubicin (80 mg/m?/day for
3 days) or idarubicin (12 mg/m?/day for 3 days) in
combination with cytarabine and etoposide during
induction therapy on the AML-BFM 2004 trial.?
Although the results were outstanding, there were no
differences in survival between patients treated with
liposomal daunorubicin (76%) compared to those treated
with idarubicin (75%). The COG AAMLO0531 trial
investigated the effects of two doses of gemtuzumab
ozogamicin added to a standard chemotherapy backbone.?
As in the BFM study, excellent treatment outcomes were
observed, but there were no significant differences in
survival between treatment arms (69% for patients who
received gemtuzumab versus 65% for those who did not).
Other large randomized trials that produced similar
treatment results between study arms include the MRC
AMLI12* and the St. Jude AMLO025 trials. In the MRC
trial, mitoxantrone was not associated with an
improvement in survival compared to daunorubicin, and
in the St. Jude trial, low-dose and high-dose cytarabine
induction regimens produced similar results. Together,
these and other recent trials highlight the limitations of
randomized studies of non-specific agents performed in
a heterogeneous disease with small patient subgroups. As
recently discussed, further progress in the treatment of
childhood AML will require international collaboration.'

Genetic heterogeneity of AML
AML is an incredibly heterogeneous disease that is
characterized by genetic alterations that can be grouped
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into at least eight functional categories.® Some lesions
have prognostic significance, whereas others provide
therapeutic targets.”” Genetic alterations that are
associated with a favorable outcome include t(8;21)
(q22;922), inv(16)(pl13.1;q22), and t(16;16)(p13.1;q22).
However, a recent international collaborative study
revealed that there is heterogeneity even among patients
with t(8;21): those with del(9q) or +4 may have a worse
outcome than other patients with t(8;21).'° Abnormalities
that are associated with a high risk of relapse in childhood
AML include monosomy 7 and internal tandem
duplications of the FLT3 gene, as well as less common
alteration such as NUP98-NSDI, DEK-NUP214, KAT6A-
CREBBP, and RUNXI-CBFA2T3. Among patients with
rearrangements of the MLL gene, those with t(6;11)
(927;923), t(10;11)(p12;923) and t(10;11)(p11.2;g23) have
high rates of relapse, whereas those with t(1;11)(q21;923)
have an excellent outcome.!

Minimal residual disease

Perhaps the best predictor of outcome in patients with
AML is response to therapy, which reflects features
specific to the leukemia (e. g., genetic alterations),
characteristics of the patient (e. g., pharmacogenomics),
and the intensity and components of therapy. However,
morphologic examination of the bone marrow lacks the
sensitivity and specificity required to accurately assess
response. Modern methods to measure MRD rely on
leukemia-specific features that distinguish residual
leukemia cells from normal hematopoietic precursors, and
include flow cytometric detection of aberrant
immunophenotypes,> > RNA-based PCR analysis of
leukemia-specific transcripts,” and genomic assessment
of mutation clearance.' In the St. Jude AMLO02 trial,’ the
presence of MRD as measured by flow cytometry after
one course of induction was associated with a 3-year
cumulative incidence of relapse of 39%, compared to only
17% for without detectable MRD. The relapse rate was
particularly high for patients with MRD > 1% after one
course of therapy and for those with any detectable MRD
(> 0.1%) after two courses of therapy. Similar results were
recently reported by investigators from the Nordic Society
of Paediatric Haemato-Oncology (NOPHO) study
group.'? Patients who were MR D negative after one course
of therapy had event-free and overall survival rates of 65%
and 77%, compared to only 22% and 51% for those who
were MRD positive. Patients who remained MR D positive
at the start of consolidation therapy fared extremely
poorly, with event-free and overall survival rates only 11%
and 28%. In a multivariable analysis, MRD at the start of
consolidation therapy was the strongest predictor of
survival. In a study of 346 adult patients with NPMI-
mutated AML, response to therapy was measured by
quantitative RT-PCR analysis of NPMI-mutated
transcripts. 13 Persistence of transcripts in blood after the
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second cycle of chemotherapy was associated with a high
risk of relapse (82%, compared to 30% for patients with no
detectable transcripts) and was the only independent
prognostic factor for survival. Although technically more
challenging, a recent report suggests that detection of
leukemia-specific mutations by deep sequencing may
provide a sensitive and widely applicable method of MRD
detection that also produces important information about
the clonal structure of each patient’s leukemia.'* In this
study, the detection of persistent leukemia-associated
mutations in at least 5% of bone marrow cells in remission
samples obtained at day 30 was associated with a
significantly increased risk of relapse.” Although
performed in adults with AML, it is likely that this method
will be applicable to pediatric AML cases as well.

Conclusion

The topics of hematopoietic stem cell transplantation
and the development of new agents are beyond the scope of
this article, but the reader is referred to several recently
published reviews.”~'7 Promising therapeutic approaches
include the use of epigenetic modifiers, targeted kinase
inhibitors, immunotherapy, Bcl-2 inhibitors, and selective
inhibitors of nuclear export. As these modalities are being
developed, we must strive to provide the best care possible
using agents that are currently available. Key components
of optimal therapy include a full molecular diagnostic
evaluation to identify patients who are at high risk of
relapse, the close monitoring of response to therapy as
assessed by MRD, rigorous supportive care, and the
selective use of hematopoietic stem cell transplantation.
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Ocmpbiit muenoudnwiii neiikos (OMJI) — smo komnaekcHoe 3ab0iesanue, KOMopoe XapaKmepuszyemces WUpoKUM CNeKmpoM 2eHeMUYeCKUux
u snueenemuyeckux anomaaui. lemepocennocms noomunoe OMJI nodpazymesaem, umo yayuuienue KAUHUHECKUX UCX00068 mpebyem
paspabomru memoooe mepanuu, Komopwvie 6yoym cneyuduuHsIMuU 015 Kanco02o NOOMUNa, u cO30aHUs HO8bIX KAUHUYECKUX UCCACO08aHULL
01151 nodmeepoicoenus ux uenecooopasnocmu. B dannom 0630pe kpamko npedcmasnervt NocAeOHUe KAUHUYECKUE UCCAeO08AHUS, 2CHEMUYECK0e
pazrnoobpazue OMJI u moHumopure MUHUMAALHOL OCIAMO4HOU O0AE3HU.

Karoueevie caosa: ocmpbiii muenouonwlil 1eliko3, demi, AeueHue, MUHUMAAbHAS OCMAMO4HAs 001e3Hb

Benenne

VYayudlieHue pe3yabTaToB JeUeHUsI IeTeil C OCTPhIM
MUEIOUIHBIM Jieiiko3oMm (OMJI) oOycoBAEHO ONTUMU-
3alMel IO AepXKMBAIOIIEH Tepanuu, yTOYHEHMEM KJlac-
cu(puKauum 1o TpynnaM pucka, OCHOBaHHOI Ha GoJiee
INIyOOKOM MOHMMaHUM OMOJIOTUM U TeHETUKHM, a TaKXkKe
MOHUTOPUHTOM MUWHUMAJbHOM OCTAaTOYHON OOJE3HU
(MODB) B uenaX OLIEHKM OTBeTa Ha JeueHue. B maHHOM
0030pe pacCMOTPEHBI Pe3yAbTaThl MOCACTHUX KIMHUYC-
CKMX UCCJIeIOBaHUI, TeHEeTUYecKoe pa3Hooopasue OMJI,
a Takxxe MoHUTOpuHT MOB.

PesynbsraTsl nocjieJHUX KIMHMYECKHX HCCIIeI0BAHMI

g nmamenToB ¢ OMJI, KoTophie MOJIydatoT JIeYeHNe
B paMKaX COBPEMEHHBIX KIIMHUYECKUX UCCIICIOBAHMIA, 110~
KazaTeJIv JOCTUKEHUsI ITOJIHOTO OTBETa Ha TepaIluio U 00-
LIeil BBDKMBAGMOCTH B HACTOSIIEE BPEMSI IIPEBBIIIAIOT
90 % u 60 % cootBeTcTBeHHO [1]. B ccnenoBaHusIX KOO-
MepaTUBHBIX I'PYIII, IIPOBEACHHBIX B TCYCHUE TTOCICTHUX
20—30 neT, yuyeHble ¥ KIMHULIMCTHI TBITANCh ONPEISTUTh
OINTUMAJIbHYIO 103y aHTPALMKJIMHOB M IIpErapaToB s
MHIYKIIMOHHOM Teparuu, pojib IuTapabuHa B €¢ MHTCH-
cudUKalK, ONTUMAJIbHYIO ITPOAOKUTEIBHOCTD ITOCTPE-

*Opueunanvhoiii 0030p. Ilodeomoenen no dannvim dokaada, npedcmasnennoeo na Konepecce SIOP Asia — 2016. O630p nybaukyemcs énepevie 6 Hauiem

acyprane. Cmuab u opopmaeHue anenoa3viuHoll 6epcuu Cmamovl COXPaHeHbl.
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