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Introduction

* clonal expansion and arrest at a specific stage of myeloid or lymphoid
hematopoiesis.

* They constitute 97% of all childhood leukemias and consist of the following types:

* Acute lymphoblastic leukemia (ALL)—80%:
e of which 85% are B-ALL

e 15% are T-ALL

* (AML), also known as acute nonlymphocytic leukemia—15%
e Acute leukemias of ambiguous lineage—<2%
e Chronic myeloid leukemias constitute 3%

* Philadelphia chromosome-positive (Ph+) myeloid leukemia

* Juvenile myelomonocytic leukemia



Clinical presenting features in acute Percentage of patients

lymphoblastic leukemia

Symptoms and physical findings

fever 61
Bleeding (e.g., petechiae or purpura) 48
Bone pain 23
Lymphadenopathy 50
Splenomegaly 63

Hepatosplenomegaly 68



laboratory presenting features in acute lymphoblastic leukemia

Leukocyte count (mm 3)
<10000

10000-49000

>50000

Hemoglobin (g/dL)

<7

7-11

>11

Platelet count (mm 3)
<20000

20000-99000

>100000

Lymphoblast Morphology
L1

L2

L3

Percentage of patients

53
30
17

43
45
12

28
47
25

84
15
1



Diagnosis

* Laboratory studies
* CBC
* PBS
* Bone Marrow
* Immunophenotyping by Flow cytometry
* Cytogenetics—karyotype and molecular studies
* Blood chemistry

* Cerebrospinal fluid (CSF)



Diagnosis and biological characterization of ALL

Cytomorphology (from
native material without
additives (e.qg. EDTA))

Bone marrow:

O

Myelogram

Peripheral blood:

O
O

CSF:

O
O

Complete blood count
Differential hemogram

Cell count (counting chamber)
Cytospin preparation

Flow Cytometry

Bone marrow (and/or peripheral blood):

O
O
O

Immunophenotyping
DNA index (optional)
|dentification of suitable FCM-MRD targets

Molecular genetics and
cytogenetics

Bone marrow (and/or peripheral blood):

O
O

|[dentification of suitable PCR-MRD targets
Comprehensive genetic characterization of
the leukemia (see Table 4)



Immunophenotypic classification

B-ALL - ALL

e CD19S o cCh3*
e CD1O e CD5S
e CD20 (less e CD7
common in e CD1a
children) e CD2
e cCD/79a e CDS
e ETP: CDl1a ,

CDS8 , CD57/dim |
+ myeloid/stem
cell markers



Diagnosis
Day 3
Day 15

Day 33

Risk groups

ALL I1C-BFM 2002 : CLASSIFICATION

Age 1-5y and Age <1 or >=6y t(9;22), t(4;11), or
WBC <20,000 and or WBC >=20,000 blasts d8 >=1,000
blasts d8<1,000 and blasts d8 <1,000
y | |
M1/2 | M3 M1/2 | M3 M1/2/3

N |

M1 | M2/3 M1 | M2/3 M1/2/3

T

SR
(VHR : Allo - SCT)



Representative medications used in the treatment of patients with acute lymphoblastic
leukemia and the year of US Food and Drug Administration approval

Drugs Year Approved in the US *
Conventional chemotherapy

Mercaptopurine 1953
Methotrexate 1953
Prednisone 1955
Dexamethasone 1958
Cyclophosphamide 1959
Vincristine 1963
Thioguanine 1966
Cytarabine 1969
Doxorubicin 1974
L-Asparaginase 1978
Daunorubicin 1979

New formulations or agents

Pegaspargase 1994
Nelarabine 2005

Erwinase 2011

Vincristine sulfate liposome injection 2012

Calaspargase 2018




ALL IC-BFM 2009 CLASSIFICATION

Age 1-5y and Age<1 or>=6y —
Diagnosis | WBC<20,000 or WBC>=20,000 E:'g_sztz dz >t 41_$?O or
Day 8 And blasts d8<1,000 | | And blasts d8<1,000 H(ipb di‘))’lgird)f g 4){ or

M1/M2/M3

BM Day 15 | M1/M2| | M3 M1/M2 M3 \

<0.1% All others 0 0
Day 15 BM g >10 % All others >10 % All of them

FCM-MRD " \\\\

Day 33 M1| M2/M3 M1 | M2/M3 M1/ M2/M3

Risk groups |S—R‘ W HR




Prognostic factors

Age (years) 1-9
WBC (1079/L) 50
Immunophenotype B-precursor cell
Sex girl
Genetics Hyperdiploidy >50

chromosomes or DNA index >1.16
Trisomies 4 and 10
t(12;21)/ ETV6—RUNX1

CNS status Absent

MRD B cell ALL—end of induction
day 29 MRD<0.01%

<1 or>10
50
T-cell
boy

Hypodiploid <44
chromosomes or DNA index <0.81
MLL rearrangement
t(9;22)/ BCR-ABL1
Ph-like/BCR—ABL-like
iIAMP21

Present

B cell—end of induction day
29 MRD>0.01%
T cell—positive MRD at end
consolidation >0.1%



Levels of detection of minimal residual disease in leukemia

Lowest levels of detection

(Number of leukemic cells per number of normal

bone marrow cells)

Morphology 5/100
Conventional cytogenetics 2/100
Fluorescent in situ hybridization (FISH) 1/1000
Multicolor flow cytometry 1/10000
Polymerase chain reaction (PCR) 1/100000

Next-generation sequencing 1/1000000



Cytogenetics and molecular genetics of ALL

* The cytogenetic and molecular abnormalities observed in leukemia have
* biologic and prognostic significance,
e with implications in treatment stratification
* Up to 75% of childhood ALL cases have evidence of chromosomal gains/losses

and/or translocations



Distribution of genetic subtypes

HOXA Other T-ALL

TLX3 .
TLx1 2.8% 237 - ETV6/RUNX1
LmMo2iyL1 15e] I | 21.4%
1.2% \ -l =T
TAL1 po
5.8%\/_,..»"""

Other B-ALL
9.7%

TCF3/HLF
0.3%

2.5%
BCR/ABL1 Intermediate High

2.2% lSk hyperdiploid

ETV6/RUNX1-like 25.8%
1.5%
Hypodiploid ZNF384r prsa,t
1.0% 1.2%
=7 iAMP21 : Lt
0.8% PAXS P8OR TCF3/PBX1 NUTM11‘ 3.39%

0.3% 2.8% 0.5%



WHO classification of ALL

B-lymphoblastic leukemia/lymphoma

B-lymphoblastic leukemia/lymphoma, NOS

B-lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities
B-lymphoblastic leukemia/lymphoma with t(9;22)(q34;911.2); BCR-ABL 1
B-lymphoblastic leukemia/lymphoma with t(v;11923); MLL rearranged

B-lymphoblastic leukemia/lymphoma with t1(12;21)(p13;922) TEL-AML1 ( ETV6—
RUNXT )

B-lymphoblastic leukemia/lymphoma with hyperdiploidy

B-lymphoblastic leukemia/lymphoma with hypodiploidy

B-lymphoblastic leukemia/lymphoma with t(5;14)(q31;932) IL3-IGH
B-lymphoblastic leukemia/lymphoma with 1(1;19)(q23;p13.3); TCF3—-PBX1
B-Lymphoblastic leukemia/lymphoma, BCR—-ABL1 like

B-Lymphoblastic leukemia/lymphoma with IAMP21

T-lymphoblastic leukemia/lymphoma



Summary of risk group definitions
pB-ALL (or unknown immunophenotype)
e early High Risk (early HR)
* no complete remission on day 33 or
* positivity for KMT2A-AFF1 (MLL-AF4) [t(4;11)] or
* positivity for TCF3-HLF (E2A-HLF) [t(1;19)] or

hypodiploidy or

FCM-MRD in BM on day 15 > 10% and not ETV6-RUNX1 (TEL-AML1) [t(12;21) positive or

IKZF1plus and PCR-MRD at TP1 positive or inconclusive and not positive for ETV6-RUNX1,
TCF3-PBX1 or KMT2A rearrangement other than KMT2A-AFF1 or

* PCR-MRD at TP1 = 5x10* or

e age <1 year and any KMT2A (MLL) rearrangement



Summary of risk group definitions

pB-ALL (or unknown immunophenotype)
* High Risk (HR)
* no complete remission on day 33 or
 positivity for KMT2A-AFF1 (MLL-AF4) or
 positivity for TCF3-HLF (E2A-HLF)8 or
* hypodiploidy or
* FCM-MRD in BM on day 15 > 10% and not ETV6-RUNX1 (TEL-AML1) positive or

e IKZF1plus and PCR-MRD at TP1 positive or inconclusive9 and not positive for ETV6-RUNX1, TCF3-
PBX1 or KMT2A rearrangement other than KMT2A-AFF1 or

 PCR-MRD at TP1 > 5x10-4 and positive < 5x10-4 at TP2 (PCR-MRD SER) or
* PCR-MRD at TP2 > 5x10-4 or

e age <1 vyear and any KMT2A (MLL) rearrangement



Summary of risk group definitions
pB-ALL (or unknown immunophenotype)

e Standard Risk (SR)

* no HR criteria and

 PCR-MRD at TP1 negative for all investigated markers with at least one marker with a

guantitative range of < 10-4 or

* inconclusive PCR-MRD result9 at TP1 and PCR-MRD not positive at TP2 and FCM-MRD in
BM onday 15<0.1%

 Medium Risk (MR)
* no HR criteria and

* no SR criteria



T-ALL

* early Standard Risk (early SR)
e complete remission on day 33 and
e FCM-MRD in BM on day 15 <10% and
* Prednisone Good-Response and

 PCR-MRD at TP1 negative for all investigated markers with at least one marker with a
guantitative range of < 10-4 or

* inconclusive PCR-MRD result10 at TP1 and FCM-MRD in BM on day 15<0.1%
* High Risk (HR)

* No complete remission on day 33 or

e FCM-MRD in BM on day 15 > 10% or

* Prednisone Poor-Response or
* PCR-MRD at TP2 > 5x10-4

- non-High Risk (non-HR)
* No HR criteria



Table 2. Genetic subtypes and treatment approach.

Category Characteristics Therapeutic Approach
B-lymphoblastic leukemia
Low-risk genetics
ETV6/RUNXI Excellent prognosis Reduction of intensity, MRD based
Hyperdiploidy Excellent prognosis Reduction of intensity, MRD based

DUX4-rearranged

Most have focal ERG deletions and
favorable outcome despite

[IKZFT alterations

Standard dose intensity, MRD based

Intermediate-risk genetics

TCF3/PBX1

Higher incidence in African Americans,
cytoplasmic p-chain

Standard dose intensity, MRD based,
intensive intrathecal therapy

PAXb5alt

PAX) tusions, mutation, or amplifications

Standard dose intensity, MRD based

PAX5 p.Pro80Arg

Frequent signaling pathway alterations

Standard dose intensity, MRD based,
JAK inhibitors

ZNF384-rearranged

Peak age and prognosis vary by fusion
partner, expression of myeloid markers

Standard dose intensity, MRD based




Table 2. Cont.

Category Characteristics Therapeutic Approach
B-lymphoblastic leukemia
Additional copies of chromosome 21,
1IAMP21 worse outcome with Intensification of therapy

low-intensity therapy

NUTMI1-rearranged *

Rare; more common in infants,
excellent prognosis

Standard dose intensity, MRD based

High-risk genetics

Near-haploid

24-31 chromosomes, Ras-activating
mutations, inactivation ot IKZF3

Intensification of therapy, MRD based,
BCL-2 inhibitors

Low-hypodiploid

32—-39 chromosomes, T P53 mutations
(somatic and germline)

Intensification of therapy, MRD based,
BCL-2 inhibitors

BCR/ABLI1

Prognosis improved with ABL1
inhibitors, common deletions of IKZF1

ABL1 inhibitors, BCL-2 inhibitors

BCR/ABLI1-like; JAK-STAT
activating mutation

CRLF2 rearranged (IGH-CRLEF2,
P2RYS8-CRLF2), JAK1/2, EPOR, IL7R,
SH2B3 mutation

JAK inhibitors, BCL-2 inhibitors

BCR/ABL1-like; ABIL1-class

Kinase-activating lesions, potentially
amenable to kinase inhibition

ABL1 inhibitors, BCL-2 inhibitors

KMT2A (MLL)-rearranged

Common in infant ALL, few
cooperating mutations

DOTI1L inhibitors, menin inhibitors,

proteasome inhibitors, histone deacetylase

inhibitors, BCL-2 inhibitors

MEF2?2D-rearranged

Mature B cell leukemia morphology,
cytoplasmic p-chain

Histone deacetylase inhibitors,
proteasome inhibitors

TCF3-HLF

Rare; dismal prognosis

BCL-2 inhibitors

ETV6/RUNX1-like *

Similar gene expression profile to
ETV6-RUNX1 but lacks fusion

Intensification of therapy, MRD based



T-lymphoblastic leukemia

Deregulation of TALI, TAL2, LYLI, LMO],
Non-early T-cell precursor LIMO?2, TLX1 (HOX11), TLX3 (HOXTIL2),
and HOXA; NOTCHI activating mutation

otandard dose intensity, MRD based,
nelarabine, BCL-2 inhibitors

Approximately 25% of patients Standard dose intensity, MRD based,

JAK-IAT activating mufation with T-ALL nelarabine, JAK inhibitors, BCL-2 inhibitors

Fusion with BCR and NUP214,
ABLI tusions (e.g., NUP214-ABLI) potentially amenable to tyrosine
kinase inhibition

Standard dose intensity, MRD based, ABL1
hibitors, nelarabine, BCL-2 inhibitors

Mutations in transcriptional regulators,
Early T-cell precursor ALL JAK-S5TAT and Ras signaling, and
epigenetic modifiers

Standard dose intensity, MRD based, JAK
mhibitors, BCL-2 inhibitors




Representative medications used in the treatment of patients with acute lymphoblastic leukemia
and the year of US Food and Drug Administration approval

Molecular targeted therapy
ABI1 inhibitors

Imatinib 2001
IDasatinib 2006
Nilotinib 2007
Ponatinib 2012

JAK innlhiibitor
Ruxolitinib 2011

BCIL -2 and BCIL-Xy irnnhibitors
Venotoclax 2016
Navitoclax N
Proteasornte inhibitors
Bortezomib 2003
Carfilzomib 2012
Ixazomib 2015
mT OR inhibitors
Sirolimus 1999
Temsirolimus 2007
Everolimus 2009
DNA methyltransferase inhibitors
Aozacitidine 2004
Decitabine 2006
Histone deacetylase inhibitors
Vorinostat 2006
Panobinostat 2015
Bromodormntain inhibitor
JO1 INA
DOT1 irnhibitor

Pinometostat INA

Merrinn innhibitor
SINDX-5613 NA




Algorithm of basic genetic diagnostics

pos

- Not eligible for
d6 BCR-ABL1 “~ AIEOP-BFM ALL 2017
ETV6-RUNX1
KMT2A-AFF1 J*
Hypodiploidy “1
TCF3-HLF
Other KMT2A rearrangement Jd*
E2A-HLF “1
T—AIL preaB-ALL
V%
A IKZF 1plus:
* Deletions of IKZF1, PAXS,
CDKNZ2A/B, PAR1, ERG
TP1d33 ~ MRD pos MRD neg
v A
Gene fusions with: CRLF2, *
PDGFRB, ABL1, ABL2, JAK2
t/mut, EPOR, CSF1R, IGH,
TP2 d78/92 ETV6, NTRK3
. ) R
*No further essential genetic -

diagnostics required




yes

TCF3-HLF pos? early HR*

yes yes

Age < 1 year? early HR

noCR d33,
hypodiploidy or
MT2A-AFF12

yes

early HR




no

yes
ETV6-RUNX1 pos?
no
FCM-MRD d15 yes
=710% blasts?
no
yes
TCF3-PBX1 pos?
no
yes

other MILL
rearrangement?

no

MRD TP1 neg
with sufficient QR?

no

ves

early HR

early

Y

non-HR

yes
IKZF1-plus pos?
no
MRD TP1 yes
> 5x104?
no

early

Y

non-HR




Table 1 AlloHSCT indications according to study AIEOP-BFM ALL 2017 for all patients except for
infants <1 year of age with pB-ALL and evidence of KMT2A rearrangement. The table
includes HR as well as non-HR patients.

PCR-MRD results
MRD-HR
| e | woree [ e
TP2 <5x104 | 29x104 | "o o 103
<5x10-3

TCF3-HLF MMD MMD MMD MMD MMD
— | noCRd33 no® MDb MMD MMD MMD
% KMT2A-AFF1 no MD MD MMD MD
E hypodiploidy < 44 chr. or DNA index < 0.82 no MD MD MMD MD
';% IKZF1rlus and FCM-MRD d15 2 10% no MD MD MMD MD
S | IKZF1#is and FCM-MRD d15 < 10% o o MD MMD MD

T-ALL + PPR a/o FCM-MRD d15 2 10% no no MD MMD MD

none of the above features no no MD MMD no




Immunotherapy in acute lymphoblastic leukemia
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Representative medications used in the treatment of patients with acute lymphoblastic
leukemia and the year of US Food and Drug Administration approval
Drugs Year Approved in the US *

Immunotherapy

Unconjugated antibodies

Rituximab (CD20) 1997
Otfatumumab (CD20) 2009
Epratuzumab (CD22) NA
Daratumumab (CD38) 2015
Alemtuzumab (CD52) 2001

Bispecific antibody
Blinatumomab (CD19) 2014

Chimeric antigen receptor (CAR) T cells
Tisagenlecleucel (CD19) 2017

Antibody—drug conjugate
[Inotuzumab ozogamicin (CD22) 2017



Overall survival of pediatric patients with acute lymphoblastic
leukemia treated in the St. Jude Total Therapy studies
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