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AML is a genetically heterogeneous disease.
Relapse and survival after treatment are defined by the tumour genetics
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Discrete classes of mutations in the pathogenesis of AML

1. Signaling activation
. Transcription factor loss
3. Epigenetic regulators

1. Chromatin

2. DNA methylation

N

4. Nucleophosmin localization
5. Splicing
6. Cohesin and chromosome

segregation
/. Tumour suppressors

Dohner et al, NEJM 2015




A complex classification of a complex disease

Myeloid neoplasms with germ line predisposition

Acute myeloid leukemia (AML) and related neoplasms

AML with recurrent genetic abnormalities

AML with t(8;21)(q22;922.1);RUNXI-RUNXIT1

AML with inv(16)(p12.1922) or t(16;16)(p13.1;922);CBFB-MYH1 1
APL with PML-RARA

AML with t(9;11)(p21.3;923.3);MLLT3-KMT2A

AML with t(5;9)(p23;934.1);DEK-NUP214

AML with inv(3)(g21.3926.2) or t(3;3)(g21.3;926.2); GATAZ, MECOM
AML (megakaryoblastic) with £{1;22)(p13.3;q13.3);RBM15-MKLI
AML with mutated NPMI

AML with biallelic mutations of CEBPA

AML with myelodysplasia-related changes

Therapy-related myeloid neoplasms

AML, NOS

AML with minimal differentiation

AML without maturation

AML with maturation

Acute myelomonocytic leukemia

Acute monoblastic/monocytic leukemia
Pure erythroid leukemia

Acute megakaryoblastic leukemia
Acute basophilic leukemia

Acute panmyelosis with myelofibrosis

Myeloid sarcoma

Myeloid proliferations related to Down syndrome

Transient abnormal myelopoiesis (TAM)

Myeloid leukemia associated with Down syndrome

WHO classification of AML — from Uptodate.com




The European Leukemia Net categorisation is used to predict prognosis and guide

treatment in AML

Table 5. 2017 ELN risk stratification by genetics

Risk category*

Genetic abnormality

Favorable

Intermediate

Adverse

1(8;21)(q22;922.1); RUNXT1-RUNX1T1

inv(16)(p13.1922) or t(16;16)(p13.1;q22); CBFB-MYH11

Mutated NPM1 without FLT3-ITD or with FLT3-ITD""t

Biallelic mutated CEBPA

Mutated NPM1 and FLT3-ITD""t

Wild-type NPM1 without FLT3-ITD or with FLT3-ITD'*"+ (without
adverse-risk genetic lesions)

1(9;11)(p21.3;923.3); MLLT3-KMT2A%

Cytogenetic abnormalities not classified as favorable or adverse

t(6;9)(p23;934.1); DEK-NUP214

t(v;11923.3); KMTZ2A rearranged

1(9;22)(q34.1;q11.2); BCR-ABL1

inv(3)(921.3926.2) or 1(3;3)(921.3;926.2); GATA2, MECOM(EVI1)

—5 or del(5q); —7; —17/abn(17p)

Complex karyotype,§ monosomal karyotypell

Wild-type NPM1 and FLT3-ITD"9"t

Mutated RUNX1q
Mutated ASXL19
Mutated TP53#

Do not transplant in CR1

Consider allo transplant in CR1

Consider allo transplant in CR1

Dohner H, Estey E, Grimwade D, et al. Diagnosis and management of AML in adults: 2017 ELN
recommendations from an international expert panel. Blood. 2016:blood-2016-08-733196.



Factors to consider in the selection of patients for Allo HSCT

Disease — risk, stage
Age
Comorbidity index
Psychosocial and compliance
Donor — sibling, matched unrelated, HLA mismatched, Haplo, Cord
Conditioning regimens

Availability of other treatments



A meta-analysis of survival post Allo HSCT in AML

Figure 3. Overall Survival Benefit of Allogeneic SCT for AML in First Complete Remission

No. of Patients

Favors  Favors

Source Donor Group ~ No-Donor Group ~ No. of Trials HR (95% ClI) Donor Group  No-Donor Group
Schiller et al, ' 1992 28 54 1.91 (0.95-3.84) e
Archimbaud et al,'? 1994 27 31 1.04 (0.52-2.11) 4:#'7
Hewlett et al, '3 1995 53 110 0.98 (0.65-1.49) 4:!*
Sierra et al, 14 1996 47 68 1,60 (0.96-2.65) L —
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— R
1.0

Death, HR (95% ClI)

Black rectangles indicate summary effects estimates (hazard ratios [HRs]) for individual study reports. Sizes of data markers are proportional to the study weights. Error
bars indicate 95% confidence intervals (Cls). AML indicates acute myeloid leukemia.

2358 JAMA, June 10, 2009—Vol 301, No. 22 (Reprinted)

©2009 American Medical Association. All rights reserved.

KORETH, et al. JAMA 2009



Favourable risk AML (NPM1™UtFLT3ITD"9) does not benefit from Allo SCT in CR1
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GVHD is the major toxicity after Allo HSCT, and is linked to GVL effect
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Who is being transplanted in Australia/ globally?
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Disease stage: Outcomes of transplantation beyond CR1 are poor

— Overall survival

Survival
(probability)

Leukemia-free survival

8

Estimated % surviving
F
Q

Time Since HSCT2 (years)

20

Fig 1. Probabilities of overall survival and leukemia-free survival for the entire
cohort (N = 179) were 31% = 4% and 26% = 4%, respectively, at 1 year and
25% * 4% and 21% = 3%, respectively, at 2 years from second hematopoietic

stem-cell transplantation (HSCT2).
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Grigg et al, Br ] Haematol 1999

Christopeit, et al. JCO 2013



Patient: Who is fit for Allogeneic transplantation?

Table 1. Selection of patients for transplantation

Enhanced access to Allo-HSCT with non-myeloablative conditioning

Good-risk candidates
Young age
No comorbid conditions
No active infections
Lymphohematopoietic disease in remission or responsive to therapy
Good socioeconomic support system
HLA-matched donor
Low risk of posttransplantation relapse
High-risk candidates
Older age
Comorbid conditions present
Refractory/relapsed disease (diagnosis-dependent)
Aggressive prior therapy
High-risk/complex karyotype

Dose intensity of selected conditioning regimens used for
allogeneic hematopoietic cell transplantation

Increasing requirement of GVT effect

<

BU + CY + TBI*
BU + TBI*
CY + TBI*
FLU + AraC
BU + CY (+ATG)
BU + melphalan
CY + BU
1317 + FLU +Thi*
FLU + melphalan
FLU + treosulfan
FLU + BU (low doss)
Thi* + FLU

Intensity

A

Toxicity

Deeg et al. Blood 2010



Patient: HCT Comorbidity index

Comorbidity

Mild pulmonary

Moderate pulmonary

Severe pulmonary

Cardiac

Mild hepatic

Moderate-severe
hepatic

Mild renal

Moderate-severe
renal

Prior solid tumor

HCT-CI
Dyspnea on moderate activity or DLco and/or FEV, 81%-90%

Dyspnea on slight activity or DLco and/or FEV, 66%-80%

Dyspnea at rest or requires oxygen or DLco and/or FEV, < 65%

Includes coronary artery disease,* congestive heart failure, myocardial infarction, or
ejection fraction < 50%: one or more acquiring a score of 1

Chronic hepatitis, bilirubin > ULN to 1.5 x ULN, or AST/ALT > ULN to 2.5 x ULN

Cirrhosis, fibrosis, bilirubin > 1.5 x ULN, or AST/ALT > 2.5 x ULN
Creatinine 1.2-2 mg/dL

Creatinine > 2 mg/dL, renal dialysis, or renal transplant

Treated at any time point in the patient's past history, excluding nonmelanoma skin
cancer
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1895304/table/tbl1/?report=objectonly#tblfn1

Choice of conditioning regimen
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Myeloablative Versus Reduced-Intensity Hematopoietic Cell
Transplantation for Acute Myeloid Leukemia and

Myelodysplastic Syndromes

Bart L. Scott, Marcelo C. Pasquini, Brent R. Logan, Juan Wu, Steven M. Devine, David L. Porter, Richard T.
Macziarz, Erica D. Warlick, Hugo F. Fernandez, Edwin P. Alyea, Mehdi Hamadani, Asad Bashey, Sergio Giralt,
Nancy L. Geller, Eric Leifer, Jennifer Le-Rademacher, Adam M. Mendizabal, Mary M. Horowitz, H. Joachim Deeg,

and Mitchell E. Horwitz

=== MAC 18-month OS: 76.4% (95% Cl, 67.1% to 83.4%)
RIC 18-month OS: 63.4% (95% Cl, 53.6% to 71.6%)

*

=== MAC 18-month relapse: 15.9% (95% Cl, 9.7% to 23.5%)
RIC 18-month relapse: 51.0% (95% Cl, 41.2% to 60.0%)
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Time Since Random Assignment (months)
105 101 93 88 82 79
104 92 78 74 69 66
101 92 87 81 75 71
80 59 53 52 48 48

1.0 === MAC at month 18: 15.8% (95% Cl, 10.2% to 22.5%)
RIC at month 18: 4.4% (95% Cl, 1.8% to 8.9%)
B
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f:—_x’_r_:_/_lx_/-,‘_’_"
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Time Since Random Assignment (months)
No. at risk
MAC 135 126 117 110 103 96 0
RIC 137 104 78 70 68 63 0

Randomised data
Caveats:

AML and MDS
Mixed regimens

RIC: Flu/Bu2; Flu/Mel;
MAC: Flu/Cy, Flu/Bu4; CyTBI

Scott et al, JCO 2017



Choice of conditioning regimen — RIC has increased relapse in

high risk disease
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Outcome
NRM

Conditioning intensity
RIC vs MAC

Age (per 10 years)

Cytogenetics
Poor vs good

Donor type
UD vs MRD

Disease status at transplant
Active vs CR1

Donor-recipient sex match
Female donor/male recipient

Relapse

Conditioning intensity
RIC vs MAC

Age (per 10 years)

Cytogenetics
Poor vs good

Donor type
UD vs MRD

Disease status at transplant
Active vs CR1

Time from prior ST to t-AML
<45 months vs >45 months

LFS

Conditioning intensity
RIC vs MAC

Age (per 10 years)

Cytogenetics
Poor vs good

Donor type
UD vs MRD

Disease status at transplant
Active vs CR1

Time from prior ST to t-AML
<45 months vs >45 months

os

Conditioning intensity
RIC vs MAC

Age (per 10 years)
Cytogenetics

Poor vs good

Donor type

UD vs MRD

Disease status at transplant
Active vs CR1

Time from prior ST to t-AML
<45 mo vs >45 mo

Hazard ratio (95% Cl)

1.49 (0.94-2.37)
1.00 (0.82-1.21)

1.01 (0.44-2.35)

1.91(1.2-3.05)

1.36 (0.82-2.25)

1.99 (1-3.97)

1.52(1.02-2.26)
0.93(0.79-1.10)

1.87(0.89-3.91)

0.59 (0.42-0.84)

2.59 (1.79-3.75)

0.997 (0.994-1)

1.52 (1.12-2.05)
0.96 (0.84-1.08)

1.46 (0.84-2.53)

0.93(0.71-1.22)

2.08 (1.55-2.80)

0.997 (0.995-1)

1.51(1.09-2.09)
1.01 (0.88-1.15)

1.32(0.74-2.36)

1.03 (0.77-1.38)

1.98 (1.44-2.71)

0.997 (0.995-1)

[
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0.05
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0.39

0.10

0.003

<107°
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0.01
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0.18

0.59
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0.01

0.01
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Caveats:

Selection bias

Non randomized
Recipient comorbidities

Lee et al. Am J Hematol 2019



Integrative analysis to provide recommendations for Allo HSCT in CR1

Table 4 | Recommendations for allogeneic HSCT in patients with AML in their first complete remission based on integrated-risk profiles*

AML risk groupt

AML risk assessments

Risk of relapse following
consolidation approach

Prognostic scores for nonrelapse
mortality that would indicate allogeneic

HSCT as preferred consolidation

Chemotherapy or Allogeneic = EBMT score HCT-ClI Nonrelapse
autologous HSCT (%) HSCT (%) score mortality risk (%)
Good t(8;21) with WBC =20 35-40 15-20 NA (=1) MA (<1) 10-15
Inv(16)/1(16;16)
Mutated CEBPA (double allelic)
Mutated NPM1 (No FLT3-ITD mutation)
Early first complete remission and no MRD
Intermediate T(8;21) with WBC >20 50-55 20-25 <2 <2 <20-25
Cytogenetically normal (or with loss of X and
Y chromosomes), WBC count <100 and early
first complete remission (after first cycle
of chemotherapy)
Poor Otherwise good or intermediate, but no complete 70-80 30-40 =3-4 =3-4 <30
remission after first cycle of chemotherapy
Cytogenetically normal and WBC >100
Cytogenetically abnormal
Very poor Monosomal karyotype =90 40-50 <b <5 <40

Abn3q26
Enhanced Evi-1 EXDI’ESS[GH

Cornelissen et al. Nat. Rev. Clin. Oncol (2012)



Digital resources to help risk stratify patients for Allo SCT
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Digital resources to help risk stratify patients for Allo SCT

Patient summary

Patient:
Driver mutations:

Blood counts:

Treatment:

50yr old female
t(8;21); +8/8g

80 % Bone marrow blasts, 5 % Peripheral blood blasts, 20 1e-9/] White cell count, 500 units/I Lactic Acid Dehydrogenase, 9 g/dI

Hemoglobin, 80 1e-9/I Platelet count

No HSCT

Outcome after diagnosis

o
SN T g Death without
| remission
@ | < o Death without
=} 0. relapse
b O Death after
o | relapse
Z o Alive after
x o o —
3 0.6 — b relapse
©
f < O  Alivein CR1
O o
o Alive in
induction
o~
S =— Overall surviv
= 95% C.I.
o
d T T T Al T T
0 10 20 30 40 50 60
Months from diagnhosis
Outcome 3 years after diagnosis
Death without remission 7%
Death without relapse 8%
Death after relapse 25%
Alive after relapse 9%

Alive in CR1
Alive without CR

51%

Gerstung et al. Nat Genet 2017



Digital resources to help risk stratify patients for Allo SCT

Patient summary

Patient: 50yr old female

Driver mutations: (8;21); +8/8q

80 % Bone marrow blasts, 5 % Peripheral blood blasts, 20 1e-9/I White cell count, 500 units/| Lactic Acid Dehydrogenase, 9 g/dl|

Blood counts:

Hemoglobin, 80 1e-9/I Platelet count

Treatment: HSCT in CR1

Outcome after diagnosis
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O Death after
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o o
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~ |
S — Overall surviv
i - 95% C.I.
o |
. ' 1 : : -
0 10 20 30 40 50 60
Months from diagnosis
Outcome 3 years after diagnosis
Death without remission 8%
Death without relapse 16%
Death after relapse 14%

Alive after relapse 2%
Alive in CR1
Alive without CR 0%

60%

Gerstung et al. Nat Genet 2017



Digital resources to help risk stratify patients for Allo SCT

Patient summary

Patient: 30yr old female
Driver mutations: STAG2, TET2; complex

100 % Bone marrow blasts, 100 % Peripheral blood blasts, 30 1e-9/I White cell count, 1000 units/I Lactic Acid Dehydrogenase, 10

Blood counts:
g/dl Hemoglobin, 45 1e-9/1 Platelet count

Treatment: No HSCT

Outcome after diagnosis
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Alive without CR 0%

Gerstung et al. Nat Genet 2017



Digital resources to help risk stratify patients for Allo SCT

Patient summary

Patient:
Driver mutations:

Blood counts:

Treatment:

30yr old female
STAG2, TET2; complex

100 % Bone marrow blasts, 100 % Peripheral blood blasts, 30 1e-9/| White cell count, 1000 units/| Lactic Acid Dehydrogenase, 10

g/dl Hemoglobin, 45 1e-9/| Platelet count

HSCT in CR1
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o
N\ g Death without
; remission
© o Death without
S relapse
O Death after
{ relapse
2 S5+ Alive after
a 0. o rela
3 pse
©
f < O  Alivein CR1
o o H
\ g Alivein
induction
~ 0.&9\~‘~s—_
S =— Overall surviv
- 95% C.I.
o |
ST | : v : -
0 10 20 30 40 50 60
Months from diagnosis
Outcome 3 years after diagnosis
Death without remission 21%
Death without relapse 21%
Death after relapse 29%
Alive after relapse 2%
Alive in CR1 27%
Alive without CR 0%

Gerstung et al. Nat Genet 2017



Digital resources to help risk stratify patients for Allo SCT

Patient summary

Patient: 68yr old male

Driver mutations: DNMT3A, NPM1, FLT3 (ITD)
80 % Bone marrow blasts, 100 % Peripheral blood blasts, 30 1e-9/1 White cell count, 500 units/| Lactic Acid Dehydrogenase, 10 g/dI

Blood counts:

Hemoglobin, 45 1e-9/I Platelet count

Treatment: No HSCT

Outcome after diagnosis

o
o |
S
> © | \
£ o
@©
Q }
e q 3 0-A4
o o’ v :
~
° \
‘ 0.11
o | :
S : : . : .
0 10 20 30 40 50 60
Months from diaghosis
Outcome 3 years after diagnosis
Death without remission
Death without relapse 16%

Death after relapse

Alive after relapse 1%
Alive in CR1
Alive without CR 0%

10%
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O -
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o Death without
relapse

O Death after
relapse

O Alive after
relapse

O  Alivein CR1

Alive in
induction

= Overall surviv

= 95% C.l.

22%

51%

Gerstung et al. Nat Genet 2017



Digital resources to help risk stratify patients for Allo SCT

Patient summary

Patient: 68yr old male
Driver mutations: DNMT3A, NPM1, FLT3 (ITD)

80 % Bone marrow blasts, 100 % Peripheral blood blasts, 30 1e-9/1 White cell count, 500 units/l Lactic Acid Dehydrogenase, 10 g/dI

Blood counts:
Hemoglobin, 45 1e-9/I Platelet count

Treatment: HSCT in CR1

Outcome after diagnosis

o
— \ : : D : : o b o Death without
i remission
o | g Death without
o relapse
\ O Death after
o | relapse
E‘ S 1 \ g Alive after
3 | relapse
© 13
S o o.}g g O  Alivein CR1
o S ;
‘ g Alivein
i i induction
o .
S : R — Overall surviv
; = 95% C.I.
o
P . : v : v
0 10 20 30 40 50 60
Months from diagnosis
Outcome 3 years after diagnosis
Death without remission 25%
Death without relapse 30%
Death after relapse 24%
Alive after relapse 1%
Alive in CR1 20%
Alive without CR 0%

Gerstung et al. Nat Genet 2017



Outline of transplantation in AML

Introduction to AML and genomics

What are the indications for allogeneic HSC/BM transplantation in AML?

Factors to consider in the selection of patients for Allo HSCT

Ongoing discussion points regarding AlloHSCT in AML
Do we still need to transplant in the age of targeted therapies
Role of NPM1™UtFLT3ITD!*Y in prognosis of AML — should these patients receive AlloSCT
Role of MRD prior to transplantation

Strategies for relapse post transplantation



The role of FLT3 in predicting AML prognosis

Higher WCC

of the internal tandem duplication of genes within the juxtamembrane domain
and point mutations and gene insertions in the second kinase domain. lllustra-

tion by Kenneth Probst.

FLT3'TD FLT3TKD
= L : :
Tandem duplications in the lrlnrgupolfk-f——f—f<\;: Activating mutations in the
juxtamembrane (JM) domain epE B intracellular kinase residues
N - domain S .
This interferes with the normal F/ Conkstlttutlvely open ATP binding
negative regulatory role of JM ~ celme™™ - POC=e
andem — ‘T‘“‘ Juxtamembrane o g
Various length mutations 3- dupicaton + Wi Variable effect on prognosis,
400b fneeiondd L__ﬁ-mnasm negative impact in some series
P | | (CBF AML, MLLPTD)
Strongly linked to adverse momiors ot W Kinase2
. D836 @ M5b, M4 and M3v AML
prognOS|S 1836 ~ C-terminus
4 : o el D835 (89%) and deletions in
Adverse prognosis may be S T 1836 (10%)
mitigated With mutated NPMl A schematic diagram of the FLT3 ptor tyrosine kinase showing the | i

Frequently lost at time of
relapse after chemotherapy
(unstable)

Bacher, Schnittger, Blood 2008
Frohling, Dohner, Blood 2002
Litzow, Blood 2005, Pappamanuel, NEJM 2016



Ratify Study — do we need to transplant in the age of targeted therapy
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Cytarabine + CR* High-Dose Midostaurin
Daunorubicin N Cytarabine N Continuation
+ + Therapy
Midostaurin Midostaurin (12 months)
(4 cycles)
Cytarabine + CR* High-Dose Placebo
Daunorubicin > Cytarabine > Continuation
+ + Therapy
Placebo Placebo (12 months)
(4 cycles)
Remission Remission . A
L| Induction | l{ consolidation [ Continuation
Therapy Therapy Therapy

L

A Median Overall Survival

100 Midostaurin  74.7 mo (95% Cl, 31.5-NR)
90 Placebo 25.6 mo (95% Cl, 18.6-42.9)

g 80 One-sided P=0.009 by stratified log-rank test

= 70+

2

£ 60+

e 50 Midostaurin

c .

= _

= e Placebo

T 304

[

s 20

10
0 T T T T T T T 1
0 12 24 36 48 60 72 84 90
Months

No. at Risk
Midostaurin 360 269 208 181 151 97 37 1
Placebo 357 221 163 147 129 80 30 1

Stone et al, NEJM 2017



Midostaurine + SCT superior to Placebo + SCT

100 Group Median (95% Cl)
MIDO SCT Qutside CR1  14.8 (9.1-31.6)
90 -4 -1% MIDO SCTin CR1 NE (69.8-NE)
L ——  PBO 3CT OQutside CR1 14.4 (10.0-22.7)
o 80 — e PBO SCTin CR1 NE (21.8-NE)
c o e — . + Censor
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= 60_ T T i B —Heflm e e b — o e 4 = —
74]
c 50 —
o
) 40 —
8
o) 30 —
o
20 —
10 —
P=0.07
0 | | | | | |
0 12 36 48 60 72 80
time (months)
number at risk
MIDO SCT Outside CR1- 112 36 5 0
MIDO SCTin CR1- 101 63 21 0
PBO SCT Outside CR1- 115 37 13 0
PBO SCTin CR1- &1 45 12 0

Stone et al, NEJM 2017



AML is a genetically heterogeneous disease.

Relapse and survival after treatment are defined by the tumour genetics

Table 5. 2017 ELN risk stratification by genetics

Risk category*

Genetic abnormality

Favorable

t(8;21)(g22;922.1); RUNXT1-RUNX1T1
inv(16)(n13.1022) or t1(16:16)(n13.1:022): CBFB-MYH11

Mutated NPM1 without FLT3-ITD or with FLT3-ITD""+

Biallelic mutated CFBPA

Intermediate

Mutated NPM1 and FLT3-ITD"9"+
Wild-type NPM1 without FLT3-ITD or with FLT3-ITD'"+ (without
adverse-risk genetic lesions)

Adverse

1(9;11)(p21.3;923.3); MLLT3-KMT2A%
Cytogenetic abnormalities not classified as favorable or adverse
1(6;9)(p23;034.1); DEK-NUP214

t(v;11923.3); KMTZ2A rearranged

t(9;22)(934.1;911.2); BCR-ABL1

inv(3)(921.3926.2) or 1(3;3)(921.3;926.2); GATA2, MECOM(EVI1)
—5 or del(5q); —7; —17/abn(17p)

Complex karyatype § monasomal karyatypell

Wild-type NPM1 and FLT3-ITD"9"t

Mutated RUNXTY
Mutated ASXL19
Mutated TP53#

Dohner H, Estey EH, Amadori S, et al. Diagnosis and management of acute myeloid leukemia in adults:
recommendations from an international expert panel, on behalf of the European LeukemiaNet. Blood.

2010;115(3):453-74.

Dohner H, Estey E, Grimwade D, et al. Diagnosis and management of AML in adults: 2017 ELN
recommendations from an international expert panel. Blood. 2016:blood-2016-08-733196.



Validating the performance of ELN2017

Aim: to evaluate the performance of ELN2017 in predicting AML
prognosis after chemotherapy

Insufficient patient numbers within Australia to answer these highly
relevant genomic questions

~800 Australians are diagnosed with AML each year with heterogeneous
treatment regimens

ALLG AML M12 trial recruited 442 patients over 7 years

Papaemmanuil et al. 2016, NEJM; Cancer Genome Atlas Research Network, 2013, NEJM,;
Farrar et al. 2016, Cancer Research; ALLG Annual Report 2010
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Presentation Notes
Limits power of local data to assess specific genetic subgroups
AMLSG – German Austrian AML study group, clinical trial,  ICE (idarubicin, cytarabine, etoposide) induction +/- ATRA
TCGA – selected ‘biobank’
TARGET – COG trials, induction chemo +/- others but no targeted agents


Large international consortia have published datasets with genetic
information and clinical annotation

Identified datasets totalling 2409 patients with

-
V7
7

£ .'5
5 ’

comprehensive clinical and genomic information #

o u

Jasmin Straube

AMLSG TCGA TARGET

n=1316 n=150 n=943
Age 18-80 Age 21-82 (paediatric) Age 2-29

Papaemmanuil et al. 2016, NEJM; Cancer Genome Atlas Research Network, 2013, NEJM,;
Farrar et al. 2016, Cancer Research; ALLG Annual Report 2010
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ELN2017 is able to identify prognostic groups in AML cohorts
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ELN 2017 and ELN 2010 identified
clinically relevant prognostic groups

Inferior outcomes are seen in TCGA
compared to AMLSG

* median age 59 vs 50 years

For adult cohorts, the favourable
group had inferior outcomes in
ELN2017 compared to ELN2010

e AMLSG 6% reduction
e  TCGA 5% reduction

2017 favourable risk includes
NPM1mUtFLT3™P—L patients

Paediatric AML has relatively
favourable outcome



MULTIVARIATE ANALYSIS CONFIRMS ADVERSE PROGNOSIS
OF FLT3T™P-L IN NPM1MUT AML

NPM1™tFLT3% ys NPM1m“tFLT3T-L - Adverse pPrognosis with
NPM1m™UtFLT3% ys NPM1FLT3™-L - FLT3'™-L in NPM1Mut AML
NPM1mUFLT3% ys NPM1“FLT3% - HR 1.7 (95% CI 1.2-2.3)
Age, decades | =

Other key prognostic
WCC, 10°/L : factors in NPM1MutAML

TP53 mutation -

Age
IDH1 mutation - et
DNMT3A mutation - —— WCC
NRAS mutation - Other mutations: DNMT3A,
IDH1

CEBPA biallelic mutation -

CEBPA monoallelic mutation

Hazard ratio

—— " :
Intermediate cyto NPM1™ FLT3' : NPM1™ FLT3™ —L

—&— NPMI™ FLT3™ -L NPM1™ FLT3™


Presenter
Presentation Notes
HR 2.3 (95% CI 1.6-3.3) in 
NPM1WT vs. NPM1mut
HR 1.9 (95% CI 1.4-2.6)



Age interacts with NPM1™t and FLT3!"P-L to predict survival
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E‘f 75 E‘f 75 -
m m
> >
c c
2 50 @ 501 -
T T
> 25 > 25
o “ o “
, P=.0003 , P=.023

 Dominant effect of age on prognosis in AML
e Absence of a favourable prognostic group in patients >60 yrs
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Presentation Notes
To look at the effect of age, we performed separate analyses for above and below 60 years of age. In the AMLSG <60 year cohorts, we again see the poor prognostic influence of FLT3-ITD low within NPM1 mutant AML, which is now also seen in TCGA. Conversely, in the >60 year cohorts, not only is there no significant difference between these 2 groups, but both groups do poorly highlighting the absence of a favourable prognostic group in older patients.


DNMT3A mutation stratifies survival in NPM1mutFLT3!TD.. AML
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* Comprehensive molecular genotyping will be essential to develop
and apply prognostic algorithms in individuals



Context dependent clinical utility of ELN2017 in AML
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e Context dependent clinical utility of ELN 2017 in adult and paediatric AML

 Age is a dominant clinical risk factor

 There is no favourable risk subgroup in elderly patients with AML

 DNMT3A mutations are potent risk modifying alleles

The impact of age, NPM1™, and FLT3"P allelic ratio in

patients with acute myeloid leukemia

Jasmin Straube, Victoria Y. Ling,! Geoffrey R. Hill,"® and Steven W. Lane'3

'QIMR Berghofer Medical Research Institute, Herston, QLD, Australia; 2School of Medicine, University of Queensland, Brisbane, QLD, Australia; and
*Department of Haematology, Royal Brisbane and Women’s Hospital, Brisbane, QLD, Australia

Straube, et al. Blood 2018




Absence of a favourable outcome in elderly AML
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Figure 3. OS based on cytogenetic stratification system and age. OS of 361

* Only patients eligible for intensive induction chemotherapy

Frohling et al. Blood 2006



Outline of transplantation in AML

Introduction to AML and genomics

What are the indications for allogeneic HSC/BM transplantation in AML?
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Do we still need to transplant in the age of targeted therapies
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Molecular positive post chemotherapy predicts relapse in AML

A Overall Survival B Relapse in All Patients
No. of Patients  No. of Events No. of Patients  No. of Events
MRD-negative 164 40 MRD-negative 164 50
MRD-positive 30 21 MRD-positive 30
P<0.001 P<0.001
100~ 100
MRD-positive 86%
s MRD-negative 73% 75 '
S 50+ @ 50+
g % MRD-negative 34%
" e MRD-positive 24% o 55 promes—
0 T T T T 1 0 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5
Years since Entry Years since Remission
No. at Risk No. at Risk
MRD-negative 164 144 116 77 39 8 MRD-negative 164 120 93 64 33 6
MRD-positive 30 18 10 5 3 2 MRD-positive 30 12 5 4 1 1

Note — this holds true for other AML

MRD positive predicts relapse in CBF AML
Lane, et al. Leuk Lymphoma 2008
Carbacioglu, et al. J Clin Oncol 2010

Ivey, et al. NEJM 2016



The role of MRD prior to Allo HSCT
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NGS based MRD prior to Allo HSCT

1.0

0.4
0.4

] MRD- ] MRD- post 7+3
MRD- converted

MRD+/persistent AML

P-value: 0.058
[ ]

Survival Probability
Survival Probability

0.2
]
0.2
]

MRD+/persistent AML

P-value: 0.02
I

0.0
0.0

I I
0 6 12 18 24 0 6 12 18 24

Months from HCT Months from HCT
No. at risk No. at risk
MRD- 41 32 20 12 9 MRD-post7+3 13 11 8 6 5
MRD+ / 143 30 16 8 6 MRD-converted 28 21 12 6
persistent AML MRD+/persistent 43 30 16 8 6
AML

Specific mutations were more likely to be positive (RUNX1, SF3B1, TP53).
It did not matter how long it took to become MRD negative

Molecular Predictors and Current Management of Minimal Residual Disease (MRD) Following
Induction Chemotherapy for Acute Myeloid Leukemia (AML)

Aaron D Goldberg, Christopher Famulare, Sean M Devlin, Noushin Farnoud, Kamal Menghrajani, Minal Patel, Sheng Cai, Andrew Dunbar,

Zachary D. Epstein-Peterson, Erin McGovern, Jessica Schulman, Jacob L Glass, Justin Taylor, Aaron D Viny, Bartlomiej Getta, Maria E Arcila, Ross L. Levine,

Brian C. Shaffer, Boglarka Gyurkocza, Esperanza B. Papadopoulos, Miguel-Angel Perales, Elli Papaemmanuil, Sergio Giralt, Yanming Zhang, Mikhail Roshal, and
Martin S. Tallman

Blood 2018 132:292; doi: https://doi.org/10.1182/blood-2018-99-112938




The role of MRD prior to Allo HSCT
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Outcomes of Allogeneic Stem Cell Transplantation for AML and MDS Based on Pre-Transplant MRD
Status By Next-Generation Sequencing

Benjamin M Manning, Robyn T Sussman, Safoora Deihimi, Noelle V. Frey, Elizabeth O. Hexner, Alison W. Loren, Selina Luger, James K. Mangan, Mary Ellen Martin,
Shannon R. McCurdy, Jennifer J.D. Morrissette, Alexander E. Perl, Edward A. Stadtmauer, David L. Porter, and Saar 1. Gill

Blood 2018 132:2134; doi: https://doi.org/10.1182/blood-2018-99-117410




Detection of MRD and relapse after chemotherapy — not all MRD is equal
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Immunological mechanism of relapse after Allo-HSCT
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Figure 1. Expression of Immune-Related Genes among Patients with a Relapse of AML.




Down-regulation of HLA-class Il molecules in AML relapsing after AlloHSCT

| 1

UL M l||lll[_[ oy ll il ll L II IIII "l ||||T|||| III|III| III]IIIII IIIIIIIII l|||||l| qlﬂlnlpll‘ ||||n|l| III]IIII‘l l_l'l'|1rll'_l_|'l'|1'll[

Christopher, et al. NEJM 2018



Strategies to treat relapsed AML after allogeneic stem cell transplantation
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FLT3 inhibitors post Allo transplantation?
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Sorafenib promotes graft-versus-leukemia activity in mice
and humans through IL-15 production in FLT3-ITD-
mutant leukemia cells
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FLT3 inhibitors post Allo transplantation — more data are needed

Figure 1: Kaplan-Meier Plot for Relapse-Free Survival at 18 Months After alloHSCT?
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