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Contribution of microarrays In
Acute Myeloid Leukemia diagnostics

Current molecular diagnostics of acute myeloid leukemia (AML)
Cytogenetics
Mutations
Expression markers

Genome-wide molecular approaches and molecular diagnostics
of AML
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AML diagnostics

Morphology

Cytogenetics

Immunophenotyping
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AML survival and cytogenetics
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AML with monosomal karyotype
HOVON

CBF (n=254; 96 deaths)
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Breems et al., 2008
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Heterogeneity AML — molecular aberrations
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Molecular diagnostics FLT3 ITD and NPM1 mutation

RT-PCR FLT3 ITD
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AML survival in FLT3 ITD en NPM1 mutation subgroups
HOVONA4(A), -29, 42(A)
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Most common types of CEBPA mutations in AML
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dHPLC assay to detect CEBPA mutations
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Clinical outcome of AML patients with CEBPA mutations
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Risk-stratification HOVON102

Risk Definition % pts
(n=424)
Good Gl t(8;21), WBC<=20 5.4 %
G2 inv16 7.3 %
G3 MI-, CEBPA+ 5.2 %
G4 MI-, FLT3ITD-/NPM1+, CRe 10.1 %
Intermediate 11 t(8;21), WBC>20 2.8 %
12 CN -X-Y, CRe 15.8 %
Bad Bl CN =X =Y, not CRe 22.9 %
B2 CA, non CBF, MI-, no abn3q, EVI1- 13.0 %
Very Bad VB1 | Non CBF, MI+ or abn3q26 6.4 %
VB2 | Non CBF, abn39g26 1.7 %
VB3 | Non CBF, EVI1+ 9.4 %

Erasmus MC



AML: (cyto)genetic aberrations and prognosis

Good Poor
Cytogenetics
t(8;21) normal -7, -5
inv(16) -Y t(3;3), inv(3)
t(15;17) t(9;11) t(6;9), t(v;11)
complex
Mutations

NPM1 (FLT3 wild type) TET2 FLT3ITD
CEBPA ASXL1 c-KIT (t(8;21)/inv(16))

IDH1 MLL PTD

Overexpression

EVI1
BAALC
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Microarrays and molecular diagnostics of AML

Can we use microarrays and possibly other types of genome-wide
analyses to simplify AML diagnostics?

Can we use microarrays and possibly other types of genome-wide
analyses to improve AML diagnostics?
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Affymetrix gene expression profiling
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Class discovery in AML
Omniviz correlation view

Clustered order

» 285 AML patients
== FETT T v e e = i

e o e TR

g e i

sjuaned NV G882

A i P i i ol
::_l i -': ::'.E... :-r-; . - -.-"-_ E '---': -. .-.E:_l |.- = . 5 3 '.l-:.. :' il =i .: X --.......Ir.. .". l-. ... Eras SMC
o e e e LR TR i raal ) e e e i /g‘:ﬂfv‘w



adA10hie))
a)Leiid

SV4d-N

av4
NITEIRE

Svd-MA
TING

Yd4930

Gene expression profiling AML

Unsupervised clustering of AML cases is driven by
underlying molecular abnormalities
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Class prediction in AML (<60 years)

Cytogenetic and molecular abnormalities

Are we able to predict outcome or the prognostically relevant (cyto)genetic
abnormalities using representative AML cohorts?

Affymetrix U133 Plus2.0 GeneChip
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Prediction by gene expression profiling in AML

Training set (n=247 AML)

}

Sighature ———) Testset (N=214 AML)
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Conclusion gene expression profiling AML
Class prediction

- Complete classification into good and poor treatment outcome
possible based on gene expression profiling as single assay?

Classification error of 40% and higher

Erasmus MC



Gene expression signatures associated with OS in CN-AML
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Conclusion gene expression profiling AML
Class prediction

- Particular genetically defined subgroups, i.e., t(8;21), inv(16) and
t(15;17) are predicted with high accuracy (positive and negative
predictive value: 100%).

- NPM1 and CEBPA mutations are predicted less accurate (positive
predictive value: 94% and 70% and negative predictive value: 98 and
99%, respectively).

- Other recurrent molecular abnormalities are not accurately predictable
using gene expression signatures.

Erasmus MC

Verhaak et al., 2009



Treatment outcome of AML single and bi-allelic CEBPA mutations

Cumulative proportion survival
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Clinical outcome of smCEBPA depends on concurrent mutations
Four composite subgroups: FLT3WVITD) / NPM1W/mutant)
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Clinical outcome in CEBPA subgroups

AM::ltivariate analucic oo avorall ciirvivual (NDQ)
Maiiltivariate allalyal 10 OvVeéran suirvivdl (U9
in CN-AML

Variables HR  95% Ci P* value

Overall survival

CEBPAS™ 0.73 048 - 1.11 14

CFEBPAY™M 0.36 0.24 - 0.56 < .0001*

FLT3TD 1.75 1.44-2.13 < .0001%*

FLT3' P 0.87 0.62 - 1.20 A1

NPM1 0.57 0.47-0.69 < .0001*

NRAS 1.07  0.81 - 1.42 .63

WBC count (x10?/L) | 1.27 1.05 - 1.53 014*
\lge 1.03 1.02-1.03 < .oom*/

The presence of a double CEBPA mutation is an independent
prognostic factor whereas a single CEBPA mutation is not



AML with CEBPAY™ versus CEBPAS™ mutations

Is AML with CEBPAY™ different to AML with CEBPAsSM?
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Unsupervised gene expression analyses
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Supervised analyses: prediction of CEBPAd™

Independent datasets (train: HOVON SAKK-, test: AMLSG-cohort)
Logistic regression model with lasso regularization
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Conclusions
CEBPAdm

Is a unique subtype within AML
Is a prognostic factor which is associated with favorable clinical outcome

Significant lower incidence of concurrent mutations than wild-type CEBPA

Strong homogeneity in gene expression profile between patients

Classified with maximum specificity and sensitivity using GEP



AML: (cyto)genetic aberrations and prognosis

Good Poor
Cytogenetics

t(8;21) normal -7, -5

inv(16) -Y t(3;3), inv(3)

t(15;17) t(9;11) t(6;9), t(v;11)
complex

Mutations
NPM1 (FLT3 wild type) FLT3 ITD

CEBPA

c-KIT (1(8;21)/inv(16))
MLL PTD

Overexpression
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Gene expression markers in AML

EVI1
BAALC
ERG
CD34
INDO1
FLT3
BCL2
MN1
WT1
ABCB1

Affymetrix U133Plus2.0

Erasmus MC



Prognostic gene expression markers in AML

Mutation and expression markers in intermediate risk AML

e 442 patients under age 60 newly diagnosed with AML

o AML-specific mutations considered for the analysis
~+ |TD at fms-like tyrosine kinase-3 gene : FLT3ITD
~+ TKD at fms-like tyrosine kinase-3 gene : FLT3TKD
~+ Abberations of CCAAT/enhancer binding protein alpha:
CEBP double mutation

~ Insertion in the nucleophosmin : NPMH1
~+ Mutation at GTP-ase NRAS

e Selected expression markers considered for the analysis

~ BAALC, CD34, MN1, ERG, ABCB1, BCL2, WT1, EVI1,
FLT3, INDO1

Erasmus MC



Prognostic gene expression markers in AML

Mutation and expression markers in intermediate risk AML

Cytogenetical subgroup P-value
Mutation t(8;21) inv(16) t(15;:17) CN CA MK
FLT3 ITD < 0.0001
No 32 37 17 110 101 27
Yes 3 0 8 82 25 0
FLT3 TKD 0.048*
Neg 34 30 19 172 114 26
Pos 1 7 6 20 12 1
N-RAS =< 0.0001*
Neg 32 25 25 174 119 24
Pos 3 12 0 18 7 3
NPMH1 ~ < 0.0001
Neg 35 37 25 79 Y110 26
Pos 0 0 0 113/ 16 1
CEBP DM -~ 0.034*
Neg 35 37 25 174 121 27
Pos 0 0 0 18 5 0
FLT3 ITD x NPM1 *
Neg Neg 32 37 17 58 91 26
Neg Pos 0 0 0 52 10 1
Pos Neg 3 0 8 21 19 0
Pos Pos 0 0 0 61 6 0
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Prognostic gene expression markers in AML

Association between mutation and expression markers in intermediate risk AML

BAALC
CEBP DM p-value 0.062
Median difference | 0.39
FLT3ITD p-value <0.001
Median difference | -0.51
FLT3TKD p-value 0.002
Median difference | -0.75
NRAS p-value 0.118
Median difference | 0.47
NPM1 p-value
Median differe

MN1
0.006
0.98
<0.001
-0.92
0.058
-0.80
0.001

<0.001
-2.07

-0.46

-0.83

ERG ABCB BCL
0.001 <0.001 0.258
0.36 1.7 0.21
0.832 <0.001 0.205
0.01 -0.63 -0.03
0.188  0.001 0.126
-0.06 -0.41 -0.24
0.034 0492 0312

- 04
<0.001 <0.001 <0.001

-0.33

WT EVI
0.008 0.518
-0.52 -0.08
<0.001 0.039
0.44 013
0.352 0.525
019 -0.06
0.154 0.823
-0.12 0.07
=0,

0.42

FLT3
0.002
-0.62
<0.001
0.22
0.152
0.03
0.047
-0.14
0.004
017

INDO1
0.963
0.05
0.572
-0.06
0.021
-0.40
0.952
0.03
0.101
-0.15
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Prognostic gene expression markers in AML

Association between expression markers in intermediate risk AML
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Prognostic gene expression markers in AML

Univariate survival analysis

Overall Survival

Event Free Survival

Variable Hazard Ratio Lower Upper pyalue Survival | Hazard Ratio Lower Upper p-yalgye Survival
CEEBP DM - 0.38 0.19 0.74 0.328 0.45 0.25 0.81 0.244
+ 0.652 0.622
FLT3ITD - 1.41 1.06 1.86 0.384 1.3 0.249 1.7 0.275
+ 0.287 0.242
NPMA1 - 0.73 0.55 0.97 0.296 0.69 0.53 0.9 0.207
+ 0.432 0.347
FLT3TKD - 0.82 0.51 1.32 0.341 0.74 0.47 1.16 0.255
+ 0.438 0.344
NRAS - 0.94 0.57 1.54 0.349 1.23 077 1.54 0.268
5 0.378 0.215
FLT3ITD: NPM1 =+ + 1.03 072 1.47 0.355 0.9 0.64 1.27 0312
-+ 0.63 042 0.94 0.515 0.64 0.45 0.83 0.386
+- 1.67 1.13 2.46 017 1.76 1.21 2.58 0.125
- - 0329 0.2259
BAALC 1.32 1.14 1.52 0.358 1.29 1.13 1.48 0.267
CD34 1.28 1.15 1.41 0.373 1.26 1.14 1.389 0.278
MHM1 1.13 1.05 1.23 0.358 1.14 1.05 1.23 0.269
ERG 1.24 1.09 1.42 0.324 123 1.08 1.4 0.238
ABCB 1 0.8e8 1.14 0.352 0.98 0.87 1.11 0.264
BCL 1.01 0.89 1.156 0.352 1.03 0.91 1.16 0.265
WT 1.12 0.88 1.28 0.344 1.1 0.88 1.26 0.258
EVI 1.1 0.96 1.26 0.361 1.16 1.02 1.33 0.276
FITa nay 0/ 114 0,354 naz nga 1.08 027
INDO 0.4 076 1.08 0.353 0.82 0.78 1.08 0.265
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Prognostic gene expression markers in AML

Multivariate survival analysis

Qverall survival

Event free survival

Variable Hazard Ratio Lower Upper p-value | Hazard Ratio Lower Upper p-value
BAALC 1.099 0.826 1.482 0.518 1.052 0.804 1.376 0.711
CD34 1.333 1.099 1.618 0.004 1.292 1.077 1.548 0.006
N1 0.942 0.812 1.091 0.424 0.960 0.828 1.112 0.586
ERG 1.236 0.981 1.558 0.073 1.228 0.990 1.523 0.061
ABCB 0.925 0.768 1.113 0.409 0.890 0.748 1.080 0.192
BCL 0.828 0.699 0.982 0.030 0.862 0732 1.014 0.072
WT 0.941 0777 1.140 0.536 0.930 0774 1.116 0.434
EVI 1.011 0.876 1.168 0.879 1.057 0.916 1.220 0.449
FLT3 0.919 0.766 1.102 0.363 0.914 0766 1.092 0.322
INDO1 0.921 0.750 1.131 0.434 0.928 0766 1.125 0.449
CEBP 0.299 0161 0557 0.0001 0.330 0187 _ 0582 0.0001
FLT3ITD 1.265 0.813 1.970 0.298 1.536 1.001 2.357 0.050
FLT3TKD 1.200 0714 2.017 0.491 1.007 0.616 1.645 0.979
NRAS 1.039 0.619 1.742 0.886 1.328 0.820 2.149 0.249
NPM1 0.737 0.434 1.251 0.259 0.741 0.450 1.221 0.239
FLT3ITD:NPM1 i.214 0.846 2.281 0.5486 0.855 0.470 1.557 0.605
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Prognostic gene expression markers in AML

Risk-stratification modeling
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Prognostic gene expression markers in AML

Risk-stratification in intermediate-risk AML

Owerall survival: risk stratification Event free survival: risk stratification
= - B -- Favourable = B - - Favourable
B --  Intermediate B - -  Intermediate
Il -- Poor W--- PFoor
B— Favourable intermediate B— Favourable intermediate
B— Poor intermediate B— Poorintermediate

0 a0 100 130 200 0 30 100 150 200
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Conclusions

We have confirmed prognostic ability of some established
markers in AML

We have demonstrated that CD34 has dominant
predictive effect

In the hierarchy of importance, CEBPDM is the second
most important marker

The combination of CD34 and CEBPDM can contribute in
risk stratification of the intermediate group

Erasmus MC



microRNAs in AML

Small conserved RNAs (20-23 nt)
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MicroRNA Expression Profiling (GEP) in AML

Unsupervised clustering and class comparison
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Methylation profiling of AML
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Methylation profiling AML
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Genome wide genotyping of AML

Identification of novel (recurrent) abnormalities
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Genome-wide genotyping of ALL

¢ TP ETVERUNXT Ph HOW7—50 Hypeslipdaicd Char

T
ET|M T|WTIHT WTIHTIMTIHTHT

wudi | 50 | AN | &0 | 2man| = nlnl.llﬂ"‘u

1] 1] F2 T T I I I

1 1 1 1 2 1 1 1 2 1

1] 1] il 1]z )|z

PAXS

Hurmal Tumeour B T[4 T

E 3
=4
3
-
E
-

HT|ET
Exoro delefed  Ga | Jud |l | 23 mﬁ' 12

Eepm 3CH 2 [ 1 [ 1| 1 1

Eecm BEM 1 [ 1 [ 1| 2 L]

EpmBCM 1 | X [ 2| 2 L]

Mullighan et al., 2007

Erasmus MC



5 3 3 3 S

Genome-wide genotyping and gene expression
SNPEXxpress
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Genome-wide genotyping and gene expression of AML
SNPEXpress

Deletion ; tumor suppressor gene

‘Cryptic’ translocations?

Erasmus MC



Genome-wide genotyping
AML versus ALL

ALL many recurrent aberrations present
(PAX5 and IKAROS)

AML few (recurrent) aberrations present

(Downing/Young/others)

- RAG-mediated rearrangements in ALL
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Whole genome sequencing AML
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General conclusions

All genome-wide approaches are strongly associated with the know (cyto)genetic
subgroups (genetics and epi-genetics)

A number of novel subtypes of AML have been identified using the novel
technologies

Validation of these novel subtypes in independent studies is essential, but difficult
Integrated analyses of the various genome-wide data sets

AML is not a single disease, one should study AML within relatively homogeneous
subsets, such as t(8;21) inv(16) or mutant CEBPA

Next generation sequencing may replace microarray analyses
Gene/microRNA expression

Methylation profiling
Novel markers
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