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Supplemental Figure 1. (A) Heat map of unstimulated (basal) phospho-signal levels in AML blasts according to different genetic AML subtypes: RUNX1-RUNX1T1 (n=15); CBFB-MYH11 (n=17); PML-RARA (n=7); GATA-1 (n=3) gene mutations, patients with normal karyotype (NK; n=23), with KMT2A rearrangements (KMT2Ar; n=32), and a cohort termed “other” - all other genetic abnormalities (n=32). Basal phospho-signal levels were calculated as log2 of MFIon-target/geoMFIcontrol. (B) Heat map of phospho-signal levels stimulated either with individual cytokines or with a cytokine-“cocktail” or “cocktail plus” (containing additional IFNy). Stimulated phospho-signal levels were calculated as log2 (geoMFIstimulated/geoMFIunstimulated).
Supplemental Figure 2A

 
	Subtype
	№ of patients
	№ of relapses

	KMT2Ar
	33
	15

	NK
	23
	12

	other
	34
	14

	RUNX1-RUNX1T1
	15
	2

	CBFB-MYH11
	17
	0

	PML-RARA
	7
	2

	GATA1
	3
	0


B

	Rearrangement
	№ of patients
	№ of relapses

	KMT2A-AF9
	15
	4

	KMT2A-AF10
	6
	5

	KMT2A-AF6
	3
	3

	KMT2A-ELL
	2
	1

	KMT2A-ABl1
	1
	0

	KMT2A-AF1
	1
	0

	KMT2A-LASP1
	1
	0

	KMT2A-FBP17
	1
	0

	KMT2A-ACACA
	1
	1

	KMT2A-ENL
	1
	1

	KMT2A other
	1
	0

	total
	33
	15


C
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	Hazard-Ratio
	p-value

	 
	Estimate
	95% CI
	unadjusted
	adjusted

	pSTAT3_UNSTIM
	0.73
	0.39-1.37
	0.331
	0.991

	pNFkB_UNSTIM
	2.22
	1.18-4.17
	0.013
	0.147

	pJNK_UNSTIM
	0.29
	0.15-0.56
	0.0003
	0.002

	pSTAT5_GM-CSF
	3.30
	1.68-6.49
	0.001
	0.007

	pAKT_FL
	1.82
	0.97-3.4
	0.063
	0.527

	pS6_FL
	1.61
	0.87-2.99
	0.129
	0.775

	pERK1/2_FL
	1.85
	0.98-3.47
	0.057
	0.490

	pAKT_SCF
	2.18
	1.13-4.21
	0.021
	0.230

	pS6_SDF
	2.13
	1.13-4.02
	0.020
	0.218

	pSTAT5_IL3
	2.23
	1.16-4.27
	0.016
	0.188

	pSTAT5_TPO
	1.18
	0.63-2.21
	0.607
	1.000

	pSTAT1_INF
	2.32
	1.17-4.6
	0.017
	0.190

	pSTAT5_INF
	1.47
	0.77-2.8
	0.243
	0.954



E

	Parameter
	
	p-value
	Hazard ratio
(95% CI)

	Genetics
	other
	
	1.00

	
	KMT2Ar
	0.524
	1.27 (0.60-2.68)

	
	NK
	0.829
	1.09 (0.49-2.42)

	pJNK_UNSTIM
	
	0.0013
	0.31 (0.16-0.63)

	pSTAT5_GM-CSF
	
	0.0023
	3.00 (1.48-6.09)




Supplemental Figure 2. (A) Table summarizing patient cohort characteristics with respect to genetic subtype and risk category (low (LR), intermediate (IR) / high risk (HR)). Due to low number of relapses among LR cases, we focused on IR and HR patients for relapse risk correlations. (B) Table summarizing KMT2A rearrangements of the patient cohort. (C) Bar plot of log2-fold differences between group means of signal activation nodes measured in leukemic cells of relapsed vs non-relapsed patients. Bars marked red relate to higher phospho-signals in relapsed cases, and blue bars to higher activation in non-relapsed cases. (D) pJNK_UNSTIM and pSTAT5_GM-CSF significantly correlate with relapse risk. Univariate Cox regression analysis was performed to obtain hazard ratios (HR) and 95% (confidence interval) CI for 13 signal nodes with differential phospho-signal activation between samples from relapsed/non-relapsed patients. Permutation test was used to adjust for multiple testing. Data correspond to Figure 3A. (E) Multivariate Cox regression analysis was restricted to 11 signal nodes, as data from pSTAT1_INF and pSTAT5_INF were missing in 12/90 patients. Analysis included genetic subtypes KMT2Ar (KMT2A rearrangement) and NK (normal karyotype) with the risk of “other” karyotypes set to 1.0 HR. Stepwise selection was used to identify significant activated phospho-signal nodes, where genetic subtype was forced into the model. Bootstrapping was used to estimate the amount of required shrinkage to account for overfitting. The estimated shrinkage factor was 0.73, which corresponds to estimated shrinked HRs of 0.44 and 2.43 for JNK_UNSTIM and STAT5_GM-CSF, respectively.
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Supplemental Figure 3. (A) Restricted Cubic Splines (RCS) functions in univariate Cox model to define cut-off levels for “high” and “low” expressers of pSTAT5_GM-CSF and pJNK_UNSTIM. (B) IR/HR patients with low basal pJNK and high pSTAT5_GM-CSF expression showed a significantly higher 5-years CIR than patients with reciprocal expression when the three genetic groups (KMT2Ar, NK, other) were analysed separately. Plots with significant differences (p<0.05) between subgroups are marked by asterisks.

Supplemental Figure 4
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[image: ][image: ]Supplemental Figure 4. (A) FLT3-ITD status significantly correlated with the number of relapses in ‘other’ or ‘all’ AML subtypes but not in ‘KMT2Ar’ or ’NK’ subtypes. Ten patients were excluded due to other events. (B) FLT3-ITD status does not correlate with signal expression levels of pSTAT5_GM-CSF and pJNK_UNSTIM measured at diagnosis. (C) White blood cell counts tested as continuous variable did not correlate with pSTAT5_GM-CSF (left panel) or basal pJNK (right panel) signal levels at diagnosis.
Supplemental Figure 5A
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Supplemental Figure 5. (A) Gating strategy used to determine the number of living AML blasts after treatment with signaling inhibitors in relation to DMSO control. (B) Forty-four primary pedAML samples were used for testing inhibitor sensitivity along with signal expression. Table depicts details on genetics as well as on FAB nomenclature of the patient cohort. (C) Pairwise comparisons of signal inhibitor efficiency with respect to reduction of viable AML blasts. Midostaurin was more active than most other drugs except for AG490.
Supplemental Figure 6
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Supplemental Figure 6. Mean phospho-signal levels of STAT5 (basal or stimulated with GM-CSF or cocktail) and JNK (basal levels) at the time of diagnosis did not predict inhibitor sensitivity in the cell survival assay. The magnitude of reduction of pSTAT5 and pAKT (y-axis) following treatment with midostaurin (A) or AG490 (B) – the two most active inhibitors - and the association with the number of alive blasts (x-axis) is depicted. No significant association was found for any correlation. Similar non-significant results were obtained with all other signal node/inhibitor combinations (data not shown).
Supplemental Figure 7
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Supplemental Figure 7. Mean signal change of pS6, pSTAT5, pAKT, pSTAT1, pSTAT3, pNFƘB, p4E-BP1, pERK1_2, pp38 and pJNK (y-axis) following treatment with different signaling inhibitors and the association with the number of alive blasts upon treatment (x-axis) is depicted. Note that for visualization purposes, all samples per incubation group are represented on the x-axis by the group-derived mean of log2 values of the numbers of alive blasts. 
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Supplemental Figure 8. Mean signal change of p4E-BP1, pERK1_2, pNFƘB, pSTAT1, pSTAT3, pp38 and pJNK (y-axis) following treatment with midostaurin (color) or other signaling inhibitors (grey) and the association with the number of alive blasts (log2) upon treatment (x-axis) is depicted for the different genetic AML subtypes. 

Supplemental Figure 9A

	Patient
	Subtype
	FAB
	Karyotype

	P1
	KMT2A-MLLT10
	M5a
	46,XX,t(10;11)(p15;q23)[20]

	P2
	KMT2A-MLLT4
	M5a
	47,XY,+6[15]/46,XY[5]

	P3
	KMT2A-MLLT10
	M5
	46,XX,?del(9)(p2?4),t(10;11)(p12;q23),add(20)(q13),?del(22)(q13)[11]/46,XX[19]

	P4
	KMT2A-MLLT3
	M5
	46,XY,del(11)(q23)[5]  (PB)

	P5
	KMT2A-split
	M5
	n.a.


B
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Supplemental Figure 9. (A) Table depicts genetics of AML blasts used for xenotransplantation into NSG mice. (B) Validation of drug sensitivity of leukemic cells of three patients with complete time-courses (P1, P2, P3) before and after xenotransplantation. (C) Presence of human CD45+ (hCD45+) cells in the peripheral blood over time (D) as well as in the bone marrow in case of terminal disease was assessed by flow cytometry.
Supplemental Figure 10
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Supplemental Figure 10. Comparison of flow cytometric phospho-signal assessments on fresh versus cryopreserved AML blasts. R2 values were calculated by comparing phospho-signal expression data from the fresh and the frozen cells for all phospho-signals (upper panel), for pSTAT5 levels (middle panel) and for pJNK levels (bottom panel). Data points in red represent single outlier cases when a cut-off 1.0 is used to separate low from high expression among pSTAT5 as well as pJNK levels – such theoretical outliers were mostly borderline cases.
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Supplemental Table 2. 	List of antibodies used for phospho-flow analysis.
[image: ]

Supplemental Table 3.	 List of signaling inhibitors used for the study.
	Compound
	Solvent
	Concentration [ng/ml]*
	Reference
	Source

	Midostaurin
	DMSO
	4000
	11
	LC Laboratories

	Sunitinib
	DMSO
	100
	12
	LC Laboratories

	Sorafenib
	DMSO
	4000
	13
	LC Laboratories

	Dasatinib
	DMSO
	15
	14
	LC Laboratories

	Everolimus
	DMSO
	15
	15
	LC Laboratories

	Rapamycin
	DMSO
	15
	16
	LC Laboratories

	Bortezomib
	DMSO
	2
	17
	LC Laboratories

	Ruxolitinib
	DMSO
	40
	18
	LC Laboratories

	Erlotinib
	DMSO
	1000
	19
	LC Laboratories

	AG490
	DMSO
	30000
	n.a.
	Calbiochem

	*Concentrations of signaling inhibitors used in the study were chosen based on human pharmacokinetic data (see references) with the exception of AG490 were no such in vivo data are available.  
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image23.emf
Subtype n= Comments FAB n= Comments

RUNX1-RUNX1T1 7 M0 0 n.a.

CBFB-MYH11 7 M1 7 3x NK; 1x NK + FLT3-ITD, 1x other & FLT3-ITD, 2x other

FLT3-ITD 5 3x NK & FLT3-ITD; 2x other karyotype M2 12 7x RUNX1-RUNX1T1; 1x KMT2Ar; 2x NK; 1x NK & FLT3-ITD; 1x other & FLT3-ITD

KMT2A-AF10 5 M3 0 n.a.

KMT2A-AF6 2 M4 5 3x KMT2Ar; 1x NK; 1x NK & FLT3-ITD

KMT2A-AF9 6 M4eo 7 7x CBFB-MYH11

KMT2A-ELL 2 M5 12 12x KMT2Ar

KMT2A-LASP1 1 M6 0 n.a.

NK 6 non-FLT3-ITD M7 1 1x other

other 3 na 0 n.a.

total 44 total 44


image24.png
comparison p-value* comparison p-value*

PKC412 - Dasatinib <.0001 Sorafenib - AG490 0.0955
PKC412 - Sorafenib <.0001 Sunitinib - Bortezomib 1.0000
PKC412 - Sunitinib <.0001 Sunitinib - Everolimus 0.9646
PKC412 - Bortezomib <.0001 Sunitinib - Erlotinib 0.3781
PKC412 - Everolimus <.0001 Sunitinib - Rapamycin 0.7337
PKC412 - Erlotinib <.0001 Sunitinib - Ruxolitinib 0.6898
PKC412 - Rapamycin <.0001 Sunitinib - AG490 0.0042
PKC412 - Ruxolitinib 0.0001 Bortezomib - Everolimus 0.9993
PKC412 - AG490 0.1462 Bortezomib - Erlotinib 0.7480
Dasatinib - Sorafenib 0.0116 Bortezomib - Rapamycin 0.9628
Dasatinib - Sunitinib 0.2207 Bortezomib - Ruxolitinib 0.9314
Dasatinib - Bortezomib 0.0794 Bortezomib - AG490 0.0267
Dasatinib - Everolimus 0.0069 Everolimus - Erlotinib 0.9881
Dasatinib - Erlotinib 0.0001 Everolimus - Rapamycin 1.0000
Dasatinib - Rapamycin 0.0006 Everolimus - Ruxolitinib 0.9993
Dasatinib - Ruxolitinib 0.0016 Everolimus - AG490 0.1602
Dasatinib - AG490 <.0001 Erlotinib - Rapamycin 0.9999
Sorafenib - Sunitinib 0.9881 Erlotinib - Ruxolitinib 1.0000
Sorafenib - Bortezomib 0.9999 Erlotinib - AG490 0.7465
Sorafenib - Everolimus 1.0000 Rapamycin - Ruxolitinib 1.0000
Sorafenib - Erlotinib 0.9592 Rapamycin - AG490 0.3798
Sorafenib - Rapamycin 0.9993 Ruxolitinib - AG490 0.6722
Sorafenib - Ruxolitinib 0.9959

*n-value adjustment: Tukey method for comparing a family of 10 estimates
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total AML-BFM 1998 AML-BFM 2004

n n n

№ of patients with complete clinical data

132 59 73

Age

Median 10.19 [0.17-17.88] 9.47 [0.17-17.36] 11.24 [0.20-17.88]

< 1 year 9 4 5

1 ≤ 10 years 55 29 26

≥ 10 years 68 26 42

WBC (G/L)

< 10 33 19 14

10 - < 100 64 26 38

≥ 100 35 14 21

FAB types

M0 2 1 1

M1 26 10 16

M2 32 15 17

M3 7 2 5

M4 21 12 9

M4Eo 17 6 11

M5 19 8 11

M6 1 0 1

M7 5 4 1

Not classified 2 1 1

Genetic aberrations

KMT2Ar 33 17 16

NK 23 9 14

Other 34 16 18

RUNX1/RUNX1T1 15 7 8

CBFB/MYH11 17 6 11

PML/RARA 7 2 5

GATA1 (Down AML) 3 2 1

Mutations

FLT3-ITD 14 4 10

Risk Group

SR 42 17 25

IR/HR 90 42 48

Median follow-up in years [range]

3.91 [0.00-16.52] 6.67 [0.01-16.52] 3.37 [0.00-9.67]
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Antigen

Phospho-

site

Ref Conjugate Isotype Clone Catalogue # Source

CD45 PerCP-Cyaninie 5.5 mouse IgG

1

, κ 2D1 #45-9459-41 eBiosciences

active Caspase-3 Phycoerythrin rabbit IgG C92-605 #550821 BD Biosciences

NF-ƙB p65 S529 3 Alexa Fluor© 488 mouse IgG

2b

, κ K10-895.12.50 #558421 BD Biosciences

Stat1 Y701 4 Alexa Fluor© 488 mouse IgG

2a

, κ 4a #612596 BD Biosciences

Stat3 Y705 4 Alexa Fluor© 488 mouse IgG

2a

, κ 4/P-Stat3 #557814 BD Biosciences

Stat5 Y694 4 Alexa Fluor© 647 mouse IgG

1

, κ 47 #612599 BD Biosciences

ERK1/2 T202/Y204 5 Alexa Fluor© 647 mouse IgG

1

20A #612593 BD Biosciences

p38 MAPK T180/Y182 6 Alexa Flour© 488 mouse IgG

1

, κ 36 #612594 BD Biosciences

AKT S473 7 Alexa Fluor© 648 rabbit IgG D9E #4075 Cell Signaling

S6 Ribosomal Protein Ser235/236 8 Alexa Fluor© 488 rabbit IgG 2F9 #4854 Cell Signaling

SAPK/JNK T183/Y185 9 Alexa Fluor© 647 mouse IgG1 G9 #9257 Cell Signaling

4EBP1 T36/T45 10 Alexa Fluor© 647 mouse IgG1 M31-16 #560286 BD Biosciences

IgG1 κ Isotype Control Alexa Fluor© 488 mouse IgG

1

, κ MOPC-21 #557782 BD Biosciences

IgG1 κ Isotype Control Alexa Fluor© 647 mouse IgG

1

, κ MOPC-21 #557783 BD Biosciences

IgG Isotype Control Alexa Fluor© 488 rabbit IgG #4340 Cell Signaling

IgG Isotype Control Alexa Fluor© 647 rabbit IgG #3452 Cell Signaling

S, serine; Y, tyrosine; T, threonine; NF-ƙB p65, nuclear factor κ-light-chain-enhancer of activated B cells p65; Stat, signal transducer and 

activator of transcription; ERK, extracellular signal-regulated kinases 1 and 2; p38 MAPK, p38 mitogen-activated protein kinases; 

SAPK/JNK, stress activated protein kinase/c-Jun NH(2)-terminal kinase; 4EBP1,  eIF4E-binding protein 1, IgG, immunglobuline-gamma, 

Ref, reference
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