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Synthetic Lethality in Leukemias �



Genetic heterogeneity
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“Synthetic Lethality”
Therapy Increases The Therapeutic Window



FLT3�

HCK�

CDK6�

MCL1�
BCL2�

FLT3 inhibitor�
(Sorafenib, AC220, �
Midostaurin, etc.) �

SFKs inhibitors�
(Dasatinib, �
Saracatinib) �

CDKs Inhibitor �
(Palbociclib, �
Dinociclib, etc) �

MCL1 inhibitors�
Venetoclax �
(ABT737, Dinaciclib, �
AG176, s63845, �
BI97D6,etc) �

PONATINIB �

BCR-ABL�
BCR-ABL inhibitors�
(Imatinib, Dasatinib, �
Nilotinib, Bosutinib, �
etc.) �

STEROIDS �

ALL	
  Ph+	
  	
  elderly	
  or	
  unfit	
  
Gimema	
  1811	
  	
  



Steroid + Ponatinib monotherapy in  
Ph-Positive ALL. Overall Results at w24 (6 mths) 

Parameter N (%) 
CHR* 34/38** (90) 
CCyR 34/38** (90)  
Deep CMR***continuously  

 (undetectable) 
 
11/24 (45) 

Deep CMR*** at least one time 
(undetectable)  

23/28 (82) 

Early death 0 (0) 
•  **  ( primary endpoint): 4 pt are in HCR, CCyR and CMR at less than 6 months FU;  
•  * one pts died in CHR; 2 pts in CR of which: 1 pt to undergo HSCT;  1 pt for 

investigator choice;  1 for Molecular  Relapse  
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Gimema	
  1811	
  
Survival	
  at	
  30	
  /	
  March	
  2017	
  



MCL1 as THE real,  final,  target? 



Small Molecule Kinase Interaction 
Maps for FLT3 Inhibitors 

Zarrinkar Blood 2009  



New	
  Drugs	
  in	
  AML–	
  RATIFY	
  Trial	
  

Stone	
  et	
  al.	
  ASH	
  2015.	
  Abstract	
  6.	
  	
  

Median OS: midostaurin 74.7 months (31.7–NE); placebo 25.6 months (18.6–42.9)  

OS: 23% reduction in risk of death in midostaurin arm 



New	
  Drugs	
  in	
  AML–	
  RATIFY	
  Trial	
  

Stone	
  et	
  al.	
  ASH	
  2015.	
  Abstract	
  6.	
  	
  

SCT in CR1 
HR 0.61 

SCT outside CR1 
HR 0.98 

OS Post-transplant 



My –FLAI 
( Italian Experience) 

FLT3 pos 

FLT3 neg 
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Quizar,nib	
  Induces	
  Blasts	
  in	
  the	
  Bone	
  
Marrow	
  to	
  Undergo	
  Terminal	
  Myeloid	
  

Differen,a,on	
  

Day 15 Day 29 

No significant change in overall cellularity 
between Day 1 and Day 29 

Sexauer Blood 2012 
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Overall	
  Survival	
  of	
  Quizar,nib	
  (Phase	
  2)	
  

Levis ASCO 2014 



Daiichi-Sankyo | CONFIDENTIAL | Page 28   

Overall	
  Survival	
  of	
  AC220-­‐002	
  Cohort	
  2	
  and	
  a	
  
Matched	
  Group	
  from	
  UK	
  NCRI	
  Studies	
  	
  

Cox	
  regression	
  model	
  HR	
  =	
  0.53	
  (0.41,	
  0.68)	
  	
  p	
  =	
  <	
  0.00001	
  

Hills, ASH 2015 



FLT3�

HCK�

CDK6�

MCL1�
BCL2�

FLT3 inhibitor�
(Sorafenib, AC220, 
ASP2215, �
Midostaurin, etc.) �

SFKs inhibitors�
(Dasatinib, �
Saracatinib) �

CDKs Inhibitor �
(Palbociclib, �
Dinociclib, etc) �

MCL1 inhibitors�
BCL2 Venetoclax �
(ABT737, AG176, �
s63845,  BI97D6,etc) �

FLT3 inhibitor �

TK�
BCR-ABL inhibitors�
(Imatinib, Dasatinib, �
Nilotinib, Bosutinib, �
etc.) �

ANTRACYCLIN �
Decytabine �
CPX351 �
�
VENETOCLAX �
MCL1 inhibitors�
 �

CDKs Inhibitor �
Palbociclib or Dinociclib�



FLT3�

HCK�

CDK6�

MCL1�
BCL2�

TK�

CDKs Inhibitor �
Palbociclib �



CDK6 is a target in LSC  



Without	
  CDK6:	
  	
  no	
  Ph+	
  LSC	
  



CDK6 is required for CML  
leukemia formation in vivo 



CDK6 is required for CML 
leukemia formation in vivo 
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HCK�

CDK6�

MCL1�
BCL2�

TK�

CDKs Inhibitor �
Palbociclib �



Frontline Venetoclax + HMAs 
 in Elderly AML Pts  

§  Open-label, nonrandomized, 2-arm, 2-stage, phase Ib study of BCL-2 inhibitor 
venetoclax  

 

§   Endpoints 
–  Safety: MTD, DLTs, RP2D, AEs, early deaths, PK 
–  Efficacy: ORR per IWG AML criteria, response duration, TTP, PFS, OS, MRD 

(assessed after cycles 1 and 4, then every 12 weeks) 
–  Exploratory: mutational profiling and BCL-2 characterization, molecular markers, ex 

vivo testing of pt samples 

DiNardo C, et al. ASH 2015. Abstract 327. 

Pats with untreated 
AML, 65 yrs of age or 

older, adverse or 
intermediate-risk 

cytogenetics, 
ineligible for standard 

induction therapy 
(N = 34) 

 

Venetoclax* + Decitabine 
20 mg/m2 Days 1-5, IV 28-day cycles 

(n = 18) 

Venetoclax* + Azacitidine 
75 mg/m2 Days 1-7, IV/SC 28-day cycles 

(n = 16) 

Safety, PK, dose finding 
 

Venetoclax + HMA 
(n = 40) 

Expansion stage: safety 
and efficacy confirmation 

 1 HMA  
combo  
(RP2D) 

*In each arm, 1 cohort received venetoclax 400 mg 
PO and 2 cohorts received 800 mg PO d 2-28 (cycle 
1) and d 1-28 (following cycles) of 28-day cycle. 

ASH 2015 

84% CR 

82% CR 



Outcome with Venetoclax and LDAC (n=61) 

Wei et al., ASH 2016, abstract #102 
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Responses 
ORR:   61% 
CR/CRi:   54% 
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Different	
  fuel	
  for	
  	
  Leukemias?	
  	
  



Rationale: 
•  6-19% of AML patients carry mutations of IDH1 and IDH2 

genes. 

•  IDH2 mutations are frequently found in cytogenetically normal 
(CN)-AML.  

•  IDH2 mutations in AML are stable disease markers and 
evidence suggests they may confer favorable prognosis, 
especially when associated to NPM1 mutations. 

•  Targeted inhibition of mutant IDH1/2 through small molecules 
represents a promising therapeutic strategy   

  

Gimema  1516 
Italian Network for IDH1/2 mutational analysis in Acute Myeloid 
Leukemia 

2 ottobre 2017 



Italian Network for IDH1/2 mutational 
analysis in Acute Myeloid Leukemia 

≈30 Italian Hematological Institutions 

Coordinated by Gimema WP and  

University of Bologna 



Università	
  di	
  Bologna	
  
Giorgia	
  Simone[,	
  PhD	
  
UNBO-­‐01-­‐14VW	
  
January	
  19,	
  2016	
  
Author:	
  	
  Steven	
  S,rdivant,	
  PhD	
  

Acute	
  myeloid	
  leukemia	
  cell	
  lines	
  and	
  primary	
  
cells;	
  metabolic	
  altera,ons	
  consequent	
  to	
  
hypoxia	
  and	
  BET	
  inhibitor	
  treatment	
  



Glycolysis	
  in	
  OCI-­‐AML3	
  cells	
  was	
  impacted	
  by	
  iBET	
  treatment	
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Isobar:	
  fructose	
  1,6	
  bisphosphate,	
  	
  hexose	
  bisphosphates	
  



Cell	
  line	
  specific	
  effects	
  of	
  iBET	
  on	
  TCA	
  cycle	
  metabolites	
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Putrescine	
  levels	
  were	
  reduced	
  by	
  iBET	
  treatment	
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Phospholipid	
  levels	
  reduced	
  in	
  iBET	
  treated	
  normoxic	
  OCI-­‐
AML3	
  cells	
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choline 1.04 1.30 1.88 1.07

choline phosphate 0.81 1.25 1.10 0.95

cytidine 5'-diphosphocholine 0.89 1.54 1.32 0.94

glycerophosphorylcholine (GPC) 0.72 1.51 2.21 1.28

phosphoethanolamine 0.97 1.45 2.24 2.52

cytidine-5'-diphosphoethanolamine 0.91 1.02 1.63 0.96

glycerophosphoethanolamine 0.83 1.44 1.82 1.34

1-stearoyl-2-oleoyl-GPC (18:0/18:1) 1.05 1.24 1.02 1.02

1-stearoyl-2-oleoyl-GPI (18:0/18:1)* 0.62 1.13 0.58 0.85

1-palmitoyl-2-palmitoleoyl-GPC (16:0/16:1)* 0.76 0.96 0.88 0.86

1-palmitoyl-2-oleoyl-GPG (16:0/18:1) 0.51 0.88 0.81 0.95

1-palmitoyl-2-oleoyl-GPE (16:0/18:1) 0.71 1.08 0.83 0.88

1-stearoyl-2-arachidonoyl-GPE (18:0/20:4) 0.83 1.06 1.18 0.92

1-stearoyl-2-oleoyl-GPE (18:0/18:1) 0.76 1.07 0.94 0.87

1-palmitoyl-2-arachidonoyl-GPE (16:0/20:4)* 0.75 1.03 1.17 0.89

1-palmitoyl-2-linoleoyl-GPE (16:0/18:2) 0.80 1.00 0.96 0.89

1-stearoyl-2-linoleoyl-GPE (18:0/18:2)* 0.64 1.14 0.71 0.93

1,2-dioleoyl-GPG (18:1/18:1) 0.96 1.18 1.18 1.17

1,2-dioleoyl-GPI (18:1/18:1) 0.70 1.11 0.74 0.88

1-palmitoyl-2-stearoyl-GPC (16:0/18:0) 1.09 0.97 1.05 0.83

1,2-dioleoyl-GPE (18:1/18:1) 0.79 1.07 0.93 0.96

1-palmitoyl-2-oleoyl-GPI (16:0/18:1)* 0.61 1.09 0.75 1.02

1-palmitoyl-2-oleoyl-GPS (16:0/18:1) 0.68 1.08 0.87 0.90

Kas Norm Kas Hyp

Phospholipid 
Metabolism

Sub Pathway Biochemical Name

Two-Way ANOVA

Fold of Change, ANOVA Contrasts

iBET
Vehicle

Culture 
and 

Treatment 
Main 

Cell Line 
Main 
Effect

Main 
Effects 

Interaction
OCI Norm OCI Hyp



iBET	
  raises	
  acylcarni,ne	
  levels	
  in	
  normoxic	
  Kasumi-­‐1	
  cells	
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Fatty Acid Metabolism acetyl CoA 0.75 2.45 1.20 1.06

acetylcarnitine 1.72 3.54 1.69 1.13

3-hydroxybutyrylcarnitine (1) 1.10 1.17 1.73 1.04

3-hydroxybutyrylcarnitine (2) 0.77 1.06 1.41 0.98

valerylcarnitine 1.00 1.00 1.12 0.88

hexanoylcarnitine 0.54 1.55 1.26 0.92

octanoylcarnitine 1.00 1.00 1.61 1.33

laurylcarnitine 0.80 0.96 1.56 1.40

myristoylcarnitine 0.64 1.47 1.57 1.13

palmitoylcarnitine 0.59 1.78 1.74 1.15

palmitoleoylcarnitine* 0.82 1.51 1.71 1.09

stearoylcarnitine 0.72 1.77 1.66 1.38

linoleoylcarnitine* 0.86 1.28 1.83 1.14

oleoylcarnitine 0.88 1.29 1.76 1.16

myristoleoylcarnitine* 0.80 1.93 1.84 1.04

iBET
Vehicle

Fold of Change, ANOVA Contrasts

Two-Way ANOVA

Biochemical NameSub Pathway

Fatty Acid 
Metabolism(Acyl 

Carnitine)

Kas Hyp
Cell Line 

Main 
Effect

Main 
Effects 

Interaction
OCI Norm OCI Hyp Kas Norm

Culture 
and 

Treatment 
Main 



Glutathione	
  levels	
  increased	
  in	
  iBET	
  treated	
  hypoxic	
  OCI-­‐
AML3	
  cells	
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53	
  



54	
  



Acknowledgments	
  

Supported by: FP7,  European LeukemiaNet, AIL, AIRC, FIRB 2006, Fondazione del Monte di Bologna e Ravenna


	
  



NLRP3 
activation,  
IL-1b 
production 

Accelerated 
atherosclerosis: 
•  CHD 
•  ischemic stroke 

Two roads diverge in a ”clonal wood” 

Ageing, bone marrow injury 

DNMT3A, 
TET2, ASXL1, 
etc 
mutations 

FLT-3, NPM1, etc 
mutations, 
chromosomal 
rearrangements 

Future perspectives: 
•  Prognostic factor 

for CHD 
•  Therapeutic target  

“Two roads diverged in a wood, and I 
I took the one less travelled by, 
And it made all the difference.” 
 
Robert Frost 

Normal polyclonal 
hematopoiesis 

CHIP (“a clonal wood”) 

Acute myeloid leukemia 

Mature peripheral blood 
cells derived from the 
clone (monocyte, 
neutrophils) 

Could it make all the difference? 


