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Leukemic	  cells	  become	  resistant	  to	  the	  drug	  (TKI	  cannot	  inhibit	  BCR-‐ABL	  or	  kill	  BCR-‐
ABL+	  cells	  any	  more)	  
	  
The	  TKI	  stops	  working	  for	  some	  reason	  
	  
Look	  for	  other	  changes	  in	  the	  chromosomes	  or	  genes	  (mutaCons),	  so	  “the	  key”	  (TKI)	  
does	  no	  longer	  fit	  into	  “the	  lock”	  (BCR-‐ABL)	  
	  
	  
	  
	  
	  
	  
	  
	  

A	  LOT	  ABOUT	  OTHER	  MECHANISMS	  ARE	  STILL	  UNKNOWN	  

WHAT	  IS	  DRUG	  RESISTANCE?	  
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ImaCnib	  Resistance	  in	  Chronic	  Phase	  CML:	  

DefiniCons	  
•  Resistance	   can	   be	   defined	   as	   primary	   (lack	   of	   acceptable	   iniCal	  
response)	  or	  secondary	  (loss	  of	  an	  established	  response)	  

	  
–  Primary	   hematologic	   resistance	   refers	   to	   failure	   to	   achieve	   a	  

CHR	  within	  3-‐6	  months	  of	  iniCaCng	  imaCnib	  (~2-‐4	  %	  of	  cases*)	  
–  Primary	  cytogeneCc	  resistance	  can	  be	  defined	  as:	  

• Lack	  of	  any	  cytogeneCc	  response	  by	  6	  months	  	  
	  (~22%	  of	  cases*	  -‐	  IRIS	  study)	  	  
• Lack	  of	  MCyR	  by	  12	  months	  (~15%	  of	  cases*	  -‐	  IRIS)	  
• Lack	  of	  CCyR	  by	  18	  months	  	  (~25%	  of	  cases*	  -‐	  IRIS)	  

• Secondary	   resistance	   refers	   to	   progression	   aVer	   an	   established	  
hematologic	  or	  cytogeneCc	  response	  	  
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Titolo relazioneClinical	  Resistance	  to	  ImaCnib:	  Mechanisms	  
•  PRIMARY	  RESISTANCE	  

§  Insufficient	  inhibiCon	  of	  BCR-‐ABL	  

§  Can	  be	  due	  to	  low	  plasma	  levels,	  acCvity	  of	  drug	  pumps,	  etc	  

§  Individual	  variaCon	  in	  normal	  bone	  marrow	  reserve	  	  (low	  levels	  of	  
normal	  hematopoieCc	  stem	  cells	  in	  some	  paCents)	  

•  SECONDARY	  RESISTANCE	  

§  Outgrowth	  of	  one	  or	  more	  clones	  harboring	  an	  imaCnib-‐resistant	  
BCR-‐ABL	  kinase	  domain	  mutaCon	  (most	  common)	  	  

§  OverproducCon	  of	  BCR-‐ABL	  (e.g.	  via	  genomic	  amplificaCon)	  

§  BCR-‐ABL-‐independent	  mechanisms	  (poorly	  understood)	  
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BCR-‐ABL	  Kinase	  Domain	  MutaCons	  Associated	  with	  	  

Clinical	  Resistance	  to	  ImaCnib	  (Incomplete	  Map)	  

Gorre	  et	  al,	  2001;	  von	  Bubnoff	  et	  al,	  2002;	  Branford	  et	  al,	  2002;	  Hofmann	  et	  al,	  2002;	  Roche-‐L’EsBenne	  et	  al,	  2002;	  Shah	  et	  al,	  2002;	  
Hochhaus	  et	  al,	  2002;	  Al-‐Ali	  et	  al,	  2004	  
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Next-‐GeneraCon	  Sequencing:	  applicaCons	  
	  

Breadth	  (throughput)	   Depth	  (sensiCvity)	  

Whole	  	  
genome	  

Whole	  
transcriptome	  

Selected	  
genes	  

Whole	  	  
exome	  

Fragmented	  	  
nucleic	  	  
acids	  

PCR	  amplicons	  
or	  target	  

enrichment	  
products	  

Targets	  Inputs	  

Deep	  or	  Ultra-‐
Deep	  Sequencing	  

(DS	  or	  UDS)	  

Ultra-‐Broad	  
Sequencing	  

Use	  

Discovery	  

ValidaCon;	  
DiagnosCcs	  
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MutaCons	  detectable	  by	  convenConal	  sequencing:	  

the	  Cp	  of	  the	  iceberg	  

Y253H	  

M343V	  

T315I	  

L248Q	  

M351V	  

ConvenConal	  
Sequencing	  

(20%)	  

NGS	  

(1%)	  
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Aug	  Feb	   Mar	   Apr	  

100%	  

	  	  	  1%	  
May	  	  Jan	  

The	  dynamic	  landscape	  of	  mutant	  populaCons	  can	  
be	  best	  followed	  by	  NGS	  

Jun	   Jul	   Sep	   Oct	  

10%	  

IM	   BOS	  

G250E	  
G250E+T315I	  

20%	  

NIL	  

G250E	  

The	  G250E	  cells	  
are	  not	  

completely	  
eliminated	  by	  

NIL	  

Some	  G250E	  
cells	  acquire	  a	  

T315I	  
G250E+T315I	  

E255K	  

E255K	  

G250E	  

E255K	  

If	  we	  had	  
detected	  the	  
E255K,	  would	  
would	  not	  have	  

chosen	  NIL	  

E255K	  

§  In	  some	  paCents,	  BCR-‐ABL	  mutaCon	  status	  is	  more	  
complex	  than	  convenConal	  sequencing	  shows	  

	  
§  Deep	  Sequencing	  of	  BCR-‐ABL	  enables	  more	  sensiCve	  
detecCon	  of	  clinically	  acConable	  mutaCons	  (dasaCnib-‐,	  
niloCnib-‐	  or	  bosuCnib-‐resistant	  mutaCons)	  that	  may	  

influence	  TKI	  selecCon	  

Soverini	  et	  al,	  Blood	  2013	  
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ONE	  STEP	  FURTHER:	  

THE	  ‘NEXT-‐IN-‐CML’	  STUDY	  

STUDY	  TITLE:	  
“NEXT-‐GENERATION	  SEQUENCING	  FOR	  BCR-‐ABL	  KD	  

MUTATION	  SCREENING	  IN	  PHILADELPHIA	  
CHROMOSOME-‐POSITIVE	  LEUKEMIAS”	  

	  	  
STUDY	  ACRONYM:	  “NEXT-‐IN-‐CML”	  

	  	  
ProspecCve	  InvesCgaConal	  MulC-‐Center	  Tissue	  Study	  

	  
	  

 §  4	  labs	  (Bologna,	  Catania,	  Orbassano,	  
Napoli)	  

§  54	  clinical	  centers	  

We	  have	   iniCated	   a	  mulCcenter,	  mulClaboratory	   prospecCve	   study	   (‘NEXT-‐IN-‐CML’)	   aimed	   to	  
assess	   the	   feasibility,	   cost,	   turnaround	   Cmes	   and	   clinical	   uClity	   of	   a	   NGS-‐based	   BCR-‐ABL	   KD	  
mutaCon	  screening	  approach	  
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PHASE	  A	   PHASE	  B	  

•  create	   a	   network	   of	   reference	   labs	   sharing	   a	   common	   NGS	  
workflow,	  a	  joint	  database	  for	  clinical	  and	  mutaConal	  data	  storage	  
and	   a	   common	   pipeline	   of	   data	   analysis,	   interpretaCon	   and	  
reporCng	  	  

•  verify	  accuracy	  and	  inter-‐laboratory	  reproducibility	  of	  results	  on	  a	  
common	  set	  of	  samples	  with	  known	  mutaCon	  status	  and	  mutaCon	  
load	  

THE	  ‘NEXT-‐IN-‐CML’	  STUDY	  
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•  prospecCvely	   assess	   the	   frequency	   of	   low	   burden	   mutaCons	  
undetectable	   by	   Sanger	   sequencing	   in	   paCents	   with	   failure	   or	  
warning	  to	  TKI	  therapies	  

•  correlate	  NGS	  data	  with:	  
	  

	  	  	  	  	  1)	  baseline	  disease	  features,	  previous	  therapy	  and	  level	  of	  	  
	  	  	  	  	  	  	  	  	  	  response	  at	  the	  Cme	  of	  sampling	  
	  
	  	  	  	  	  2)	  response	  to	  subsequent	  therapy(ies)	  and	  12-‐month	  outcome	  

THE	  ‘NEXT-‐IN-‐CML’	  STUDY	  

PHASE	  A	   PHASE	  B	  
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PHASE	  B	  	  

By	  Sanger	  seq:	  
42/211	  (20%)	  	  

By	  NGS:	  	  	  	  	  	  	  	  	  
94/211	  (44%)	  	  

Any	  mutaCon	  

Low	  burden	  mutaCons	  detectable	  by	  NGS	  only	  

52	  pts:	  negaCve	  for	  
mutaCons	  by	  Sanger	  seq	  
24	  pts:	  in	  addiCon	  to	  mutaCons	  
detectable	  by	  Sanger	  seq	  

T315I	  (8	  pts)	  
Res	  to	  IM/DAS/NIL/BOS	  
other	  than	  T315I	  	  	  	  	  	  	  	  	  	  	  	  	  
(43	  pts)	  
Unknown	  res	  profile	  (25	  
pts)	  §  A	  total	  of	  76	  (36%)	  pts	  had	  low	  burden	  mutaCons	  (NGS)	  

§  51	  (24%)	  pts	  had	  relevant	  TKI-‐resistant	  mutaCons	  missed	  by	  
Sanger	  seq	  
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CONCLUSIONS	  –	  NEXT-‐IN-‐CML	  STUDY	  

§  Robust and reproducible NGS-based BCR-ABL1 KD 
mutation screening can successfully be implemented 
in national diagnostic lab networks and is feasible with 
turnaround times and costs comparable to those of  
Sanger seq 

§  In a large, prospective series of  CML pts with Failure 
or Warning, known IM/DAS/NIL/BOS resistant 
mutations were missed by Sanger seq in 24% of  the pts 

§  Low burden (≥3%) TKI-resistant mutations were found 
to be sufficient to drive clonal expansion, whereas 
more data are needed to understand the clinical 
significance of  those with an unknown resistance 
profile 
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§  Robust and reproducible NGS-based BCR-ABL1 KD 
mutation screening can successfully be implemented 
in national diagnostic lab networks and is feasible with 
turnaround times and costs comparable to those of  
Sanger seq 

§  In a large, prospective series of  CML pts with Failure 
or Warning, known IM/DAS/NIL/BOS resistant 
mutations were missed by Sanger seq in 24% of  the pts 

§  Low burden (≥3%) TKI-resistant mutations were found 
to be sufficient to drive clonal expansion, whereas 
more data are needed to understand the clinical 
significance of  those with an unknown resistance 
profile 

 

§  Robust	  and	  reproducible	  NGS-‐based	  BCR-‐ABL1	  KD	  mutaCon	  screening	  can	  
successfully	   be	   implemented	   in	   naConal	   diagnosCc	   lab	   networks	   and	   is	  
feasible	  with	   turnaround	  Cmes	   and	   costs	   comparable	   to	   those	   of	   Sanger	  
seq	  

	  

§  In	   a	   large,	   prospecCve	   series	  of	   CML	  pts	  with	   Failure	  or	  Warning,	   known	  
IM/DAS/NIL/BOS	  resistant	  mutaCons	  were	  missed	  by	  Sanger	  seq	  in	  24%	  of	  
the	  pts	  

	  

§  Low	  burden	   (≥3%)	   TKI-‐resistant	  mutaCons	  were	   found	   to	  be	   sufficient	   to	  
drive	  clonal	  expansion,	  whereas	  more	  data	  are	  needed	  to	  understand	  the	  
clinical	  significance	  of	  those	  with	  an	  unknown	  resistance	  profile	  
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•  PRIMARY	  RESISTANCE	  

§  Insufficient	  inhibiCon	  of	  BCR-‐ABL	  

§  Can	  be	  due	  to	  low	  plasma	  levels,	  acCvity	  of	  drug	  pumps,	  etc	  

§  Individual	  variaCon	  in	  normal	  bone	  marrow	  reserve	  	  (low	  levels	  of	  
normal	  hematopoieCc	  stem	  cells	  in	  some	  paCents)	  

•  SECONDARY	  RESISTANCE	  

§  Outgrowth	  of	  one	  or	  more	  clones	  harboring	  an	  imaCnib-‐resistant	  
BCR-‐ABL	  kinase	  domain	  mutaCon	  (most	  common)	  	  

§  OverproducCon	  of	  BCR-‐ABL	  (e.g.	  via	  genomic	  amplificaCon)	  

§  BCR-‐ABL-‐independent	  mechanisms	  (poorly	  understood)	  
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BCR-‐ABL-‐INDEPENDENT	  MECHANISMS	  OF	  DRUG	  

RESISTANCE
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“Long	  before	  the	  worldwide	  obsession	  with	  all	  type	  of	  stem	  cell	  started,	  the	  stem	  cells	  was	  fully	  

accepted	  in	  the	  field	  of	  hematology”	  

	  

	  

	  

	  

	  

	  

	  
Alexander	  Alexandrowitsch	  Maximow	  in	  a	  scienCfic	  presentaCon	  in	  Berlin	  in	  1909:	  “Stamzellen”	  

BCR-‐ABL-‐INDEPENDENT	  MECHANISMS	  OF	  DRUG	  
RESISTANCE	  
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STEM	  CELL	  –	  DEFINITION	  and	  CHARACTERISTICS	  

A	   cell	   that	   has	   the	   ability	   to	   conCnuously	   divide	   and	   differenCate	   (develop)	   into	  
various	  other	  kind(s)	  of	  cells/Cssues	  	  

‘Blank	  cells’	  (unspecialized)	  

Capable	  of	  dividing	  and	  renewing	  themselves	  for	  long	  periods	  of	  Cme	  (proliferaCon	  
and	  renewal)	  

Have	  the	  potenCal	  to	  give	  rise	  to	  specialized	  cell	  types	  (differenCaCon)	  
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This	  cell	  

can	  form	  the	  	  
embryo	  and	  placenta	  

This	  cell	  
can	  just	  form	  the	  

embryo	  

Fully	  mature	  	  

KINDS	  OF	  STEM	  CELLS	  
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WHY	  IS	  STEM	  CELL	  RESEARCH	  SO	  IMPORTANT	  TO	  

ALL	  OF	  US?	  	  
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www.ncbi.nlm.nih.gov/pubmed/?term=CML+LEUKEMIC+STEM+CELL	  

THE	  IMPORTANCE	  OF	  LSC	  RESEARCH	  IN	  THE	  LAST	  
YEARS	  

CO
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2007 

2004 

β-Catenin is essential for survival of 
leukemic stem cells insensitive to kinase 
inhibition in mice with BCR-ABL-induced 

chronic myeloid leukemia. 
Essential role of β-catenin in survival of 

CML stem cells


Y Hu, Y Chen, L Douglas and SLi

2009 
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Seràgnoli	  AND	  CML	  STEM	  CELL	  
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β	  catenin	  

FOXM1	  SIGNALING	  NETWORK	  
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AIM	  OF	  OUR	  STUDIES…	  

LSC	  HSC	  

TARGET	  THERAPY	  

APOPTOSIS	  SURVIVAL	  
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CONCLUSIONS	  

AURKA	  

PLK1	  AND	  AURKA	  INHIBITOR

PLK1	  
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Thank	  you	  for	  avenCon!	  


