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Outline	  

•  CLL as a clinical practice model for precision medicine 

•  Predictors for choosing a novel molecule 

•  Predictors for not choosing a novel molecule 

•  DLBCL as a potential model for precision medicine 
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CLL:	  Homogeneous	  phenotype	  but	  heterogeneous	  
clinical	  course	  
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TherapeuCc	  targeCng	  of	  BCR	  signalling 

	  BCR:	  B-‐cell	  receptor;	  CML:	  
chronic	  myeloid	  leukaemia	   Wiestner	  A.	  J	  Clin	  Oncol	  2013;31:128–130.	  
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Font	  size	  according	  to	  gene	  mutaDon	  prevalence	  

3601	  genes	  mutated	  in	  CLL	  from	  the	  COSMIC	  v71	  database	  

100	  genes	  mutated	  in	  2	  or	  more	  CLL	  

4	  genes	  recurrently	  mutated	  in	  >5%	  of	  CLL	  

Fabbri,	  J	  Exp	  Med	  2011;	  Puente,	  Nature	  2011;	  Rossi,	  Blood	  2011;	  Quesada,	  Nat	  Genet	  2011;	  Wang,	  N	  Engl	  J	  Med	  2011;	  Rossi,	  Blood	  2012	  

CLL	  mutaCons	  

•  One	  of	  the	  tumors	  with	  the	  lowest	  background	  mutaCon	  load	  (0.6	  per	  Mb)	  

•  No	  unifying	  gene	  mutaCons	  
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IntegraCng	  mutaCon	  and	  cytogeneCcs	  for	  
CLL	  survival	  prognosCcaCon	  

Matched	  general	  populaDon	  

N 10-year OS 10-year relative OS 
del13q 26% 69% 84% 

Normal/+12 40% 57% 70% 
NOTCH1 M/SF3B1 M/del11q 17% 37% 48% 

TP53 DIS/BIRC3 DIS 17% 29% 37% 

Survival	  

Rossi	  et	  al,	  Blood	  2013	  



PredicCve	  biomarkers	  PrognosCc	  biomarkers	  

Progression 

Treatment	  tailoring	  PaCent	  counseling	  

Frequency	  of	  follow-‐up	  

IdenCfy	  those	  apropriate	  for	  
early	  intervenCon	  trials	  

Clinical	  applicaCons	  of	  predicCve	  and	  prognosCc	  biomarkers	  in	  CLL	  

Provide	  informaDon	  on	  the	  likely	  outcome	  	  
of	  CLL	  independent	  of	  treatment	  

Provide	  informaDon	  on	  the	  	  
likely	  benefit	  from	  a	  specific	  CLL	  treatment	  	  
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TP53	  abnormaliCes	  in	  CLL	  
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N=1/63	  
(1.5%)	  

N=30/318	  
(9.4%)	  

N=44/99	  
(44.4%)	  

N=25/38	  
(65.7%)	  

N=13/268	  
(4.8%)	  

	  
Dohner	  et	  al,	  New	  Engl	  J	  Med	  2000	  ;	  Rasi	  et	  al,	  Haematologica	  2012;	  Zainuddin	  et	  al,	  Leuk	  Res	  2011;	  Zenz	  et	  al	  J	  Clin	  Oncol	  2010;	  Rossi	  et	  al	  Blood	  2011,	  SDlgenbauer,	  Blood	  2014	  
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All	   normal	  
IGHV	  
U	   +12	   17p-‐	  11q-‐	  13q-‐	  

IGHV	  
M	  	  
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+12q-censored  
13q-single- 
censored  
No aberration- 
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Hallek et al, ASH 2009 
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17p- on FCR 

TP53	  abnormaliCes	  in	  CLL	  

Stilgenbaueret al, ASH 2012 

FC and TP53WT 

FC and TP53mut 

FCR and TP53WT 

FCR and TP53mut 

EHA-‐20:	  Ljungstrom	  S121;	  Tausch	  LB2070	  (novel	  FCR	  prognosDcators)	  



Badoux	  Blood	  2011;	  Fisher	  J	  Clin	  Oncol	  	  2011;	  O’Brien,	  ASH	  2014;	  Sharman	  ASH	  2014;	  Byrd	  ASH	  2015;	  SDlgenbauer,	  ASH	  2015	  

Chemoimmunotherapy	  (CIT)	  vs	  novel	  agents	  in	  TP53	  disrupted	  CLL	  
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Hallek	  et	  al.	  Blood.	  2008;	  
Oscier	  et	  al.	  Br	  J	  Haematol.	  2013	  
Pospisilova	  et	  al.	  Leukemia.	  2012	  
Zelenetz	  et	  al	  J	  Natl	  Cancer	  Inst	  2015	  
Eichhorts	  et	  al,	  Ann	  Oncol	  2015.	  

Guideline	  recommendaCons	  for	  TP53	  analysis	  in	  clinical	  pracCce	  

When	   What	  

iwCLL	   Before	  treatment	   17p	  deleDon	  

ERIC	   Before	  treatment	   TP53	  mutaDon	  

BCSH	   Before	  treatment	   17p	  deleDon	  and	  TP53	  mutaDon	  

NCCN	   Before	  treatment	   17p	  deleDon	  and	  TP53	  mutaDon	  

ESMO	   Before	  treatment	   17p	  deleDon	  and	  TP53	  mutaDon	  



Clonal	  architecture	  of	  TP53	  mutated	  CLL	  

Scenario	  1	   Scenario	  2	   Scenario	  3	  

TP53	  mutaDon	  
representaDon	  

80%	  

TP53	  mutaDon	  
representaDon	  

20%	  

TP53	  mutaDon	  
representaDon	  

1%	  

Detectable	  by	  
Sanger	  sequencing	  

Barely	  detectable	  by	  
Sanger	  sequencing	  

Not	  detectable	  by	  
Sanger	  sequencing	  



subclonal	  M	   clonal	  M+subclonal	  M	  
clonal	  M	   wt	  

subclonal	  M	   subclonal	  M+del17p	  
clonal	  M+subclonal	  M	   clonal	  M+subclonal	  M+del17p	  
clonal	  M+del17p	   clonal	  M	  
del17p	   wt	  
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TP53	  mutaCons	  

Sanger	  sequencing	  
negaCve	  n=50	  

Sanger	  sequencing	  
posiCve	  n=35	  

TP53	  mutaCons	   TP53	  lesions*	  

Small	  TP53	  mutated	  subclones	  account	  for	  
~30%	  of	  all	  cases	  harboring	  TP53	  defects	  

85%	  
(N=263)	  

N=309	   N=309	  

6%	  
(N=18)	  

3%	  
(N=10)	  

6%	  
(N=18)	   84%	  

(N=259)	  

5%	  
(N=15)	  

4%	  
(N=13)	  

7%	  
(N=22)	  

Ultra	  deep-‐NGS	  
85	  TP53	  mutaDons	  in	  46/309	  (15%)	  CLL	  

*	  TP53	  mutaDons	  and	  17p13	  deleDon	  

Median	  allele	  frequency:	  2.1%	  (range:	  0.3-‐11%)	  	  

Rossi,	  Blood	  2014	  



TP53	  unmutated	  
Solely	  subclonal	  TP53	  M	  
Clonal	  TP53	  M	  

263	   122	   15	   0	  
18	   4	   0	   0	  
28	   6	   0	   0	  

Events	   Total	   5-‐year	  OS	   95%	  CI	  
77	   263	   75.1%	   69.5-‐80.7%	  
9	   18	   46.3%	   22.0-‐70.6%	  
19	   28	   34.6%	   15.8-‐53.4%	  

-‐	   .0042	   .<.0001	  
.0042	   -‐	   .6926	  
<.0001	   .6926	   -‐	  

p	  from	  pairwise	  comparisons	  

No.	  at	  risk	  

Small	  TP53	  mutated	  subclones	  have	  the	  same	  
unfavorable	  prognosCc	  impact	  as	  clonal	  TP53	  defects	  

Rossi,	  Blood	  2014	  
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Small	  TP53	  mutated	  subclone	  
admixed	  	  with	  TP53	  wild	  type	  clones	  

Removal	  of	  TP53	  wild	  type	  
clones	  and	  selecCon	  of	  the	  
TP53	  mutated	  subclone	  

Expansion	  of	  the	  TP53	  mutated	  clone	  

Diagnosis	   Chemotherapy	   Progression	   Chemotherapy	   Refractoriness	  

TP53	  mutated	  CLL	  cell	  

TP53	  unmutated	  
Solely	  subclonal	  TP53	  M	  
Clonal	  TP53	  M	  

Poor	  outcome	  

Rossi,	  Blood	  2014	  

Small	  TP53	  mutated	  subclones	  are	  selected	  by	  
treatment	  because	  of	  their	  chemoresistance	  



Outline	  

•  CLL as a clinical practice model for precision medicine 

•  Predictors for choosing a novel molecule 

•  Predictors for not choosing a novel molecule 

•  DLBCL as a potential model for precision medicine 



CLL	  FISH	  
karyotype	  

Gene	  
mutaCons	  

Richter	  
transformaCon	  

TP53	  
disrupCon	  

NOTCH1	  
mutaCons	  

	  IGHV	  	  
mutaCon	  

BCR	  pathway	  
mutaCons	  

PrognosCcators	   Predictors	  

PrognosCcators	  and	  predictors	  in	  CLL	  



VH	   D	   JH	  

FR1	   FR2	   FR3	   FR4	  CDR2	   CDR3	  CDR1	  
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IGHV	  mutated	   IGHV	  unmutated	  

Homology	  <98%	   Homology	  >98%	  

Newly	  diagnosed	  CLL:	  ∼60%	  
Progressive	  CLL:	   	  	  	  	  	  	  ∼40%	  
Relapsed/Refractory:	  	  	  ∼20%	  

Chiorazzi	  et	  al.	  New	  Engl	  J	  Med	  2005	  

Newly	  diagnosed	  CLL:	  ∼40%	  
Progressive	  CLL:	   	  	  	  	  	  	  ∼60%	  
Relapsed/Refractory:	  	  	  ∼80%	  

No	  acDvaDon	   AcDvaDon	  
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p<0.001 

del11q 
p=0.024 

IGHV UM 
p=0.011 

Months Months Months 

IGHV M 
IGHV UM/del11q 
del17p 

N Observed 
events 

Expected 
events* 5-year OS (%) 5-year relative 

OS* p* 

194 4 2.6 91.3 95.9% 0.364  
212 30 7.4 81.8 85.9% <.001 
82 14 1.6 57.5 60.4% <0.001 
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Matched general population 

IGHV	  mutated	  paCents	  devoid	  of	  del17p	  and	  del11q	  
gain	  the	  greatest	  benefit	  from	  FCR	  



FCR 
IGHV mutated 

IGHV	  mutated	  paCents	  gain	  the	  greatest	  benefit	  from	  FCR	  

Thompson	  et	  al,	  Blood	  2015	   Fischer	  et	  al,	  Blood	  2016	  



Hallek	  et	  al.	  Blood.	  2008;	  
Oscier	  et	  al.	  Br	  J	  Haematol.	  2013	  
Zelenetz	  et	  al	  J	  Natl	  Cancer	  Inst	  2015	  
Eichhorts	  et	  al,	  Ann	  Oncol	  2015.	  

Guideline	  recommendaCons	  for	  IGHV	  analysis	  in	  clinical	  pracCce	  

RecommendaCon	   When	  

iwCLL	   Not	  generally	  
indicated	   -‐	  

BCSH	   Not	  recommended	   -‐	  

NCCN	   Not	  generally	  
indicated	   -‐	  

ESMO	   Desirable	   Before	  treatment	  



Can	  treatment	  decision	  be	  informed	  by	  biomarkers?	  

IbruDnib	  
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CLL	  FISH	  
karyotype	  

Gene	  
mutaCons	  

Richter	  
transformaCon	  

TP53	  
disrupCon	  

NOTCH1	  
mutaCons	  

	  IGHV	  	  
mutaCon	  

BCR	  pathway	  
mutaCons	  

PrognosCcators	   Predictors	  

PrognosCcators	  and	  predictors	  in	  CLL	  



NOTCH1	  mutaCons	  as	  predicCve	  marker	  for	  no	  benefit	  
from	  addiCon	  of	  anC-‐CD20	  MoAb	  to	  chemotherapy	  
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SDlgenbauer	  et	  al,	  Blood	  2014	  

GCLLSG	  CLL8	   COMPLEMENT	  1	  

Tausch	  et	  al,	  ASH	  2013	  



NOTCH1 mutations associate with lower CD20 
expression and reduced lysis by anti-CD20 mAbs 

Pozzo	  et	  al,	  Leukemia	  2016	  



Outline	  

•  CLL as a clinical practice model for precision medicine 

•  Predictors for choosing a novel molecule 

•  Predictors for not choosing a novel molecule 

•  DLBCL as a potential model for precision medicine 



Lenz	  et	  al.	  NEJM,	  2008	  
Compagno	  et	  al,	  Nature	  2009	  
Davis	  et	  al,	  Nature	  2010	  

ABC-‐DLBCL	  is	  addicted	  of	  NF-‐kB	  
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NF-‐kB	  inhibiCon	  is	  lethal	  for	  ABC	  DLBCL	  

R-‐CHOP	  treated	  DLBCL	  



BCL10	  

TARGET	  
GENES	  

BCR	  

TARGET	  
GENES	  

BLNK	  

MALT1	  

BTK	  

DAG	   IP3	  
PKCβ	  

CARD11	  

BCL10	  MALT1	  

CD
79
A	  

CD
79
B	  

LYN	   SYK	  

IKKβ	  

PLCγ	  

nuclear	  
membrane	  

Non-‐canonical	  	  
NF-‐κB	  pathway	  

CD40	  
BAFFR	  
RANK	  
LTBR	  

TRAF2	  
TRAF3	  

BIRC3	  

MAP3K14	  

IKKα	  
	  P	  

p100	  
RelB	  

p52	  
RelB	  

TNFAIP3	  

MYD88	  

IRAK4	   IRAK4	  
IRAK1	   IRAK1	  

TRAF6	  

TLR	  

p50	  
RelA	  

p50	  
RelA	  IkB	   NF-‐kB	  

acCvaCon	  

TRAF6	  

P	   P	  

P	  

P	  

15%	  

20%	  

50%	  

Various	  alternaCve	  geneCc	  mechanisms	  of	  NF-‐kB	  acCvaCon	  
In	  DLBCL	  affecCng	  the	  TLR	  and	  BCR	  pathways	  

IbruCnib	  

25%	  



Ibrutinib in relapsed/refractory diffuse large B cell lymphoma 
(Wilson et al, Nat Med 2015) 

Courtesy of L Staudt 



Blockade	  of	  BCR	  signaling	  in	  ABC	  DLBCL	  with	  IbruCnib	  	  

IbruCnib	  is	  toxic	  for	  ABC	  DLBCLs	  with	  BCR	  signaling	  	  

Davis	  et	  al,	  Nature	  2010	  

CD79B	  mutaDon	  predicts	  response	  	  

MYD88	  mutaDon/CD79B	  wt	  predicts	  no	  response	  

CARD11	  mutaDon	  predicts	  no	  response	  

Wilson	  et	  al,	  ASH	  2012	  



	  	   SMZL	   NMZL	   WM	   HCL	   vHCL	   EMZL	   CLL	  

NOTCH2	   25%	   25%	  

PTPRD	   20%	  

MYD88	   95%	  

BRAF	   100%	  

MAP2K1	   50%	  

MutaDon	  prevalence	  Low	   High	  

MutaCons	  in	  signalling	  pathway	  genes	  among	  
indolent	  B-‐cell	  tumors	  

Tiacci	  et	  al,	  New	  Engl	  J	  Med	  2011	  
Treon	  et	  al,	  New	  Engl	  J	  Med	  2012	  
Landau	  et	  al,	  Cell	  2013	  
Rossi	  et	  al,	  J	  Exp	  Med	  2013	  
Rossi	  et	  al,	  ASH	  2013	  
Waterfall	  et	  al,	  Nat	  Genet	  2013	  
Spina	  et	  al,	  ASH	  2014	  


