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Personalized	  Cancer	  Medicine	  
Expecta6ons	  and	  Reality	  

•  Expecta6ons	  and	  Marke6ng	  
–  Highly	  effec6ve	  cancer	  therapy	  
–  Neglectable	  side	  effects	  
–  Higher	  cost	  effec6veness	  
–  Reduced	  a@ri6on	  rate	  in	  clinical	  development	  

•  Reality	  
–  Molecular	  or	  immunological	  targeted	  therapy	  is	  feasible	  	  	  	  	  	  	  	  	  	  
(=	  personalized	  medicine?)	  

•  At	  least	  in	  some	  tumor	  en66es	  or	  tumor	  subpopula6ons	  
–  Side	  effects	  changed	  in	  quality	  but	  are	  s6ll	  an	  issue	  
–  Complexity	  of	  cancer	  gene6cs	  and	  other	  “-‐omics”	  
–  New	  challenges	  in	  transla6on	  and	  clinical	  development	  
–  Moderate	  improvement	  in	  cancer	  therapy	  associated	  with	  
massively	  increasing	  costs	  



ZukunOsmarkt	  	  
Personalisierte	  und	  zielgerichtete	  Medizin	  

Symptombasierte	  Medizin	  

• 	  „one	  fits	  all“/Blockbuster-‐Ansatz,	  	  
• 	  geringe	  Wirksamkeit	  (nur	  40-‐60%)	  	  
• 	  hohe	  Nebenwirkungsraten	  
• 	  hohe	  „AUri&on	  Rates“	  
• 	  lange	  Entwicklungszeiten	  	  
• 	  hohe	  Kosten	  der	  	  
	  Medikamentenentwicklung	  
	  

Personalisierte	  Medizin	  
	  
• 	  auf	  Pa&entengruppen	  zugeschniUene	  	  
	  Medizin	  

• 	  effek&vere	  Medikamente	  
• 	  sicherere	  Medikamente	  
• 	  niedrigere	  Ausfallraten	  
• 	  bis	  zu	  10	  mal	  kleinere	  klinische	  Studien	  
• 	  geringere	  Kosten	  für	  klinische	  Studien	  	  

Diagnose	  
Diagnose	  +	  

Biomarkertests	  
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Defini6on	  and	  Ra6onale	  
(Tran	  et	  al	  JCO	  2012)	  

•  The	  US	  Na6onal	  Cancer	  Ins6tute	  defines	  personalized	  
medicine	  as	  „a	  form	  of	  medicine	  that	  uses	  informa6on	  
about	  a	  person‘s	  genes,	  proteins,	  and	  environment	  to	  
prevent,	  diagnose,	  and	  treat	  disease“.	  
–  Gene6c	  aberra6ons	  exist	  in	  human	  malignancies	  
–  A	  subset	  of	  these	  aberra6ons	  drives	  oncogenesis	  and	  tumor	  
biology	  

–  These	  aberra6ons	  are	  ac6onable	  
–  Highly	  specific	  an6cancer	  agents	  are	  available	  that	  effec6vely	  
modulate	  these	  targets	  (druggable)	  

•  Mission	  and	  Goals	  to	  facilitate	  PCM	  
–  Enhance	  the	  understanding	  of	  the	  molecular	  mechanisms	  of	  
cancer	  

–  Accelerate	  genomic	  science	  and	  technology	  development	  
–  Translate	  genomic	  data	  to	  improve	  cancer	  preven6on,	  early	  
detec6on,	  diagnosis	  and	  treatment	  
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AML       FLT3/ITD	   	  → AC220,	  PKC412,	  MLN518,	  CEP-‐701,	  
	   	   	   	   	  	  	  	  	  	  su5416,	  Sorafenib,	  Suni&nib	  

CEL        FIP-‐PDGFRA 	  → Ima6nib,	  Nilo&nib,	  Dasa&nib,	  Sorafenib	  
CML        Bcr-‐Abl   →	  Ima6nib,Dasa6nib,Nilo6nib,	  Bosu&nib	  
GIST     cKit,PDGFRA 	  → Ima6nib,	  Suni6nib,	  Nilo&nib,	  Dasa&nib	  
IMF/PV/ET  JAK1/2 	   	  →	  Ruxoli6nib,	  Pacri&nib,	  CYT387,	  TG101 
Liver      VEGFR 	   	  →	  Sorafenib 
Lung    EGFR 	   	  → Erlo6nib,	  Gefi6nib	  

	   	   	  ALK 	   	  →	  Crizo6nib 
Mamma  HER-‐2 	   	  →	  Lapa6nib 
Melanoma  B-‐RAF 	   	  →	  Vemurafenib	  
Kidney      VEGFR 	   	  → Suni6nib,	  Sorafenib,	  Pazopanib	   	  	  	  	  	  	  	  	  

	   	  	  	  	  	  	  	   	  mTOR	   	   	  → Temsirolimus,	  Everolimus	  
Pancreas  EGFR 	   	  →	  Erlo6nib	  
PNET      mTOR 	   	  →	  Temsirolimus 
Thyroid  VEGFR,EGFR, 	  → Vandetanib	  

	   	   	  RET 	  	  

Kinase Inhibitors in Clinical Use 

green	  =	  licensed	  



Bcr-‐Abl	  sufficient	  for	  induc6on	  of	  leukemia:	  
„single	  hit	  oncogene“	  
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Chronic Myeloid Leukemia (CML) 
Bcr-Abl = constitutively activated signal transduction 



Imatinib (Glivec): 
ATP-competitor, 
disables kinase activity 
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IRIS	  8	  Years	  Update:	  Overall	  Survival	  Rate	  (ITT)	  	  
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Months since Randomization	  

85% Estimated Overall Survival 
after 8 years 
(93% if only CML-related death 
is considered) 

CML-related death rate	  
All deaths	  

Deininger	  et	  al.;	  	  Poster	  Präsenta&on	  ASH	  2009	  



Improved prognosis of CML  
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Gorre	  et	  al.	  2001;	  von	  Bubnoff	  et	  al.	  2002;	  Branford	  et	  al.	  2002;	  Hochhaus	  et	  al.	  2002;	  Hofmann	  et	  al.	  
2002;	  Roche-‐Les6enne	  et	  al.	  2002;	  Shah	  et	  al.	  2002	  	  

Bcr-Abl Punktmutationen: 
Hauptmechanismus der Imatinib-Resistenz 



Novel	  BCR-‐ABL	  kinase	  inhibitors	  suppress	  all	  known	  
ima6nib	  resistant	  mutants	  	  

Mutation	
 Imatinib	

Sprycel	

Dasatinib	


Tasigna	

Nilotinib	
 SKI-606	


INNO-406	

NS-187	


MK-0457	

VX-680	


G250E	
 	
 	
 	
 	
 	
 ?	

Y253F	
 	
 	
 	
 	
 	
 	

Y253H	
 	
 	
 	
 	
 	
 ?	

E255K	
 	
 	
 	
 	
 	
 	

E255V	
 	
 	
 	
 	
 	
 ?	

T315I	
 	
 	
 	
 	
 	
 	

H396P	
 	
 	
 	
 	
 	
 	


Gorre et al. Science 2001; von Bubnoff et al. Lancet 2002; Weisberg et al. Cancer Cell 2005; Shah et al. Science 2004; Golas et al. 
Cancer Research 2003; Soverini et al. EHA 2006; Kimura et al. Blood 2005; Tao et al. ASH 2006 #2179; Carter et al. PNAS 2005 



Prediction of Resistance Pattern in 
Advance of Clinical Application? 

imatinib compound I compound II 

? ? 

von	  Bubnoff	  et	  al.	  
Blood	  2005	  



Persistance of CML 
Progenitors (LSC?) in CML 
Mouse Model 
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Zelllinien-basierte Methode zur Vorhersage von 
Resistenzmutationen gegenüber therapeutisch 

eingesetzten Kinaseinhibitoren 

Zugabe von 
Inhibitor 

Flüssigkultur	  
96-‐Lochpla@e	  

Resistente 
Klone 

Ba/F3 
Bcr-Abl 

8-42 Tage 
Sequenzieren	  

Abl	  Kinasedomäne	  

von	  Bubnoff	  et	  al.	  
Cell	  Cycle	  2005	  



P C SH2 A 

CML: Bcr-Abl Resistance Spectrum 

von	  Bubnoff	  et	  al.	  Blood	  2005,	  2006	  
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Andreas	  Hochhaus,	  Jena	  



in	  vitro	  

§  Genexpression	  
§  Sequenzierung	  
§  Phosphoproteom	  
§  Zytogene6k	  

Maus-‐
modell	  

Klinische	  
Samples	  

Mechanismen der Behandlungsresistenz und 
Transformation bei malignen Erkrankungen 

Klinische	  
Phase	  I/II	  
Studie	  



Oncogenic	  Mechanisms	  in	  Acute	  Myeloid	  Leukemia	  
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Grimwade, D. et al. Hematology 2009 

Impact of karyotype on outcome in younger adults with AML 



Grimwade, D. et al. Hematology 2009 

Frequency of prognostically relevant molecular and cytogenetic 
subgroups of AML arising in younger adults 



Dohner, H. et al. Blood 2010 

Pie chart illustrating the molecular heterogeneity of cytogenetically normal AML based on 
mutations in the NPM1, CEBPA, MLL, FLT3 (ITD and TKD mutations at codons D835 and 

I836), NRAS, and WT1 genes 



Patel	  et	  al	  N	  Engl	  J	  Med	  2012;366:1079-‐89	  

Muta6onal	  Complexity	  of	  Acute	  Myeloid	  Leukemia	  (AML)	  



Muta6onal	  Complexity	  of	  AML	  

•  Molecular	  profiling	  of	  AML	  led	  to	  significant	  advances	  in	  
pathobiology	  

•  Defini6on	  of	  prognos6cally	  relevant	  subgroups	  of	  AML	  
pa6ents	  

•  Current	  therapeu6c	  strategy	  s6ll	  based	  on	  conven6onal	  
chemotherapy	  and	  stem	  cell	  transplanta6on	  in	  high	  risk	  
pa6ents	  

•  Mul6ple	  poten6ally	  druggable	  targets	  in	  small	  
subpopula6ons	  

•  Disappoin6ng	  results	  of	  early	  clinical	  trials	  using	  single	  
targe6ng	  agents	  

•  Clinical	  trials	  with	  op6mized	  compounds	  and	  in	  
combina6on	  are	  in	  progress	  



Targeted	  An6cancer	  Therapies	  
(Solid	  Tumors)	  

•  Molecular	  defined	  subpopula6ons:	  
–  HER2:	  Trastuzumab,	  Lapa6nib	  and	  breast	  cancer,	  gastric	  
cancer	  

–  EGFR:	  Erlo6nib,	  Gefi6nib	  in	  non-‐small	  cell	  lung	  cancer	  
(ac6va6ng	  EGFR-‐muta6ons)	  

–  Crizo6nib	  and	  NSCLC	  (alk-‐transloca6on)	  
–  Vemurafenib	  and	  melanoma	  (b-‐raf	  muta6on)	  
–  PARP	  inhibitors	  and	  BRCA	  muta6ons	  

•  Targe6ng	  more	  common	  oncogenic	  mechanisms:	  
–  Cetuximab	  and	  CRC,	  SCCHN,	  NSCLC	  
–  Bevacizumab	  mCRC,	  ovarian	  cancer	  
–  Ipilimumab	  and	  melanoma	  
–  PI3K	  and	  mTOR	  inhibitors	  



Well	  established	  targeted	  therapies	  and	  
associated	  costs	  

Drug	   Approximate	  cost	  per	  QALY	  

Trastuzumab	   $	  50,000	  –	  70,000	  in	  metasta&c	  breast	  cancer	  

Bevacizumab	   $	  100,000	  in	  mCRC;	  50,000	  in	  NSCLC	  

Erlo&nib	   $	  37,000	  in	  NSCLC	  

Suni&nib	   $	  50,000	  in	  mRCC	  

Rituximab	   $	  50,000	  in	  NHL	  

Ima&nib	   $	  45,000	  in	  CML	  

Nature	  Review	  Clinical	  Oncology	  9:98,	  2012	  



Predic6ve	  Biomarkers	  

•  Prognos6ca6on	  of	  therapeu6c	  success	  
•  Nega6ve	  predic6ve	  markers	  

– Primary	  resistance	  

•  Mechanisms	  of	  secondary	  resistance	  
–  Inhibi6on	  of	  drug	  binding/	  interac6on	  
– Ac6va6on	  of	  alterna6ve	  signaling	  pathways	  	  



Targeted	  Therapy	  	  
(a-‐VEGF,	  a-‐EGFR)	  	  

in	  Colorectal	  Carcinoma	  

Predic6ve	  biomarkers:	  
	  
For	  an&angiogene&c	  therapy	  not	  
available	  
	  
For	  an&-‐EGFR	  therapy	  only	  nega&ve	  
predic&on	  for	  k-‐ras	  muta&on	  



Bardelli, A. et al. J Clin Oncol; 28:1254-1261 2010 

Graphic representation of a cohort of 100 patients with colorectal 
cancer treated with cetuximab or panitumumab 



Targeted	  Therapy	  (Vemurafenib)	  in	  Malignant	  
Melanoma	  (B-‐RAF	  Mutated)	  

Sosman	  et	  al	  N	  Engl	  J	  Med	  2012;366:707-‐14.	  



Sosman	  et	  al	  N	  Engl	  J	  Med	  2012;366:707-‐14.	  



Novel	  Mechanism	  of	  Resistance	  	  against	  Vemurafenib	  in	  b-‐
raf	  mutated	  malignant	  melanoma	  	  



Wagle	  et	  al,	  JCO	  2011	  



Cancer	  Genomics	  –	  Promises	  and	  Limita6ons	  	  
Technology	  

•  Whole	  Genome	  Sequencing	  
–  First	  genera6on	  (Sanger)	  sequencing	  

•  Read	  lengths	  of	  up	  to	  1,000	  base	  pairs	  
•  Resulted	  in	  comple6on	  of	  the	  Human	  Genome	  Project	  ($	  2billion,	  
took	  a	  decade	  to	  complete)	  

•  Limita6ons:	  High	  cost	  and	  low	  throughput	  
–  Next	  genera6on	  sequencing	  

•  Improved	  cost	  and	  throughput	  
•  Short	  read	  length	  
•  Significant	  data	  storage	  and	  interpreta6on	  requirements	  

–  Third	  genera6on	  sequencing	  technologies	  
•  High	  accuracy,	  run	  6me	  is	  short,	  poten6ally	  allowing	  for	  real	  6me	  
clinical	  applica6on	  

•  $1000	  genome	  sequencing	  within	  reach	  

Tran	  et	  al,	  JCO	  1012	  



Cancer	  Genomics	  –	  Promises	  and	  Limita6ons	  	  
Technology	  

•  Targeted	  genome	  sequencing	  
–  Whole	  exome	  sequencing	  
–  Cancer	  genome	  (genes	  poten6ally	  involved	  in	  tumor	  biology)	  
–  Increased	  coverage	  of	  areas	  of	  interest	  

•  Cancer	  genotyping	  
–  Muta6on	  genotyping	  (recurrent	  muta6ons	  involved	  in	  certain	  
cancer	  types)	  

–  SNP	  genotyping	  
–  High-‐throughput	  genotyping	  plaworms,	  consis6ng	  of	  
mulitplexed	  assays	  and	  microarrays	  

–  Limited	  to	  known	  gene6c	  altera6ons	  
•  Bioinforma6cs	  



Cancer	  Genomics	  –	  Promises	  and	  Limita6ons	  	  
Discovery	  

•  Sequenced	  cancer	  genomes	  
–  Discovery	  of	  new,	  clinically	  relevant	  muta6ons	  

•  Epigene6c	  aberra6on	  in	  cancer	  
•  Gene	  expression	  signatures,	  microRNA	  profiling	  
•  Only	  minority	  of	  point	  muta6ons	  in	  exomes	  (0.6	  %)	  
•  Driver	  versus	  passenger	  muta6ons	  
•  Iden6fica6on	  of	  rare	  muta6ons	  requires	  hundreds	  of	  
samples	  to	  be	  sequenced	  

•  Func6onal	  valida6on	  in	  6ssue	  cultures	  or	  model	  
organisms	  



Cancer	  Genomics	  –	  Promises	  and	  Limita6ons	  	  
Transla6on/	  Molecular	  Profiling	  

•  Ul6mate	  goal	  of	  personalized	  cancer	  medicine:	  Real-‐6me	  
MP	  of	  individual	  tumor	  samples	  enables	  matching	  of	  the	  
iden6fied	  muta6onal	  profile	  with	  targeted	  therapy	  

•  Von	  Hoff	  et	  al:	  modest	  increase	  of	  PFS	  (1.3	  6mes	  greater)	  
•  Valida6on	  of	  poten6al	  predictors	  of	  efficacy	  
•  Focus	  on	  oncogenes,	  tumor	  suppressor	  genes	  and	  

genomic	  stability	  genes	  
•  Should	  include	  drug	  metabolism	  (pharmacogenomics)	  
•  Profiling	  archival	  versus	  current	  tumor	  samples	  

(longitudinal	  changes	  of	  MP)	  
•  Separa6on	  of	  tumor	  versus	  tumor	  stroma	  
•  Heterogeneity	  of	  tumor	  genome	  in	  individual	  pa6ents	  

(primary	  6ssue	  versus	  metastases,	  intratumor	  
heterogeneity)	  



Conclusion	  

•  Poten6al	  impact	  of	  cancer	  genomics	  is	  enormous	  
•  Technology	  advances	  and	  cost	  reduc6on	  make	  
personalized	  cancer	  medicine	  poten6ally	  feasible	  

•  Bioinforma6cs,	  data	  integra6on	  and	  quality	  control	  
essen6al	  

•  Challenges	  must	  be	  recognized	  and	  addressed	  
•  Benefit	  of	  PCM	  versus	  current	  standard	  approach	  of	  
cancer	  therapy	  must	  be	  validated	  in	  clinical	  trials	  

•  Improvement	  of	  quality	  of	  life	  and	  cost	  effec6veness	  
must	  be	  considered	  



Thank	  you	  for	  your	  a@en6on!	  
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