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Some	
  perspec#ves	
  on	
  American	
  
healthcare:	
  the	
  past,	
  the	
  present	
  and	
  	
  the	
  
future	
  of	
  cancer	
  medicine.	
  	
  
	
  
What	
  we	
  must	
  do	
  to	
  control	
  cancer?	
  



	
   	
   	
  	
  
	
   	
   	
  US	
  Cancer	
  Sta#s#cs,	
  2016	
  

	
  
It	
  is	
  es#mated	
  that	
  this	
  year	
  will	
  see:	
  
	
  

	
  -­‐1.69	
  million	
  cancers	
  diagnosed	
  
	
  

	
  -­‐596,000	
  cancer	
  deaths	
  
	
  

	
  -­‐148,000	
  Cancer	
  deaths	
  preventable*	
  
	
  

	
  *If	
  all	
  known	
  preven#on	
  and	
  treatment	
  disseminated	
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US	
  Cancer	
  Age-­‐Adjusted	
  Death	
  Rate	
  	
  
1900	
  to	
  2012	
  

215	
  

166	
  

64	
  

1900-­‐1970,	
  US	
  Public	
  Health	
  Service,	
  Vital	
  Sta#s#cs	
  of	
  the	
  US,	
  Vol.	
  1	
  and	
  Vol	
  2;	
  
1971-­‐2012,	
  US	
  Na#onal	
  Center	
  for	
  Health	
  Sta#s#cs,	
  Vital	
  Sta#s#cs	
  of	
  the	
  U.S	
  

	
  	
  



Cancer	
  Sta#s#cs,	
  2016	
  
	
  
	
  
A	
  23%	
  decline	
  in	
  age-­‐adjusted	
  mortality	
  
rate	
  over	
  23	
  years.	
  	
  
	
  
1.7	
  million	
  Americans	
  did	
  not	
  die	
  a	
  
cancer	
  death!	
  



Reasons	
  for	
  the	
  Decline	
  in	
  
Age-­‐Adjusted	
  Death	
  Rate	
  

1.  Preven#on	
  of	
  Cancer	
  
2.  Improvements	
  in	
  Treatment	
  
3.  Increased	
  Awareness	
  of	
  Cancer	
  
4.  Effec#ve	
  Cancer	
  Screening	
  







The National Cancer Act, December 23, 1971 





Redefining	
  Cancer	
  
Moving	
  from	
  a	
  mid	
  19th	
  Century	
  

Defini#on	
  to	
  a	
  21th	
  Century	
  Defini#on	
  



Rudolph Ludwig Karl Virchow   

1821- 1902 



Virchow’s	
  Accomplishments	
  

	
  	
  	
  The	
  histologic	
  defini#on	
  of	
  cancer	
  used	
  in	
  2015	
  is	
  largely	
  
that	
  of	
  Virchow	
  and	
  colleagues	
  with	
  minor	
  modifica#ons	
  

	
  
	
  	
  	
  	
  More	
  than	
  160	
  years	
  later,	
  we	
  s#ll	
  use	
  their	
  defini#ons	
  
using	
  a	
  light	
  microscope.	
  

	
  
	
  	
  	
  	
  	
  



Adenocarcinoma	
  of	
  
the	
  Lung	
  with	
  Signet	
  

Ring	
  Features	
  	
  	
  
	
  

H	
  and	
  E	
  staining	
  



A	
  21st	
  Century	
  Defini#on	
  of	
  Cancer	
  

Involves	
  Pathology	
  and	
  Gene#c/Genomic	
  analysis	
  
• What	
  genes	
  are	
  present	
  
• What	
  genes	
  are	
  ac#vated	
  
• What	
  genes	
  are	
  over	
  expressed	
  



A	
  21st	
  Century	
  DefiniDon	
  of	
  Cancer	
  

An	
  understanding	
  of	
  the	
  varying	
  biologic	
  behaviors	
  
of	
  cancer	
  based	
  on	
  histology	
  and	
  genomics.	
  	
  There	
  
are	
  “cancers	
  of	
  no	
  threat”	
  that	
  do	
  not	
  need	
  
treatment.	
  
	
  
An	
  understanding	
  of	
  the	
  varying	
  vulnerabili#es	
  of	
  
cancers	
  to	
  medical	
  interven#ons.	
  	
  	
  
	
  
Numerous	
  molecular	
  targets	
  have	
  and	
  are	
  being	
  
defined.	
  Many	
  are	
  drugable	
  targets!	
  



The Perfect Target 

Presented By William Carroll at 2015 ASCO Annual Meeting 





The	
  Era	
  of	
  Precision	
  Medicine	
  
(Tailored/Targeted	
  Therapy)	
  







Muta#on	
  Burden	
  as	
  predictor	
  for	
  response1	
  

1.	
  Lawrence	
  MS	
  et	
  al.	
  Nature.	
  2013;doi:10.1038/nature12213.	
  

SomaDc	
  MutaDon	
  Frequencies	
  Observed	
  in	
  Exomes	
  	
  
From	
  3,083	
  Tumor–Normal	
  Pairs	
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Precision Medicine Studies Opened in the Past Year 



Natural	
  History	
  of	
  Lung	
  Cancer	
  	
  	
  
Advanced	
  –	
  	
  
Stage	
  IV	
  
Untreated	
  

Bone	
  

Brain	
  

Liver	
  
Adrenal	
  

Advanced	
  -­‐	
  Stage	
  
IV	
  

Refractory	
  to	
  
Chemotherapy	
  

Bone	
  

Brain	
  

Liver	
   Adrenal	
  

Stages	
  I-­‐III	
  
Surgically	
  	
  
Resected	
  

Bone	
  

Brain	
  

Liver	
  
Adrenal	
  

Lung	
  

Tissues	
  
Available	
   Frequent	
   Infrequent	
   Rare	
  

Adapted	
  from	
  Herbst,	
  Heymach	
  and	
  Lippman;	
  N	
  Engl	
  J	
  Med	
  359:1367,	
  2008	
  



Which  Ushered  in  New  Era  for  NSCLC  Treatment!




First Gefitinib Continuous Phase I Study 
at MDACC  

 
 

JCO 2002 



 Squamous Lung Cancer 

Next-Gen 
Profiling 

Umbrella Trial Matching 
Targeted Agents to patients: 
Immunotherapy for 
unmatched arm 

•  Public private partnership 
•  Leverages NCTN Network 
•  500 Patients/year screened 
•  Biomarker selected trials 
•  >100 $million of industry 

support 
•  FDA collaboration- seeks to 

get drugs approved and to 
patients! 

•  Genomic profiling delivered 
to the community 

•  A new paradigm for drug 
development and scientific 
discovery 

 



Lung-­‐MAP:	
  Major	
  Goals	
  and	
  
Hypothesis	
  	
  

UlDmate	
  goal	
  is	
  to	
  idenDfy	
  and	
  quickly	
  lead	
  
to	
  approval	
  safe	
  and	
  effecDve	
  regimens	
  
(monotherapy	
  or	
  combinaDons)	
  based	
  on	
  
matched	
  predicDve	
  biomarker-­‐targeted	
  
drug	
  pairs.	
  
	
  



Drug	
  Selec#on	
  
Commikee	
  Nomina#ons	
  

A	
  selec#on	
  commikee,	
  which	
  includes	
  experts	
  in	
  Lung	
  
Cancer,	
  has	
  nominated	
  several	
  molecules	
  for	
  inclusion	
  in	
  
the	
  Lung-­‐MAP	
  master	
  protocol	
  ini#a#ve,	
  these	
  include:	
  

Drug Company  Target 

AZD4547 AstraZeneca Fibroblast growth factor receptor (FGFR) 
tyrosine kinase inhibitor 

GDC-0032 Genentech PI3K pathway inhibitor 

MEDI4736 MedImmune Anti-PD-L1 monoclonal antibody 

Palbociclib Pfizer CDK 4/6 inhibitor 

Rilotumumab Amgen Hepatocyte growth factor receptor/c-met 
inhibitor 



CT*	
  

TT=Targeted	
  therapy,	
  CT=chemotherapy	
  (docetaxel),	
  E=erloDnib	
  

S1400: MASTER LUNG-1: Squamous Lung Cancer- 2nd Line Therapy 

Biomarker	
  C	
  

TT	
  C	
   CT
*	
  

Endpoint	
  
PFS/OS	
  

Biomarker	
  Β	
  

TT	
  B	
   CT
*	
  

Endpoint	
  
PFS/OS	
  

Biomarker	
  A	
  

TT	
  A	
   CT
*	
  

Endpoint	
  
PFS/OS	
  

Biomarker	
  
Profiling	
  (NGS/CLIA)	
  

Biomarker	
  D	
  

TT	
  D+E	
   E*	
  

Endpoint	
  
PFS/OS	
  

Non-­‐Match	
  
Drug	
  

	
  Biomarker	
  
Non-­‐Match	
  

PI:	
  V.	
  Papadimitrakopoulou	
  (SWOG)	
  
Steering	
  Commi=ee	
  PI,	
  Co-­‐Chair:	
  R.	
  Herbst	
  (YALE,	
  SWOG)	
  
Lung	
  Commi=ee	
  Chair:	
  D.	
  Gandara	
  
TranslaKonal	
  Chair:	
  F.	
  Hirsch	
  
StaKsKcal	
  Chair:	
  M.	
  Redman	
  

MulDple	
  Phase	
  II-­‐	
  III	
  Arms	
  with	
  “rolling	
  Opening	
  &	
  Closure	
  



The	
  Era	
  of	
  Immunotherapy	
  
(aler	
  a	
  century	
  of	
  trying)	
  



Immunotherapy	
  Is	
  in	
  the	
  News	
  …	
  

Recall,	
  the	
  immune	
  system	
  failed	
  in	
  the	
  
first	
  place	
  allowing	
  for	
  cancer	
  growth…	
  







Unique	
  Kine#cs	
  of	
  Response	
  in	
  Pa#ents	
  
Treated	
  With	
  Ipilimumab	
  

Screening 
Week 12: swelling and 

progression Week 12: improved 

Week 16: continued 
improvement 

Week 72: complete 
remission 

Week 108: complete 
remission 

Images	
  courtesy	
  of	
  Jedd	
  D.	
  Wolchok,	
  MD.	
  





Anti-PD-1 Therapy Nivolumab 
Pre/Post MDX 1106 (Dec / Feb ’10) 

–  66 y/o ex smoker with KRAS mutant adenocarcinoma of the lung 
–  5 prior treatments for Stage IV disease 
–  RUQ abdominal pain, anorexia and fatigue resolved within 2 months 
–  Duration of response: 10 months 

Courtesy of S. Gettinger 



PD-­‐1	
  Inhibi#on	
  in	
  NSCLC	
  Pa#ent	
  

April	
  24,	
  2013	
   April	
  17,	
  2014	
  

single	
  dose	
  of	
  nivolumab	
  on	
  May	
  3,	
  2013.	
  



Nivolumab	
  Superior	
  to	
  Docetaxel	
  in	
  NSCLC	
  

Squamous	
  NSCLC	
  	
   Non-­‐Squamous	
  NSCLC	
  	
  

Brahmer	
  JR,	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2015.	
  
Borghaei	
  H,	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2015.	
  



Pembrolizumab	
  in	
  NSCLC	
  
1	
  

2	
  

•  NSCLC	
  with	
  higher	
  PD-­‐L1	
  expression	
  (≥50%)	
  have	
  increased	
  benefit	
  from	
  
pembrolizumab.	
  

•  Pembrolizumab	
  improves	
  survival	
  compared	
  to	
  docetaxel	
  in	
  previously	
  treated	
  NSCLC.	
  

1	
  Garon	
  E,	
  et	
  al.	
  NEJM	
  2015.	
  2	
  Herbst	
  RS,	
  et	
  al.	
  Lancet	
  2015.	
  	
  



Clinical	
  Ac#vity	
  of	
  MPDL3280A	
  (Atezolizumab	
  )	
  in	
  an	
  NSCLC	
  
Pa#ent	
  (an#	
  PDL1)	
  

42	
  

Baseline Post Cycle 6 
(Week 18) 

Post Cycle 12 
(Week 36) 

•  44-year-old male with adenocarcinoma NSCLC 
•  S/p radiotherapy, gemcitabine + cisplatin, temozolomide + docetaxel, 

pemetrexed, bevacizumab, CDX-1401  
•  PD-L1 negative 
  



The	
  Convergence	
  of	
  	
  
Immunotherapy	
  

and	
  Precision	
  Medicine	
  







Survival	
  in	
  Relapsed/Refractory	
  Adult	
  Ph-­‐neg	
  B-­‐cell	
  Acute	
  
Lymphoblas#c	
  Leukemia	
  Treated	
  with	
  Single	
  Agent	
  

Blinatumomab	
  

Topp	
  M,	
  et	
  al	
  	
  Lancet	
  Oncology.	
  2015;16:57-­‐66	
  

CR	
  =	
  43%	
  	
  
CR	
  =	
  73%	
  if	
  BM	
  blasts	
  <50%	
  



TCR	
  and	
  CAR	
  Structure	
  

A.  Physiologic	
  T-­‐cell	
  ac#va#on:	
  TCR	
  interacts	
  with	
  CD3	
  complex	
  with	
  modula#on	
  by	
  
cos#mulatory	
  receptors	
  such	
  as	
  CD28	
  

B.  CAR	
  possesses	
  in	
  1	
  molecule	
  ability	
  to	
  trigger	
  Ag-­‐specific	
  T-­‐cell	
  func#on	
  by	
  3	
  domains:	
  
	
  	
  	
  	
  	
  	
  	
  1.	
  single	
  chain	
  variable	
  fragment	
  modulated	
  an#gen	
  recogni#on	
  
	
  	
  	
  	
  	
  	
  	
  2.	
  CD3	
  zeta	
  chain	
  ini#ates	
  T-­‐cell	
  ac#va#on	
  
	
  	
  	
  	
  	
  	
  	
  3.	
  cos#mulatory	
  doamin	
  (CD28)	
  results	
  in	
  a	
  pharmacologic	
  boost	
  (2nd	
  genera#on	
  CAR)	
  

Sadelain	
  M,	
  et	
  al.	
  ASCO	
  
Educa#onal	
  Book.	
  
2015:e360-­‐63	
  



Outcomes	
  of	
  Pa#ents	
  with	
  ALL	
  Treated	
  with	
  CD19	
  CAR	
  Therapy	
  

Sadelain	
  M,	
  et	
  al.	
  ASCO	
  Educa#onal	
  Book.	
  2015:e360-­‐63	
  



The	
  Future:	
  	
  Precision	
  Medicine	
  
and	
  Cancer	
  Preven#on	
  



The	
  Hammond-­‐Horn	
  Study	
  -­‐	
  1955	
  





The	
  Epidemiology	
  Research	
  Program’s	
  
ProspecDve	
  Studies	
  

	
   Hammond-­‐
Horn 

	
  	
  
CPS-­‐I 

	
  	
  
CPS-­‐II 

	
  	
  
CPS-­‐3 

Years 1952-­‐1955 1959-­‐1972 1982-­‐
current 

2006-­‐
current 

ParDcipants 188,000 1,000,000 1,200,000 304,000 
Sex Men Men	
  &	
  

Women 
Men	
  &	
  
Women 

Men	
  &	
  
Women 

Volunteers 22,000 68,000 77,000 30,000 
States 9 25 50 35+	
  PR 
Cancer	
  
endpoints 

Mortality Mortality Mortality	
  
(&	
  

incidence*) 

Mortality	
  
and	
  

incidence 
Exposure	
  
emphasis 

Smoking Smoking/	
  
obesity 

Mul#ple Mul#ple 

*in	
  a	
  subcohort	
  of	
  approximately	
  184,000 52	
  



Use  of  >28000  DNA  Samples  CPS-­‐II  NutriFon  Cohort  for  
Inhereted  GeneFc  Studies  


Cases	
   Control	
   Total	
  
Breast	
   3422	
   3422	
   6844	
  
Prostate	
  in	
  whites	
   5972	
   5972	
   11944	
  
Prostate	
  in	
  African	
  Americans	
   	
  76	
   152	
  	
   228	
  
Bladder,	
  lung,	
  kidney,	
  glioma,	
  
pancreas	
  

2395	
   730	
   3125	
  

HematopoieDc	
   	
  1060	
   	
  764	
   1464	
  
Colorectal	
   	
  716	
   716	
  	
   1432	
  
Male	
  Breast	
   29	
   58	
   87	
  
NicoDne	
  dependence	
   1500	
   1500	
   3000	
  

TOTAL	
   	
  	
   	
  	
   28142	
  

53	
  



The Cohort Studies 

•  Cigarettes with reduced yield of tar and nicotine do not reduce 
the risk of lung cancer. 

•  Obesity is associated with increased death rates from at least 
ten cancer sites, including colon and post-menopausal breast 
cancer. 

•  Discovery of the link between aspirin use and lower risk of colon 
cancer opened the door to research on chronic inflammation 
and cancer. 

•  Relationships of other potentially modifiable factors such as 
physical inactivity, prolonged hormone use and certain dietary 
factors with cancer risk. 

•  Air pollution, especially small particulates and ozone, increase 
death rates from heart and lung conditions.  



The Potential of the Cohort Studies and Precision Medicine 

•  Correlate Genomics and Disease 

•  Identify those at risk of disease 

•  Create Risk Predictors 

•  Chemoprevention of Disease 
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