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What	
  do	
  these	
  have	
  in	
  common	
  
with	
  Pharma?	
  

Movies	
  
•  Field	
  of	
  Dreams	
  
•  PreOy	
  Woman	
  
•  Carnosaur	
  	
  
•  The	
  Cable	
  Guy	
  
•  Save	
  Me	
  
•  Gingerbread	
  Man	
  3:	
  Saturday	
  

Night	
  Cleaver	
  	
  
•  The	
  Big	
  Year	
  
•  Muppets	
  from	
  Space	
  

TV	
  
•  BeOer	
  Call	
  Saul	
  
•  Bones	
  
•  Mystery	
  Science	
  Theater	
  300	
  
•  Married	
  With	
  Children	
  
•  The	
  Nanny	
  
•  Law	
  and	
  Order	
  
•  Gilmore	
  Girls	
  
•  Torchwood	
  
•  ER	
  
•  Brothers	
  and	
  Sisters	
  



Pharma’s	
  Field	
  of	
  Dreams	
  

	
  
•  "If	
  you	
  build	
  it,	
  they	
  will	
  come.”	
  	
  

–  Kevin	
  Costner’s	
  in	
  Field	
  of	
  Dreams	
  

•  Why	
  the	
  MoHo	
  'If	
  You	
  Build	
  It,	
  They	
  Will	
  
Come'	
  is	
  B(ia)S(ed)	
  

–  David	
  Donner	
  Chait,	
  Entrepeneur	
  2013	
  

	
  
	
  
	
  



The Process of Disease 
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Strategic	
  Medicine,	
  2010	
  

The	
  Elephant	
  in	
  the	
  Room	
  is	
  HUGEE!	
  



If	
  the	
  Physician	
  doesn’t	
  prescribe	
  it	
  
or	
  the	
  Pa:ent	
  doesn’t	
  take	
  it,	
  it’s	
  an	
  

“opportunity*”,	
  not	
  a	
  drug	
  

*Opportunity	
  =	
  out-­‐licensing,	
  repurposing,	
  etc	
  



The	
  Cost	
  of	
  non-­‐adherence	
  

•  According	
  to	
  a	
  meta-­‐analysis	
  published	
  in	
  the	
  Annals	
  of	
  
Internal	
  Medicine,	
  Americans	
  are	
  failing	
  to	
  comply	
  with	
  
medica:on	
  prescrip:ons	
  for	
  a	
  variety	
  of	
  reasons….and	
  
it’s	
  cos8ng	
  them	
  anywhere	
  between	
  $100	
  billion	
  to	
  
$289	
  billion	
  a	
  year	
  

•  A	
  report	
  by	
  the	
  Department	
  of	
  Health	
  es:mates	
  that	
  
unused	
  medicines	
  cost	
  the	
  NHS	
  around	
  £300	
  million	
  
every	
  year,	
  with	
  an	
  es:mated	
  £110	
  million	
  worth	
  of	
  
medicine	
  returned	
  to	
  pharmacies,	
  £90	
  million	
  worth	
  of	
  
unused	
  prescrip:ons	
  being	
  stored	
  in	
  homes	
  and	
  £50	
  
million	
  worth	
  of	
  medicines	
  disposed	
  of	
  by	
  Care	
  Homes.	
  

	
  



The	
  Gap	
  (2008-­‐2014	
  and	
  beyond)	
  

INFORMATION	
  

KNOWLEDGE	
  

GAP	
  

TIME	
  

AM
O
U
N
T	
  

DATA	
  

MEDICAL	
  UTILITY	
  

Since	
  1971-­‐2008	
  	
  
“War	
  on	
  Cancer”	
  yielded	
  
$200	
  B	
  à1.5	
  M	
  publica8ons	
  
(S.	
  Begley,	
  Newsweek)	
  

2008	
  

IPQ	
  Analy:cs,	
  LLC	
  2016	
  

150,000	
  cancer	
  biomarkers	
  à	
  	
  
	
  100	
  FDA	
  approved	
  diagnos8cs	
  à	
  	
  	
  
	
   	
  <20	
  clinically	
  used	
  tests	
  

2014	
  

GAP	
  

Cancer	
  Moonshot	
  	
  	
  	
  $1B	
  
Precision	
  Medicine	
  	
  $200M	
  

2016	
  

US	
  

??	
  



ICD	
  10	
  is	
  Not	
  the	
  Answer	
  

•  W59.22XA	
  Struck	
  by	
  a	
  turtle	
  	
  
•  W56.42XS	
  Struck	
  by	
  a	
  shark	
  	
  
•  W55.12XD	
  Struck	
  by	
  horse	
  	
  
•  W53.81XA	
  BiOen	
  by	
  other	
  rodent	
  	
  
•  W55.49XS	
  Other	
  contact	
  with	
  pig	
  	
  
•  V90.37XD	
  Drowning	
  and	
  submersion	
  due	
  to	
  
falling	
  or	
  jumping	
  from	
  crushed	
  water-­‐skis	
  	
  

•  X71.3XXD	
  Inten:onal	
  self-­‐harm	
  by	
  drowning	
  and	
  
submersion	
  in	
  natural	
  water	
  





Clinical	
  Needs	
  

•  Unmet	
  Clinical	
  Need	
  reflects	
  the	
  degree	
  to	
  
which	
  there	
  are	
  exis:ng	
  treatments.	
  A	
  condi:on	
  
for	
  which	
  there	
  is	
  no	
  effec:ve	
  
treatment….significant	
  unmet	
  need,	
  e.g.	
  rare	
  
diseases,	
  Alzheimer’s	
  disease,	
  ALS	
  

•  Unstated	
  Unmet	
  Clinical	
  Need	
  reflects	
  the	
  gap	
  
in	
  knowledge	
  or	
  adequacy	
  of	
  exis:ng	
  processes	
  
and	
  procedures	
  in	
  clinical	
  prac:ce,	
  e.g.	
  
diagnosis,	
  disease	
  stra:fica:on	
  



Modeling the Disease Process 

individual	
   Pa:ent	
  
Treatment	
  
Op:ons	
   Pa:ent	
  

Risk 
Assessment Diagnosis Disease 

Stratification 
Treatment 
Options 

Physician 
Compliance 

Outcome 

Patient 
Compliance 

Patient 

-­‐Family	
  History	
  
-­‐Genomic	
  Profile	
  
-­‐Lifestyle	
  
-­‐Environment	
  
-­‐in	
  utero	
  exposure	
  
-­‐Clinical	
  history	
  

-­‐Signs	
  
-­‐Symptoms	
  
-­‐Co-­‐morbidi:es	
  
	
  	
  	
  (ac:ve,	
  inac:ve,	
  
	
  	
  	
  	
  	
  undiagnosed)	
  

-­‐Medica:ons	
  
-­‐Guidelines/Criteria	
  
-­‐Biomarkers/Diagnos:cs	
  
-­‐Disease	
  Stage	
  
	
  	
  	
  (direc:on,	
  velocity)	
  
	
  

-­‐Pre-­‐Disease	
  
-­‐Disease	
  
	
  	
  	
  -­‐subtypes	
  
-­‐Advanced	
  Disease	
  
-­‐Prognosis	
  

-­‐Disease	
  free	
  Survival	
  
-­‐Re-­‐admission	
  
-­‐Management	
  vs	
  Cure	
  
-­‐Minimum	
  residual	
  
	
  	
  	
  	
  	
  disease	
  
-­‐Complica:ons	
  

-­‐Guidelines	
  
-­‐Actual	
  Prac:ce	
  
-­‐Off-­‐label	
  Use	
  
-­‐Risk/Benefit	
  
	
  	
  	
  Ra:o	
  

-­‐Percep:on	
  of	
  Risk	
  
	
  	
  (disease,	
  treatment)	
  

-­‐Adherence	
  
-­‐Social	
  and	
  Community	
  Networks	
  	
  
-­‐Cultural	
  Background	
  
-­‐Expecta:ons	
  

Signs	
  
Symptoms	
  

individual	
  

         Payer 
Healthcare Provider/System- ACO 

         Hospital 
          
     



Error	
  in	
  Diagnosis	
  
IOM	
  10%	
  Error	
  in	
  Diagnosis	
  

40-­‐50%	
  Error	
  	
  
in	
  Disease	
  Stra:fica:on	
  



	
  	
  Syndrome	
  

Pa:ent	
  1	
  	
  “Diagnosis”	
  
•  Symptom	
  1 	
  pain	
  
•  Symptom	
  2 	
  anemia	
  
•  Symptom	
  3 	
  …	
  
•  Symptom	
  4 	
  …	
  
•  Symptom	
  5 	
  …	
  
•  Symptom	
  6 	
  …	
  
•  Symptom	
  7 	
  …	
  
•  Symptom	
  8 	
  …	
  
•  Symptom	
  9 	
  …	
  
•  Symptom	
  10	
  …	
  

Pa:ent	
  2	
  	
  “Diagnosis”	
  
•  Symptom	
  1 	
  pain	
  
•  Symptom	
  2 	
  anemia	
  
•  Symptom	
  3 	
  …	
  
•  Symptom	
  4 	
  …	
  
•  Symptom	
  5 	
  …	
  
•  Symptom	
  6 	
  …	
  
•  Symptom	
  7 	
  …	
  
•  Symptom	
  8 	
  …	
  
•  Symptom	
  9 	
  …	
  
•  Symptom	
  10	
  …	
  

IPQ	
  Analy:cs,	
  LLC	
  2016	
  



Disease is a Process, Not a State 
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Strategic	
  Medicine,	
  2014	
  

A	
  Disease	
  has:	
  
1.  Direc:on	
  (high-­‐dimensionality)	
  
2.  Progression	
  (staging)	
  
3.  Velocity	
  (rate	
  of	
  progression)	
  



IPQ	
  Analy:cs,	
  LLC	
  2016	
  



IPQ	
  Analy:cs,	
  LLC	
  2016	
  



PLATFORM DEMONSTRATION 
 
 

w w w . i p q a n a l y t i c s . c o m  
K e n n e t t  S q u a r e ,  P A  
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Structure
Homologues
Metabolism

Pharmacokine8cs
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Commercial	
  Partners

Pathway:	
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Pathway:	
  Secondary

In	
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Mechanism	
  of	
  ac8on

Efficacy
Off-­‐target	
  effects
Compliance	
  Issues

Dosing	
  

Validated
Data

Sources
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Heart	
  Failure	
  

Diagnos:c	
  Guidelines	
  
	
  Preserved	
  vs	
  Reduced	
  Ejec:on	
  Frac:on	
  

Compound	
  variables	
  
Func:onal	
  diagnos:cs	
  

	
  



The	
  Heart	
  Failure	
  Spectrum:	
  Time	
  for	
  a	
  Phenotype-­‐Oriented	
  Approach	
  
Gilles	
  W.	
  De	
  Keulenaer	
  and	
  Dirk	
  L.	
  Brutsaert	
  Circula:on.	
  2009;119:3044-­‐3046	
  



Ef	
  is	
  a	
  compound	
  variable!	
  

Ef	
  (%)=	
  	
  	
  (1.00	
  –	
  ESV/EDV)	
  x	
  100	
  
	
  
A	
  pa6ent	
  who	
  is	
  40/80	
  is	
  not	
  
the	
  same	
  as	
  one	
  75/150!!!	
  



The	
  Heart	
  Failure	
  Spectrum:	
  Time	
  for	
  a	
  Phenotype-­‐Oriented	
  Approach	
  
Gilles	
  W.	
  De	
  Keulenaer	
  and	
  Dirk	
  L.	
  Brutsaert	
  Circula:on.	
  2009;119:3044-­‐3046	
  



Deconvolu:on	
  of	
  Echocardiogram	
  
Func8onal	
  domain	
   Variables	
  

1)	
  Leq	
  heart	
  Structure	
  

LV	
  end-­‐diastolic	
  volume	
  
LV	
  end-­‐systolic	
  volume	
  

LV	
  end-­‐diastolic	
  dimension	
  

LV	
  end-­‐systolic	
  dimension	
  
Septal	
  wall	
  thickness	
  
Posterior	
  wall	
  thickness	
  
LV	
  mass	
  

Leq	
  atrial	
  volume	
  

Leq	
  atrial	
  volume	
  

2)	
  LV	
  Systolic	
  Func8on	
  
LV	
  ejec8on	
  frac8on	
  	
  
Tissue	
  Doppler	
  velocity	
  lateral	
  
Tissue	
  Doppler	
  velocity	
  septal	
  

3)	
  LV	
  diastolic	
  func8on	
  

Mitral	
  inflow	
  characteris8cs:	
  
E	
  velocity	
  
A	
  velocity	
  
E/A	
  ra8o	
  
E	
  decelera8on	
  8me	
  
IVRT	
  
	
  	
  
Tissue	
  Doppler	
  characteris8cs:	
  
septal	
  e’	
  velocity	
  	
  
lateral	
  e’	
  velocity	
  
septal	
  a’	
  velocity	
  
lateral	
  a’	
  velocity	
  
septal	
  E/e’	
  ra8o	
  
lateral	
  E/e’	
  ra8o	
  

4)	
  Hemodynamics	
  

Stroke	
  volume	
  

Cardiac	
  output	
  

PA	
  systolic	
  pressure	
  



IPQ	
  Approach	
  
•  Strategy:	
  	
  

–  Par88on	
  into	
  clinical	
  domains,	
  e.g.	
  history,	
  demographics,	
  panels,	
  e.g.	
  blood,	
  liver,	
  kidney,	
  spleen	
  
–  Not	
  necessarily	
  mutually	
  exclusive	
  assignments	
  
–  Analyze	
  SNA’s	
  within	
  domains	
  using	
  “normal	
  popula:on”	
  data	
  
–  Construct	
  disease	
  model	
  and	
  evaluate	
  against	
  literature	
  	
  

•  Goal	
  
–  Results	
  of	
  analysis	
  to	
  be	
  easily	
  considered/adapted	
  in	
  current	
  clinical	
  prac8ce	
  and	
  extend	
  u8lity	
  
	
  
	
  
Standard	
  Clinical	
  Panels	
  
Blood	
   	
   	
   	
   	
  Liver 	
   	
   	
   	
   	
  Kidney 	
   	
   	
   	
  Spleen	
  

Age	
  

Gender	
  
ALB	
  -­‐	
  Albumine	
  
ALP	
  -­‐	
  Alkaline	
  phosphatase	
  
ALT	
  -­‐	
  Alanine	
  Aminitransferase	
  (or	
  SGPT)	
  
AST	
  -­‐	
  Aspartate	
  Aminotransferase	
  (or	
  GOT)	
  
BILI	
  -­‐	
  Total	
  Bilirubin	
  
GGT	
  -­‐	
  Gamma	
  glutamyl	
  Transferase	
  
GLUC	
  -­‐	
  Glucose	
  

Age	
  
Gender	
  
EOS	
  -­‐	
  Eosinophils	
  
HCT	
  –	
  hematocrit	
  
HGB	
  -­‐	
  Hemoglobin	
  
LYM	
  -­‐	
  lymphocytes	
  
MONO	
  -­‐	
  monocytes	
  
PLAT	
  -­‐	
  Platelets	
  
RBC	
  -­‐	
  Red	
  blood	
  cell	
  or	
  
Erythrocytes	
  
NEUT	
  	
  -­‐	
  Neuthrophils	
  

Age	
  
Gender	
  
ALB	
  -­‐	
  Albumine	
  

ALP	
  -­‐	
  Alkaline	
  phosphatase	
  
BICARB	
  -­‐	
  Bicarbonate	
  
CL	
  -­‐	
  Chloride	
  

CREAT	
  -­‐	
  Crea:nine	
  
PH	
  
K	
  -­‐	
  Potassium	
  

SODIUM	
  
URATE	
  

Age	
  
Gender	
  
ALT	
  -­‐	
  Alanine	
  Aminitransferase	
  (or	
  SGPT)	
  
BILI	
  -­‐	
  Total	
  Bilirubin	
  

HCT	
  -­‐	
  hematocrit	
  

HGB	
  -­‐	
  Hemoglobin	
  

PLAT	
  -­‐	
  Platelets	
  
RBC	
  -­‐	
  Red	
  blood	
  cell	
  or	
  Erythrocytes	
  
SPLEENLEN	
  -­‐	
  Numeric	
  	
  spleen	
  length	
  

IPQ	
  Analy:cs,	
  LLC	
  2015	
  Confiden:al	
  







COPD	
  	
  
Chronic	
  Obstruc:ve	
  Pulmonary	
  Disease	
  

Diagnos:c	
  Guidelines	
  
Asthma-­‐COPD	
  Overlap	
  
Systems	
  Biology	
  
Disease	
  E:ology	
  





COPD	
  Disease	
  Indica:ons	
  

Emphysema	
  
	
  
Chronic	
  Bronchi:s	
  
	
  
Asthma	
  (non-­‐reversible)	
  
	
  





A	
  
G	
  

B	
  
F	
  

C H	
  
E	
  

K	
  
L	
  

D	
  

J	
  

M	
  



COPD	
  co-­‐morbidi:es	
  
(ATS	
  designa:ons	
  vs	
  Observed)	
  

Table	
  1.	
  	
  Comparison	
  of	
  ATS	
  Designa:ons	
  vs	
  Wellington	
  
Survey	
  Results	
  (blue	
  is	
  discordance,	
  red	
  is	
  non-­‐observed	
  
and	
  non-­‐designated)	
  



	
  “All	
  Complex	
  Problems	
  have	
  a	
  
	
  	
  	
  	
  	
  	
   	
  	
  	
  Simple	
  Solu8on,	
  that	
  is	
  Wrong”	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
   	
   	
  	
  A.	
  Szent-­‐Gyorgi	
  
	
   	
   	
   	
  Nobel	
  Prize	
  in	
  Medicine	
  (1937)	
  



Conclusions	
  
•  Drug	
  development	
  needs	
  to	
  look	
  beyond	
  clinical	
  trials	
  	
  

–  Real	
  World	
  Physicians	
  do	
  not	
  prac:ce	
  as	
  they	
  do	
  in	
  clinical	
  trials,	
  
i.e.	
  they	
  do	
  not	
  follow	
  guidelines	
  

–  Real	
  World	
  Pa:ents	
  present	
  complexi:es:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  co-­‐morbidi:es,	
  poly-­‐pharmacy,	
  environment/lifestyle	
  

•  Significant	
  weaknesses	
  need	
  to	
  be	
  considered	
  
–  Accuracy	
  of	
  the	
  diagnosis;	
  specificity	
  of	
  diagnos:cs	
  
–  Limited	
  understanding	
  of	
  actual	
  disease	
  processes	
  and	
  e:ology	
  
–  Inadequacy	
  of	
  pa:ent	
  data	
  (EHR’s):	
  contents	
  vs	
  interoperability!!	
  
–  Inadequacy	
  of	
  clinical	
  prac:ce	
  guidelines	
  

•  Improvements	
  in	
  drug	
  development	
  require	
  accep:ng	
  these	
  
limita:ons	
  and	
  applying	
  systema:c,	
  unbiased	
  approaches	
  to	
  
iden:fy	
  and	
  quan:fy	
  their	
  poten:al	
  impact	
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