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The  multiple  steps  in  drug  innovation



What  is  drug  innovation?



Innovation is incremental



Drug innovation is also incremental

Type  1  diabetes  
before  1921

Type  1  diabetes  
after  1921

Banting  &  Best,  1921

The  Thomas  Fisher  Rare  Book  Library,  University  of  Toronto,  Banting  and  Best  papers



Top transformative drugs

Justification Frequency

Improved efficacy 55%

Novel  mechanism of  action 37%

Impact  on  practice in  the  field 24%

Scientific  merit 15%

Improved  safety 15%

Widespread use  and  impact 12%

Ease  of  patient  use,  convenience 12%

Application to  multiple  diseases 7%

Based  on  FDA  approvals,  
1985-2009

Nature  Reviews  Drug  Discov  
2013;;  12:425



Clinical field N°1 N°2 >2010  (examples)
Anesthesiology Propofol Remifentanil
Cardiology Statins ACE  inhibitors

Alteplase
Dermatology TNF  blockers Botox®
Endocrinology Bisphosphonates Metformin SGLT2  inhibitors
Gastroenterology Omeprazole TNF  blockers
Infectious  diseases HIV  protease   inhibitors Zidovudine (HIV) Sofosbuvir/Ledipasvir
Genetics Algucerase Nitisinone

Eculizumab
Ivacaftor

Nephrology ACE  inhibitors Epoetin
Neurology Triptans Interferon-β

Natalizumab
Oncology Imatinib Rituximab

Trastuzumab
Checkpoint  inhibitors
Palbociclib,  etc.

Ophthalmology Anti-VEGF  agents Latanoprost
Psychiatry Fluoxetine Clozapine
Pulmonary  Med. Epoprostenol LABA-steroids Pirfenidone
Rheumatology TNF  blockers Bisphosphonates
Urology Sildenafil Tamsulosin

Finasteride

Orphans



Legislation on orphan medicinal products

EU:  
• Drug  for  life-threatening  or  chronic  
debilitating  disease  with  a  prevalence  
<5/10,000  

• If   treatment  already  exists:  OMP  must  
demonstrate  significant  benefit

• 30  millions  patients  suffer   from  rare  
diseases  in  EU

Aids:
• Tax  incentives
• Enhanced  patent  protection  and  
marketing  rights

• Clinical  research  financial  
subsidization

USA



Simoen  et  al.,  2011  &  Rapport  KCE  #112,  2009
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Prevalence  (per  10,000)

Aldurazyme®  
Elaprase®

312,000  € Myozyme
®  (adult)

411,000  €

Revlimid® 60,000  €

Cost of orphan medicinal products in 
Belgium

X Soliris (aHUS)  500,000  €

Kalydeco  
(ivacaftor)

&  New  anticancer  
orphan  drugs  !!

226,000  €



Columbia  University,  National  Bureau  of  Economic  Research



Efficiency  of  drug  innovation



From  CMR  Factbook,  2005
11

The decreasing efficiency of drug 
development…

NME  =  new  medicinal  entity



From  Charles  Hoban  
Cambridge  Healthtech  Associates,  2008

Attrition

12

… and its high cost...
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…. may have been halted

From  CIRS  R&D  Briefing,  2015 NAS  =  new  active  substance
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No increase in regulatory review times

From  CIRS  R&D  Briefing,  2015



15

High proportion of expedited reviews in US

From  CIRS  R&D  Briefing,  2015
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High proportion of orphan drug approvals 

From  CIRS  R&D  Briefing,  2015



Innovative  approaches  
by  pharma  industry



• Classical  « funnel »  approach  but  using  new  
technologies

• Consolidation  between  pharmaceutical  
companies

• Outsourcing
• Partnerships  with  small  biotech  companies
• Academic  alliances
• Public-private  partnerships
• Global  strategy:  emerging  markets
• Orphan  drugs  incentives

Innovative industrial approaches



Mean  duration  of  each  phase:  source  CMR  International   Factbook  2004  (Centre  for  Medicines  Research  International)

10 000
molecules phase  2phase  1

6  years

1000-5000
patients

100-500
patients

1

DRUG  IS  
REGISTERED

phase  3

1.3  years

Step  5
PRICING  &  

REIMBURSEMENT

From laucnh to loss of patent or 
loss of exclusivity

1.5  years 1.5  years

Step  6
MARKET  LAUNCH

7  to  9  years

From discovey to registration
From registration to 

reimbursement

250
molecules

M
A
R
K
E
TI
N
G
  

A
U
TH
O
R
IS
A
TI
O
N
  

A
P
P
LI
C
A
TI
O
N

Step  1
DISCOVERY  
OF  A  NEW  
MOLECULE

Step  2
PRECLINICAL  
RESEARCH

Step  3
CLINICAL  RESEARCH

Step  4
FDA/EMA  REVIEW

20-100
healthy
volunteers

3  years

At  FDA:  new  product  is  designated  
« IND »  (investigational  new  drug »)

The funnel approach to drug discovery



• High  throughput  screening  (robotics  and  automation,  cell  
based  assays,  miniaturization,  high  content  screening…)

• Bioanalytical  instruments  (mass  spectrometry,  NMR,  
micro  plate  readers  and  chemotherapy   instruments)

• Pharmacogenomics
• Combinatorial  chemistry
• Genomics (functional  and  structural  genomics)
• Biochips (DNA  and  proteomic  microarrays,  lab  on  a  chip)
• Bioinformatics
• Proteomics (2DGE,  two  hybrid  systems,  isotope  encoding  
and  activity  based  assays)

• RNAi  (siRNA,  miRNA,  ddRNAi,  short  hairpin  RNAs)
• Nanotechnology (Atomic  force  microscopy,  nano  mass  
spectroscopy,  other  nanotechnologies)

New technologies



Role  of  R&D



The  pharmacogenomics  
&  biomarker  approach
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Nature  Medicine,

March  2011
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EMA-approved « genomic biomarker » drugs

Product Test
Glivec®	  (imatinib),	   etc. bcr-‐abl,	  c-‐kit
Ziagen®	  (abacavir) HLA-‐B5701
Celsentri®	  (maraviroc)	   CCR5

Herceptin®	  (trastuzumab),	   Tyverb®	  (lapatinib),	  
Perjeta®(pertuzumba),
Kadcyla®(trastuzumab	  emtansine),

HER2

Vectibix®	  (panitumumab),	   Erbitux®	  (cetuximab) KRAS	  wild-‐type

Iressa®	  (gefitinib),	   Tarceva®	  (erlotinib),
Giotrif®	   (afatinib)	  

EGFR-‐TK	  mutation

Zelboraf®	   (vemurafenib),	   Tafinlar	  (dabrafenib) BRAF	  V600	  mutation

Xalkori®	   (crizotinib),	   Zykadia®(ceritinib) ALK

Lymparza®	  (olaparib) BRCA	  mutation
Kalydeco®	  (ivacaftor) CFTR	  G551D	  

mutation

Cancer

C

C

C

C

C

C
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Lung  adenocarcinoma  genotypes
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Recently  developed  molecular  tests

Test Indication

Oncotype DX® 21-gene  tumor  RNA  signature  (breast  cancer)  
or  12-gene  signature  (colon  carcinoma)

Mammaprint® 70-gene  tumor  RNA  signature  (breast  cancer)

AlloMap® 11-gene  blood  RNA  signature  to  predict  
cardiac  alllograft rejection

Corus  CAD® 23-gene  blood  RNA  signature  to  predict  risk  of  
coronary  artery  disease



Rx-CDx co-development

20
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Results  of  the  first  basket  trials  in  oncology

NEJM,  20/8/2015

Positive results  (at  least  45%  response)  for  vemurafenib  in:
•NSC  lung  cancer
•Erdheim-Chester  disease
•Langerhans-cell  histiocytosis
But  Not in  breast  cancer,  colon  carcinoma,  myeloma,  etc.

è To  be  completed  using  observational  databases



Variant

(C)

Active	  personalization

Invariant

(A)

Stratification
Theranostics

Drug

Tumor

Patient

Three levels of individualizationBritten,  Singh-Jashua,  Flamion  
et  al.  The  regulatory  landscape  
for  actively  personalized  
cancer  immunotherapies.  Nat  
Biotechnol 2013;;  31:880-882

Variant

? ? ? ?

(B)

Passive	  personalization

« Cancer  vaccines »



Innovative  collaborations



Stevens  AJ  et  al.  N  Engl J  Med  2011;;364:535-541.

FDA-Approved  Drugs  Discovered  through  
Public-Sector  Research,  1990–2007



61%  for  
orphans

19%  orphans

Linker  H.  et  al.  Where  do  new  medicines  originate  from  in  the  EU?
Nature  Rev  Drug  Discov  2014  (13)  92

New trends in pharmaceutical innovation

Data  for  marketing  
authorisations  2010-2012



IMI achievements

From  EFPIA,   2014 IMI  =  Innovative  Medicines  Initiative



IMI achievements

From  EFPIA,   2014



Regulatory  innovation



How to receive assistance at EMA

From  Melanie  Carr  (EMA),  2011
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Innovation Task Force (ITF) at EMA

Marisa  Papaluca-Amati  /  Mayeul  Boucaumont

Briefing  
Meetings

Regulatory  
Advice

ATMP  
Classification  
-
Peer  Reviews

ITFsecretariat@emea.europa.eu

Involved,  e.g.,  in  discussions  on:
• pharmacogenomics
• nanomedicines
• synthetic  biology
• biomaterials
• modelling  and  simulation
• m-health  ('mobile  health’).



Impact of EMA scientific advice

Nature  Reviews  Drug  Discovery,  
May  2015



Advanced therapy medicinal products (ATMPs)

Gene  therapy
medicinal  products

Somatic  cell  therapy
medicinal  products

Genetically  modified  cells

Tissue  engineering
products

EMA: the CAT 
(Committee for 
Advanced Therapies)



Year Product Indication

2009 Chondrocelect®  (viable  
autologous  cartilage  cells  
expanded  ex  vivo)

Repair  of  single  symptomatic  
cartilage  defects  of  the  femoral  
condyle  of  the  knee  (i.art.)  

2012 Glybera® (alipogene
tiparvovec)  =  human  LPL
gene  variant  LPLS447X in  a  
vector

Familial   lipoprotein  lipase  
deficiency  with  severe  or  multiple  
pancreatitis  attacks  (i.m.)

2015 Imlygic® (talimogene
laherparepvec)  =  engineered  
HSV-1  producing  GM-CSF

Advanced  melanoma  (i.tumoral)

EMA-approved ATMPs



EMA Article 58

(Directive  EC/76/2004,  Article  58)

The  Agency  may  give  a  scientific  opinion,  in  the  context  of  cooperation  
with  the  WHO,  for  the  evaluation  of  certain  medicinal  products  for  human  
use  intended  exclusively  for  markets  outside  the  EC.

Examples  of  products  approved  through  Article  58:

• Aluvia (lopinavir/ritonavir)  for  HIV
• Hemoprostol (misoprostol)  for  post-partum  hemorrhage  if  iv  oxytocin  
not  available

• Pyramax (pyronaridine/artesunate)  for  acute,  uncomplicated  malaria  
infection

• Hexaxim (DTP,  HBV,  poliomyelitis   (inactivated)  and  Haemophilus
influenzae type  B  conjugate  vaccine)

• Tritanrix HB  (DTP,  HBV  vaccine)  – NB.  submitted  to  sunset  clause  in  
EU  and  withdrawn  from  EU  market  in  end  2013



EU  regulatory  innovation:  MAPP

Phase	  IIIPhase	  III

Phase	  IIPhase	  II Phase	  IIPhase	  II

Current	  scenario Adaptive	  licensing	  scenario	  (illustrative)

Patients	  treated	  with	  no	  active	  surveillance

Patients	  in	  observational	  studies	  /	  registries

Patients	  in	  RCTs

License
Initial	  
License

Full	  
License

Time	  (yrs) Time	  (yrs)

Adapted	  from	  Eichler	  et	  al	  (2012)	  Adaptive	  
Licensing:	  Taking	  the	  Next	  Step	  in	  the	  Evolution	  
of	  Drug	  Approval,	  Nature 91:	  426-‐437

Phase	  IIIPhase	  III

= =

Medicines  Adaptive  Pathway  to  Patients



Healthcare  aspects  of  
innovative  medicines



EU  drug  expenditure  has  been  growing  at  a  slower  pace

Source:  OECD  database,  2015



Healthcare  spending  correlates  with  wealth…



Source:  IMS  
Health,  2014

…  but  do  we  spend   in  the  right  domains?



How  do  pharma  companies  make  their  choices  of  
innovative  compounds?

• Exploitable  science,  new  targets
• Market  opportunity,  including   competitive  landscape  
and  reimbursement  environment

• Challenges   for  development  (high  challenges   for  
neuropsychiatric   and  neurodegenerative   disorders)

• Orphan  medicinal  products
• Unmet  medical  needs  ?!



48

Not  (necessarily)  the  end  of  the  blockbuster

Trusheim,  M.R.  et  al,  Nature  Rev  Drug  Disc  287-293  (April  07)



Most  of  the  profit  is  in  the  US



Unmet  needs  ➙ role  of  
translational  medicine  !!



Thank you !!

Bruno.Flamion
@unamur.be

The  new  EMA  building  in  Canary  
Wharf,  London,  UK


