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•  The views and opinions hereby expressed reflect only 
my personal opinion and not the views of institutions or 
organisations with which I’m or have been affiliated in the 
past or present 
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  What	
  policies	
  support	
  product	
  
development	
  and	
  regula:on	
  
interna:onally?	
  	
  

Interna:onal	
  Standards:	
  Coopera:ve	
  Research	
  and	
  Regula:on:	
  Lessons	
  and	
  Challenges	
  

What	
  lessons	
  can	
  US	
  regulators	
  learn	
  
from	
  regula:on	
  of	
  nanotechnology	
  in	
  
other	
  countries?	
  

What	
  policies	
  support	
  
coopera:ve	
  research	
  
interna:onally?	
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RESEARCH	
  
-­‐	
  how	
  to	
  increase	
  the	
  probability	
  
	
  	
  of	
  viable	
  candidates	
  for	
  
	
  	
  clinical	
  evalua7on	
  

DEVELOPMENT	
  
-­‐	
  how	
  to	
  increase	
  the	
  	
  
the	
  probability	
  of	
  successful	
  	
  
and	
  7mely	
  product	
  	
  
development	
  

Nanotechnology	
  and	
  Oncology	
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polymer	
  	
  
micelles	
  

Polymer-­‐protein	
  	
  
and	
  -­‐drug	
  	
  
conjugates	
  

An:body	
  
conjugates	
  

Liposomes	
  

1970s	
   1980s	
   1990s	
   2000s	
  

Mylotarg	
  

Abraxane	
  

Evolu7on	
  of	
  Nanomedicines	
  -­‐	
  drug	
  targe7ng	
  and	
  controlled	
  release	
  

Neulasta	
  

PEG-­‐interferon	
  α	
  

XYOTAX	
  

SP1049C	
  

Zoladex	
  
Leupron	
  Depot	
   Gliadel	
  

Doxil	
  

dendrimers	
  

2009	
  

nanocrystals	
  for	
  	
  
	
  	
  	
  oral	
  use	
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European regulatory scenario 
•  Therapeutics 

–  Medicinal Products are covered by national and European 
agencies, within a networking system, under currently existing 
four procedures 

•  national,  
•  mutual recognition,  
•  decentralised  
•  and centralised (this one managed by EMA) 

•  Imaging 
–  In vivo imaging agents are classified as medicinal products 

•  Diagnostics 
–  Diagnostic agents have a different and complex regulatory 

frame, overlaping with a number of existing medical devices 
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TRADENAME	
   DRUG	
   INDICATION	
   TECHNOLOGY	
   COMPANY	
   STATUS	
  

Marketed	
  

Marketed	
  

Marketed	
  

Marketed	
  

Marketed	
  

Semapimod®	
   Guanylhydraz
one	
  

TNF-­‐α inhibitor	
   own	
   Cytokine	
  
Pharmasciences	
  

Phase	
  II	
  

Paxceed®	
   Paclitaxel	
   An7-­‐inflammatory	
   unknown	
   Angiotech	
   Phase	
  III	
  

Theralux®	
   Thymectacin	
   An7-­‐cancer	
   Nanocrystal®	
  
Elan	
  

Celmed	
   Phase	
  II	
  

Nucryst®	
   Silver	
   An7-­‐	
  bacterial	
   own	
   Nucryst	
  Pharm.	
   Phase	
  II	
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Doxil/Caelyx: Stealth® Liposomes 
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Myocet 
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TRADENAME	
   DRUG	
   INDICATION	
   COMPANY	
   STATUS	
  

AmBisome®	
   fungal	
  infec:ons	
   Astellas	
  Pharma	
  	
  	
   Marketed	
  

ABELCET®	
   fungal	
  infec:ons	
   Sigma-­‐Tau	
  
Pharmaceu:cal	
  

Marketed	
  

DOXIL/Caelyx®	
   cancer	
   Schering-­‐Plough	
   Marketed	
  

Daunoxome®	
   cancer	
   Gilead	
  Sciences	
   Marketed	
  

MEPACT®	
   cancer	
   Takeda	
   Marketed	
  

Visudyne	
   Verteporfrin	
   age	
  related	
  macular	
  
degenera:on	
  

Novar:s	
   Marketed	
  

Definity®	
   Octafluoropropane Ultrasound	
  imaging	
   Dupont	
  Merck	
   Marketed	
  

Myocet®	
   Doxorubicin	
   cancer	
   Cephalon	
   Marketed	
  

Depocyt®	
   Cytarabine	
   cancer	
   Sigma-­‐Tau	
  
Pharmaceu:als	
  

Marketed	
  

DepoDur®	
  	
   Morphine	
   pain	
  relief	
   Flynn	
  Pharma	
   Marketed	
  

Octocog	
  alfa®	
  	
   Factor	
  VIII	
  	
   haemophilia	
   Bayer	
  Schering	
   Marketed	
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Nanoparticles pipeline (overview) 

Nanocarriers	
  as	
  an	
  emerging	
  pladorm	
  for	
  cancer	
  therapy,	
  	
  
D.Peer,	
  J.	
  M.	
  Karp,S.	
  Hong,	
  O.	
  C.	
  Farokhzad,R.	
  Margalit	
  and	
  Robert	
  Langer,	
  nature	
  nanotechnology	
  |	
  VOL	
  2	
  |	
  DECEMBER	
  2007	
  |	
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Product Descrip:on Applica:on Stage 

Zinosta:n	
  S:malmer® SMANCS 
Hepatocellular	
  carcinoma	
  

(local	
  administra:on	
  via	
  

hepa:c	
  artery	
  infusion) 

Market	
  (Japan) 

Oncaspar® PEG-­‐asparaginase Acute	
  lymphocy:c	
  leukaemia Market 

PEG-­‐Intron® PEG-­‐Interferon	
  alpha	
  2b Hepa::s	
  C Market 

PEG-­‐Asys® PEG-­‐Interferon	
  alpha	
  2a Hepa::s	
  C Market 

NeulastaTM PEG-­‐Human-­‐GCSF Chemotherapy-­‐induced	
  

neutropenia 
Market 

XyotaxTM/Opaxio PGA-­‐paclitaxel NSCLC	
  and	
  various	
  others Phase	
  III 

Prolindac® HPMA	
  copolymer-­‐Pt Melanoma,	
  Ovarian Phase	
  II 

CALLA01 polymer-­‐cyclodextrin-­‐siRNA Phase	
  I 

NKTR-­‐105 PEG-­‐paclitaxel Phase	
  I 

XMT	
  1001 polymer-­‐CPT Phase	
  I 
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TRADENAME	
   INDICATION	
   COMPANY	
   STATUS	
  

Marketed	
  

AMAG	
  
Pharmaceu:cals	
  
Guerbet	
  S.A.	
  

Marketed	
  

Marketed	
  

Marketed	
  

Sinerem®	
  	
   lymph	
  node	
  
imaging	
  -­‐	
  infusion	
  

Phase	
  III	
  

Resovist®	
  	
   small	
  liver	
  lesions	
  
iv	
  

Marketed	
  

Superparamagne:c	
  Iron	
  Oxide	
  Imaging	
  Products 

•	
  (SPIO)	
  Rela7vely	
  new	
  types	
  	
  
	
  	
  of	
  MRI	
  contrast	
  agents	
  are	
  	
  
	
  	
  superparamagne7c	
  iron	
  	
  
	
  	
  oxide-­‐based	
  colloids	
  

•	
  Median	
  diameter	
  >	
  50	
  nm	
  	
  

•	
  Nonstoichiometric	
  	
  
	
  	
  microcrystalline	
  magne7te	
  	
  
	
  	
  cores	
  coated	
  with	
  
	
  	
  	
  	
  •	
  	
  dextrans	
  (in	
  ferumoxide)	
  	
  
	
  	
  	
  	
  •	
  	
  siloxanes	
  (in	
  ferumoxsil)	
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Regulation of Nanomedicines  
under appropriate control 

•  Current  regulation provided adequate frame for 
existing first generation of nanopharmaceuticals 



Faculdade	
  de	
  Farmácia	
  da	
  Universidade	
  de	
  Lisboa	
  	
  
iMed.UL	
  (Research	
  Ins:tute	
  for	
  Medicines	
  and	
  Pharmaceu:cal	
  Sciences)	
  



Faculdade	
  de	
  Farmácia	
  da	
  Universidade	
  de	
  Lisboa	
  	
  
iMed.UL	
  (Research	
  Ins:tute	
  for	
  Medicines	
  and	
  Pharmaceu:cal	
  Sciences)	
  

Personalized	
  Medicine	
  	
  
&	
  the	
  integra:on	
  of	
  diagnos:cs	
  and	
  therapeu:cs 
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The Regulatory Gap 

21	
  
Principles	
  and	
  Prac/ces	
  in	
  Drug	
  

Development	
  	
  [MIT-­‐PT,	
  Ph.D.	
  Programme]	
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Key factors for design of new nanomedicines  
(in respect of specific medical use) 

•  Materials Science and Formulation (Technology) 
•  Understanding underlying basic molecular mechanisms 
•  Integrating anatomo-physiological issues with pathology or disease 

state and its progression 
•  Changes in biological interactions 
•  Impact in toxicity and efficacy  
•  Relevance of animal models (In vitro ??! In vivo !!?) 
•  Differences both in Pharmacokinetics and  Pharmacodynamics 
•  Translational models adapted to specific questions with “nano” (PK/

PD versus specific organ toxicity and differential uptake of particles 
– translocation) 

•  Important issues in clinical development: How to move faster and 
safer? Comparability towards specific therapeutic indication? 
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Issues 
•  Materials Science 

–  Challenges arising from new materials (inorganic nanoparticles, non-
biodegradable/ non-biocompatible materials,  quantum dots, cationic particles 
and dendrimeric structures, carbon nanotubes) 

•  Formulation / Technologies 
–  Adapting existing technologies to new opportunities (e.g. Quality by Design, 

Process Analytical Technologies) 

•  Translational Research 
–  Adequacy of non-clinical methodology before first in man use (relevance of, 

appropriate toxicityfficcacy biomarkers and barriers related to disease phase and 
different routes of administration) 

•  Clinical development 
–  Comparability: non-inferiority versus superiority (risk-benefit management) 

•  Market Access 
–  Comparative pharmacoeconomic assessment 
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Current and future regulatory challenges 
•  combination therapy 

–  The trend for reformulation of old APIs, with advantages of 
combined administration on the same delivery system (issues on 
quality/stability, PK/PD, clinical, IP, market access) 

•  potential theranostic approaches 
–  Combined system that is able to localize to the target 

pathophysiology and deliver an appropriate therapeutic agent 
(both diagnostic and therapeutic functions) 

•  “follow-on” products  
–  A number of unresolved problems will arise if preventive action is 

not taken on matters related to old products, previously not 
classified as nanoparticles that are in fact colloidal nanoparticulate 
systems 
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Iron oxide similars / Iron nanoparticles 
•  A number medicinal products contaning iron oxide nanoparticles have 

been approved as “follow on” products (controversial data published in 
the literature) 

Roth et al, Translational Research 2008;151:36-44 (BfArm) 

Toblli et al, Arzneimittelforschung 2009;59(4):176–190 
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Risk management  
(personal view presented previously  

during OECD Working Party in Nanotechnology, Vienna  September 2009) 
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Current trends in the pharma/bio model for DDD 
Innovative Medicines Initiative (IMI): addressing pre-competitive bottlenecks in pharmaceutical R&D 

28	
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Current trends in the pharma/bio model for DDD 
Innovative Medicines Initiative (IMI): addressing pre-competitive bottlenecks in pharmaceutical R&D 
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Room for Pharmaceutical Sciences 
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How to move in a global environment? 

•  Learn with ICH cooperation 
–  Regulators and stakeholders, working groups, guidance 

documents and maintenance procedures 

•  Improve efficiency of procedures 
–  Predictive Safety Testing Consortium (PTSC) 

•  Establish institutional mechanisms for cooperation 
based on specific goals 
–  PPPs with limited and timed objectives (IMI-JTU) 

•  Act global as soon as possible – R&D phase 
–  Scientific advise and increase cooperation between 

scientists and regulators 
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Need for global cooperation 

OECD	
  

ICH	
  
FDA	
  

EMA-­‐EU	
  

Japan	
  

CEN	
  
ISO	
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Need for integrated routine collaboration 

Quality 

Safety Efficacy 

Regulators Industry 

Academia 
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Scope:	
  
The	
  proposed	
  workshop	
  will	
  focus	
  on	
  key	
  features	
  of	
  nanomedicines1	
  and	
  the	
  emerging	
  
scien/fic	
  knowledge	
  in	
  the	
  field.	
  

Objec:ve:	
  
Explore	
  scien/fic	
  aspects	
  specific	
  to	
  nanomedicines	
  and	
  share	
  experience	
  at	
  an	
  
interna/onal	
  level,	
  to	
  an/cipate	
  future	
  needs.	
  

Outcome:	
  
Report	
  on	
  iden/fied	
  issues	
  and	
  emerging	
  science	
  aspects,	
  which	
  may	
  assist	
  future	
  
developments	
  in	
  the	
  
field	
  and	
  may	
  be	
  relevant	
  to	
  future	
  regulatory	
  considera/ons.	
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