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RogRogéério Gasparrio Gaspar
rgaspar@ff.ul.ptrgaspar@ff.ul.pt / / http://www.imed.ul.pt http://www.imed.ul.pt 

Nanomedicine: Nanomedicine: 
current view, present and future main regulatory current view, present and future main regulatory 
challengeschallenges

Nanomedicine & Drug Delivery Systems Group [iMed.UL (Research Institute for Medicines and Pharmaceutical Sciences)]

http://www.imed.ul.pt/Research/Nanomedicine%20and%20Drug%20Delivery%20Systems.htm

EMEA, AdHoc Informal Group, April 29th (2009)EMEA, AdHoc Informal Group, April 29th (2009)
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Current positionsCurrent positions
AcademicAcademic

•• Full Professor, Faculty of Pharmacy University of Lisbon (FFUL, Full Professor, Faculty of Pharmacy University of Lisbon (FFUL, 
Portugal)Portugal)

•• Coordination of Pharmaceutical Technology sector (FFUL)Coordination of Pharmaceutical Technology sector (FFUL)
•• Coordinator of Nanomedicine & Drug Delivery Systems research Coordinator of Nanomedicine & Drug Delivery Systems research 

group at the Research Institute for Medicines and Pharmaceuticalgroup at the Research Institute for Medicines and Pharmaceutical
Sciences (iMed.UL)Sciences (iMed.UL)

•• Member of the General Council at the University of Lisbon (PortuMember of the General Council at the University of Lisbon (Portugal)gal)
•• Member of the Medicines Evaluation Committee at INFARMED Member of the Medicines Evaluation Committee at INFARMED 

(Portugal)(Portugal)
•• Member of the coordination of MScMember of the coordination of MScss in in 

•• Regulatory Affairs, Regulatory Affairs, 
•• Pharmaceutical Engineering, Pharmaceutical Engineering, 
•• Advanced PharmacotechnicsAdvanced Pharmacotechnics

•• Doctoral Programme in Bionanotechnology Doctoral Programme in Bionanotechnology 
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Main datesMain dates
•• 19841984--2006: University  of Coimbra2006: University  of Coimbra

•• 19951995--2002: INFARMED & EMEA (expert, CPMP & QWP member, 2002: INFARMED & EMEA (expert, CPMP & QWP member, 
management board, GMP inspectors group & MRAmanagement board, GMP inspectors group & MRA--Japan); Japan); 
Pharmaceutical Committee and Standing Committee (European Pharmaceutical Committee and Standing Committee (European 
Comission); Medicines working group (European Council / EU)Comission); Medicines working group (European Council / EU)

•• 20022002--2008: Consultant to Pharmaceutical Industry2008: Consultant to Pharmaceutical Industry
•• 20052005--2006: Consultant for training to ASEAN regulatory authorities2006: Consultant for training to ASEAN regulatory authorities

•• Since 2006: University of LisbonSince 2006: University of Lisbon

•• Since 2008: associated to Pharmacies Association (Portugal) as aSince 2008: associated to Pharmacies Association (Portugal) as a
consultant in issues not related to medicinal productsconsultant in issues not related to medicinal products

•• Since 2008: back to Medicines Evaluation Committee at INFARMEDSince 2008: back to Medicines Evaluation Committee at INFARMED
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Drug Carriers Unit / Center of Neurosciences and Cell Drug Carriers Unit / Center of Neurosciences and Cell 

Biology Biology 
@ University of Coimbra (1993@ University of Coimbra (1993--2000)2000)

•• A few examples of previous researchA few examples of previous research
–– LeishmaniaLeishmania therapy with polymeric nanoparticlestherapy with polymeric nanoparticles

• Gaspar et al, Pharmaceutical Research 9 (6): 782-787 (1992)

–– Polymeric nanoparticles Polymeric nanoparticles steric stabilisationsteric stabilisation: physico: physico--chemical mechanismschemical mechanisms
• Lourenço et al, International Journal of Pharmaceutics 138: 1-12 (1996)

–– Nanoparticles for Nanoparticles for protein deliveryprotein delivery
• Martins et al, International Journal of Pharmaceutics 142: 75-84 (1996)

–– Macrophage interactions Macrophage interactions with polymeric nanoparticles (ROI and NO production)with polymeric nanoparticles (ROI and NO production)
• Cruz et al, Pharmaceutical Research 14 (1): 73-79 (1997)

–– Nanocapsules and nanoparticles in Nanocapsules and nanoparticles in mechanisms in ocular deliverymechanisms in ocular delivery
• Alfar et al, ”, II Spanish-Portuguese Congress on Controlled Release, SPLC-CRS, 2-5th February 1997

–– Polymeric nanoparticles with Polymeric nanoparticles with new contrast agents for MRInew contrast agents for MRI
• Gameiro , MSc thesis 2004

–– Lipoplexes and pH sensitive liposomes for Lipoplexes and pH sensitive liposomes for gene and antisense oligonucleotide gene and antisense oligonucleotide 
deliverydelivery

• Simões et al, Gene Therapy , 6, 1798-1807 (1999)

–– Lentiviral vectors Lentiviral vectors for Huntingtonfor Huntington’’s diseases disease
• Gene Therapy NFP37 Annual Meeting, Friburg, Switzerland, 6-7 October 2000

–– Cancer therapy using Cancer therapy using paclitaxel biodegradable nanoparticlespaclitaxel biodegradable nanoparticles
• Fonseca et al, Journal of Controlled Release 83, 273-286 (2002)

–– Cancer therapy using Cancer therapy using sterically stabilised targeted liposomessterically stabilised targeted liposomes
• Moreira et al, Pharmaceutical Research 19, 265-269 (2002)
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Lisbon approach to 3Ds: Lisbon approach to 3Ds: 

iMed.ULiMed.UL

Nanomedicine & Nanomedicine & 
DDSDDS
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Oncology & 
Inflamation
LLiposomesiposomes

NanoparticlesNanoparticles
Polymeric Ther.Polymeric Ther.

InfectiousInfectious
DiseasesDiseases

LiposomesLiposomes
NanoparticlesNanoparticles

VaccinesVaccines

Dermal Dermal 
ResearchResearch

Pulmonary Pulmonary 
Delivery and Delivery and 

macromolecular macromolecular 
complexationcomplexation

Projects

Coordination
Rogério 
Gaspar

NANOMEDICINE & Drug Delivery SystemsNANOMEDICINE & Drug Delivery Systems

Team

1

National & International 
Colaborations
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Internal Network Internal Network 

MolCellBioMolCellBio

ChemBioToxChemBioTox MedChemMedChem PharmacolSciPharmacolSci

Nano&DDSNano&DDS

NeuronGliaNeuronGlia MetGenMetGen

Animal modelsAnimal models
NanoNano--formulationsformulations

siRNA nanosystemssiRNA nanosystems Protein formulations and stabilisatProtein formulations and stabilisat
Transport proteins and modelsTransport proteins and models

Animal modelsAnimal models
Antibiotics in bone cementAntibiotics in bone cement
AHA/Chitosan Bacterial ActivityAHA/Chitosan Bacterial Activity

Animal modelsAnimal models
ChemicalChemical--based DDSbased DDS

PK/Animal modelsPK/Animal models
ToxicityToxicity

Nanomedicine & Drug Delivery Nanomedicine & Drug Delivery 
SystemsSystems



ii M
ed

.U
L 

M
ed

.U
L 

––
R

es
ea

rc
h 

In
st

itu
te

 fo
r M

ed
ic

in
es

 a
nd

 P
ha

rm
ac

eu
tic

al
 S

ci
en

ce
s

R
es

ea
rc

h 
In

st
itu

te
 fo

r M
ed

ic
in

es
 a

nd
 P

ha
rm

ac
eu

tic
al

 S
ci

en
ce

s
ii M

ed
.U

L
M

ed
.U

L

Main ObjectivesMain Objectives

Nanomedicine & Drug Delivery Nanomedicine & Drug Delivery 
SystemsSystems

The main overall research objectives currently defined for the area of 
“Nanomedicine and Drug Delivery Systems”:

(i)achieving intracellular delivery of nucleic acids and/or combination 
chemotherapy by the use of nano-systems for cell (cytosolic) specific 
delivery in oncology and inflammation

(ii) attaining effective mucosal vaccination through micro and nano-
systems, as well as design of well suited therapeutic systems for 
intracellular pathogens 

(iii) developing mechanistic and technological innovative approaches 
for dermal delivery in different conditions such as cancer and/or 
autoimmune diseases

(iv) using innovative approaches using macromolecular complexation 
and particle engineering for pulmonary delivery, as well as for other 
non-parenteral routes. 
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Current gaps and how to fill Current gaps and how to fill 

themthem……
Areas impacted by  nanomaterialAreas impacted by  nanomaterial--containing containing 

productsproducts
•• Product quality assessment studiesProduct quality assessment studies

–– Characterization & Quality controlCharacterization & Quality control
–– ManufacturingManufacturing

•• Product safety assessment studiesProduct safety assessment studies
–– BiodistributionBiodistribution

–– ClearanceClearance
–– MetabolismMetabolism

–– ToxicologyToxicology
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Current gaps and how to fill Current gaps and how to fill 

themthem……
Characterisation needsCharacterisation needs
•• Development of appropriate tools and Development of appropriate tools and 

methodologies to methodologies to 
–– product chemistry and unique characteristics of product chemistry and unique characteristics of 

product (complete formulation) product (complete formulation) 
–– quality control measures quality control measures 
–– consistent formulations with low batchconsistent formulations with low batch--toto--batch batch 

variabilityvariability
–– product quality and performanceproduct quality and performance
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Current gaps and how to fill Current gaps and how to fill 

themthem……
Examples of features to analyseExamples of features to analyse
•• SizeSize

–– Primary particle size (AFM/PCS/LD)Primary particle size (AFM/PCS/LD)
–– Aggregation/agglomeration stateAggregation/agglomeration state
–– 2D and 3 D distribution (TEM/AFM)2D and 3 D distribution (TEM/AFM)
–– Particle size distribution Particle size distribution 

•• Chemical composition Chemical composition 
–– Element identification and distribution Element identification and distribution 
–– Crystal form (Diffraction studies)Crystal form (Diffraction studies)
–– Surface composition; surface charge (zeta Surface composition; surface charge (zeta 

potential)potential)
–– Reactivity Reactivity 
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Current gaps and how to fill Current gaps and how to fill 

themthem……
Current Preclinical Tests for Safety Evaluation of Drugs IncludeCurrent Preclinical Tests for Safety Evaluation of Drugs Include
•• PharmacologyPharmacology

•• Safety pharmacologySafety pharmacology

•• Toxicology (Toxicology (including clinical pathology and histopathologic analysisincluding clinical pathology and histopathologic analysis))

•• (A)DME(A)DME

•• GenotoxicityGenotoxicity

•• Developmental toxicityDevelopmental toxicity

•• ImmunotoxicityImmunotoxicity

•• CarcinogenicityCarcinogenicity

•• OtherOther



ii M
ed

.U
L 

M
ed

.U
L 

––
R

es
ea

rc
h 

In
st

itu
te

 fo
r M

ed
ic

in
es

 a
nd

 P
ha

rm
ac

eu
tic

al
 S

ci
en

ce
s

R
es

ea
rc

h 
In

st
itu

te
 fo

r M
ed

ic
in

es
 a

nd
 P

ha
rm

ac
eu

tic
al

 S
ci

en
ce

s
ii M

ed
.U

L
M

ed
.U

L
Current gaps and how to fill Current gaps and how to fill 

themthem……
Safety considerationsSafety considerations

•• Are nanopharmaceuticals gaininig access to Are nanopharmaceuticals gaininig access to 
tissues and cells normally bypassed by larger tissues and cells normally bypassed by larger 
similar particles?similar particles?

•• If so, If so, 
–– What effects do they have on cellular and What effects do they have on cellular and 

tissue functions (transient and/or permanent)?tissue functions (transient and/or permanent)?
–– How long do they remain there?How long do they remain there?
–– How are they cleared from tissues and blood?How are they cleared from tissues and blood?
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Current gaps and how to fill Current gaps and how to fill 

themthem……
((A)DME Considerations A)DME Considerations 

•• What are differences in the (A)DME profile, for What are differences in the (A)DME profile, for 
nanopharmaceuticals versus larger particles of the same drug?nanopharmaceuticals versus larger particles of the same drug?
•• Toxicity issues versus biocompatibility of materialsToxicity issues versus biocompatibility of materials

•• Are there methods for measuring levels of nanopharmaceuticals inAre there methods for measuring levels of nanopharmaceuticals in
blood and tissues?blood and tissues?

–– Limit of detection, distinction between nanopharmaceuticals and Limit of detection, distinction between nanopharmaceuticals and aggregates or aggregates or 
between intact nanopharmaceutiacls and metabolized nanopharmaceubetween intact nanopharmaceutiacls and metabolized nanopharmaceuticalsticals

–– Accuracy of mass balance studies, for drugs administered at veryAccuracy of mass balance studies, for drugs administered at very low levels or low levels or 
targeted products?targeted products?

•• How is clearance of targeted nanopharmaceuticals accurately How is clearance of targeted nanopharmaceuticals accurately 
assessed? assessed? 
•• Specific methods for assessment of metabolism of materialsSpecific methods for assessment of metabolism of materials

•• How are nanopharmaceuticals appropriately labeled for (A)DME How are nanopharmaceuticals appropriately labeled for (A)DME 
studies?studies?
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Quality Management Systems Quality Management Systems 

and challenges in transfer lab to clinicand challenges in transfer lab to clinic

Drug designDrug design

Drug (target) discoveryDrug (target) discovery

Nonclinical (preclinical)Nonclinical (preclinical)

Drug developmentDrug development

ClinicalClinical

QA GLP GMP GCPGMP of API 
(NCE/Biotec)

Animal studiesAnimal studies

Industrial partnership

CRO
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Innovative task force (ITF, EMEA)Innovative task force (ITF, EMEA)

Emerging therapies Emerging therapies include:include:
•• gene therapy products, cell therapy and engineered gene therapy products, cell therapy and engineered 

tissues, new targeted therapies, tissues, new targeted therapies, nanomedicinesnanomedicines, novel , novel 
routes of administration and delivery systems routes of administration and delivery systems –– e.g. ex e.g. ex 
vivo, by surgical vivo, by surgical implant.implant.

Emerging technologies Emerging technologies include:include:
•• new development strategies (e.g. use of genomics or new development strategies (e.g. use of genomics or 

proteomics surrogates), new definitions of target proteomics surrogates), new definitions of target 
populations in therapeutic fields (e.g. populations in therapeutic fields (e.g. 
pharmacogenomics), new manufacturing approaches pharmacogenomics), new manufacturing approaches 
(e.g. use of transgenic plants and animals).(e.g. use of transgenic plants and animals).

Borderline therapeutics Borderline therapeutics include:include:
•• combination of pharmaceuticals and devices, medicinal combination of pharmaceuticals and devices, medicinal 

products borderline to nutrition products borderline to nutrition supplements.supplements.



ii M
ed

.U
L 

M
ed

.U
L 

––
R

es
ea

rc
h 

In
st

itu
te

 fo
r M

ed
ic

in
es

 a
nd

 P
ha

rm
ac

eu
tic

al
 S

ci
en

ce
s

R
es

ea
rc

h 
In

st
itu

te
 fo

r M
ed

ic
in

es
 a

nd
 P

ha
rm

ac
eu

tic
al

 S
ci

en
ce

s
ii M

ed
.U

L
M

ed
.U

L



ii M
ed

.U
L 

M
ed

.U
L 

––
R

es
ea

rc
h 

In
st

itu
te

 fo
r M

ed
ic

in
es

 a
nd

 P
ha

rm
ac

eu
tic

al
 S

ci
en

ce
s

R
es

ea
rc

h 
In

st
itu

te
 fo

r M
ed

ic
in

es
 a

nd
 P

ha
rm

ac
eu

tic
al

 S
ci

en
ce

s
ii M

ed
.U

L
M

ed
.U

L

U.S.A. versus E.U. trendsU.S.A. versus E.U. trends
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An agenda for Europe (EMEA) An agenda for Europe (EMEA) 

??
•• Integrated discussions (QWP, SWP, Sci.Advice, ITF, experts in Integrated discussions (QWP, SWP, Sci.Advice, ITF, experts in 

nanotechnology)?nanotechnology)?
–– AdHoc/ Institutional ?AdHoc/ Institutional ?

•• Need for new set of guidelines?Need for new set of guidelines?
–– Not necessarily, need better integration in existing regulatory Not necessarily, need better integration in existing regulatory frameframe
–– ““NanoNano--hypehype”” dangerous  and comparable to dangerous  and comparable to ““NanoNano--scarescare””

•• CrossCross--regulatory issuesregulatory issues
–– Critical issues in Quality, PK/PD (existing liposomes and nanopaCritical issues in Quality, PK/PD (existing liposomes and nanoparticles versus rticles versus 

““generic versionsgeneric versions””, fluid micelles versus rigid micelles, , fluid micelles versus rigid micelles, ““biosimilarsbiosimilars”” and impact of and impact of 
different pegylation strategies), toxicology of new engineered ndifferent pegylation strategies), toxicology of new engineered nanostructures anostructures 
(mostly inorganic but also dendrimers, quantum dots, carbon nano(mostly inorganic but also dendrimers, quantum dots, carbon nanotubes and tubes and 
others), safety in nonothers), safety in non--clinical studies, biomarkers for cellular pathways and links clinical studies, biomarkers for cellular pathways and links 
to events (both safety and efficacy)to events (both safety and efficacy)

•• CrossCross--Atlantic interactionsAtlantic interactions
–– Opportunity for building an European expert group (EMEA) that coOpportunity for building an European expert group (EMEA) that could interact uld interact 

with existing FDA (and FDA/ANH) initiatives (need for global regwith existing FDA (and FDA/ANH) initiatives (need for global regulatory ulatory 
response) response) 


