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Targeted Drug Delivery: 
Myth, Reality, & Possibility Drug Loading

Poorly soluble drugs, 
Biopharmaceuticals

Emulsion methods,
Microfabrication

Drug release 
mechanisms

Clinically Useful Drug Delivery Systems

Drug loading capacity
Drug loading efficiency

Scale-up Production
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Useful 

Formulation

Drug Release
Duration
Release kinetics

Drug Targeting
I.V. delivery, 
Local delivery

Nanoparticles
Microparticles
MacrosystemsVehicle size Control of 

burst release

Drug Delivery Systems 

Drug targeting!

Drug Delivery Routes 

Oral Delivery:
<1 min ~ > 1 day

Localized Delivery:
1 month ~ 1 yearTransdermal:

1 day ~ 1 week

Implants (IM, SQ):
1 month ~ 1 year

I.V. Infusion
~ 1 day

The role of HER2 in cancer therapy and targeted drug delivery 

Wanyi Tai, Rubi Mahato, Kun Cheng : 
J. Control. Release146 (3) 264-275, 2010

In Vivo Targeting to Cancers by I.V. Administration
1. Nanoparticles
2. PEGylation
3. Passive targeting
4. EPR effect
5. Drug release at

the target

Current Understanding in Targeted Drug Delivery

Nanocarriers as an emerging platform for cancer therapy
Dan Peer, Jeffrey M. Karp, Seungpyo Hong, Omid C. Farokhzad, Rimona Margalit & Robert Langer.  
Nature Nanotechnology 2, 751 - 760 (2007)
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Tumor regression after systemic administration of a novel tumor-
targeted gene delivery system carrying a therapeutic plasmid DNA,
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143: 215-221, 2008 S. Koppu, Y. J. Oh, R. Edrada-Ebel, D.R. Blatchford, L. Tetley, R.J. Tate, C. Dufès:

With all these nanotechnology-based drug delivery systems, 
why can’t we cure cancer now?

Perspective
by You Han Bae

133 (2009) 2-3

JCR

1. Systemic Targeting

Biochemical targeting
Ag-Ab, ligand-receptor interactions

Locally-activated targeting 
Self regulated targeting

Targeted Drug Delivery

Does current biochemical 
targeting really work?

Self-regulated targeting
Externally-activated targeting

Trojan targeting  

2. Intracellular Targeting

1. Passive targeting first
(Is this really targeting?)

2. Extended blood circulation 
by PEGylation?

Why Can’t We Cure Cancer by Biochemical Targeting?

3. Fraction of intact 
nanoparticles at the target 
site? (Blood interaction 
with nanoparticles)

4. Is animal model realistic?

Enhanced Permeation & Retention (EPR) Tumor targeting of PEG-Niosomes

4 hr 

12 hr 

Drug Release 
at the Target Site

Nanoparticles 
at the Target 
Site: 2-10%
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Nano Drug Vehicles

Dimensions of Drug Delivery Systems

10 nm

100 nm

1 nm

0.1 nm

Virus

Proteins & DNA
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Drug Molecules

Stability of Polymer Micelles in Blood

3 h15 min 1 h
FRET Release 
in Blood Stream
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A FRET Micelle (Professor Ji-Xin Cheng)
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Barriers to Drug Delivery in Solid Tumors

50 mm

Heterogeneous extravasation of 90 nm diameter liposomes from LS174T tumor vessels, 48 h 
after injection. Note that some vesseles are leaky as indicated by the brighter fluorescence for 
rhodamine, while other are not. Extravasated liposomes do not diffuse far from blood vessels 
and observed after 1 week.
F. Yuan, M. Leunig, S.K. Huang, D.A. Berk, D. Papahad-jopoulos, R.K. Jain, Microvascular permeability and 
interstitial penetration of sterically stabilized (stealth) liposomes in a human tumor xenograft, Cancer Res., 54 (1994) 
3352-3356.

Enhanced Permeation & Retention (EPR)

Chemical form of the folate moiety (pteroate)
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1. Systemic Targeting

Biochemical targeting
Ag-Ab, ligand-receptor interactions

Locally-activated targeting 
Self regulated targeting

Targeted Drug Delivery

Key to the success of 
drug delivery systems

Self-regulated targeting
Externally-activated targeting

Trojan targeting  

2. Intracellular Targeting
Occurs only after systemic 
targeting

1. Systemic Targeting

Fact
Distribution throughout the body by blood 
circulation

Reality of Targeted Drug Delivery

Current magic bullet

2. Intracellular Targeting

Still elusive 

PEGylated Nanoparticles having EPR Effect
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Paul Ehrlich’s Magic Bullet

A dr g that goes straight to their intended

Selective targeting to a bacterium without 
affecting other organisms.   

Selective killing

Nobel Prize 1908

A drug that goes straight to their intended 
cell-structural targets to treat disease.

interacts with

The Art of War (孫子兵法)

知己知彼 百戰百勝

(Sūn Zu Bīng Fǎ)

The Art of War against Diseases

Know the properties of the nanoparticles 
in vitro and in vivo.
Know the properties (heterogeneity and 
dynamic states) of the body.

g

In vitro properties
Drug loading & release
Cellular interactions

In vivo behavior  

Properties of Nanoparticles In Vitro & In Vivo

Stability (Interaction with blood components)
Delivery to the target site

In vitro – in vivo correlation

TUMOR TISSUE

Defective
vessel

Will the EPR effect 
remain the same as the 
tumor mass reduces or 
tumor stops growing?

Properties of the Body 

Heterogeneity & Dynamic State

Targeting: Tumor stem 
cells protecting themselves 
from drug treatment.  
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Tumor cellExtrapolation of in vitro 
results to in vivo

Translation of small 
animal data into human
(Unexpected responses by 
human body)

Bioactivity

25 nm Large pores present in normal tissue endothelium.
50 nm Average size of polymer micelles without loaded drugs.

100 nm The size of drug-loaded polymeric micelles.

150 nm Particle extravasation in liver is proposed to be <150 nm. 

200 nm Nanoparticles <200 nm have significantly longer circulation 
time due to low uptake by the reticuloendothelial system (RES).   

Particles of various sizes and their known impacts on bioactivity 

p y y ( )
350 nm The pore cutoff size of porous blood vessels in tumors is known 

to be 380-780 nm. An upper limit for EPR effect.
500 nm The maximum size of nanoparticles allowing penetration 

through cell membranes is known to be 500 nm. 
1 μm Particles below 2 μm were taken up by Peyer’s patches and then 

migrated to mesenteric lymph nodes.
5 μm The upper limit for rigid particles circulating the smallest 

capillaries.
50 μm Useful size of microspheres for intramuscular injection.

Heterogeneity of particle sizes

Extrapolation of in vitro 
results to in vivo

Unexpected responses 
by human body

Translation of small animal data into human
(Unexpected responses by human body)

Properties of the Body 

Human clinical studies:  Long-term & Costly
Not affordable for screening

New animal models: Represent human conditions more 
accurately.
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