Targeted Drug Delivery:
Myth, Reality, & Possibility
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Active targetingwith particulate drug carriers in tumor therapy
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Drug Duscovery Today

DOT Vol. 9. Mo. 5 March 2004

Fabrizio Marcucci and Francois Lefoulon

Current Understanding in Targeted Drug Delivery

1. Nanoparticles

2. PEGylation

3. Passive targeting
4. EPR effect

5. Drug release at

the target

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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Drug Delivery Systems

Drug targeting!

The role of HER2 in cancer therapy and|targeted drug delivery
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Tumor-homing multifunctional nanoparticles for cancer theragnosis: Simultaneous
diagnosis, drug delivery, and therapeutic monitoring




Tumor regression after systemic administration of a novel tumor-
targeted gene delivery system carrying a therapeutic plasmid DNA,

tumor growth
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Why Can’t We Cure Cancer by Biochemical Targeting?

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

2. Extended blood circulation
by PEGylation?

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

4. Is animal model realistic?

Drug Release
L §%< at the Target Site

Nanoparticles
at the Target
Site: 2-10%

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

Drug targeting and tumor heterogeneity
4. A new paradigm in drug targeting to solid tumors

Perspective

by You Han Bac EPR effect Is the s

matured

nanocarriess?
It is now the time to re-think tumor specific targeting approaches
and cancer nanotechnology, a long-lasting paradigm. C
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Targeted Drug Delivery

1. Systemic Targeting

Biochemical targeting
Ag-Ab, ligand-receptor interactions

Locally-activated targeting
Self-regulated targeting
Externally-activated targeting

Trojan targeting

2. Intracellular Targeting

Enhanced Permeation & Retention (EPR)

o Med. Chem. 1988 36, 454611
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Barriers to Drug Delivery in Solid Tumors
Many tumors vesist full penetration by anticancer ag
Such resistance may help explain why drugs that erndicate tamer cells
i babwaratory distes often Gil to elimimate malignancies in the odv
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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.

. 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)
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Perspective
Drug targeting and tumor heterogeneity

You Han Bae
3. Is acti

targeting really effective?

Most scientists working in this area love to use ‘cell-specificity,’
induced by short-range interactions in the interaction pairs of antigen/
mAb, ligand/receptor, aptamer/counter part, and a peptide selected
from phase display method/counterpart, etc. Specific interactions
accompany the words of Target cell-unique expression’ or ‘over-

pression” when d with other organs/cells. However, there

are seldom quantitative analyses of such speafic interactions for
active endocytosis in dinical semrings. Numerous unanswered ques-

TIONE Persist i 1S Tegaid. TOr example. What [raction of Tmor cells
from patients expresses a specific antigen or receptor? What is the
expression level in each individual cell? 15 the expression level
sufficient for active endocytosis? How does the binding affinity
@ between a carrier and a target cell influence the internalization? 1s this

a matter of kinetics? After endocyrosis, does any recycling oocur
before the release of the payload? If so, what degree?

133 (2009) 23

Enhanced Permeation & Retention (EPR)
A New Concept far jes in Cancer Ch
P lation of Proteins and the Antiamar

Aget Smancs'

If one injects small molecules, which can traverse barriers
freely, into the tumor or the normal tissue, they will immedi-
ately disappear from the tumor or the normal tissue by diffu-
sion, primarily into blood capillaries. Macromolecules contrast
sharply with the small molecules, as shown in Figs. 2 and 3.

Normal tissue (represented by the skin), however, carried the
[Evans blue-albumin complex rapidly compared with the tumor
tissue (Fig. 3). Thus, both the ference] and the

to be recovered via lymphatics in normal tissues (22). The
present findings demonstrated that a clear contrast exists in the
tumor tissue which has a highly enhanced leakiness and no
lymphatic clearance.

Yasuhiro Matsumura and Hiroshi Macda® (CANCER RESEARCH 46, 6387-6392, December 1986]
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Targeted Drug Delivery

1. Systemic Targeting Key to the success of

drug delivery systems

Biochemical targeting
Ag-Ab, ligand-receptor interactions

Locally-activated targeting
Self-regulated targeting

Externally-activated targeting

Trojan targeting

2. Intracellular Targeting
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Reality of Targeted Drug Delivery
1. Systemic Targetin
Fact
Distribution throughout the body by blood

circulation

Current magic bullet
ated N

2. Intracellular Targeting

Still elusive




Paul Ehrlich’s Magic Bullet

Selective targeting to a bacterium without
affecting|other organisms.

Selective killin

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

interacts with

Properties of the BOdy Targeting: "ljumor stem
cells protecting themselves

from drug treatment.

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

Extrapolatio
results to in v

nslation of small

animal data into human

5
(Unexpected responses by ANEEERERN
human body) Normal blood vessel Nanoparticle

HOW DNA DRUGS WORK
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The Art of War against Diseasesj

Know the properties of the nanoparticles
in vitro and in vivo.

Know the properties (heterogeneity and
dynamic states) of the body.

Properties of Nanoparticles In Vitro & In Vivo

In vitro properties
Drug loading & release
Cellular interactions

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

o correlation

Particles of various sizes and their known impacts on bioactivity

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).

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 um | Particles below 2 pm were taken up by Peyer’s patches and then
migrated to mesenteric lymph nodes.

5 um [ The upper limit for rigid particles circulating the smallest
capillaries.

50 um | Useful size of microspheres for intramuscular injection.

Heterogeneity of particle sizes

DNA Drugs
Come of Age
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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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Drug targeting and tumor heterogeneity

Perspective by You Han Bae

4 A new paradigm in drug targeting to solid tumors

EPR effect is the single most commonly used term o explain drug
targeting. The porosity and pore size of tumor blood vessels has made
all kinds of nanocarriers attractive for tumor tangeting therapy,
imaging. and diagnosis. The paresity is developed in umors to timely
supply enough nutrients 1o the newly developing area. However,
when the tumor stops growing or when its mass starts reducing by
any therapy, does the porosity still remain unchanged and thus allow

with 7 It can be that
nges it phase to shrinking, the blood
its mode from a rapid to a normal supply with a
matured structure [G] In this case, what will be the role of
nanGcartiers?

It is now the time to re-think tumor specific targeting approaches
and cancer panotechnology, 3 leng-lasting paradigm. Current target-
ing approaches may need a paradzgm shift The key words in the new
paradigm are ‘heterogeneity’ and “dynamic state” of cancer cells and
tmnar physiology.
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