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Mother Nature
Iodide: almost 100% in the thyroids

131I  =  0.1 nm

=>   131 iodine-based diagnosis and therapy of thyroid cancer









Targeted Nanomedicines



AIM: Increased Therapeutic Index

Efficacy / Toxicity

Targeted nanomedicines can favorably 
change the efficacy/safety balance



Life-threatening and 
society-burdening 

diseases:

needle often required

often drugs with small 
therapeutic index





Drug Targeting Routes

• Direct administration into diseased site

(only possible in limited cases)

• Systemic administration

(mostly parenteral administration)



70-90s: Major limitations of IV 
nanoparticulate drug targeting

• Short circulation time due to 
efficient MPS uptake

• Drug release in the bloodstream

• Limited capacity to extravasate



Nanoparticles are often rapidly

removed from the circulation by

phagocytic MPS cells (mainly those 

in liver and spleen).



Liver and spleen uptakeLiver and spleen uptake

The macrophages in liver and spleen are mainly 

responsible for rapid clearance from the circulation

These macrophages are also the cell type of replication 

for many intracellular infectious organisms

(Salmonella spp., Brucella spp., Mycobacterium spp., 

Leishmania spp.)





Major limitations of IV 
nanoparticulate drug targeting

• Short circulation time due to 
efficient MPS uptake

• Limited capacity to extravasate



PEG coating prolongs PEG coating prolongs 

liposome circulation timeliposome circulation time

Coating with 

poly(ethylene) glycol 

(PEG) decelerates 

liposome uptake by 

MPS





Major limitations of IV 
nanoparticulate drug targeting

• Short circulation time due to 
efficient MPS uptake

• Limited capacity to extravasate



The Endothelial Barrier



Endothelium in disease

In many disease processes the 

endothelium becomes permeable 

(inflammation, infection, malignancy)

allowing EXTRAVASATION



Extravasation  

through ‘leaky’ 

vasculature 

(EPR effect)
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Bobo et al, Pharm Res (2016)

nanomedicines on the market (about 50)

nanocrystals (15/0)   +   polymers (15/2)   +   liposomes (10/4) 

+   proteins (2/2)   +   micelles (1/0)   +   inorganic NP (8/1) 



Approved Nanoparticulate Nanomedicines
Only Liposome Drug Products

1. Doxil/Caelyx (doxorubicin)
2. Ambisome (amphotericin B)
3. DaunoXome (daunorubicin)
4. Myocet (doxorubicin)
5. Abelcet (amphotericin B)
6. Lipo-Dox (doxorubicin)
7. Marquibo = Onco-TCS (vincristine)
8. Onivyde (irinotecan)
9. CPX-351/Vyxeos (cytarabine/daunorubicin)
10. Arikayce (amikacin, inhalation product)
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Structure of Doxil®

Doxorubicin

Lipid Membrane 

(Phospholipid +

Cholesterol)

Polyethylene 

Glycol

85-100 nm





Imaging EPR in patients
Harrington et al., Clin Cancer Res 2001



Doxil/Caelyx vs. free DOX

LVEF: left ventricular ejection fraction, CHF: congestive heart failure

Less risk of developing cardio-toxicity
Like

Dislike

Progression-free survival Overall survival

Comparable survival

O’Brien, 2004, Ann. Oncol.:
• Phase III trial
• Pegylated liposomal doxorubicin vs. 

conventional doxorubicin
• Metastatic breast cancer



Reason for Approval Doxil in 1995

Therapeutic Index increased:

Efficacy / Toxicity

Targeted nanomedicines can favorably 
change the efficacy/safety balance



1 patient on the 7+3 arm was alive at 12 months after
crossing over and responding to CPX-351 treatment

Overall Survival
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CPX-351  Median = 6.6 months

Salvage  Median = 4.2 months

Logrank P-value = 0.02
HR = 0.55

 

Overall Survival 

Phase 3 defined sAML 
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7+3: Secondary 
CPX-351: Secondary 

Deaths / N 
17 / 19 
27 / 39 

Median 
in Mons. 

6.3  (3.2, 7.6) 
12.1  (9.2, 17.6) 

Logrank p-value = 0.004, HR=0.40 

Months from randomization

After 24 months of follow-up

Study 204 & 205: Significant Improvement in Overall Survival for CPX-351 Treatment 

Seen in sAML and Unfavorable Risk – First Relapse AML

31

Months from randomization

After 12 months of follow-up

Study 205 Unfavorable Risk-
First Relapse 

n=85 patients

Study 204 sAML
n=58 patients*



Liposomes in clinical trials (24)
• Lipoplatin (cisplatin)

• ThermoDox (doxorubicin)

• 9NC-LP (9-nitrocamptothecin)

• SPI-077 (cisplatin), 

• Lipoxal(oxaliplatin)

• EndoTAG-1 (paclitaxel),

• OSI-211 (lutotecan), 

• LE-DT (docetaxel), 

• LEP-ETU (paclitaxel)

• TKM-080301 

• PLK1( siRNA) 

• Aru027, PKN3( siRNA)

• 2B3-101 (doxorubicin)

• MTL-CEBPA (CEBPA siRNA)

• TL1 (topotecan)

• IHL-305 (irinotecan)

• ATI-1123 (docetaxel)

• Alocrest (vinorelbine)

• LiPlaCis (cisplatin)

• MCC-465 (doxorubicin)

• SGT-53 (p53 gene)

• Nanocort (prednisolone)

• RNL (Image-guided delivery 
of rhenium nanoliposome)

• Patisiran (siRNA)



properties of initial preparation:

• lipid bilayer composition: DPPC : PEG-DSPE : Chol = 1.85 : 0.15 : 1.0

• size: diameter  90 nm

• glucocorticoid: prednisolone phosphate

• encapsulation efficiency: 3 - 4 % 

• 1 ml preparation contains (on an average):

· 50 mg (60 µmol) total lipid

· 4 mg prednisolone-phosphate

glucocorticoids encapsulated in PEG-liposomes



Target site accumulation 
in preclinical models

EPR effects are stronger 

in case of 

severe inflammation (vs. tumors)



preclinical results in rat arthritis: inflamed joint targeting

at time of injection 1 hr 4 hrs

20 hrs 24 hrs 48 hrs



.:

20  mg/kg liposomal PLP. single inj.
N = 5 

.

20  mg/kg PLP free daily

treatment

PBS daily

# days post-immunization
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efficacy results Nanocort in rat arthritis:
rapid, intense and sustained



Mouse knee joint sections: effect on cartilage erosion

1 week after treatment



copyright © 2005 J.M. Metselaar enceladusenceladus

 

enceladusenceladus

when quenching the flares ... silence the tyrant!



Imaging of inflamed joint 

targeting in humans
99mTc - labeled PEG-liposomes

whole body scintigraphy at 24 hr p.i.



Disease indications that we pursue with clinical studies

Nanocort (i.v. pegylated liposomal prednisolone phosphate)

• Rheumatoid Arthritis

• Multiple Sclerosis

• Atherosclerosis

• Arteriovenous Fistula failure

• Inflammatory Bowel Disease (Most recent result: 70% response rate)

Oncocort (i.v. pegylated liposomal dexamethasone phosphate)

• Advanced Prostate Cancer (bone metastasis)

• Multiple Myeloma

Innovicort (i.v. pegylated liposomal triamcinolone acetonide phosphate)

• Uveitis (together with SNEC hospital Singapore)



Liposomes in clinical trials (24)
• Lipoplatin (cisplatin)

• ThermoDox (doxorubicin)

• 9NC-LP (9-nitrocamptothecin)

• SPI-077 (cisplatin), 

• Lipoxal(oxaliplatin)

• EndoTAG-1 (paclitaxel),

• OSI-211 (lutotecan), 

• LE-DT (docetaxel), 

• LEP-ETU (paclitaxel)

• TKM-080301 

• PLK1( siRNA) 

• Aru027, PKN3( siRNA)

• 2B3-101 (doxorubicin)

• MTL-CEBPA (CEBPA siRNA)

• TL1 (topotecan)

• IHL-305 (irinotecan)

• ATI-1123 (docetaxel)

• Alocrest (vinorelbine)

• LiPlaCis (cisplatin)

• MCC-465 (doxorubicin)

• SGT-53 (p53 gene)

• Nanocort (prednisolone)

• RNL (Image-guided delivery 
of rhenium nanoliposome)

• Patisiran (siRNA)



Examples of Cancer Nanomedicine

Formulations in Clinical Development

Nanoparticles (12): BA-003 (doxorubicin), DHAD-PBCA-NPs 
(mitoxantrone), BIND-014 (docetaxel), CRLX101 (camptothecin), IT-101 
(camptothecin), Rexin-G (dnG1 pDNA), ABI-008 (docetaxel), ABI-009 
(rapamycin), C-Visa-BikDD (BikDD pDNA), Nanoxel (paclitaxel), 
Docetaxel-NP (docetaxel), CALAA-01 (anti-RRM2 siRNA)

Polymer drug conjugates (9): Oncaspar (asparaginase), Xyotax (CT-2103) 
(paclitaxel), Taxoprexin (paclitaxel), PK1 (doxorubicin), PegAsys/PegIntron
(IFN-alpha2a/b), ProLindac (oxaliplatin), AP 5346 (diaminocyclohexane
platinum), DEP (docetaxel), XMT-1001 (CPT)

Antibody drug conjugates: most successful but often excluded from lists

www.clinicaltrials.gov (2016)



• Passive targeting (- targeting ligand)

• Active targeting (+ targeting ligand)



Traditional targeting ligands

Peer et al., 2007, Nat Nanotechnol  



Ligand-targeted particulate nanomedicines undergoing clinical evaluation

Van der Meel et al., 2013, ADDR  



has NOT (yet) been unambiguously proven

Clinical Utility of Targeting Ligands 



Ligand-targeted particulate nanomedicines undergoing clinical evaluation

Product name Phase I 

(recruiting)

Phase I (active) Phase II Phase III

SGT-94

CALAA-01

SEL-068

MM-302

2B3-101

SGT-53

Anti-EGFR ILs DOX

Lipovaxin-MM

Erbitux®EDVsPAC

BIND-014

MBP-426

Rexin-G

MCC-465
Van der Meel et al., 2013, ADDR  

(terminated October 2013)



Main Drug Targeting Modes



Doxil/Caelyx vs. free DOX

LVEF: left ventricular ejection fraction, CHF: congestive heart failure

Less risk of developing cardio-toxicity
Like

Dislike

Progression-free survival Overall survival

Comparable survival

O’Brien, 2004, Ann. Oncol.:
• Phase III trial
• Pegylated liposomal doxorubicin vs. 

conventional doxorubicin
• Metastatic breast cancer



How to Improve Efficacy?

Influencing Major Efficacy Determinants:

• Improve Accessibility/EPR

(e.g.vasodilators, hyperthermia)

• Enhance Intratumoral Drug Release



Solution: intratumoral triggered release

Use intrinsic or extrinsic stimulus to trigger release

pH

Simões et al., 2004, ADDR

Temperature

Grull et al., 2012, JCR
Light

You et al., 2010, ACS Nano

Enzyme

Meers, 2001, ADDR



HIFU-triggered drug delivery from ThermoDox

No need for EPR!



Center for Translational

Molecular Medicine

Application of MRI-guided HIFU to Improve Cancer Chemotherapy with Temperature-Sensitive Targeted Nanomedicines



Thermodox bolus injection: 10” to 50”

Prof. Chrit MoonenMarc Derieppe

Native Doxorubicin
fluorescence

AngioSense® 680EX
Blood vessel staining

488 nm

500 - 630 nm

660 nm

680 - 800 nm

University Medical Center Utrecht

The Netherlands

Fibered-based Confocal Fluorescence 

Microscopy (Mauna Kea Tech)

Diameter: 1.5 mm

(mini-invasive,

skin contact only)

• Wistar rats

• Rat subcutaneous rhabdomyosarcoma tumor in hind limb

Derieppe et. al. 2015, European Molecular Imaging Meeting

Waterbath constantly at 43 C 

• Thermodox® (Celsion Corp., USA)

• Phase transition temperature: 42 C

• Clinical dose injected intravenously: 4 mg/kg

Animal Model

Drug

Field of view: 600x600 microns



MR guided High Intensity Focused Ultrasound

Image Guided

Therapy

3D Planning

Temperature 

monitoring

Thermal ablation

&

mild hyperthermia

Real-time

control

MR with integrated HIFU

Ultrasound Transducer

Therapy Console



Main Drug Targeting Modes



Wave of disappointment



2016 : Annus horribilis

Slide courtesy: 

Christine Allen





Year 2016 examples



In the Abstract..

• “The basic rationale of the design and 
development of nanomedicines in cancer 
therapy is failing..”

• “The EPR effect works in rodents not in 
humans.”

• “It is probably time to dethrone the EPR 
effect..”



(Wilhelm et al, Nat Rev Mater 2016)



In the Abstract..

• “..after surveying the literature from the past 10 
years, only 0.7% (median) of the administered 
nanoparticle dose is found to be delivered to a solid 
tumour.”

• “This has negative consequences on the translation 
of nanotechnology for human use..”

• “We .. present a 30-year research strategy to 
overcome this fundamental limitation.”





Some Quotes
.. overall outcome of the nanomedicine field is a fatal failure.

.. assumptions used in nanomedicine and nanoformulations turned 
out to be inapplicable to clinical applications.

.. absorb the inconvenient truth .. to break the ill-conceived 
illusion of nanomedicine. 

.. EPR effect is nothing more than trying to see a pattern when it 
is simply a random phenomenon.

.. spend the next few decades reshaping the field with a new 
generation of scientists with new ideas and new research tools.









Wave of disappointment warranted?



Nanoparticles and Drug Targeting:
Should we be disappointed?

• Setting the ‘debate’

• 0.7%ID tumor accumulation

• Tumor targeting via EPR

• Present and future



(Wilhelm et al, Nat Rev Mater 2016)





Antibody-based therapy of solid cancer

• Clinically and commercially successful 

-annual sales: about 20 billion USD for solid 

tumour therapy alone

- examples: the antibody drug conjugates 
Kadcyla (trastuzumab emtansine) and Adcetris
(brentuximab vedotin)

• Antibodies do not target tumours more 
efficiently

- 0.07 – 7% ID (mice and men)

- % target accumulation is not a goal in itself



Nanoparticle types: often unfavourable PK



Perspective/Meta-analysis: NP Delivery to Tumours
Wilhelm et al, Nat Rev Mat 1, 16014, 2016

NP (differing in size, shape, charge)

Inorganic (gold, silica, iron oxide, quantum dots, other)

Organic (dendrimers, liposomes, hydrogels, polymeric, other)

Main outcome (based on 117 manuscripts)

“In preclinical tumor models, on average,

only 0.7% of the injected dose of intravenously administered 
nanoparticles accumulates in tumours”





Passive Drug Targeting Utilising EPR
Requirements

 Passive Targeting requires

• Nanosize

• Long circulation

• No/limited drug release in 
bloodstream

Diseased
Tissue

Healthy
Tissue



Variable tumour accumulation 
of PEG-liposomes
in animal models

• Up to 1-10% ID after IV administration



Slide 79

Doxorubicin Levels in Prostate 

Carcinoma Xenograft

Vaage J, et al. Cancer, 1994
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Tumour accumulation 
of PEG-liposomes

in preclinical models

• Up to 1-10% ID after IV administration

• Compared to free drugs: strong 
improvement



And in the clinic?

Early examples of tumour accumulation 
(EPR)of PEG-liposomes in patients:

• Vescan (80s)

• Doxil (80/90s)



Vescan Liposomes for Imaging 
rigid and small (40-70 nm): long circulation

111InCl3 actively loaded with ionophore



Vescan (Vestar Inc, 1984, 400 patients)

Successful tumor imaging of a wide variety of solid 
tumors (no quantification) with small, rigid liposomes

(40-70nm, Indium-labeled)
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Gabizon et al, Cancer Res (1994)

EPR-mediated tumor targeting
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in Kaposi sarcoma:   improved efficacy vs. ABV   =>   1 CR + 60/133 PR  vs.  31/125 

PR

reduced toxicity =>   less cardiomyopathy, nausea, alopecia (!)



Kim et al, 

Radiology 2006

Sarcoma

Koukourakis et al, Acta Oncol (2000) Harrington et al, Clin Cancer Res (2001) Hansen et al, ACS Nano (2015)

Head & Neck BreastKaposi S

=>  in animal models and patients

=>  within a single patient and tumor

EPR is highly variable



passive drug targeting to tumors via EPR



Not only liposomes..

CRLX101 nanoparticles localize in human tumors  and not in 
adjacent, nonneoplastic tissue after intravenous dosing.

Bioactivity in tumors is demonstrated (down-regulation of 
topoisomerase I and carbonic anhydrase IX).

Andrew J. Clarka, Devin T. Wileya, Jonathan E. Zuckerman, 
Paul Webster, Joseph Chao, James Li, Yun Yen, and Mark E. 
Davis

3850–3854 | PNAS | April 5, 2016 | vol. 113 | no. 14



EPR exists 
but is highly variable

imaging EPR to pre-select patients 

and increase response rate

(personalized nanomedicine)

Companion Diagnostics 
(CT/MRI/PET nanoprobes highly needed)



Patient selection step
Key to improve targeted NM performance in the clinic

• Routinely done in case of molecularly 
targeted therapeutics

• E.g. Herceptin: 

- Biopsy-based preselection

- Immunohistochemical staining (HER2)

- Breast cancer patients: response 10-15% 
without, >50% with preselection



EPR imaging in breast cancer patients 
EPR variable; Patient stratification possible; 
Higher PET/CT signal corresponds with more 

favorable treatment outcome..



EPR imaging in pancreas tumor patients
Tumor MRI signal and liposomal drug activity correlate!



Patient selection
by noninvasive imaging

Key to improve NM performance in the clinic

• Now

Tumor accumulation

• Soon

Tumor vasculature characteristics

&

Pharmacological/Physical modulation





Perspective/Meta-analysis: NP Delivery to Tumours
Wilhelm et al, Nat Rev Mat 1, 16014, 2016

Main conclusions

1. No significant clinical translation of cancer nanomedicines

Quickly rebutted: >500 clinical trials, with about 25% in Phase 
III (Clinicaltrials.gov, search on August 5 2016: nanoparticle OR liposome OR 

micelle)



Perspective/Meta-analysis: NP Delivery to Tumours
Wilhelm et al, Nat Rev Mat 1, 16014, 2016

Main conclusions

2. A 30-year strategy needed to overcome this problem



Nanoparticles and Drug Targeting: Future

• To improve clinical translation and patient benefit, we should not be slow 

but stably build on what we know.

• But realise: drug development is costly and has its own slow pace.

• We have made progress and learned a lot.

• Biology is complex: better understanding of in vivo behavior essential

• From formulation-driven to disease-driven development: ‘collaborative 

work attitude’ & ‘keep it simple’ essential

“Friends are readily disappointed by the size of my closet. 

And I thought it was big!”

Sarah Jessica Parker



Should we be disappointed?



Pace of clinical translation is indeed slow

Factors: very costly, attitude (big) pharma and investors, complexity 
(patho)biology underestimated, poor predictive models

We should not be SLOW but stably build on what we know:

- clinical imaging:  to assess EPR (companion diagnostics) and tumor 
vasculature characteristics (density and permeability)

- enhance EPR via pharmacological and physical vessel modulation strategies

- exploit combination treatment regimens (e.g. Vyxeos (liposomal 
cytarabine/daunorubicin 5/1) and Onivyde (liposomal irinotecan), 
hyperthermia, radio-, immunotherapy)

- triggered release approaches

- not only cancer but also other diseases

- not only ‘old’ but also ‘new’ drugs (incl. biopharmaceuticals)

- targeted delivery of hydrophobic drugs

- animal models with better predictability (e.g. spontaneous and metastatic 
tumors, also in companion animals, PDX and GEMMs)

- emphasis should not on novel nanomaterials/nanoparticles, but 
base strategy on existing (patho)biological understanding and use 
clinically acceptable systems




