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What are animal model challenges for 
the development and evaluation of cancer nanotherapeutics?

It’s Not the Animal Model, Inadequate. 
It’s the Human Use, Inadequate



Animal Models for Cancer Studies

Das et al., Importance of animal models in the field of cancer research & Karakurt et al., Animal model 
of human cancer: malignant lymphoma/ colon cancer/lung cancer/liver cancer/brain tumors/skin cancer
(in Pathak 2023, Handbook of Animal Models and its Uses in Cancer Research)

Commonly used animal models for cancer studies. 
(Dhumal et al., Preclinical animal models for cancer research and drug discovery, 
in Bose & Chaudhari, Eds., Unravelling Cancer Signaling Pathways. 2019.)
https://www.eara.eu/why-are-animals-used-cancer-research



A Common Perception in the Nanomedicine Field
#1

Nanomedicine is a vague, subjective term.

Term Introduced in FDA Approval Formulation Nanomedicine?  .

• Liposomes 1964 Doxil (1995) PEGylated liposome No→Yes
• Polymer Micelles 1965 Taxol (1992) Polymer micelle (Cremophor EL) No

Taxotere (1996) Polymer micelle (Polysorbate 80) No
• Nanoparticles 1976 Abraxane (2005) Albumin-drug conjugate Yes

Onpattro (2018) PEGylated Lipid Nanoparticle Yes
• PEGylation 1977 Adagen (1990) PEGylated protein Yes
• Antibody-Drug 1983 Mylotarg (2000) Antibody-drug conjugates Yes
• Nanocrystals 1995 Rapamune (2000) Drug crystals in nanosize Yes

Perception: Current animal models are inadequate for the development of nanomedicine.
Facts: Animal models are fine for their intended uses. 

We have unreasonably high expectations for nanotherapeutics.



Another Common Perception in the Nanomedicine Field

Drug needs to be absorbed into the tumor cells, 
rather than the amount deposited near the tumor

Publications on Nanomedicines (Nanotherapeutics)
• Controls are almost always buffers (e.g., PBS): "Better than buffer" has little meaning. 
• The new formulations should be superior to standard therapy with no side effects!
• “Equivalent” or “non-inferior” to an available standard therapy is not an improvement.

#2 Perception: Nanomedicines work in animal models but not in humans.
Facts: Nanomedicines do not work in animal models either.



The EPR Effect: The Source of All Confusion in Nanomedicine

Y. Matsumura and H. Maeda, A new concept for macromolecular therapeutics in 
cancer chemotherapy: mechanism of tumoritropic accumulation of proteins and 
the antitumor agent SMANCS, Cancer Res. 46 (1986) 6387–6392.
Maeda et al.: Conjugation of poly (styrene-co-maleic acid) derivatives to the 
antitumor protein neocarzinostatin: Pronounced improvements in 
pharmacological properties, J. Med. Chem. 28: 455-461, 1985.

SMANCS: conjugates of styrene and maleic acid copolymer (SMA) and neocarzinostatin (NCS).  
The molecular weight of NCS is 12,000 Da and two SMA chains of 2,000 Da each were conjugated to make the 16,000 Da molecule. 

 Mouse serum albumin 
 BSA
 Mouse IgG
 SMANCS
 Ovomucoid
 NCS



The EPR Effect of the Tumor-Targeted Nanomedicine is an Illusion

Lopez-Mendez et al., Clinical
trials involving chemotherapy-
based nanocarriers in cancer 
therapy: State of the art and 
future directions

"Nanomedicines" or "nanotherapeutics" are new names for old formulations.
The drug efficacy does not improve because of the name change.
We have unwarranted, unreasonably high expectations for nanotherapeutics.



Active Targeting by Nanomedicines does Not Exist

2023

Sun et al., 
Pharmaceutical 
Nanotechnology

The xenograft mouse models are designed to 
obtain the data for the preconceived conclusion: 
Nanomedicine is better than the control.



Animal Models Are Fine

Definition: An animal model is a non-human species used 
in biomedical research because it can mimic aspects of a 
biological process or disease found in humans. Animal 
models (e.g., mice, rats, zebrafish and others) are 
sufficiently like humans in their anatomy, physiology or 
response to a pathogen that researchers can extrapolate the 
results of animal model studies to better understand human 
physiology and disease. By using animal models, 
researchers can perform experiments that would be 
impractical or ethically prohibited with humans. ---
Overall, animal models have proven valuable in studies of 
nearly every human condition.

(https://www.genome.gov/genetics-glossary/Animal-Model#) 

The lack of translation from animal studies to clinical studies is due to our 
unreasonable expectations stemming from nanomedicine. The animal models did 
not change before and after the nanomedicine fever.  But somehow, we expect a 
better translation.
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The Danger of Hypes: History rhymes

2022

But Hypes are Dangerous



Let's Talk about Real Problems



2020 20502030 2040

Future Hurdles of Drug Delivery Systems

Accurate Testing of Drug Efficacy

Health Equity

Delivery of Peptides, Proteins, & Nucleic Acids

Overcoming Biological Barriers

Delivery with Reduced Side Effects

Long-Term Treatment of Chronic Diseases
6/10 adults in the US have a chronic disease 
and 4/10 adults have two or more. 

Clinical studies: to evaluate whether a new 
treatment is “superior”, “equivalent”, or 
“non-inferior” to a standard therapy.

Key to translation

Development of New Delivery Technologies New Excipients

Regulatory Risk



Overcoming Biological Barriers

Tuma 2023, Lipid nanoparticles deliver mRNA to the brain after an intracerebral injectionEiliott 2021, Unlocking the power of exosomes for crossing biological barriers in drug delivery



How to End Selective Reporting in Animal Research
Gerben ter Riet and LexM. Bouter
(Martic‐Kehl 2016, Animal Models for Human Cancer)

How to Improve Animal Models for Better Cancer Treatment? 

Much of the published animal data on nanomedicine is 
irrelevant to clinical translation. 
• Our interpretation of the animal data is often too 

optimistic.
• Most animal data are presented in a highly positive 

way to increase their values.
• Only positive results of animal studies are published. 
• One common manifestation of cancer nanomedicine is 

the use of saline solutions as a control.  

Publishing negative results is very difficult, making 
animal models seemingly unsuitable for studying cancer 
nanomedicine.  

It’s Not the Animal Model, Inadequate. 
It’s the Human Use, Inadequate.


