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Cancer occurs when abnormal cells
divide in an uncontrolled way




Traditional Chemotherapy
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Cancer Nanomedicine

 The medical
application of
nanotechnology to
treat cancer

« Deals with matter at
dimensions
between
approximately 1 and
100 nanometers.




Nanopartic|es Can improve the stability and

solubility of encapsulated cargos.

Nanoparticle

<100 nm :[

1 nanometr'te (hm)=10°  Useful size to move through
metr .
elres membrances and into tumours.

Nanoparticles can assist the delivery of chemotherapy drugs to a tumour.




Systems Nanomedicine

Clinical Translation using in silico models to select nanoparticle
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clinical challenge multi-scale in vitro & translational
(e.g. optimal NP distribution in silico models powered in vivo validation medicine

in a specific tumour) by parallel computing

Stillman, N.R., Kovacevic, M., Balaz, I. et al. In silico modelling of cancer nanomedicine, across scales and transport barriers. npj Comput Mater 6, 92
(2020). https://doi.org/10.1038/s41524-020-00366-8




Nanorobots

Nanorobots can be organic or
inorganic powered by
chemical, heat, light,
acoustics or electric /

magnetic fields

Nanobots are nano-sized entities that can control their motion and interactions

with the environments.

Nanorobots
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Autonomous drug
delivery and targeted
movement ability.



Nanoswarms take inspiration from swarms in nature

Navigation

Nanoswarms Find and target a tumour cell using mapping,

collective motion, aggregation or migration.

Decision
Making

Cooperative/ Collective
behaviours exhibited by
nanoswarms.

Nanoswarms Navigation

Decision making
Coordinate and

Optimisation
Selection of best nanoparticle for optimal

Targeted ' -
Drug drug delivery. synphromse
Delivery delivery of a drug,

o make decisions
about a tumour
and its treatment.

Nanoparticles /7 .
Nanobots  °
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Cancer Cells

S. Hauert and S. N. Bhatia, “Mechanisms of cooperation in cancer nanomedicine: towards systems nanotechnology,” Trends Biotechnol, vol. 32, no. 9, pp. 448-455, Sep.
2014, doi: 10.1016/J.TIBTECH.2014.06.010.




Micro-nanorobotics can use three
methods of eradicating a tumour

* carry, deliver and release drug in a tumour

» activating or simulating the immune system against
a tumour

* mechanically kill a tumour and induce cell death

Schmidt CK, Medina-Sanchez M, Edmondson RJ, Schmidt OG. Engineering microrobots for targeted cancer therapies from a medical perspective. Nat
Commun. 2020 Nov 5;11(1):5618. doi: 10.1038/s41467-020-19322-7. PMID: 33154372; PMCID: PMC7645678.




“Here’s your swarm prescription”

Patient X has
been
diagnosed with
cancer

Patient X has
completely
recovered, and
the cancer
treated

Using patient
X’s genomic
profile...

Nanoswarms 3D printer,
find and repair printing patient
damaged X’s medication

Swana, M., Blee, J., Stillman, N., Ives, J.,
Patient X's Hauert, S.: Chapter 12. Swarms: The next
swarm frontier for cancer nanomedicine.
prescription is Emergence, Complexity, Computation, Vol.
ready 46, Igor Balaz and Andrew Adamatzky
(Eds): CANCER, COMPLEXITY,
COMPUTATION. Springer; 1st ed. 2022.
978-3-031-04378-9




Where are we now?

Tiny Robots Have Successfully Cleared Bionaut Labs wins humanitarian use
“evice designation to treat rare pediatric
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A microrobotic system guided by photoacoustic computed tomography for targeted
navigation in intestines in vivo
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Nanorobot is any artificial machine with overall size of the order of a few micrometers or less in all

‘SCIENCE ADVANCES 15 1u 2022 - Vol &

spatial directions and constituted by nanoscopic components with individual dimensions in the interval
1-102 nm [14]. The exploitation of nanobots for medical application was already discussed in the late
1960 (e.g., in the movie_Fantastic Voyage), and in the last 10 years it has become a matter of scholar
debate (see [5] for a recent review).

A major challenge is the design of nanobots:
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Software as a medical



The nanoswarm dual-use dilemma

Potential Harm Benefits
Privacy and confidentiality =~ « * s o Knowledge
Enhancement vs therapy /= \ ‘ i ' N Targeted

Military weapon e — treatments

Health inequality Disease monitoring

Other

Direct-to-consumer therapies
Hippocratic Oath for Software Engineers



Considerations

Create a set of standards for Al-driven
cancer therapies such as nanoswarms

Embedding bioethics into policy from the
beginning

Ensuring regulation that does not hinder
Innovation




Key regulation and guidance domains

Stakeholders
Nanomaterials SOC|aI./
Economical
Regulatory
Framework

In silico, in
vitro and in
vivo
analysis

Approval
Process

Swana, M., Blee, J., Stillman,
N., lves, J., Hauert, S.: Chapter
12. Swarms: The next frontier
for cancer nanomedicine.
Emergence, Complexity,
Computation, Vol. 46, Igor Balaz
and Andrew Adamatzky (Eds):
CANCER, COMPLEXITY,
COMPUTATION. Springer; 1st
ed. 2022. 978-3-031-04378-9



What will the first-in-human cancer
nanoswarm clinical trial look like?



