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What is Machine Learning?
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What is Machine Learning?

Basic Definition:

A method of automated data analysis which enables a computer
program to ‘learn’ from data, improve models and then make a
prediction about something in the world.
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My Proposal for Machine Learning in Nanomedicine:
Formulation Assistant

Ab/Polymer drug conjugates

Decreasing drug encapsulation efficiancy
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Modified from : Shamay et al Nature Materials 2018




Drug Nanocrystals

Features and Advantages Weakness
1) Hydrophobic drugs (eg Kl’s) 1) Unpredictable stability
2) Can work with multiple drugs 2) Only good for some drugs

3) High drug loading efficiency(>80%) 3) Lack of tissue specificity
4) Rapid, scalable synthesis

Drug core : Nanocrystals or
Colloidal aggregates

Coated with
polyelectrolyte



Which Molecule Is The Best Stabilizer For Nanocrystals ?

Polymers
PSS
Surfactants Water soluble organic dyes
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Drugs and Stabilizer Screen

SDS

Selection criteria:
Excipient needs to
stabilize a hydrophobic
drug (water sol<1lug/ml)
at 2mg/ml in water with a
1:10 ratio=> 90% loading
efficiency

VEM
Tested 9 drugs with 20
amphophilic molecules

1.VEM=Vemurafinib, 2.SOR=Sorafenib,
3.NIL=Nilotinib, 4.PAC=Paclitaxel,
5.PAC=Paclitaxel, 6.ZST=2STK474,
7.LAP=Lapatinib, 8.SUN=Sunitinib,
9.ERL=Erlotinib, 10.TRA=Trametinib.
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IR783 Co-Assemble with a Hydrophobic Drug
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Only Certain Drugs Self-Assemble with IR783

Camptotecin Taselisib Trametinib Fulvestrant
Sunitinib Erlotinib Paclitaxel Sorafenib

Shamay et al . Nature Materials 2018



Indocyanine Nanoparticle (INP) Characterization
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Can we predict which drugs will form stable nanoparticle?

Quantitative structure—activity relationship (QSAR)

Nanoparticle
Properties/Activity
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QSAR: Correlation of Descriptors with Self-Assembly

Training Set Don’t form
nanoparticles
molecule Rank P : _

— Descriptor Correlation
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What is the Burden Matrix? N s0

] -0 X
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Kier et al. Journal of Chemical Information. 1995



Validation of Predictions
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Quantitative Structure-Nanoparticle Assembly Prediction (QSNAP)

Decision Tree Summarizes QSNAP information applied to 6400 drugs:

Observed 9 Observed 4
use water
F
Candidates 3418 i
O 0gP>2.2 T Candidates 135 Observed 3
O pKa acid<7.4 use buffer pH 10 4
T
F
T T Candidates 22
O NHISS=4 O pKa base>8
- Observed 31 F Observed 24
use buffer pH 8.5

Candidates 1918

. No particle assembly .Stable particle assembly

From 6400 drugs there are 292 FDA approved drugs should form good INP with ~98% confidence

Candidates 160

pH depended stability

This process could potentially save time and money for formulation processes



Sorafenib INPs Show Superior Anti Tumor Efficacy
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Conclusions

IR dyes are new stabilizers for drug nanocrystals

QSNAP is a predictive model for matching a drug
to a unique nano-formulation

High intrinsic state groups (=0 and F) are required
for self assembly.

The stabilized nanoparticles are have therapeutic
benefits without further polymer coating.
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