
We propose a novel machine learning architecture and 
technique for de novo drug discovery of anti-cancer drugs by 
using discrete representations of drugs’ chemical 
compositions and the transcriptomics of targets. In particular, 
we generate novel compounds optimized for high efficacy 
against specific types of cancerous cells.
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We found that modelling compounds using VAEs was highly 
effective. We managed to elicit QED and SA scores implicitly in 
our latent space from compounds by utilizing cyclical 
annealing.  We see we can shape our latent space using the 

transcriptomics of cells; we can also effectively predict IC50

using these latent vectors. We finally  see that our approach 
can generate a host of unique compounds that are tailored for 
specific cell lines and types of cancer. 
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We use a Variational Autoencoder with cyclical annealing to 
model chemical compounds in a continuous latent space.

We use SMILES [1], DeepSMILES [2], and SELFIES [3] to 
represent compounds
• SMILES: a line notation for representing molecules and 

reactions
• DeeepSMILES: syntax uses only close parentheses. 

DeepSMILES also  only uses a single symbol for ring closures. 
• SELFIES: an alternative string-based representations of 

molecular graphs that are 100% robust. Namely, each 
SELFIES string corresponds to a valid molecule

Chemical SMILES DeepSMILES SELFIES

Carbon 
Dioxide

O=C=O O=C=O [O][=C][=O]

Benzene c1ccccc1 cccccc6 [c][c][c][c][c][c][Ring1][Branch1_1] 

Important Chemical Properties 

QED- Quantitative Estimation of Drug-likeness or QED is a score 
used to evaluate a drug-like compound’s favourability. 

SAS- Synthetic Accessibility Score measures the ease of 
synthesizing a particular compound.

IC50- The half-maximal inhibitory concentration or IC50 is a 
measure of a drug’s efficacy. It measures how much of a drug is 
needed to inhibit a biological process by 50%

ChEMBL [4]- dataset contain 1.9M different bioactive 
compounds
ZINC [5]- dataset containing 254K different bioactive 
compounds
GDSC [6]- dataset containing data on how different anticancer 
compounds affect the transcriptome of different cell lines. 

QED
Normalized Estimate of log IC50

Normalized [0,1] log IC50 values for chemical compounds after 
projecting using linear PCA against the UMC-11 cell line, a cell 
of a carcinoid-endocrine tumour affecting the lung.

Prediction of log IC50 using transcriptomic data and SELFIES 
latent embeddings with IC50 latent shaping. The model was 
fitted in log space. RMSE was calculated after normalizing log 
IC50 on a [0,1] scale.

Hexbin plots of mean QED of 4000 random chemical 
compounds from the ChEMBL test set after projecting using 
linear PCA the latent representations of the cyclically annealed 
VAE.

Normalized [0,1] log IC50 values for chemical compounds after 
projecting using linear PCA against the UMC-11 cell line, a cell 
of a carcinoid-endocrine tumour affecting the lung.

Normalized Estimate of log IC50

Latent Space Without Shaping Against Esophageal 
Cancer Cell Transcriptome from GDSC [6] 

Prediction of log IC50 Using Shaped Latent 
Embeddings
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