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Figure 10: Data Visualization for scRNA Data

Analysis Software
Python: scanpy, anndata, pertpy,
R: edgeR, dplyr, tidyR, GEOQuery, 
Illustrations: LaTeX/tikz, Illustrator, 
R/ggplot2, and Python/scanpy

Prostate Cancer (PC) Statistics:

• 375,000 deaths worldwide (2020)
• 1 in 8 men get PC in lifetime
• $1.7 billion spent on PC prescription 

drugs but single drug treatment 
resistance often develops
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• Predict effective drug 
combinations for PC

• Quantify drug effects 
using magnitude of 
gene expression

• Develop an 
interpretable model that 
can leverage the limited 
genetic data available 
on drug combinations

• Repurpose FDA 
approved drugs from 
many other disease 
areas

PROC-DOT: Prostate Cancer Drug-pair Optimization via Transcriptomics
Gargi Tawarmalani

15.4% 

Does the additive model predict genetic 
expression for drug combinations in 

cancer?

CMAP Query: 
▪ Can be used to identify drugs that have certain desired genetic 

effects (like reversing a disease’s genetic effects)
▪ Limitations: Does not account for gene expression magnitude 

only looks at genes’ up and down regulation

Source: https://media.springernature.com/full/springer-static/im-
age/art%3A10.1038%2Fnchembio1206-663/MediaObjects/41589_2006_Article_BFnchembio1206663_Fig1_HTML.jpg

Figure 4: (a) Gene Expression for Disease vs Normal (b) Query takes in up and 
down regulated genes (c) Connect input signature to small molecule perturbations

Figure 2: Prostate 
Cancer as percentage 
of new cancers in US 
(2025)

15.4%

Source: https://pubmed.ncbi.nlm.nih.gov/38012383/#&gid=article-figures&pid=captionless-figure-uid-0 

Figure 6: Possible benefits of drug repurposing
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Resistance & Combination Therapy:
• Agressive metastatic Castrate 

Resistant PC (mCRPC) develops 
with single drug treatments 

• To combat this, combination therapy 
is used (2+ drugs)

• Drug combination therapy has 
proven effective in treating cancers 
like lymphoma 

• Hard to find effective combinations  

Source: https://pubmed.ncbi.nlm.nih.gov/36176747/#&gid=article-figures&pid=figure-1-uid-0 

Figure 3: Causes of mCRPC 

Source: https://www.nature.com/articles/s41592-025-02772-6/figures/1

Neural Network Models/Deep Learning:
▪ Predicts the combined genetic effect of gene modifications 

such as those from two drugs
▪ Limitations: 
◦ Not interpretable
◦ Needs large datasets to run

◦ Additive model outperforms 
(shown below)

Figure 5: Comparison of Current Models to Additive 
Model in Terms of Prediction Error 

Table 1: Summary of Datasets Used

Validation
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Figure 8: Depiction of PCA plot. Drug effects are projected onto principal 
component space as shown.

Model

log(Counts)= ⏟
control

+ disease × ⏟ + drug × ⏟ +

plate × ⏟ + log( )⏟ + error

Table 4: Selected Drug Combinations From Top Ranked 
Prostate Cancer Drugs

Table 3: Top Predicted Combinations Across 419 
Drugs in Sample Dataset

ARN509 and Baricitinib:
Baricitinib inhibits JAK pathways that 
combat ADT-resistant prostate cancer. 
Since ARN509 is an androgen blocker, 
this combination shows promise
 
ARN509 and Pilaralisib: 
Pilaralisib inhibits the PI3K/AKT pathway, 
while ARN509 inhibits ARs. Literature 
states that AR and AKT inhibition combina-
tion therapy might be advantageous 

ARN509 and Rucaparib:
Rucaparib is a PARP inhibitor, while ARN509 
is an AR-receptor targeted based therapy. 
PARP inhibitors and AR based therapies 
show promise in combination therapy

ARN509 and Prednisone:
These drugs have been tested in combina-
tion with Abiraterone as a drug combination

Model predicts not only up and down 
regulation but magnitudes well

Figure 11: Summarized Steps of Methods

Benefits of PROC-DOT:
• Model is interpretable
• Has been validated
• Predicts new combinations 

from repurposed and PC 
drugs

• Utilizes genetic expression 
magnitude and direction

Future Work:
• Study the effect of dosage on 

combination drugs
• Generalize to predict combina-

tions for other diseases

Impact:
• Reduces cost and testing in wet labs
• Allows drug repurposing of approved drugs
• Reduces time to market
• Helpful in combating agressive PC
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Source: https://rnaseq.uoregon.edu/img/fig-rna-seq.png 

Figure 7: RNA-seq data preparation
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Figure 9: Additive model predicts genetic expression for 
drug combinations in lung cancer with high accuracy 
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Angles between predicted and actual
vectors were all less than 10 degrees

Source: adapted from https://stock.adobe.com/search/imag-
es?k=prostate%2Bcancer&asset_id=604880030  

Healthy Prostate Prostate Cancer

Figure 1: Comparison of Healthy 
Prostate and Tumored Prostate




