
 

Deep Multimodal Representation Learning to Integrate Natural Language with Genomic 
Interval Data for Tailored Biomedical Discovery 

Evaluating Social Pharmaceutical Innovation as a Means of Reducing High Therapeutic 
Costs 

 
A Thesis Prospectus 

In STS 4500 
Presented to 

The Faculty of the 
School of Engineering and Applied Science 

University of Virginia 
In Partial Fulfillment of the Requirements for the Degree 

Bachelor of Science in Biomedical Engineering 
 

By 
Lilian Jones 

 
November 19, 2023 

 
Technical Team Members: 

Caitlyn Fay, Peneeta Wojcik, and Zach Mills 
 
 
 
 
 
 
 

On my honor as a University student, I have neither given nor received unauthorized aid 
on this assignment as defined by the Honor Guidelines for Thesis-Related Assignments. 

 
ADVISORS 

 
Dr. Kent Wayland, Department of Engineering and Society 

Dr, Nathan Sheffield, Department Public Health Sciences, Biomedical Engineering, 
Biochemistry and Molecular Genetics, and Data Science 

Nathan LeRoy, Graduate Student, Department of Biomedical Engineering 
  



2 

General Research Problem: Addressing High Prices in Pharmaceutical R&D 

for Rare Disease Therapies 

What can be done to reduce the costs of research and development (R&D) and, therefore, the 

prices of therapies treating rare disease? 

The R&D necessary to bring a new pharmaceutical to market is an expensive and long-

term investment. From 2009 to 2018, the average cost was estimated to range from $1042.5 

million to $1637.5 million, and these expenses continue to rise today (Morgan et al., 2011). 

Typically, in the R&D process, clinical trials are the most laborious and costly stage (Parker-Lue 

et al., 2015). In the case of developing therapies for the treatment of rare diseases, the costs of 

the clinical trials are even greater. One factor contributing to this is, because the disease is rare, 

there is a much smaller patient population as compared to more common ailments. Thus, more 

resources must be invested into recruiting participants and gathering data for the trials. The 

complications of heightened R&D costs and smaller market sizes for these rare diseases lead 

pharmaceutical companies to charge high prices to patients and insurance companies in order to 

make a return on their investment. By addressing the lack of patient data available to researchers, 

this has the potential to help bring down the cost of R&D and incentivize pharmaceutical 

companies to then reduce the prices of their therapies and improve access to these life-saving 

medications for patients. A way to tackle this deficit of data is to use machine learning methods 

to train models on existing data to be able to generate novel data and increase the breadth of 

resources available for investigators to use.  

For the technical portion of this research, my capstone team and I will attempt to create a 

generative model that uses natural language processing (NLP) techniques to input a search query, 

such as “pediatric cancer” or “glioblastoma”, and outputs relevant genomic interval data that can 
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then be used in subsequent biomedical experimentation. We will approach this task through 

trying out four different model designs: text-to-BED neural network, direct encoder, diffusion 

model, and transformer model, then selecting the best performing model to move forward with in 

training. In addition to this technical approach of generating data, a more theoretical approach is 

to use the research concept of social pharmaceutical innovation (SPIN) to disrupt the current, 

rigid and highly regulated framework of pharmaceutical innovation to alleviate the burden of 

high therapeutic costs on patients. In my science, technology, and society (STS) research I will 

explore how promoting collaborations between the public and private stakeholders in the 

pharmaceutical industry will streamline regulatory processes and promote research for rare 

disease therapies. Supporting rare disease research will thus help to reduce drug prices for 

patients by incentivizing pharmaceutical companies to price their products with these patient's 

best interests in mind, not just for profits. 

Technical Research Question: Deep Multimodal Representation Learning to 

Integrate Natural Language with Genomic Interval Data for Tailored 

Biomedical Discovery 

How Can a Machine Learning Model be Used to Integrate Natural Language with Genomic 

Interval Data to Generate Novel Data Sets? 

The amount of data from epigenomic sequencing experiments has exploded over the past 

10 years, increasing exponentially as technologies continue to improve. This large volume of 

data exists, because, although the human genome has been fully sequenced, even cells with 

identical genetic material can have vastly different phenotypes. Understanding and analyzing 

how these variations in phenotype occur and what genomic modifications cause them is an 

important consideration in the field of epigenomics today. In fact, failing to adjust studies for 
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cell-type heterogeneity can limit the accuracy and sensitivity of sequencing technologies to 

locate these modifications (Li et al., 2022). Thus, the development of such an overwhelming 

amount of sequencing data has created a clear demand for complex models to understand the 

genomic relationships that exist within this large volume of data (Gharavi et al., 2023). One 

prospective approach is using the machine learning concept of multimodal representation 

learning for handling such an expansive volume of data. 

Multimodal representation learning is a type of machine learning focused on training 

neural network models using multiple data sources, and has been applied successfully in 

genomics research (Gharavi et al., 2023). Experimental data from multiple sources can be 

combined to extract the most important features of each data set. Choosing to use a multimodal 

model compared to a unimodal model gives way to more dynamic predictions, and therefore 

better performance of the model. At present, the models created for genomics research are based 

on Word2Vec, a context-aware neural network model used to learn word associations (Mikolov 

et al., 2013). The neural network mathematically transforms natural language text into vectors of 

numbers so that the similarities and differences between words can be calculated and understood 

by the computer. We want to use this same machine learning technique of transforming large 

quantities of data into low dimensional vectors that can be interpreted by an algorithm by 

working with genomic data in the form of Browser Extensible Data (BED) files (Genome 

Browser FAQ, n.d.). The goal of our technical research is to utilize assay for transposase-

accessible chromatin with sequencing (ATAC-seq) data and chromatin immunoprecipitation 

sequencing (CHiP-seq) data to create four distinct deep-learning models that generate relevant 

genomic region sets to a user-entered search.  
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The outputted genomic interval data, formatted as BED files, will contain information 

such as the location of genes, transcription factors, chromatin accessibility, and methylation that 

can then be used for in silico bioinformatics studies. The four models: adapted text-to-BED, 

direct encoder, diffusion, and transformer techniques, will be generated in Python and will be 

able to represent genomic region data as low-dimensional dense vectors called embeddings, with 

the most effective and accurate model being selected for future use after validation. Next, we 

will train a feed-forward neural network to relate the vector embeddings of the metadata text of 

the BED files to the embeddings of vectors from the genomic data in the BED files. Finally, we 

will create an interface that takes in text (specifically a query pertaining to the biomedical area of 

interest), and returns the most relevant genomic region to this search. This is achieved by 

transforming the text description to an embedding, running the embedding through the 

comparison model, and decoding the output region embedding into genomic region data. The 

interface will be hosted on public domain to allow for widespread use of the model by 

biomedical researchers. 

The purpose of creating four models is to approach the design from varying machine 

learning principles to find the most accurate model. The different models: a text-to-BED file 

neural network, a direct encoder, a diffusion model, and a transformer, all range greatly in 

methods, execution, and model complexity. By creating each model and determining which of 

the four has the best performance through training and testing, we will be able to generate 

genomic interval data for user-entered queries. We will assess model accuracy through running 

the k-Nearest Neighbors (kNN) algorithm and calculating the Silhouette scores of the resulting 

clustering. The model with the highest Silhouette score, indicating the model with the greatest 

ability to discern the similarities and differences of various BED files, will be selected. 
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In the end, the development of a successful model will be particularly powerful for the 

biomedical research of pathologies where experiments were previously hindered because of 

limited data. Whether the limitations were due to the rarity of the condition or because of 

inaccessibility of the relevant tissue for sampling, generating BED files from our deep 

representation learning model will advance bioinformatic and computational genomic research in 

these areas. It will also reduce the human error that comes from manually extracting and 

combining multiple sets of genomic data. Furthermore, by creating a user-friendly interface for 

entering specific queries into the model and releasing it on a public domain will make the 

interface widely available to biomedical researchers and democratize its use. 

Evaluating Social Pharmaceutical Innovation as a Means of Reducing High 

Therapeutic Costs 

 How can SPIN be used during the pharmaceutical R&D process to shift the burden of costs 

away from patients while maintaining innovation incentives for pharmaceutical companies? 

 By providing public use of the machine learning model, the goal is to allow researchers to 

use the model to generate data necessary for the R&D pipeline, particularly for rare diseases 

where accessibility to data is limited. While this scientific approach to addressing the extremely 

high costs of rare disease therapies is promising, it is still necessary for efforts from 

pharmaceutical and insurance companies as well as the federal government to reduce prices for 

patients. Thus, in my STS research I want to examine how the research theory of Social 

Pharmaceutical Innovation (SPIN) can be used to reframe how the industry looks at the drug 

development process and lead to lower prices for patients. 

 Currently, corporations in the pharmaceutical industry operate in such a way that 

prioritizes making a return on their investments. While this mode of operation may be sufficient 
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for other industries, the products developed by pharmaceutical companies are non-trivial and are 

often life-saving therapies. Being motivated to develop new products, especially for those 

treating rare diseases, based solely on profits ultimately hurts patients as these products are 

priced highly to offset the high cost of R&D and the smaller market sizes. Additionally, a 

pharmaceutical company may be motivated at the prospect of being the sole supplier of a rare 

disease drug in the market and thus invest in their development. However, this leads to a lack of 

competition, allowing the company to practically set the price at whatever they would like and 

stripping away any incentive to continue to innovate and increase the quality of the drug. 

Furthermore, current practices in pharmaceutical innovation divides the industry into distinct 

sectors. The strict regulatory framework of approving drugs discourages collaboration between 

fellow pharmaceutical corporations and as well with the public sector. Attempting to combat this 

and promote collaboration will help to create harmonization between the stages of R&D and 

drug approval and between the public and private industries by streamlining research and 

pooling together resources (Siddiqui & Rajkumar, 2012). 

SPIN is defined as the use of novel forms of collaborative approaches, initiatives, 

policies, methods, and/or designs engaging various stakeholders that diverge from traditional 

pharmaceutical innovation practices (Douglas et al., 2022). Thus, the purpose of SPIN is to drive 

the creation of safe, efficient, and readily available therapies, catering to unmet needs of rare 

disease patients, prioritizing social impact over market-driven motives.  

As previously mentioned, this concept involves various stakeholders, including these 

pharmaceutical companies, researchers, healthcare providers, patients, advocacy groups, and 

governments. The goal is to have these groups working together to address unmet medical needs 

and improve access to safe, effective, and affordable medications. SPIN is a direct response to 
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some of the criticisms and challenges associated with the pharmaceutical industry, including 

high drug prices, lack of access to essential medications, and ethical concerns. By emphasizing 

collaboration, transparency, and a commitment to improving the well-being of patients and 

society, social pharmaceutical innovation aims to create a more sustainable and equitable 

healthcare system. This is a very new concept, introduced in 2022 through combined efforts of 

researchers from areas of social sciences, law, and public health (Douglas et al., 2022). Since this 

is still a novel framework, it is important for research such as this to assess its potential in 

helping to disrupt the current model of pharmaceutical innovation. 

 In addition to placing importance on open collaboration and public-private partnerships, 

other SPIN strategies include shifting to a model of awarding prize funds instead of grants to 

reward pharmaceutical companies who successfully bring drugs to market, removing the 

incentive to price the therapies at high rates. Likewise, creating better harmonization between 

companies and various regulatory organizations will streamline the rigid regulatory processes 

and encourage investment in drug development (Rollet et al., 2013). Also, using compulsory 

licensing to grant pharmaceutical companies to develop generic versions of these expensive 

therapies. This will increase competition in the market and thus reduce prices. Negotiating 

agreements between the government and pharmaceutical companies to set drug prices for a 

certain period after market entry will allow companies to make a return on their R&D expenses 

while still ensuring affordability. The government can further provide tax incentives as well to 

pharmaceutical companies, making it more financially viable for companies to invest in the 

development of treatment for rare diseases. Moreover, promoting collaboration beyond just US 

organizations, but to a global scope can be useful in advancing research efforts. By merging 

resources, sharing data, and again harmonizing regulatory processes, the development process 
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will accelerate, thus reducing costs However, none of these strategies will be entirely effective 

without heavily involving patients and advocacy groups in the drug development process. By 

emphasizing their insights, priorities can be set for research, ensuring that their pressing needs 

are valued and addressed (Dranove et al., 2014).  

Ultimately, SPIN can be used to frame the operations of many relevant stakeholders in 

the drug development process. Regulatory bodies such as the Food & Drug Administration 

(FDA) and the European Medicines Agency (EMA) can collaborate to model their processes 

after one another to streamline testing and approval of new products, thus helping to decrease 

R&D prices for pharmaceutical companies. Likewise, increasing communications and 

transparency between these regulatory agencies and pharmaceutical corporations will further 

help in streamlining the approval process and reduce developmental expenses. Furthermore, 

pharmaceutical companies can apply SPIN to their company ethos to promote collaboration with 

competitors to harness resources and aid each other’s research efforts to advance the 

development of life-saving therapies and reduce costs for patients. 

 The resulting impact of implementing SPIN methods can be analyzed through indices 

such as health outcome metrics, accessibility and affordability metrics, economic impact metrics, 

and R&D innovation metrics. Since SPIN is still a novel concept, it is not yet enforced as a 

standard of operation for pharmaceutical companies by regulatory bodies. Thus, computing these 

metrics will give insight on the performance of the companies who are adhering to SPIN. For 

quantitatively assessing how SPIN can impact patient outcomes, patient surveys can be 

conducted to identify how mortality rates, life expectancy, quality of life, and patient reported 

outcomes (PROs) have changed throughout the time since adopting SPIN principles. Similarly, 

these patient surveys can also give insight into the economic impact of a therapy developed 
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under SPIN principles by calculating the cost per unit of health improvement compared to 

alternative therapies as well as calculating how much patients have saved in healthcare costs due 

to the innovation. Geographically assessing the distribution of the therapy will provide a useful 

metric for understanding how accessible the product has become as compared to previous 

therapies. Additionally, the affordability of the innovation can be determined by calculating an 

affordability index, the price of the therapy in relation to income levels and healthcare expenses. 

In terms of assessing success from an industry standpoint, the change in the amount invested in 

R&D by both a pharmaceutical company and government agencies will illustrate the impact on 

innovation. Likewise, quantifying the number of patents and new molecules a pharmaceutical 

company has produced since adopting SPIN will demonstrate the improvement in the robustness 

and diversity of their innovation pipeline (Fellows & Hollis, 2013). In summary, these metrics 

can be used to holistically understand the impact of SPIN in the development of a new therapy 

and to hold pharmaceutical companies accountable for its effective implementation while efforts 

to make SPIN a legislative standard are underway.   

 After first completely outlining the concept of SPIN, in my STS paper I will then further 

elaborate on the strategies listed above as well as additional approaches as to how theoretically 

they can be implemented by the stakeholders of the pharmaceutical industry to lower drug prices. 

This will be achieved by reviewing the current literature on SPIN and comparing the proposed 

improvements as compared to current practices in the industry. Specifically, to evaluate SPIN in 

a more empirical mode, I will assess how value-based pricing can be applied to establish new 

pricing models for these therapies. To elaborate, value-based pricing refers to the idea of pricing 

drugs based on the actual value they bring in terms of improved health outcomes and quality of 

life. By computing the value-based price of a therapy for a rare disease and comparing this to the 
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current industry prices, it will give valuable insight into how SPIN can be used to disrupt 

conventional pricing models and to meet patient needs at more affordable rates. I will use fragile 

X syndrome, cystic fibrosis, hemophilia, and juvenile idiopathic arthritis as specific empirical 

case studies, analyzing data from cost-of-illness studies done on these rare diseases (Armeni et 

al., 2021). These are all examples of rare diseases that have extensive economic and 

epidemiologic data and thus have been assessed in various cost-of-illness studies. Understanding 

how the cost of these rare diseases beyond just monetary terms can be calculated will provide a 

useful framework of how cost-of-illness studies can be performed and integrated into the 

research considerations of drug development. 

 

Conclusion 

 Through looking at specific case studies of diseases where the concepts of SPIN, 

particularly value-based pricing, can be applied, I want to assess how this new research 

technique can be used to approach the issue of high therapeutic costs. The drug development 

pipeline is an expensive, rigid, and lengthy process in the US. Lack of harmonization between 

the various regulatory agencies and the companies producing these drugs is a complicated 

roadblock in the R&D process (Parker-Lue et al., 2015). Thus, the prospect of using principles of 

SPIN to improve transparency and collaboration is a promising avenue toward resolving this 

issue. On the other hand, a more technical approach to solving this issue is addressing the large 

expense that comes with gathering patient data for clinical trials. Recent advancements in 

machine learning and artificial intelligence can be leveraged to develop models to address just 

that. A complex neural network can then be trained on existing data in order to generate novel 

data to be used in silico bioinformatic analysis. Additionally, integrating natural language 
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processing concepts will help to create a model that is accessible and easy to use (Gharavi et al., 

2023). By creating a generative tool, less resources will need to be invested in recruiting 

participants and gathering data for clinical trials, thus helping to reduce the expenses of drug 

R&D. In summary, taking both a technical and social approach to creating incentives for 

pharmaceutical companies to reduce costs of therapies meant to treat rare diseases is a robust 

means of ensuring the delivery of these life-saving drugs to patients while still promoting 

innovation in the industry.  
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