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Disclaimer: This case is based on fictional events. These case materials should not be construed to be a 
complete summary, endorsement, or projection of any action taken by an existing firm. The assumptions 
and simplification of the regulatory system and science allow for uniform understanding of the case 
among all teams; assume it is based in the present and only concerns the U.S. market. The case scenario 
is a conjecture of the authors and does not represent any official view of the competition sponsors. These 
materials can only be used for participation in the 2020 Yale Healthcare Case Competition.  
 
 
Introduction  
 
Dr. Rachel Bennet hung up the phone and pushed away from her desk, lost in thought. On the other end 
had been Dr. Jackson Lee, a researcher at Bell-Wright Laboratory who leads a team of scientists working 
with EpiCas, a biotechnology platform that Dr. Bennet’s lab developed. 
 
EpiCas is an expansion of CRISPER-Cas9 system. Like with traditional CRISPR-Cas9 systems, a technician 
using EpiCas is able to make precise edits to DNA, but EpiCas goes one step further; it also enables 
editing of the DNA’s epigenetic features. Bell-Wright Laboratory had an agreement with Adams Labs, 
which allowed them to use EpiCas as a tool in their research to investigate the role of genes and 
epigenetics in the etiology of autoimmune diseases. Dr. Lee’s team focused on multiple sclerosis (MS) 
and was exploring potential therapeutic targets. 
 
Dr. Lee explained over the phone that his research team, while working with EpiCas, identified a cluster 
of genes whose activation and suppression in immune cells is instrumental in the development of MS. 
His team determined that these therapeutic targets could not easily be acted on by a biologic or a small 
molecule drug. However, a gene therapy using EpiCas might be effective, and his team was interested in 
moving forward with the development of such a product. 
 
This is big, Dr. Bennet thought. Currently the license agreement between Adams Labs and Bell-Wright 
only permitted the use of EpiCas as a research tool for target discovery. For Bell-Wright Laboratory to 
develop a therapeutic using EpiCas would require a change in their agreement, a new mindset for Dr. 
Bennet’s team, and potentially a large monetary influx for Adams Labs. Although she always found the 
prospect of gene therapies fascinating, Dr. Bennet’s expertise was in biochemistry and laboratory work; 
the business of evaluating licensing agreements for the eventual commercialization of a therapeutic 
agent was very far outside her wheelhouse. 
 
Dr. Lee’s call left her with a lot to think about, in terms of the future of her lab, its partnerships, and its 
star technology. She wondered what changes would need to be made to the licensing agreement with 
Bell-Wright Laboratory. She also wondered, now that EpiCas had proven its usefulness in one research 
area, what the opportunities would be to commercialize it more broadly. 
 
After rummaging through her desk drawers, Dr. Bennet found what she was looking for: a business card 
handed to her years ago by a colleague familiar with her work. The business card belonged to Otto 
Bauer, a director at Insite Consulting who specializes in new biotech. Dr. Bennet’s colleague had worked 
with Bauer and his team in the past - they provided guidance and industry assessments for his new IPs - 
and her colleague thought it may be a good fit. Dr. Bennet made a note to call Bauer the next day, and 
began to prepare a packet of materials to provide him and his team, as outlined below. 
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BACKGROUND 
 
About Adams Labs 
 
Adams Labs, based in Durham, North Carolina, is a mid-size nonprofit research laboratory. The lab 
comprises 2,000 researchers working in several areas, including oncology, neurology, immunology, and 
chronic disease. The majority of funding comes from government grants ($270 million in 2018), private 
donations ($15.5 million), and the sale and licensing of materials and services to biomedical research 
institutions ($90 million).  
 
Adams Labs is a highly successful and well-regarded research institution, and was originally founded to 
support a network of academic and nonprofit institutions in the emerging field of genetics research. Its 
business to-date has largely been in this vein. 
 
Dr. Bennet herself was the leader of a team of 20 scientists whose main focus was the development of 
EpiCas. During this period, Dr. Bennet’s team primarily relied on grant funding. However, in the past 
three years, modest cash flows had come in through licensing their proprietary technology, EpiCas, as a 
research tool to outside laboratories. Dr. Bennet’s lab was the sole supplier of EpiCas to these labs, and 
also provided technical support in its use. Adams Labs had a patent on EpiCas’ novel technology, and to 
its knowledge there were no competitors working on a similar platform.  
 
To date, Adams Labs has licensed EpiCas to three organizations for use in therapeutic target discovery. 
The first was with Bell-Wright Laboratory, which they signed and agreed upon nearly three years ago. In 
the past year, Dr. Bennet entered into similar agreements with two other research labs: a startup that 
focused on neurology and a nonprofit that specialized in oncology. 
 
In total, annual revenue from activities related to the licensing of EpiCas as a target discovery method 
was expected to be around $3.5 million. 
 
The Relationship Between Adams and Bell-Wright 
 
Bell-Wright Laboratory is a nonprofit organization focused on immunology that is loosely affiliated with 
Johns Hopkins University. It is a relatively small organization, with four principal investigators (PIs) 
whose work is funded almost entirely by grants. 
 
Dr. Lee had been doing research for years to understand the root causes of multiple sclerosis (MS), and 
was impressed by the prospect of using gene editing technology in the laboratory to understand how 
gene networks interacted to manifest in a specific pathology.  
 
Bell-Wright Laboratory entered into the aforementioned licensing agreement with Adams Labs, which 
granted them four years to use EpiCas to discover therapeutic targets for MS (of note, Dr. Lee had 
already secured a license to utilize CRISPR technology). As part of its agreement with Adams Labs, Bell-
Wright paid $3 million up-front (or $750,000 per year), and agreed to pay an additional $2 million if any 
targets were successfully discovered. Additionally, if Bell-Wright partnered with another organization to 
bring a therapy to market that acted on one of these targets, Adams Labs would be entitled to 2% of any 
royalties. Bell-Wright also paid an additional ~$250,000 per year for personalized support in 
manufacturing of specific compounds associated with the use of EpiCas. 
 



      2020 Yale Healthcare  

Case Competition 

4 

Multiple Sclerosis 
 
Multiple sclerosis (MS) is a disease of the central nervous system (CNS) that disrupts the flow of 
information within the brain and between the brain and body. Although the underlying cause is 
unknown, the symptoms and complications are the result of the patient’s immune system attacking the 
myelin coating of the neurons, which acts as insulation for the electrical impulses that neurons use to 
communicate with each other. 
 
Symptoms of multiple sclerosis can vary greatly in their severity and include a variety of neurological 
symptoms. See Table 1 for a comprehensive list. Each of these symptoms can put patients at heightened 
risk for secondary and tertiary symptoms, like infections, bone fractures, and sores.1  
 
Table 1. MS symptoms1  

Common MS symptoms Severe MS symptoms 

● Vision problems 
● Difficulty walking 
● Numbness and tingling of the face, body, 

and extremities 
● Muscle weakness  
● Depression and cognitive changes 
● Fatigue 
● Dizziness/vertigo 
● Spasticity 
● Pain and itching 
● Bladder and bowel problems 

● Seizures 
● Tremors 
● Hearing loss 
● Problems breathing, swallowing, and 

speaking 
 

 
There are four forms of MS:2  

● Clinically isolated syndrome (CIS), the first episode of neurologic symptoms caused by 
inflammation and demyelination in the CNS 

● Relapsing-remitting MS (RRMS), which affects about 85% of MS patients and is the most 
common MS disease course. RRMS is characterized by clear onset of new or increasingly severe 
neurologic symptoms (also called “relapses”), followed by periods of partial to complete 
recovery, known as remissions.  

● Secondary progressive MS (SPMS), which follows a relapsing-remitting course initially but later 
shifts to a more consistent, progressive form of MS with decreasing neurological function. Most 
RRMS patients will eventually be diagnosed with SPMS.  

● Primary progressive MS (PPMS), which affects about 15% of MS patients. PPMS is defined by 
worsening neurologic function without relapses or remissions.3 

 
Existing therapies for MS focus on managing symptoms and modifying the disease course by reducing 
relapses and delaying the progression of disability. Disease modifying therapies (DMTs) are currently the 
best strategy available to slow the course of MS. These treatments slow disability progression, lessen 
development of new areas of damage in the brain, and reduce the frequency and severity of attacks in 
RRMS, which is the appearance of new neurological symptoms or the reappearance of an old symptom. 
The side effects of these treatments vary in severity, including injection site reactions, flu-like 
symptoms, increased risk for infection, seizures, dangerously low blood cell counts, and more.4  
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At present, there are over a dozen disease-modifying drugs approved by the FDA for the treatment of 
RRMS.4 The dosing of these treatments varies broadly; some drugs require taking pills twice daily, others 
call for subcutaneous or intramuscular injection weekly or biweekly, and some require IV infusion in a 
medical facility. DMTs include immunosuppressants, immunomodulators, anti-inflammatories, and in 
some cases, chemotherapy; three of these DMTs as listed by the National Multiple Sclerosis Society are 
biologics.4 There is just one FDA-approved treatment for PPMS.3  
 
The current cost of MS drugs in the United States ranges from around $63,000 to $104,000 annually.5 
 
Of note, none of these medications for RRMS or PPMS is a cure. Data show that these DMTs can help to 
reduce the frequency and severity of attacks in RRMS by 28% to 68%, but it is also possible that 
treatments that previously worked for patients begin to lose their efficacy over time; in these cases, 
patients need to adjust their treatments accordingly.4 It is estimated that within 15 years of diagnosis, 
50% of MS patients will require assistance walking or will be wheelchair-bound. Further, while life 
expectancy for individuals with MS varies from patient to patient, on average MS patients live for 25 to 
35 years following diagnosis.6  
 
The latest data estimates that there are approximately 363 cases of MS per 100,000 people in the 
United States; amounting to nearly 1 million individuals living with MS.7 Most people are diagnosed 
between the ages of 20 and 50, and data show that MS is three times more common among women 
than men. While MS affects individuals of all ethnic groups, it is more prevalent among whites of 
northern European ancestry.8  
 
About Gene Therapy 
 
If genes don't produce the right proteins or don't produce them correctly, it can result in disease.9 Gene 
therapy is an experimental technique that uses genes to treat or prevent such disease.10 There are 
several therapeutic approaches currently being tested, such as gene addition, gene correction, gene 
silencing, reprogramming, and cell elimination.11  
 
CRISPR-Cas9 is a well known gene correction approach, which modifies parts of genes to remove 
repeated, faulty, or damaged elements of genes or regions of DNA. Once a genetic mutation has been 
identified in a chain of DNA, scientists can utilize the CRISPR-Cas9 system to bind to that specific, 
mutated sequence of DNA in a patient’s cell and make a double-stranded cut to the DNA at the targeted 
location, effectively shutting the malfunctioning gene off. The cell then detects the cut and repairs it, 
either by pasting the two cut ends of the DNA back together - without the mutated sequence - or by 
incorporating a new piece of healthy gene at the site of the cut.12,13  
 
While CRISPR-Cas9 has been an enormous step forward in the field of gene editing and gene therapy, it 
doesn’t come without its risks and shortfalls. As recently as June 2018 scientists found that CRISPR-Cas9 
could cause large, unintended deletions and rearrangements of DNA sequences at target sites, which 
can have pathogenic consequences.14 Research and tweaks to CRISPR technology are ongoing, 
increasing the specificity and capabilities of the CRISPR-Cas9 system.  
 
Ideally, gene therapy is a two-prong approach: on one end there is the technology that identifies the 
mutations and on the other there is the physical component. Gene therapy can be conducted in the 
body (in vivo) or outside of it (ex vivo).11 In the case of in vivo gene therapy, vectors (such as 
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adeno-associated virus vectors) are needed to introduce healthy genetic material into the cell, as a gene 
inserted directly into a cell usually doesn’t function.15  
 
The gene therapy space is expanding rapidly, with significant research concerning important treatment 
options for a broad range of conditions currently underway. To date, the FDA has approved four gene 
therapy-based treatments, and it has received 900 investigational new drug (IND) applications for gene 
therapies.16 Further, the FDA has noted that by 2025 it anticipates it will be reviewing and approving 
between 10 and 20 cell and gene therapy products annually.17 Of the 900 IND applications the FDA has 
received thus far, some gene therapies are further along in development than others, including those for 
Parkinson’s disease, spinal muscular atrophy (SMA), and blood disorders (sickle cell anemia, beta 
thalassemia), among many others.18  
 
In 2019 the gene therapy market was valued at $3.8 billion, and current estimates suggest that it will 
grow to $13 billion by 2024.19  
 
Epigenetics and EpiCas 
 
EpiCas is a modification of CRISPR-Cas9 technology, offering the added ability to edit cells’ epigenetic 
characteristics. Epigenetics refers broadly to DNA modifications that do not change the DNA sequence 
itself, but still affect gene activity. These modifications can alter gene expression. While epigenetic 
characteristics are heritable, they can also be modified by the environment.20  
 
Although there are several epigenetic mechanisms, the most prominent is DNA methylation. DNA 
methylation involves a chemical modification to the nucleotides at a specific site in a genome, which 
typically inhibits DNA transcription around the site, resulting in gene suppression. In mammals, DNA 
methylation happens in all cells and plays an important role in normal development, particularly in the 
formation of differentiated cells. Cells in different tissues have different methylation patterns.21 
 
Researchers have long suspected that DNA changes in methylation could cause or mediate diseases. 
Studies have found that many diseases, including MS, are associated with abnormal methylation 
patterns.22 However, isolating the specific role of methylation at specific genome sites in the etiology of 
common diseases has been a daunting challenge for researchers. Because DNA methylation patterns are 
influenced by the environment, it has been difficult to conclusively determine whether abnormalities 
are mediators, modifiers, or even consequences of the disease.22 

 
EpiCas was instrumental in answering these questions, as it allowed researchers to precisely manipulate 
the methylation patterns of cells in the lab and observe the impact of such modifications on cellular 
function in a controlled experimental setting.  
 
Like traditional CRISPR, EpiCas uses a segment of RNA to guide enzymes to a specific site in a DNA 
strand, where those enzymes then act on the DNA. However, EpiCas is distinguished from traditional 
CRISPR systems in two important ways. 
 
First, in addition to enzymes that cut or modify the DNA base pairs at the site, the EpiCas system also 
works with enzymes that can edit the methylation status of the target site, allowing it to up-regulate or 
down-regulate gene expression. Two other existing systems on the market permit the targeted editing 
of DNA methylation, but they have substantial disadvantages compared to EpiCas on both sensitivity 
and specificity. 
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Second, EpiCas is currently the only platform where it is possible to modify the epigenetic factors 
associated with multiple sites in the genome with a single intervention. This is valuable because many 
genes act as part of larger networks and systems, rather than in isolation - including those implicated in 
challenging diseases. Manipulating multiple sites at once provides much more control than introducing a 
new agent for each modification at each site, making it much easier to research and potentially treat 
diseases where a gene network is implicated. 
 
Both unique functions of EpiCas were instrumental in the MS research in Bell-Wright Laboratory, as it 
allowed the team to identify a cluster of genes whose combined activity contributed to the disease 
pathology more than any one of them individually.  
 
Of note, other than the aforementioned characteristics, EpiCas is similar to traditional CRISPR-Cas9 
systems both in how it is delivered to cells and in the complexity of its manufacturing process. Any 
professional biochemist could be trained to manufacture and deploy EpiCas without significant 
complication. 
 
Industry Background  
 
Therapeutic Development 
 
Global pharmaceutical markets are highly regulated and require therapeutic products to undergo 
rigorous testing before they can be marketed and sold to ensure they are safe and effective. This 
process is lengthy, capital-intensive, and involves a great deal of risk on the part of developers.23 
 
Broadly, the R&D process for novel therapies can be broken up into three stages: discovery, pre-clinical 
research, and clinical research. 
 
Because the process of drug development is protracted, the skills and resources of multiple 
organizations are often required to bring it to market. More and more often, new candidate drugs are 
not discovered internally in the laboratories of established pharmaceutical companies, but by startups 
or academic spin-offs. Larger companies are likely to acquire or partner with these startups once the 
product is further along in the R&D process. 
 
During Dr. Bennet’s call with Dr. Lee, he outlined some initial estimates that his team had come up with 
regarding the value and development feasibility of a curative MS therapy: 

● Overall probability of success: 6% 
● Overall cost of development: $4 billion 
● Development time: 9 years 
● Revenue time frame: 17 years 

 
Dr. Lee made it clear that to actually bring a product to market, Bell-Wright would almost certainly need 
to partner with an established, well-funded organization who could support clinical trials and other 
related costs of commercializing a therapeutic product. 
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Technology/IP Licensing 
 
Drug development and discovery is often facilitated by licensing agreements. These are where one 
party, called the licensor, who owns the rights to a technology or intellectual property (IP), gives another 
party (the licensee) the right to use and develop their technology in exchange for some sort of 
compensation. 
 
In business contexts, licensing agreements are often described as a way for parties to share the risks of 
drug development and uncertainties about the ultimate commercial viability of a technology. Broadly, 
licensing agreements touch on the following areas: 
 

Field of Use: 
Technology licenses will usually put some restrictions on the manner and area where the 
technology can be used. For example, in the license agreement with Bell-Wright, Dr. Lee’s team 
was permitted to use EpiCas for the purpose of discovering clinical targets for MS. 
 
Additionally, within a particular field, agreements can be either exclusive or non-exclusive. 
Exclusive agreements prevent the licensor from licensing the technology to others for this 
purpose. This is typically valuable to licensees, since it prevents competition from accessing the 
technology or IP. 
 
In a non-exclusive agreement, the licensor can make similar non-exclusive agreements with 
third parties. These sorts of agreements are typically more valuable to licensors, as it affords 
them more opportunities to find other sources of revenue and increases the likelihood that an 
invention using their technology or IP will be discovered.  
 
Payment Structure: 
Payment in licensing agreements can be challenging, since there is massive uncertainty about 
the downstream commercial viability of the product. In agreements, there are a few techniques 
that mitigate this: 

● Signing fees and annual subscription fees, paid upfront and/or in annual installments 
● Milestone payments, which are paid by the licensee when certain developmental 

milestones are reached 
● Royalties, which are a percent of net sales (typically very far away for these products) 

 
In some situations, payments may be made in the equity of the licensee company, rather than 
cash, though this is not typically the case for nonprofits.  
 
Other Stipulations 
There are many other factors that determine how new technology could be used, such as the 
status of information and data about the product once the agreement is terminated. 

 
Licensing agreements for biotechnology products typically also include a materials transfer (where the 
licensee is given the actual materials needed to begin manufacturing the technology) and technology 
transfer (a written description and oral/in-person training on how to use the technology). 
 
For EpiCas, past technology transfers required 2-3 months of one of Dr. Bennet’s researcher’s time to 
ensure that the licensee could successfully adopt and use the technology. Other than the time 
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this knowledge transfer required, the process ultimately was not very complicated. Many of these 
scientists were already familiar with the CRISPR-Cas9 systems, which eased their adoption of EpiCas.  
 
In the agreement with the Bell-Wright Laboratories, Dr. Bennet knew that there would need to be a 
change to the license agreement that expand the authorized field of use, as the current version only 
covered the use of EpiCas as a target discovery platform. The expectation had been that Bell-Wright 
would develop a more conventional therapeutic product (e.g. a small molecule or a biologic) that could 
act on the targets. To use EpiCas in the actual development of a therapeutic required an expansion of 
the field of use, which would imply downstream changes to the payment structure. 
 
Commercialization 
 
The discovery of a viable therapeutic target using her technology made Dr. Bennet excited about the 
future. If the first research laboratory to use the EpiCas platform had been successful, in how many 
other disease areas might it enable discoveries? 
 
Dr. Bennet thought about her original objectives that got her started in the development of novel gene 
editing technologies. She traces her motivation to get involved in gene editing to when her older sister, 
Alex, was diagnosed with MS at age 16. What started out as blurred vision and intermittent numbness in 
Alex’s extremities progressed into fatigue, muscle weakness and pain, and difficulty walking. Dr. 
Bennet’s adolescence was punctuated by Alex’s progress and setbacks in her disease journey. It was 
hard for Dr. Bennet to watch her sister suffer and her family struggle to cover care costs. While Alex’s 
treatment options were slim in the 80s, she benefited from new therapies approved in the 90s and 
through the turn of the century. She now manages her symptoms and enjoys a better quality of life 
thanks to newer, disease-modifying drugs, though her day-to-day is still difficult, and she needs full-time 
care.  
 
But Alex’s experience stuck with Dr. Bennet, and inspired her to delve deeper into research on 
underlying causes of and novel treatments for neurological disorders, like MS. As gene therapy emerged 
on the scene with promising potential treatments for central nervous system (CNS) diseases, Dr. Bennet 
followed suit. She decided to dedicate herself and her work to exploring the complex world of gene 
editing, determined to push its technology forward to one day help patients suffering from challenging 
diseases without cures, like her sister.  
 
In the years since she started working in the gene editing technology space, Dr. Bennet’s goals grew 
beyond the world of MS through her years of work in the lab. As trite as it was, she really wanted her 
work to help as many patients as possible.  
 
With those thoughts bouncing around her brain, Dr. Bennet reflected on the sort of opportunities that 
Dr. Lee’s discovery, and possible discoveries in other programs, might allow: the broader 
commercialization of EpiCas. Though she was no expert in business or economics, Dr. Bennet knew 
enough to realize commercializing EpiCas would allow it to be priced competitively and available to a 
broad range of well-funded and resourced pharmaceutical companies, biotech firms, and research labs. 
Those companies and organizations could use the technology to discover a host of therapeutic targets.  
 
The problem was, Dr. Bennet had no sense of how best to move forward; her experience on the 
business side of health care was limited.  
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Key Questions and Considerations  
 
Before Dr. Bennet called Otto Bauer, she sat back for a moment and attempted to organize her 
thoughts. After a few moments, she came up with two questions that she wanted help answering. 
 
The first question was near-term, and pertained to Adams Labs’ relationship with the Bell-Wright 
Laboratory and the MS gene therapy they hoped to develop. If it were to be curative, what would be the 
potential value of this therapy? Dr. Bennet wanted Bauer and his team to estimate market size, 
treatment utilization, the price of the therapy, and the uncertainties associated with each, as this would 
be essential information when renegotiating terms of the expanded license. 
 
The second set of questions were more forward-looking. Now that it had been proved effective in one 
research area, Dr. Bennet wanted Bauer’s insights on a general strategy to grow EpiCas as a platform 
technology for the discovery of therapeutic targets with the goal of reaching as many scientists and 
potential patients as possible - all while being sustainable for Adams Labs. Dr. Bennet wondered:  

● What would a launch strategy look like? What would Adams Labs’ needs be (e.g., scale-up 
operations, etc.), and what key challenges would there be to promoting the use of EpiCas 
technology in other laboratories, or with other companies? 

● What sort of strategy (or strategies) could help raise awareness of and interest in EpiCas among 
key customer groups? Who should this strategy target? 

● What are the potential risks and benefits of licensing the technology out to research labs and 
academic institutions, vs to established pharmaceutical companies? Consider the potential 
ethical issues associated with gene editing and gene therapy, and current philosophical 
questions surrounding these topics. 

● What options, aside from traditional technology licensing, did Dr. Bennet and Adams Labs have 
to ensure EpiCas would be used to - eventually - reach and benefit as many patients as possible, 
and which option would be best?  

 
With those questions in mind, she picked up the phone, and dialed Bauer’s number. 
 
 
Deliverable: PowerPoint presentation (15 minutes) to be delivered to Dr. Bennet and the Adams Labs 
executive team.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



      2020 Yale Healthcare  

Case Competition 

11 

References 
 

1. National Multiple Sclerosis Society. (n.d.) MS Symptoms. 
https://www.nationalmssociety.org/Symptoms-Diagnosis/MS-Symptoms 

2. National Multiple Sclerosis Society. (n.d.) Types of MS. 
https://www.nationalmssociety.org/What-is-MS/Types-of-MS 

3. National Multiple Sclerosis Society. (n.d.) Frequently Asked Questions about PPMS. 
https://www.nationalmssociety.org/What-is-MS/Types-of-MS/Primary-progressive-
MS/Frequently-Asked-Questions-about-PPMS 

4. National Multiple Sclerosis Society. (2019) Disease-modifying Therapies for MS. 
https://www.nationalmssociety.org/NationalMSSociety/media/MSNationalFiles/Brochures/Broc
hure-The-MS-Disease-Modifying-Medications.pdf 

5. Huff, C. (2018, September) MS Drugs: Expensive, Often Lifelong, and Not Cost Effective. 
Managed Care. https://www.managedcaremag.com/archives/2018/10/ms-drugs-expensive-
often-lifelong-and-not-cost-effective 

6. Rose, J.W., Houtchens, M., Lynch, S.G. (2000) Multiple Sclerosis – Lectures: Prognosis. 
https://library.med.utah.edu/kw/ms/prognosis.html 

7. National Multiple Sclerosis Society. (2019, February 15) Landmark Study Estimates Nearly 1 
Million in the U.S. Have Multiple Sclerosis. https://www.nationalmssociety.org/About-the-
Society/News/Landmark-Study-Estimates-Nearly%C2%A01-Million-in-the-U 

8. National Multiple Sclerosis Society. (n.d.) Who Gets MS? (Epidemiology). 
https://www.nationalmssociety.org/What-is-MS/Who-Gets-MS 

9. Medline Plus. Genes and Gene Therapy. (2019, December 3). U.S. National Library of Medicine. 
https://medlineplus.gov/genesandgenetherapy.html 

10. Genetics Home Reference. (2020, January 21). What is gene therapy? U.S. National Library of 
Medicine. https://ghr.nlm.nih.gov/primer/therapy/genetherapy 

11. American Society of Gene and Cell Therapy. (n.d.) Gene and Cell Therapy FAQ’s. 
https://www.asgct.org/education/more-resources/gene-and-cell-therapy-faqs 

12. Genetics Home Reference. (2020, January 21) What are genome editing and CRISPR-Cas9? U.S. 
National Library of Medicine. https://ghr.nlm.nih.gov/primer/genomicresearch/genomeediting 

13. TED. (2015, November 12). How CRISPR lets us edit our DNA | Jennifer Doudna [Video]. 
YouTube. https://www.youtube.com/watch?v=TdBAHexVYzc 

14. Kosicki, M., Tomberg, K., Bradley, A. Repair of double-strand breaks induced by CRISPR-Cas9 
leads to large deletions and complex rearrangements. Nat Biotechnol 36, 765-771 (2018). 
https://doi.org/10.1038/nbt.4192 

15. Genetics Home Reference. (2020, January 21) How does gene therapy work? U.S. National 
Library of Medicine. https://ghr.nlm.nih.gov/primer/therapy/procedures 

16. FDA Continues Strong Support of Innovation in Development of Gene Therapy Products. (2020, 
January 28). Food and Drug Administration. https://www.fda.gov/news-events/press-
announcements/fda-continues-strong-support-innovation-development-gene-therapy-products 

17. Pagliarulo, N. (2020, January 28) FDA, expecting a gene therapy boom, firms up policies. 
BioPharma Dive. https://www.biopharmadive.com/news/fda-gene-therapy-guidance-sameness-
durability/571225/ 

18. American Society of Gene and Cell Therapy. (n.d.) Disease Treatments. 
https://www.asgct.org/education/disease-treatments 

19. Reportlinker. The global gene therapy market is projected to reach USD 13.0 billion by 2024 
from US 3.8 billion in 2019, at a CAGR of 27.8%. Yahoo Finance. 



      2020 Yale Healthcare  

Case Competition 

12 

https://finance.yahoo.com/news/global-gene-therapy-market-projected-161000479.html 
20. Genetics Home Reference. (2020, January 21) What is epigenetics? U.S. National Library of 

Medicine. https://ghr.nlm.nih.gov/primer/howgeneswork/epigenome 
21. Cedar, H. and Bergman, Y. Programming of DNA Methylation Patterns. Annual Review of 

Biochemistry 81:97-117 (2012). https://doi.org/10.1146/annurev-biochem-052610-091920 
22. Jin, Z., & Liu, Y. (2018). DNA methylation in human diseases. Genes & diseases, 5(1), 1–8. 

doi:10.1016/j.gendis.2018.01.002 
23. Pharmaceutical Research and Manufacturers of America. (n.d.) 2019 Profile: Biopharmaceutical 

Research Industry. https://www.phrma.org/-/media/Project/PhRMA/PhRMA-Org/PhRMA-
Org/PDF/2019-Profile-Booklet_FINAL_NoBleeds.pdf 

 


