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Head and Neck Squamous Cell Carcinoma
With approximately 600,000 new cases diagnosed each year, Head and Neck Squamous
Cell Carcinoma (HNSCC) is the seventh most common form of cancer worldwide. Patients
diagnosed with HNSCC exhibit a 5-year survival rate of 61% and a 50% survival rate at the 10year mark (Mao et al., 2004). Despite the large volume of cases and poor outcomes for patients,
only one drug has been identified to help develop targeted treatments for patients with HNSCC.
This target is the Epidermal Growth Factor Receptor (EGFR), which has been shown to be
overproduced in 40-80% of HNSCC tumors according to data from the Tissue Cancer Genome
Atlas (TCGA). Cetuximab (also called Erbitux) is an antibody that inhibits EGFR signaling
activity by blocking the receptor’s ability to bind Epidermal Growth Factors (EGF) and is the
only FDA-approved therapy for patients with HNSCC. Cetuximab alone has shown some
success in treating HNSCC, however, it is common for patient cells to develop a resistance to the
drug and its efficacy has been inconsistent (Stanam et al., 2016).
In 2016 and 2019, respectively, two new drugs, nivolumab (Opdivo) and pembrolizumab
(Keytruda), were approved for use on patients with HNSCC. However, it is important to
acknowledge that both of these drugs were designed to primarily treat other types of cancer and
have been applied to HNSCC versus being specifically developed for HNSCC (Center for Drug
Evaluation and Research, 2019; National Cancer Institute, 2011). These shortcomings of
Cetuximab, with addition to the development of non-targeted therapies such as nivolumab and
pembrolizumab, highlights the need to develop new efficacious therapies that exploit molecular
targets specific to patients with HNSCC.
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New Therapy Development: Procedure & Results
In addition to the FDA approved drug treatments, there are multiple different therapies
being developed that target HNSCC. One of these therapies is known as Ceramide
Nanoliposome (CNL) and was developed in the Kester Lab here at the University of Virginia.
This therapy, which consists of a pro-death form of the lipid ceramide encapsulated inside a
spherical, lipid-bilayer delivery system, shows a strong efficacy as a single agent in treating
HNSCC in vitro and has also been shown to have strong, synergistic effects when combined with
other chemotherapeutics, enhancing their effectiveness (Adiseshaiah et al., 2013; Jiang et al.,
2011; Myrick et al., 1999; Sok et al., 2006). Currently, the Kester lab has discovered a novel
synergistic effect between CNL and two EGFR inhibitors, Erlotinib and Gefitinib. This
discovery provides a strong rationale for the assumption that the combination of CNL with
Cetuximab may produce a similar effect (Perez et al., 2012;). This project aims to develop two
separate drug delivery devices in preparation for testing the above synergistic drug combinations
in HNSCC-positive mouse models.
Using resources provided by the Kester lab, both EGFR inhibitors will be encapsulated in
nanoliposomes of their own, which will serve to improve in vivo circulatory system retention
time, aid in shielding the drugs from host immune system detection, and facilitate the delivery of
each drug to the acidic HNSCC tumor microenvironment (Lu et al., 2006; Ranson and Wardell,
2004). Employing the molecular properties of Cetuximab, a second delivery system will be
developed by linking Cetuximab to the surface of the CNL. The addition of the Cetuximab
targeting mechanism will more efficiently promote drug delivery to HNSCC cells rather than
healthy cells, which is due to HNSCC cells having a greater quantity of EGFR at the cell surface.
This also takes advantage of Cetuximab’s properties as an antibody to mobilize an immune
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response against the cancerous tissue (Pozzi et al., 2016). Additionally, by developing these new
drug delivery methods, the aim is to increase the amount of time the drug can stay active within a
patient’s body and to reduce the number of cells that become drug resistant. Funding to test both
delivery systems in HNSCC mouse models is being sought. By the conclusion of this project, the
team will have laid the groundwork for producing two novel drug delivery systems for patients
diagnosed with HNSCC and by describing them in a published research article.

The Evolution of Music Listening
While my technical thesis focuses on developing two new drug delivery devices, my STS
research paper will focus on the evolution of how individuals listen to music and how this
impacts the music industry and the ideal of sharing. Over the past two centuries, the role of
music in our everyday life has shifted drastically. Starting in the 19th century, individuals could
only listen to music in two locations: a public concert site, like a tavern or a theater, or at home
on a phonograph or by playing instruments. However, no matter where it happened, listening to
music in the 19th century was mostly a public experience or shared with family, friends, and even
strangers at times (North, 2004).
Due to the limited options for listening, music in the 19th century was viewed as a more
prized and valued commodity because not everyone could afford to partake in the experience.
The 20th century brought change with concern to how music was enjoyed and viewed. With the
development of mass media, e.g. radio and television, and the development of music listening
devices, music became less of a commodity and more of an everyday resource (North, 2004).
Additionally, music itself became a much more private matter. With the invention of technology,
like the Sony Walkman, listeners no longer had to share their music experience, having the

3

option to experience it individually or surrounded by others. Released in 1979, the Walkman
provided users with the opportunity to make music mobile due to its small frame and lack of
weight. Furthermore, the Walkman is credited as being the first personal music device and the
first object to change music enjoyment, with concern to music listening devices, music sharing,
and the music industry (Du Gay et al., 2013).
With how important the Walkman is to the development of music listening devices,
music sharing, and the music industry, it is hard to believe that its development was an accident.
In 1978, the tape recorder division of Sony was faced with the possibility of a department
shutdown, so they developed a brilliant idea to take a device they had already invented (the tape
recorder), convert it to a normal stereo recorder, and resell it to teenagers as a “portable stereo
recorder”. The device ended up being a huge success (Du Gay et al., 2013). Not only did the
Walkman provide the user with newfound freedoms, but more importantly, it also established a
“new” way for users to control their music selection, which was known as home-taping. Hometaping is the action of taking a blank tape and copying something onto it, whether it be music, a
radio show, or even a concert. While the action of home-taping itself was not a new practice in
the 1980s, the amount of times it occurred increased dramatically after the release of the
Walkman (Bottomley, 2015). Furthermore, this action of home-taping is considered by some to
be the first form of music piracy. It was such a common practice, that record companies released
a campaign against home-taping titled ‘Home-Taping is killing music — and its illegal!’ in order
to try to prevent people from conducting this action. However, the campaign was not very
successful (Bottomley, 2015). Luckily for the record companies, technology progressed and the
Walkman gave way to the Discman, however, when technology evolves, society does as well.
Therefore, home-taping did not go away, it instead gave way to CD burning, which then gave
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way to a file-sharing service called Napster, which was another instance where the future of
music listening devices, music sharing, and the music industry was impacted (David, 2016;
McCourt & Burkart, 2003).

Creating Connections Through Co-Production
In order to properly discuss this topic, I will be using the co-production framework.
Sheila Jasanoff introduced the idea of co-production in order to use a more non-linear approach
in understanding how technology and society evolve. This model is a shift from the more
extreme ideals of technological determinism and social constructivism, which focus on either the
technological aspect or the societal aspect as the driving force in change. In co-production,
Jasanoff states that it isn’t one or the other that drives change, but that they both co-produce each
other in a non-linear fashion (Jasanoff, 2004). Co-production serves as a very effective
framework to explore this idea because music streaming services or not developed linearly or
independently of one another or of societal changes. They are constantly evolving and adapting
with and impacting the shifts in music listening technology and the social norms surrounding
sharing music. A perfect example of this is Napster. Napster was developed because the music
listening technology had progressed from a Walkman to MP3s and individuals wanted an easy,
cheap and efficient way to get and share music files (David, 2016; McCourt & Burkart, 2003).
Then, Napster paved the way for legal music streaming services, like Spotify, by being shutdown due to copyright issues and by changing the social ideal surrounding music downloading
(David, 2016; LaRose et al., 2005 McCourt & Burkart, 2003).
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The Importance of Napster
Napster is credited for being the first independent peer-to-peer file sharing service that
allowed their users to share music over the internet. This new technology is important for two
key reasons. First, Napster revolutionized how and with who individuals shared music. Since all
Napster required was an internet connection, individuals were no longer limited to sharing music
with close friends and family (David, 2016; McCourt & Burkart, 2003). Not only did this allow
individuals to form new connections with people they had never met before, it also provided
individuals with the opportunity to express their true selves in a judgement free environment,
which helped promote the importance of music to personal growth and development (Kennedy,
2014; LaRose et al., 2005). Second, in 2001, only 3 years after its creation, Napster provided the
music industry, specifically record companies, the opportunity to successfully challenge and
defeat a form of music piracy which was free peer-to-peer file sharing (David, 2016; McCourt &
Burkart, 2003). While the destruction of Napster did not end music piracy, it did pave the way
for new music streaming services, some of which, like Spotify, are currently still in use. This
begs the question, how is the music industry responding to these new music streaming services
and how are these new services impacting how users share music with one another?

Research Question: The Answer is with the People
The question I aim to address is: How are current legal and free music streaming services
affecting the music industry and the norms of sharing? I will approach this by conducting a case
study comparison between Spotify, Apple Music, SoundCloud, and Pandora, which are four
different legal and free music streaming services available in the US. In this context, the term
“free” means that users can create an account and access the service without having to directly
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pay. Services that require payment, but provide a free trial period were not considered. In order
to determine which legal and free music streaming services I was going to utilize in my
comparison, I first narrowed it down to services that had a free option. Then, I removed all radio
streaming services, like iHeartRadio or SiriusXM, because, from my experience, they operate in
a different manner from non-radio music streaming services. My next step was removing all
music streaming services that I did not recognize, like Earbits and Anghami, because I believe
this will provide the best results for my case study comparison. Finally, I then compered the
monthly active users (MAUs) and subscribers of each remaining platform and chose the four
platforms with the highest MAUs and/or subscribers, which also happened to be the four
platforms that I believe are most well-known.
In order to determine how these four platforms impact the music industry and the
ideal of sharing, I plan on creating a survey and distributing it to around 150-200 individuals
ranging in age, education level, race/ethnicity, and profession. The purpose of trying to reach
such a large diverse group of individuals is because music is a universal resource that impacts
everyone, not just college students ranging from 18-22. If I were to only target one section of the
individuals using these streaming services and sharing this music, I would only be getting part of
the story. This survey will be conducted through google forms, which I believe is an easy and
straight-forward survey tool that everyone will be comfortable using, and will contain a variety
of questions that focus on what music streaming services they use, how they share music, and
how much they know about the service itself. The data will then be condensed and looked at with
concern to gender and age. Furthermore, I plan on comparing each platforms music distribution
policy and looking into any lawsuits/legal rulings that involve each music streaming platform,
primarily focusing on those that involve the streaming platforms and the music industry in some
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way, like record companies or artists. Then, by using the co-production framework, I will be able
to look at how current music streaming services impact and are impacted by the ideal of sharing
between users and the music industry, which includes the user, the record companies and the
artists.

Timeline & Expected Outcomes
By conducting this research, I plan to learn more about how my current music listening
habits affect the world around me and affect how I interact with the world. I am interested to see
how music is shared today and how that impacts individuals. Furthermore, I plan gain insight as
to which streaming service is most popular among users and why, and to then determine how
norms of sharing have evolved with the technology and legal structures. This information could
be very useful to the music industry, as well as to the streaming service platforms, because it can
update them on what their users like and dislike about their platform and it can help them prepare
for what is yet to come. I will pursue this research in the following twelve weeks, see Table 1
below.

Table 1. Research Timeline
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