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Introduction

In the world of cancer detection, diagnosis, and treatment, there is a continuous stream of new ideas and
inventions that alter our understanding of standards of care and patient outcomes. When a patient has been
positively diagnosed with a cancerous malignant growth, doctors have a wide arsenal of treatment options
including chemotherapy, radiation treatment, anti-cancer vaccines, and the more recent addition of immune
checkpoint inhibitors. Although there are many treatment options available, few have received the same
level of public attention as chimeric antigen receptor T cell (CAR-T) therapy. CAR-T therapy involves the
reprogramming of the hosts' (or patients’) own T cells. Proof of concept showing that CAR-T cells
demonstrated efficacy against hematological malignancies was first shown as early as the 1980s, but it was
not until 2013 that the patent race took off. One of the leaders in obtaining CAR-T patents was Carl June and
his large group of collaborators from the University of Pennsylvania [1]. 

Since the approach’s inception, a multitude of CARs has been developed and patented during the past
decade. CARs are recombinant receptors that have the ability to target highly expressed tumor-associated
antigens (TAA) found exclusively on the surface of tumor cells. CARs have been developed to target a wide
variety of cell surface tumor antigens increasing the number of potential cancer treatments. The most
prominent cell surface receptors are known as human leukocyte antigens (HLA). Highly specific in
recognition, they help in the regulation of the host’s immune system. This mode of recognition is
advantageous to the native T Cell Receptor (TCR), which requires an HLA-peptide complex to be recognized.
CARs are able to recognize any HLA, without the need to be matched to the patients’ haplotype [2]. When the
CAR-T cells have recognized a cancerous mass they initiated a cascade of tumor-killing effects, improving the
specificity of the treatment. This has many advantages over standard chemotherapy, which typically has a
more systemic effect on the entire body [3]. This paper will look at the technology, market potential, M&A
activity, collaborations, cost and pricing, and potential competitors for CAR-T therapies. 
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Technology Overview 

The CAR-T cell is a synthetic construct that has the ability to bind to specific target cell surface antigens
using a single-chain variable fragment (scFv) recognition domain. When this model was first conceived,
the idea was to use the natural interaction cluster of the differentiation (CD)-3 zeta (3ζ) chain and the
ligand recognition domain to activate the T cell once binding had occurred [3]. The connection between
the ligand recognition domain and the CD chain is connected by an extracellular hinge domain as shown
in Figure 1. This complex is commonly known as a first-generation CAR. 
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Figure 1 - Basic structure of CAR-T cell mechanism [4] 

Lymphocyte-specific protein tyrosine kinase (Lck)-mediated phosphorylation of immuno-tyrosine
activation motifs (ITAMs) initiates signaling within the CD3 domain. The CAR -T cells now recognize a
cancerous cell and they initiate major histocompatibility complex (MHC) unrestricted tumor cell killing by
enabling T cells to bind to target cell surface antigens. The initial step allows the CAR-T cells to form a non-
classical immune synapse (IS). Once this synapse is formed, the T Cell initiates its anti-tumoral effects
through three mechanisms, the perforin and granzyme axis, then the Fas and Fas ligand axis, and finally
through the release of cytokines to sensitize the tumor stroma [3]. All three are effective methods to kill
the target cell.
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Second-generation CAR-T is the next major iteration in the CAR-T therapy saga. Second-generation
technology utilizes either a CD28 or 4-1BB signaling domain attached to the cytoplasmic domain of the T cell
activating CD3ζ chain. With the addition of the CD28 or 4-1BB signaling domain, researchers have been able
to show an increase in cytokine production, clonal proliferation, differentiation, and survival of the T cells. CD
28 and 4-1BB play a major role in the level of TCR sensitivity and engagement needed for effective T cell
activation [6]. The second-generation CAR-T cell treatment is being used to target an alternative surface
marker called B cell activating factor receptor (BAFF-R). Further investigation into the efficacy of second-
generation CAR-T cells will begin in 2020. 

Figure 2 - Comparison between the signal strength and granzyme/perforin release of
CAR mechanism and TCR mechanism [3].  

CAR-T cells have many advantages over the naturally occurring effector T cell. CARs have the ability to
recognize antigens even in the absence of MHC. It is common for most human/animal tumors to lack the
expression of MHC, rendering the host immune system unable to detect the cancerous cells [5]. Figure 3
compares the attachment time comparison between CAR and TCR. The figure shows that the CAR agent has
a fast binding time and increased signaling strength when compared to native TCR. The release of granzyme
and perforin was similar for both the CAR and TCR samples. 

Market Analysis

As the demographic prevalence of chronic diseases continues to rise, CAR-T therapies offer opportunities for
novel targeting and treatment for diseases like diabetes and a variety of autoimmune diseases. Recognition
of various cell surface receptors has led CAR-T therapies to gain significant publicity. The financial potential
has been recognized by both academia and industry leading to a massive influx of patent applications over
the past decade. Until 2013 there was very little patent activity. By the end of 2017, there have been 1,914
patents filed [1]. A look at who has been filing the patents can be seen in figure 3. 
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Figure 3 - CAR-T patent application breakdown by company, research institutions and individual [1]. 

In addition to the increase in CAR-T patents, there has also been a rise in the number of started and
ongoing CAR-T clinical trials. As of 2016, there were approximately 200 ongoing clinical trials investigating
CAR-T therapy. Currently, the US is leading the world in CAR-T clinical trials with 97 ongoings, followed by
China with 66 clinical trials. Of the 211 trials 133 trials focus on hematological B-cell malignancies that allow
for the CD-19 specific targeting by the CAR-T cells, while the other 78 focus on treating solid tumors [7]. The
table below shows the top players conducting CAR-T clinical trials, their therapeutic focus, and their
respective clinical trial phase. 

Key Players
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Table 1 - Key players and their CAR-T therapies
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M&A Activity 

Mergers and acquisitions continue to be key themes in the CAR-T market segment. As many small to mid-
sized companies enter the CAR-T market, larger pharma has the opportunity to review, validate, and
potentially acquire their therapy/technology expertise. This symbiotic relationship is beneficial for both the
smaller firms, who gain access to critical research resources and significant potential financial gains, and for
the larger firms, who gain the opportunity to review numerous CAR-T therapeutic platforms offering them
expedited development of their next potential blockbuster drug. The value of these smaller CAR-T biotech
companies first became apparent when Gilead Sciences acquired Kite Pharma for $12 billion in 2017. In 2018
Juno Therapeutics, one of the leaders in the CAR-T space was acquired by Celgene for $9 billion. A year later
Celgene was then bought out by Bristol-Myers Squibb for $74 billion or $102.43 per share. At the time
Celgene was trading at $62.43 per share. What accounted for the 64% premium BMS paid to takeover
Celgene? Celgene's acquisition of Juno the prior year, the largest acquisition in the company's history, and a
brilliant strategic move, was the major justification for Celgene’s inflated valuation. Hence, BMS saw the
potential value of CAR-T and was willing to pay a premium to acquire rights to the technology. It is likely that
we see more mergers and acquisitions in the future as more small to mid-sized biotechnology progress their
clinical trials. 

Collaborations 

In addition to mergers and acquisitions, collaborations with academia have been crucial factors in the
advancement of CAR-T therapy. Many of the therapies in clinical trials have originated from academic labs
where the initial research hypothesis and questions were answered. The University of Pennsylvania has
been a leader among academic institutes with 428 CAR-T cell-related patents filed. This CAR-T research again
demonstrates the basic relationship between industry and academia which results in value being delivered
to society (as presented in Figure 4). As the trend for lower cost, faster results and increased scalability
continues to grow, academia has a crucial role to play as an incubator for new and innovative ideas to solve
the problems that the pharmaceutical/biotech industry encounter. 
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Costs/Pricing of Available Therapies 

The CAR-T model has demonstrated significant initial success, primarily in patients that have CD19+
malignancies. Tisagenlecleucel was the first ever CAR-T treatment approved. The therapy was designed to
treat patients with B-cell precursor acute lymphoblastic leukemia (ALL) who did not respond to standard
therapy or who had relapsed at least twice. The therapy was developed by Novartis and they announced
their one-time treatment will cost $475,000[9]. The issue is recent studies have shown 30% of patients who
were given this treatment relapsed and required additional therapy. One of the daunting questions currently
facing CAR-T therapies is how to appropriately price them. 

Figure 4 - Flow chart showing the symbiotic relationship between industry and academia [8].

To address this problem, Novartis and Gilead have leaned towards a value-based payment model as the
appropriate method to evaluate the market's price tolerability. Although big pharma's role in our society is to
bring lifesaving treatments to patients, they must also consider the profitability of the drug to fund future
research and the growth of the firm. Value-based care is defined as reimbursement that rewards healthcare
providers with incentives based on the quality of the care provided to the patient. This is a drastic change
from fee-for-service which focuses primarily on the quantity of therapy over the quality of therapy. 
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The value-based model has garnered significant attention recently as a replacement for the traditional fee-
for-service model largely due to the dramatic rise in healthcare costs. The Centers for Medicare & Medicaid
Services (CMS) have pushed for value-based care to ensure patients’ care needs are met while maintaining
the opportunity for significant upside for those companies who deliver products providing positive patient
outcomes. Current bottlenecks in the ability to treat patients with CAR-T therapies include a requirement for
8 patients to make multiple visits to facilities with specialized equipment in order to receive their CAR-T
treatments. In an effort to reduce costs, both Novartis and Gilead are working on outpatient value-based
payment models in collaboration with CMS to bring lifesaving treatments to patients who need them at a
reduced cost to the payers. In the outpatient model, patients would not be required to be admitted to the
hospital, therefore decreasing the overall cost of receiving the treatment and lessening the burden felt by
insurance companies. 

Cost analysis 

In 2018, the Institute for Clinical and Economic Review (ICER) conducted a study on the effectiveness and
value of CAR-T therapy. The institute then compared their findings to the cost of Kite pharmaceuticals CAR-T
treatment. The ICER found that the economic value of Kite’s therapy was worth approximately $625,000,
which was actually higher than the current price of the therapy (approximately $552,900 in 2017). ICER also
wanted to analyze the additional life years and the quality-adjusted life years (QALY) gained by the therapy.
Life years and QALY is a common measurements used in economics to predict the additional years of life a
patient is expected to gain from a specific therapy and how many years are considered quality years based
on a set criterion. They found the life years of the therapy to be 7.57 years and the QALY to be 6.06 years.
These numbers were below the values found by Kite who estimated life years to be 9.49 years and QALY of
7.67 [10]. Based on these findings, it seems the current price tag associated with CAR-T therapies on the
market is justifiable. To maintain dominance in CAR-T therapies and potentially increase the effectiveness of
their therapies, Novartis has begun to conduct further studies with its CAR-T therapy Kymriah as a
combination therapy. Novartis believes the addition of checkpoint inhibitors will provide a competitive edge.
Additionally, in terms of overall oncological QALY, both B-cell acute lymphoblastic leukemia and B-cell
lymphoma showed great increases in QALY values with two currently marketed CAR-T therapies, as shown in
the chart below (chart 1). As competition grows in this industry, it will be worth watching to see how
companies will adjust their pricing scheme to remain competitive. 



Potential Threats 

Although those involved with CAR-T have seen initial significant clinical and financial success, the ever-
evolving healthcare industry may be gearing up to produce a major competitor to this therapeutic technique
in the near future. Allogeneic CAR-Natural Killer cells successfully completed their first Phase 1 trial in 2019
conducted by the University of Minnesota demonstrating that infusions were well tolerated by the patients.
Having the ability to use allogeneic cells is beneficial, because the cells come from a donor, eliminating the
need for the patient to make multiple visits to the doctor to have his/her cells removed and treated. CAR-
Natural Killer cells have several advantages over CAR-T cells. First, CAR-NK cells maintain their ability to
intrinsically recognize and target tumor cells through their native receptors. This innate characteristic of CAR-
NK cells decreases the potential of tumor cell progression through the downregulation of the CAR target
antigen. Secondly, CAR-NK cells do not require strict HLA matching and therefore lack the potential to cause
graft-versus-host disease (GVHD), a risk that causes significant concern for CAR-T cell immunotherapies.
GVHD is a condition that occurs when the donor cells attack the host’s body after transplantation. Even
though significant research is going into “off-the-shelf” CAR-T therapies, CAR-NK cells would be the better
candidate as an allogeneic therapeutic. Lastly, CAR-NK cells do not undergo immune rejection or clonal
expansion within days to weeks, and thus they do not present the associated safety concerns, such as
cytokine release syndrome, which has occurred in many CAR-T clinical trials [11]. Cytokine release syndrome
is a systemic immune response where the body releases cytokines, which then stimulate a cascade of more
cytokines to be released, resulting in a significant overresponse that can be detrimental to the patient. It is
clear that the future of the CAR-T market will be highly influenced by the success or lack thereof in CAR-NK
cells. 
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Conclusion 

CAR-T therapies are built on a very complex therapeutic model that has a multitude of extrinsic factors
playing a major part in the future direction of immune therapies as a whole. Due to the novelty of CAR-T
therapy, regulators have fallen behind and there are many unknown questions that still need to be
answered before the regulatory landscape can be fully understood. Until the FDA updates and amends its
current regulatory framework, investors' sentiment toward this technology will continue to remain positive,
but cautious. CAR-T’s ability to target various cell surface receptors with high specificity enables it to be used
for various diseases. For that reason, future research into CAR-T development will likely shift towards
diseases that affect a larger population, such as rheumatoid arthritis and diabetes. Not only will treatment
for diseases like diabetes provide a huge benefit to society, but the blockbuster potential for CAR-T
therapies will also attract significant future research investment from both institutions and industry. 

https://www.kineticos.com/resources/how-to-insights
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