Axicabtagene Ciloleucel (YESCARTA®)

Kite Pharma’s CAR T-Cell Therapy for Non-Hodgkin Lymphoma

Contributions of investigators from National Cancer Institute (NCI), NCl Technology
Transfer Center’s (TTC’s) facilitation of a cooperative research and development
agreement (CRADA), and the subsequent collaboration between Kite Pharma and NCI
investigators paved the way for FDA approval of Axicabtagene Ciloleucel (Yescarta®). NIH
is solely responsible for the content of these materials.

GILEAD, KITE PHARMA, and YESCARTA are registered trademarks of Gilead Sciences, Inc. or
one of it's related companies.

Context/Background

Chemotherapy, radiation, and stem-cell transplantation have been the standard line of treatment for
certain leukemias and lymphomas for decades. Some patients with relapsed or refractory lymphoma do
not respond to initial treatment. In fact, approximately 30%—40% of patients will develop relapsed/
refractory diffuse large B-cell lymphoma, the most common type of non-Hodgkin lymphoma

(NHL). However, separate new insights into the genetic composition of leukemic cells have given rise to
the development of chimeric antigen receptor (CAR) T-cell therapy.! CAR T-cell therapy uses a patient’s
own T cells to treat their cancer.? T cells, which play a role in initiating immune responses against
invading pathogens, are harvested from a patient’s blood and modified in the lab to add a new molecule
(i.e., CAR) on their surface, turning T cells into CAR T cells. A breakthrough trial in 2010 led NCI
scientists Dr. Steven Rosenberg and Dr. James Kochenderfer to demonstrate that CAR T cells
recognizing the CD19 receptor were successful in the treatment of some types of B-cell malignancies.
Research and clinical contributions of NCI investigators paved the way for the early work that led to FDA
approval of Axicabtagene Ciloleucel.

Axicabtagene Ciloleucel was the first CAR T-cell therapy to treat adults with certain types of B-cell
lymphomas.® Axicabtagene Ciloleucel, which is marketed as Yescarta®, is indicated to treat two types of
NHL: (1) large B-cell lymphoma, when a patient’s first cancer treatment did not work, the cancer
returned within a year of first treatment, or when at least two kinds of treatment have failed to control the
cancer, and (2) follicular lymphoma, when at least two kinds of treatment have failed to control the
cancer. Early results from Phase 3 trials indicate that Yescarta® is 60% more effective than the current
standard line of treatment for patients with large B-cell lymphoma who did not respond well to, or
relapsed after, the first line of treatment.*

The Discovery of the Technology (inventor story)

The origins of discovery of Yescarta date back to the 1970s, when NCI scientist Dr. Steven Rosenberg,
widely considered the father of cancer immunotherapy, wanted to understand immune response to
growing cancer in humans that might then lead to an effective cancer immunotherapy. For decades,
Rosenberg’s lab contributed to foundational research on using T cells for immunotherapy. In the 1990s,

Zelig Eshhar of the Weizmann institute in Israel came to the NCI on sabbatical to work with
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Dr. Rosenberg.’ He had helped develop the first CAR designs in 1989.° Drs. Eshhar and Rosenberg
collaborated on advancing the usage of T cells as immunotherapy, specifically, the use of CAR T cells.”
This collaboration enabled multiple patent filings, including applications that later issued as foundational
patents in the CAR-T space.

Through the late 1990s and early 2000s, the field experienced a period of stagnancy. In 2007, Dr. James
Kochenderfer, a medical oncology/hematology fellow at NCI, approached Dr. Rosenberg about
leveraging his work on T-cell receptor transfer and CAR T-cell transfer to target CD19 to treat patients
with advanced lymphomas. Up until this point, Dr. Rosenberg’s work focused mostly on solid tumor
cancers, like melanoma and breast cancer. Drs. Kochenderfer and Rosenberg shifted their focus to the
anti-CD19 CAR. They hypothesized that CD19 would be an ideal target because it is not expressed on
any critical cells in the human body except B cells, which patients can live without, and is very well
expressed on malignant B-cell cancers, such as lymphoma and leukemia. Leveraging learnings from
Dr. Rosenberg’s previous work, Dr. Kochenderfer constructed two CARs containing a mouse-anti-
human-CD19 antibody chain derived from the FMC63 hybridoma.® He selected the CAR that showed the
“greatest potency in vitro when transduced into CD8 +and CD4 + T cells and showed highly specific
activity against CD19 expressing tumor cells.” In 2009, the team went on to use its constructed CD19
CAR to treat the first patient with autologous peripheral lymphocytes.'® This is the same CAR used in
axicabtagene ciloleucel.

Role of NCI Technology Transfer Center (tech transfer story)

Despite demonstrating significant clinical success, manufacturing CAR T cells at scale presented inherent
challenges. It is a delicate process that is done on a per-patient basis. After T cells are isolated from a
patient, they are genetically modified and expanded and subsequently introduced back into the body via
transfusion. Drs. Kochenderfer and Rosenberg successfully demonstrated this process in clinical trials,
which saw six of eight patients achieve remission of their advanced B-cell malignancies.!! Although the
drug had shown significant clinical value, the doctors needed to determine how to take the therapy that
worked in Dr. Rosenberg’s 600 sq. ft. manufacturing space in his lab into a commercially viable
treatment option. To make this drug a reality, NCI scientists needed the backing of a commercial partner
to provide expertise on commercial-scale manufacturing and to help finance this expensive process.

Although pharmaceutical companies showed interest in licensing the technology after Drs. Kochenderfer
and Rosenberg published the results of their first clinical trial,'? these companies were dissuaded by the
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laborious, time intensive, and costly process to manufacture CAR T cells. The team, although frustrated,
remained confident in the potential of their discovery.

Dr. Arie Belldegrun, who served as a research fellow for Dr. Rosenberg at NCI in the 1980s, visited Dr.
Rosenberg’s lab in 2010 and saw the same type of scan of the first patient treated with what would later
become Yescarta.'? Dr. Belldegrun, who cofounded Kite Pharma in 2009 to pursue cancer
immunotherapy, was intrigued. He knew that this treatment had the potential to redefine cancer
treatment.

“I had no doubt that this is going to be a drug and, more than that,
it will become a platform for multiple products.” 14
—Dr. Arie Belldegrun, Founder, Kite Pharma

Dr. Belldegrun’s time at NCI under Dr. Rosenberg’s mentorship ultimately helped secure his belief in the
drug. Over the next 2 years, NCI’s Technology Transfer Center (TTC) worked out a deal with Kite
Pharma that was signed in 2012. Kite Pharma licensed patented inventions related to CAR-T, which are
owned, in part, by NIH. The TTC also created a contractual framework of collaboration between NCI
scientists and Kite Pharma through two CRADAs. The first CRADA was signed in 2012 and focused on
the development of novel engineered peripheral blood autologous T-cell therapeutics (¢ACT) for the
treatment of multiple cancer indications and the optimization of GMP manufacturing processes to enable
multi-site clinical trials and eventual commercialization.'® The second CRADA was signed in 2016 for
research and clinical development of a fully human anti-CD19 CAR product candidate for the treatment
of B-cell lymphomas and leukemias.®

The two CRADAs proved essential for further development and eventual commercialization of
axicabtagene ciloleucel. The CRADASs provided a framework for collaboration between the two parties
and financing for continued research and development in CAR T cell therapies. Moreover, the
CRADAs contributed to three important pieces of intellectual property that underlie axicabtagene
ciloleucel: ways to produce T cells to treat B-cell cancers, ways to condition patients so that their
bodies can better accept T-cell therapy, and ways to identify potential candidates for treatment.

The symbiotic nature of the relationship between NCI and Kite Pharma enabled the successful
commercialization of axicabtagene ciloleucel. Together, they worked within the contractual framework
that NCI TTC set up to collaborate on further developing axicabtagene ciloleucel for patients in need,
each bringing something to the table. NCI brought the research and
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early clinical contributions, whereas Kite contributed to further clinical development,
manufacturing improvements along with financing that enabled significant research and testing
efforts.

“The CRADA was the basis for NCI to collaborate with Kite Pharma,
contributing to three important pieces of IP that ultimately underlie
Yescarta.”

—Andrew Burke, Technology Transfer Manager for NC/

Role of Licensee (commercialization story)

Although Dr. Rosenberg, Dr. Kochenderfer, and their teams demonstrated in early clinical work the
success of this drug, Kite Pharma helped scale it to be a commercially viable treatment option. Without
the contributions of both parties, axicabtagene ciloleucel would not have become a second-line treatment
option for adults with large B-cell lymphoma or a third-line treatment for follicular lymphoma. In
August 2017, Gilead Sciences, Inc., announced its intended acquisition of Kite Pharma. The promise of
the NCI technology licensed by Kite Pharma is evidenced by Gilead paying nearly $12 billion to acquire
the company.'” In October 2017, axicabtagene ciloleucel was FDA-approved for the treatment of adult
patients with relapsed or refractory large B-cell lymphoma after two or more lines of systemic therapy.
In the same month, a deal was finalized for Gilead Sciences to acquire Kite Pharma.

Impact

The contributions from NCI scientists, NCI TTC, and Kite Pharma supported the commercialization of
the first FDA-approved CAR T-cell therapy for the treatment of adult patients with relapsed or refractory
large B-cell lymphoma.'® Axicabtagene ciloleucel has provided significant clinical benefits to a vast
majority of the patients who receive the therapeutic. It is giving new life to patients with lymphoma who
otherwise had no treatment options. In ZUMA-7, a Kite Pharma led and funded study, a global,
multicenter, single-arm, open label Phase 2 study that evaluated axicabtagene ciloleucel in patients with
relapsed or refractory indolent NHL after at least two prior lines of therapy, it was demonstrated that, of
all treated patients, 92% had an overall response rate with a 75% complete response.'®

Beyond the significant clinical benefits that the therapy has provided, axicabtagene ciloleucel's successes
have also had far-reaching impacts for the adoptive cell therapy discipline as a whole. The successful
commercialization of axicabtagene ciloleucel substantially decreased the perceived risk of adoptive cell
therapy. Transitioning the therapeutic from the lab to Kite Pharma’s manufacturing facilities, and
ultimately to become a viable treatment option for adult patients with certain types of B-cell lymphomas,
demonstrated that adoptive cell therapy works. This has resulted in an explosive growth of research and
development within the space as companies continue to multiply and develop adoptive cell therapies for
various indications.
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