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Special Note Regarding Forward-Looking Statements

This Annual Report on Form 10-K, or Annual Report, contains forward-looking statements that are based on management’s current beliefs and
assumptions and on information currently available to management. All statements other than statements of historical facts contained in this Annual
Report are forward-looking statements. In some cases, you can identify forward-looking statements by words such as: “anticipate,” “believe,”
“estimate, plan,” “project,” “target,” “will” and other words and terms of similar meaning.

 « 9 s

expect,” “forecast,” “intend,” “may,

 « 2« 2«

These statements involve risks, uncertainties and other factors that may cause actual results, levels of activity, performance or achievements to be
materially different from the information expressed or implied by these forward-looking statements. Although we believe that we have a reasonable
basis for each forward-looking statement contained in this Annual Report, we caution you that these statements are based on a combination of facts and
factors currently known by us and our projections of the future, about which we cannot be certain. Forward-looking statements in this Annual Report
include, but are not limited to, statements about:

. our ability to raise substantial additional capital to fund our planned operations;
. our estimates regarding expenses, use of cash, timing of future cash needs and capital requirements;
. the development of our product candidates, including statements regarding the timing of initiation, completion and the outcome of clinical

studies or trials and related preparatory work and the period during which the results of the trials will become available;
. our ability to advance our product candidates through various stages of development, especially through pivotal safety and efficacy trials;

. the risk that final trial data may not support interim analysis of the viability of our product candidates;

. our expectation regarding the safety and efficacy of our product candidates, the progress and timing of our research and development
programs;
. the timing, scope or likelihood of regulatory filings and approvals from the U.S. Food and Drug Administration or equivalent foreign

regulatory agencies for our product candidates and for which indications;

. our ability to license additional intellectual property relating to our product candidates from third parties and to comply with our existing
license agreements;

. our ability to enter into partnerships or achieve the results contemplated by our collaboration agreements and the benefits to be derived
from relationships with collaborators;

. developments and projections relating to competition from other pharmaceutical and biotechnology companies or our industry;
. our estimates regarding the potential market opportunity for our product candidates;
. the anticipated rate and degree of market acceptance of our product candidates for any indication, if approved;

. the anticipated amount, timing and accounting of contract liability (formerly deferred revenue), milestones and other payments under
licensing, collaboration or acquisition agreements, research and development costs and other expenses;

. our intellectual property position, including the strength and enforceability of our intellectual property rights;
. our ability to attract and retain qualified employees and key personnel;
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. the impact of government laws and regulations in the United States and foreign countries; and

. other risks and uncertainties, including those listed under Part I, Item 1A, “Risk Factors”.

Any forward-looking statements in this Annual Report reflect our current views with respect to future events and with respect to our future financial
performance, and involve known and unknown risks, uncertainties and other factors that may cause our actual results, performance or achievements to
be materially different from any future results, performance or achievements expressed or implied by these forward-looking statements. Factors that may
cause actual results to differ materially from current expectations include, among other things, those described under Part I, Item 1A, “Risk Factors” and
elsewhere in this Annual Report. Given these uncertainties, you should not place undue reliance on these forward-looking statements. Except as required

by law, we assume no obligation to update or revise these forward-looking statements for any reason, even if new information becomes available in the
future.

Unless the context requires otherwise, references in this Annual Report to “Ziopharm,” the “Company,” “we,” “us” and “our” refer to Ziopharm
Oncology, Inc. and its subsidiaries.
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PART I
Item 1. Business
BUSINESS OVERVIEW

We are a clinical-stage biopharmaceutical company focused on discovering, acquiring, developing and commercializing next generation immuno-
oncology platforms that leverage cell- and gene-based therapies to treat patients with cancer. We are developing two immuno-oncology platform
technologies that utilize the immune system by employing innovative cell engineering and novel, controlled gene expression technologies designed to
deliver safe, effective, and scalable non-viral cell- and viral-based gene therapies for the treatment of multiple cancer types. Our first platform is referred
to as Sleeping Beauty and is based on the genetic engineering of immune cells using a non-viral transposon/transposase system that is intended to stably
reprogram T cells outside of the body for subsequent infusion. Our second platform is referred to as Controlled IL-12 and is designed to stimulate
expression of interleukin 12, or IL-12, a master regulator of the immune system, in a controlled and safe manner to focus the patient’s immune system to
more effectively attack cancer cells. We intend to use both of our platforms to become a leading immuno-oncology company focused on developing
innovative, cost-effective therapies primarily aimed at the large unmet needs in solid tumors.

Using our Sleeping Beauty platform, we are developing T cell receptor, or TCR, T cell therapies to target solid tumors. Our program designs and
manufactures T cells that are intended to target tumor-specific antigens, thereby delivering personalized therapy that can attack patients’ malignancies.
These genetic changes are referred to as neoantigens as they are only expressed by the tumor, reducing the potential for toxicity upon targeting normal
cells. Under our Cooperative Research and Development Agreement, the National Cancer Institute, or NCI, is conducting a Phase 2 clinical trial to
evaluate autologous peripheral blood lymphocytes genetically modified with the Sleeping Beauty system to express autologous (personalized) TCRs.
The U.S. Food and Drug Administration, or FDA, has cleared the investigational new drug, or IND, application submitted by the NCI for this clinical
trial. The trial was initiated in October 2019 and preparations to enable patient enrollment by the NCI are underway. We expect the trial will enroll
patients with a broad range of solid tumors over the next several years. In addition, we are currently planning a clinical program to study our TCR
approach with The University of Texas MD Anderson Cancer Center, or MD Anderson. Under this program, we expect to clinically evaluate both our
Personalized TCR Approach and our Library TCR Approach.

Our Controlled IL-12 platform uses virotherapy based on an engineered replication-incompetent adenovirus, referred to as Ad-RTS-hIL-12, plus
veledimex as a gene delivery system to conditionally produce IL-12, a potent, naturally occurring anti-cancer protein, to treat patients with solid tumors
where a specific target is unknown. Our Controlled IL-12 platform allows us to deliver IL-12 in a tunable dose as the cytokine is under transcriptional
control of the RheoSwitch Therapeutic System® (RTS®). We are currently studying our Controlled IL-12 Platform as a monotherapy in a Phase 1
clinical trial of patients with recurrent glioblastoma multiforme, or rGBM. Our substudy of this clinical trial is fully enrolled with 36 patients and is
designed to encourage use of low-dose steroids and 20 mg veledimex to further understand the potential of Controlled IL-12 as a monotherapy. We are
also developing our Controlled IL-12 platform in combination with immune checkpoint inhibitors. We have completed dosing in a Phase 1 dose-
escalation clinical trial of Ad-RTS-hIL-12 plus veledimex in combination with PD-1 antibody OPDIVO® (nivolumab) in patients with rtGBM. Dosing is
ongoing in a Phase 2 clinical trial evaluating Ad-RTS-hIL-12 plus veledimex in combination with PD-1 antibody Libtayo® (cemiplimab-rwlc) for the
treatment of recurrent or progressive glioblastoma multiforme in adults.

We are developing chimeric antigen receptor, or CAR, T cell, or CAR* T, therapies targeting CD19 on malignant B cells using our Sleeping
Beauty platform in collaboration with MD Anderson. In a Phase 1 trial, we plan to infuse donor-derived T cells after allogeneic bone marrow
transplantation, or BMT, for recipients who have relapsed with CD19+ leukemias and lymphomas with our CD19-specific CAR+ T therapies
manufactured using our rapid personalized manufacture, or RPM, technology. RPM enables T cells to be infused as soon as the day
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after gene transfer which is made possible by the genetic modification of resting T cells to express CAR and membrane bound IL-15, or mbIL15. We are
also advancing our RPM technology in Greater China with Eden BioCell, Ltd., or Eden BioCell, our joint venture with TriArm Therapeutics, Ltd. Eden
BioCell will lead the clinical development and commercialization of Sleeping Beauty-generated CD19-specific RPM CAR+ T therapies using patient-

derived (autologous) T cells in order to treat patients with relapsed or refractory CD19+ leukemias and lymphomas.

Our Pipeline
Phase 1 Phase 2
d TCR-T m
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srary TCR-T (*hotspots”
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* Subject to FOA discussions and feedback regarding the trial phase and design
OUR STRATEGY

Our goal is to become a leading immuno-oncology company focused on developing innovative, cost-effective therapies primarily aimed at the large
unmet needs in solid tumors. Key elements of our strategy include:

. Building an end-to-end TCR solution targeting solid tumors. We believe our study with the NCI represents the first time a non-viral,
genetically engineered TCR T cell, or TCR* T cell, therapy will be administered to patients. We intend to strengthen our position in the
field of T cell targeting solid tumors by investing significantly to optimize and expand our process development and manufacturing
capabilities, creating an end-to-end, scalable solution. We intend to build this end-to-end solution to develop treatments using (i) TCR* T
cells expressing recipient-derived (autologous) TCRs, which we refer to as our Personalized TCR Approach and (ii) TCR+ T cells
expressing third party (allogeneic) TCRs from a library, which we refer to as our Library TCR Approach. We plan to significantly expand
our library of TCRs derived from third parties that are reactive to mutated KRAS, TP53 and EGFR as part of our commitment to advance
clinical development for the treatment of patients whose solid tumors have driver mutations.

. Executing on the clinical trials of our Controlled IL-12 platform as both a monotherapy and in combination with immune checkpoint
inhibitors. We intend to continue executing on several clinical
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trials to treat rtGBM with our Controlled IL-12 program as both a monotherapy and in combination with immune checkpoint inhibitors,
such as PD-1 inhibitors. In our clinical trials, we have observed that Controlled IL-12 increases T cell activity in the tumor
microenvironment in patients with rtGBM and we expect to conduct trials of Controlled IL-12 in other tumor types as both a monotherapy
and, potentially, in combination with immune checkpoint inhibitors.

Advancing our third generation CD19 CAR* T program. We believe our CD19 CAR+ T therapies may solve the manufacturing difficulties
limiting the commercial potential of other CAR* T programs. Our CAR*T program targeting CD19 on malignant B cells will be developed
in collaboration with MD Anderson in the United States and with Eden BioCell in Greater China.

Selectively collaborating with third parties that provide complementary technologies or capabilities. We expect to collaborate selectively
with companies that have enabling technologies or other capabilities to accelerate the development of our programs. In any collaboration,
we expect to retain development control or receive significant economic and commercial rights to our product candidates.

Creating a leading, fully integrated biotechnology company focused on advancing our oncology platforms through clinical trials. In 2019,
we supplemented our existing team with additional research and development depth. We expect to continue expanding our personnel and
infrastructure, particularly focused on cell therapy, in order to accelerate the execution of our clinical programs. As part of this expansion,
we expect to establish internal manufacturing facilities compliant with current good manufacturing practice, or GMP, to support the
proposed clinical trials for our TCR program.

SLEEPING BEAUTY PLATFORM TECHNOLOGY

We are pursuing non-viral genetic engineering technologies to develop novel neoantigen-specific TCR* T and CD19-specific CAR* T therapies. The
platform we have licensed from MD Anderson uses the Sleeping Beauty non-viral genetic modification system to generate and characterize TCR and
CAR designs in T cells.

Limitations of Existing Approaches to Manufacturing T Cell Therapies

T cells are a type of white blood cell that play a central role in the immune system. T cells are involved in both detecting and killing infected or
abnormal cells, such as cancer cells, as well as coordinating immune responses. In recent years, companies have begun developing therapies that include
T cells engineered specifically for each patient. Manufacturing such products is separated into discrete steps and typically undertaken at a centralized
facility. The production time varies from approximately two to four weeks with additional time needed for quality control requirements. Manufacturing
based on viral transduction, propagation and shipping has many drawbacks:

Scalability. The requirement to be able express a multitude of TCRs, whether to neoantigens unique to patients or neoantigens shared
between patients, will be a challenge when the choice of gene transfer for TCR is based on virus.

Time to manufacture. The need to propagate (numerically expand) T cells requires the product be in culture in compliance with cGMP
during which the intended recipient may be unable to receive the genetically modified T cells.

Expense of production. The need to generate virus and the production time with the associated logistical complications increase the cost of
manufacturing the genetically modified T cells.

Required lymphodepletion. The infusion of T cells that have been propagated ex vivo, or outside the body, tends to make them dependent
on cytokines to survive and thrive after infusion. This has resulted in the use of chemotherapy and other approaches of immunosuppression
to “free up” pro-survival cytokines, such as endogenous IL-15, in the recipient prior to the administration of T cells. Lymphodepletion
facilitates the sustained persistence of genetically modified T cells in the patient, but it exposes the patient to medical complications, raises
expense, and limits the ability of the technology to be scaled as the administration of chemotherapy requires specialized centers.
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. Toxicity. Infusing large numbers of T cells recognizing a single antigen, such as CD19, commonly places the recipient at risk from the
synchronous activation of these T cells resulting in cytokine release syndrome and other associated toxicities, which can be severe and life
threatening.

We believe these disadvantages will restrict companies from commercializing effective TCR therapies and continue limiting the commercial potential of
CAR-T therapies.

Sleeping Beauty Solution

The Sleeping Beauty system is a gene transfer method that utilizes a transposase enzyme to “cut and paste” donor transposon DNA from introduced
plasmid into chromosomes using a process called transposition. The system can be used to stably deliver genes to a variety of cell types including
human T cells. Sleeping Beauty transposons appear to integrate in a random distribution at thymine-adenine, or TA, dinucleotide sites, making them less
likely to cause off-target effects when compared to other transposons and viral gene delivery methods.

We use the Sleeping Beauty system to express TCRs that target patients’ antigens as well as CARs that enable a T cell to recognize specific proteins or
antigens that are present on the surface of other cells. Our RPM technology is used in our third generation CAR* T therapy, which uses the Sleeping
Beauty system to co-express our proprietary mbIL15 and a kill switch along with the CAR, and we may elect to incorporate our mbIL 15 technology in
our TCR therapies in the future. Interleukin 15 (IL-15) has a variety of apparently beneficial effects as it is considered a pro-survival cytokine that
promotes survival of T cells. Our pre-clinical data suggest that incorporating mbIL15 into a TCR and CAR* T therapies enhances in vivo persistence of
the TCR and CAR* T cells.

We believe our Sleeping Beauty platform has several advantages compared with the viral gene transfer technologies used by other TCR and CAR-T
companies:

. Reduced costs. By using DNA plasmid and avoiding the time-consuming and laborious manufacture of virus, our Sleeping Beauty
technology may reduce the manufacturing expense and challenges associated with viral gene transfer systems in creating T cells
engineered to express TCR and CAR.

. Shortened manufacturing. We expect the T cell manufacturing process with Sleeping Beauty to significantly reduce virus-based
manufacturing times. In the preclinical setting, the time to administration of third-generation Sleeping Beauty-modified T cells
co-expressing mbIL15 and a kill switch has been shortened to two days or less from gene transfer. This reduction in time is primarily
achieved through the elimination of in vitro T cell activation and propagation which avoids the need to culture T cells, which can take
between approximately two and four weeks.

. Customizable therapies. Our Sleeping Beauty platform may allow us to manufacture more customizable therapies, thereby enabling us to
provide personalized TCR* T cell therapy against unique, and potentially multiple, patient-specific neoantigens.

. Potential improved safety profile. We expect that including mbIL 15 will enable the T cells in our TCR* T or CAR* T therapies to engraft
from low starting (infusion) numbers. We believe this reduced T cell dose may reduce the side effects caused by cytokine release
syndrome, which is often experienced by patients receiving larger infusions of TCR+ T or CAR+ T or cells.

. Potential to avoid lymphodepletion. The addition of our proprietary mbIL15 may enable the administration of TCR- or CAR-expressing
“younger” T cells with an ability to be long-lived after infusion. The ability of TCR or CAR* T cells to signal via mbIL15 increases TCR
or CAR persistence and has the potential to eliminate lymphodepletion as the T cells rely on their own source of this pro-survival cytokine
rather than scavenging endogenous soluble IL-15 from the recipient.

. Local Manufacturing. Our Sleeping Beauty technology enables the potential for a hospital-based manufacturing model in addition to a
centralized manufacturing approach currently being employed by other companies for their CAR* T cell products.
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SLEEPING BEAUTY TCR PROGRAM
Background

Each T cell has a unique alpha/beta TCR and an ability to rapidly increase in numbers when the TCR interrogates a target and detects a threat. A TCR
can recognize cancer cells as a threat as the receptor docks with a specialized set of molecules on the cancer cell surface called the major
histocompatibility complex, or MHC. The MHC reveals the health of a cell based on the loading of peptides (processed protein), which then await
examination by unique TCRs on populations of T cells. Two types of MHC, Class I and Class II, are interrogated by TCRs on T cells. Class I molecules
activate CD8+ T cells which have evolved an ability to be efficient killers. Class II molecules activate CD4+ T cells which help coordinate an efficient
immune response. In each person, there are both many different TCR structures and many different MHC structures. TCRs within each person are
adapted to work with their own MHC structures or alleles. For a T cell to recognize and destroy a tumor cell, the TCR must recognize the foreign
antigen in the context of MHC and then be activated to deepen the engagement to kill the cell. This is different from CARs, which directly recognize
antigens, such as CD19, on the surface of malignant B cells, without the need for presentation by MHC.

Genes in cancer cells can lead to the production of proteins, which are then processed by the cell into protein fragments known as peptides. When these
peptides are presented to T cells by MHC, by either tumor cells or antigen presenting cells, and they result in T cell activation, they are known as
antigens. When these immunogenic peptides are derived from proteins which are in turn expressed from genes that are mutated only in tumor cells (for
example, within the cancer genome and not encoded in the germline), they are known as neoantigens. Tumor cells presenting neoantigens via MHC are
targets for T cells. T cells can recognize and kill neoantigen-presenting cancer cells and effect a positive feedback loop to heighten the immune
response.

The immune system avoids targeting the body’s own healthy cells principally through processes known as immune tolerance by which T cells do not
respond to MHCs containing peptides from normal proteins and therefore avoid targeting healthy cells for destruction. The recognition by the TCR of
peptide presented by the MHC is a vital immune mechanism that allows the body both to respond against foreign threats, including cancer, as well as to
avoid targeting the body’s own healthy cells.

Tumors utilize a variety of strategies to evade and suppress the host immune system. This renders T cells residing within the tumor, referred to as tumor-
infiltrating lymphocytes, or TIL, ineffective and, despite expressing tumor-specific TCRs, unable to recycle their effector functions to eliminate tumor.
To overcome immune suppression, “young” T cells are needed, such as those found in the peripheral blood. However, these circulating T cells do not
typically express tumor-specific TCRs in adequate numbers. We seek to address this problem by genetically modifying peripheral blood-derived T cells
to express TCRs with specificity to tumor-derived antigens, especially neoantigens, and propagating them to sufficient numbers prior to administration.
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The figure below describes how T cell recognition of genetic mutations leads to the killing of tumor cells.
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Neoantigens are encoded by tumor-specific mutated genes that are often unique to each patient. Targeting these neoantigens requires TCRs that are
generated on a patient-by-patient basis. During cancer initiation and progression, tumor cells acquire mutations in naturally-occurring genes that are
responsible for transformation, known as driver mutations. Some of these driver mutations occur in “hotspots” and are a class of mutations shared
between tumor types and between individuals. Since driver mutations can be anticipated, it is possible to prepare TCRs in a library in advance of a

patient’s need.

Other Approaches to Targeting Neoantigens

Several companies are pursuing “public” antigens that are encoded within a patient’s normal germline, such as cancer testes, PRAME, MAGE series,
and NY-ESO-1. Targeting these antigens when they occur in tumors typically enables a library of pre-assembled TCRs to be created as proteins from
these germline targets that can be shared within cancer types between patients. We believe there are several drawbacks to relying solely on this

approach:
. Public antigens are not present in many tumors, which limits their appeal.
. Public antigens are often not homogeneously expressed throughout the tumor because they are typically not driver mutations, which
increases the likelihood that the infused TCR-modified T cells will not deliver a complete response.
. Public antigens are, by definition, also coded within the germline, leading to endogenous TCRs used for cloning and re-expression having

sub-optimal affinity and the native T cell unable to recognize the cancer due to immune tolerance. As a result, ex vivo genetic alteration of
the alpha and beta chains of the TCR is likely required to improve affinity, which increases the likelihood of on-target but off-tissue

toxicity resulting in adverse events.

We believe the superior approach is to genetically modify T cells to target neoantigens present in the cancer genome but not in the germline that are
presented though MHC class I and II, which should increase the number of targets and improve the therapeutic potential of the product. This requires a
“personal” approach to T cell therapy in which the introduced TCRs recognize neoantigens of a patient’s tumor. When targeting unique neoantigens it is

likely that more than one mutated protein will need to be addressed by more than one TCR to
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prevent relapse of tumors that fail to express the targeted neoantigens. Neoantigens that can be shared between patients and thus occur in “hotspots,”
may be driver mutations and, therefore, the cancer cell relies upon their presence rendering it less likely the tumor can escape and thus relapse when T
cells are infused with a single specificity. We believe that neoantigen-targeted therapies will improve patient outcomes, particularly for patients with
solid tumors and we believe we are the only company using non-viral gene transfer to develop TCR+T therapies that target neoantigens through both
classes of MHC.

Our Approach to Targeting Neoantigens

Using our Sleeping Beauty platform, we are developing TCR* T therapies initially to target solid tumors. Our TCR program designs and manufactures T
cells that are intended to target tumor-specific neoantigens, thereby delivering personalized therapy that can attack an individual patient’s cancer. The
Sleeping Beauty system uses DNA plasmids to reprogram T cells to express introduced TCRs on a patient-by-patient basis, which addresses inter-tumor
heterogeneity, and to express more than one TCR for each patient and/or to target driver mutations, which addresses intra-tumor heterogeneity.

The genetic modification using the Sleeping Beauty system of recipient-derived products enables us to target neoantigens in two ways, which we refer to
as our Personalized TCR Approach and as our Library TCR Approach (Figure 1). We believe we are the only company that is using non-viral gene
transfer to develop both personalized TCR+* T therapies and TCR+ T therapies from a library of TCRs derived from third parties. We believe using the
Sleeping Beauty system to scale TCR-T to infuse multiple products per patient and develop a library of TCRs to facilitate the recruitment of patients is a
competitive advantage.

Personalized TCR-T Process Library TCR-T Process

m Sleeping Beauly ta

express TCRs in
T colls from PR

Screening for shared

IND for phase 2 trial is cleared necantigens in
hotipots

TCRs identified that
Larget neaantigens

Selection of TORs
From library

Figure 1: Our two approaches to TCR* T therapies targeting neoantigens. Both approaches use the Sleeping Beauty system to genetically modify T cells
from the patients’ peripheral blood, or PB, to express one or more TCRs. The “Personalized TCR-T Process” (left) is based on the real-time
identification of unique neoantigens and TCRs generated on a patient-by-patient basis. The “Library TCR-T Process” (right) is based on the science
that some tumors share mutations in hotspots and TCRs can be prepared in anticipation of a patient’s need.

Our Personalized TCR Approach

Most neoantigens are unique to each patient’s tumor. We plan to address this uniqueness in our Personalized TCR Approach by infusing TCR+ T cells
expressing recipient-derived TCRs. There are three essential steps in creating a T cell therapy targeting personalized neoantigens:

1. Detecting and prioritizing neoantigens. Detecting a patient’s unique set of neoantigens requires one or more samples of the patient’s
malignant tissue(s) and sampling of normal cells, followed by
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sequencing to reveal a catalog of candidate neoantigens that are found in the tumor cells, but not in normal cells. Bioinformatics can be

used to identify and prioritize the candidate neoantigens that are driver mutations.

2. Detecting and prioritizing TCRs. Only a subset of candidate sequence changes are neoantigens as defined by their ability to stimulate a T
cell response and thus are characterized as immunogenic. Validating targets requires the presentation of candidate neoantigens via MHC
with T cells to be co-cultured with antigen presenting cells to efficiently identify the reactive T cells. One or more of the TCRs from

individual reactive T cells are then sequenced.

3. Manufacturing TCR* T cells. The sequence of one or more TCRs recognizing one or more neoantigens are placed into DNA plasmids as
Sleeping Beauty transposons. These DNA plasmids are inserted into T cells derived from peripheral blood using a process called
electroporation. T cells stably expressing the introduced TCR(s) are then propagated to produce the TCR+ T cells in clinically-sufficient

numbers before they are released for administration into a patient (Figure 2).

The process for the production and infusion of Sleeping Beauty TCR-modified T cells is based on the electro-transfer of DNA plasmids containing
coding for TCR(s) recognizing one or more neoantigens into T cells derived from a patient’s peripheral blood. The TCRs are typically sequenced from
TIL responding to the targeted neoantigens. Following electroporation, the genetically modified T cells are propagated to large numbers using the “rapid
expansion protocol” which is a technology that has been shown by the NCI to generate T cells that can recognize solid tumors. We believe the use of
circulating T cells as the source of effector cells, rather than TIL, will improve the T cell’s ability to kill tumor cells because these circulating

lymphocytes are generally “young” and can proliferate and survive in vivo to sustain anti-tumor effects.
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Figure 2: Overview of process to manufacture clinical-grade Sleeping Beauty TCR-modified T cells. Peripheral blood mononuclear cells, or PBMC, are
obtained by apheresis and “young” T cells therein genetically modified by electroporation using the Sleeping Beauty system to insert TCRs. As needed,
the gene transfer step is repeated to generate T-cell products with more than one specificity. The genetically modified T cells are numerically expanded
using the rapid expansion protocol and then infused in the patient.
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To be successful, genetically modified T cells targeting one or more neoantigens will need to address the fact that (1) among a population of patients, not
all tumors express the targeted neoantigen, referred to as inter-tumor heterogeneity, and (2) within a single patient, not all tumor cells express the
targeted antigen, referred to as intra-tumor heterogeneity. Inter-tumor heterogeneity limits the number of recipients that are eligible to receive a
treatment and intra-tumor heterogeneity creates the risk of antigen-escape variants, increasing the likelihood of cancer relapse. As a result, we believe
companies developing T cell therapies targeting neoantigens must address both inter- and intra-tumor heterogeneity.

Our Library TCR Approach

Our Library TCR Approach is based on the finding that a subset of neoantigens are shared between patients and between classes of tumors. These
neoantigens are referred to as “hotspots” and their presence allows us to administer TCR* T cells expressing TCRs from a library derived from third
parties. The advantage of the Library TCR Approach is that a subset of patients with solid tumors may be rapidly treated based on screening them for
target neoantigens, identifying MHC, and matching these two data sets to the TCRs in the library. Once a match has been identified, the TCR is
introduced into peripheral blood-derived T cells using the Sleeping Beauty system, propagated to large numbers using the “rapid expansion protocol”
and then infused into the patient in the same process employed by our Personalized TCR Approach.

We have in-licensed from the NCI multiple allogeneic TCRs derived from third parties that are reactive to mutated KRAS, TP53 and EGFR in hotspots
and we plan to expand our TCR library as part of our commitment to advance clinical development for the treatment of patients whose solid tumors
have driver mutations. These TCRs are typically obtained from TILs. Recent data published online in Clinical Cancer Research showed that TP53
mutation-reactive T cells circulating in peripheral blood are a source of neoantigen-specific TCRs for adoptive cell therapy.

Clinical Development of TCR Program

We believe that a non-viral platform represents the only commercially feasible way of manufacturing neoantigen therapies due to the obstacles presented
by inter-tumor heterogeneity and intra-tumor heterogeneity. In 2017, we entered into a Cooperative Research and Development Agreement, or CRADA,
with the NCI for the development of adoptive cell transfer-based immunotherapies to treat solid tumors under the direction of Steven A. Rosenberg,
M.D., Ph.D., Chief of the Surgery Branch at the NCI. Under our CRADA, the NCI will perform clinical evaluations of Sleeping Beauty-engineered T
cells to express TCRs that are typically reactive against unique neoantigens to mediate cancer regression in patients with refractory solid tumors for
several tumor types, including gastrointestinal and genitourinary, breast, ovarian, non-small cell lung cancer and glioblastoma. We anticipate that
patients will receive populations of T cells genetically modified to express more than one TCR so that more than one neoantigen can be targeted in the
patient. We expect infusing multiple TCRs per patient will reduce the probability of leaving some cancer cells unaddressed, lowering the risk of cancer
relapse. The primary objective of the clinical trial is to evaluate tumor response rate with secondary objective to evaluate the safety and tolerability of
the therapy. The FDA has cleared the IND application submitted by the NCI for this clinical trial and the trial was initiated in early October. We expect
the NCI to begin treating patients in the first half of 2020.

We are also planning a clinical program to study our TCR approach with MD Anderson. We are engaging with the FDA regarding the trial design for
this program that will evaluate both our Personalized TCR Approach and our Library TCR Approach.

Solid Tumor Malignancy Prevalence

Cancer is the second most common cause of death in the United States, accounting for nearly one of every four deaths. Approximately 1,762,450 new
cancer cases were expected to be diagnosed, and 606,880 cancer deaths expected to occur, in the United States in 2019 according to the American
Cancer Society. Of these, the majority were caused by solid tumors. Invasive cancer, such as malignancies of epithelial tissue represent 80% to 90% of
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all cancer cases according to the Surveillance, Epidemiology, and End Results Program of the National Cancer Institute. These diseases include
colorectal, lung, ovarian, skin, bladder, head and neck cancers, among others.

CONTROLLED IL-12 PLATFORM TECHNOLOGY
Background

Ad-RTS-hIL-12 plus veledimex is our gene delivery system to regulate production of IL-12, a
potent, naturally occurring anti-cancer protein which functions as a master regulator of the Ad-RTS-hIL-12
immune system. We control the generation of recombinant IL-12 using a replication-

. . . . . R . . . An adenoviral vector administered via a
incompetent adenoviral, or Ad, vector administered via a single injection of virus into the brain

single injection into the tumor and

tumor and engineered to conditionally express human IL-12, or hIL-12 (Figure 3). The enginesred to express and contral hil-12
conditional expression of hIL-12 is modulated with the RheoSwitch Therapeutic by the oral activator ligand, veledimes:.
System® (RTS®) by the small molecule veledimex, an activator ligand orally administered that IL-12 is a powerful cytokine that stimulates

. . a targeted, immune anti-tumor response,
has been shown to cross the blood-brain barrier. i

In this way, Ad-RTS-hIL-12 is administered within the tumor under the control of the RTS
“switch”. Activation of the switch, and therefore conditional gene expression and

subsequent IL-12 protein production, is tightly controlled by the activator ligand, veledimex,
delivered to the patient as a daily oral capsule, typically over 14 days. When veledimex is
administered to a patient, the switch is turned “on” and IL-12 is produced; when veledimex is
withdrawn, the switch is turned “off” and production of recombinant IL-12 ceases. The amount
of IL-12 produced is proportional to the dosing of veledimex which further enhances control of
this cytokine. We believe the ability regulate production of IL-12 after administration of the
virus is critical for the development of this potent cytokine.

Figure 3: Schematic of the vector system to
conditionally express IL-12 after intra-tumor
injection of replication incompetent adenovirus and
oral administration of veledimex capsule that
activates transcription via the RTS.

The recombinant IL.-12 has been shown to be biologically active as, for example, it can stimulate production of the body’s own interferon-gamma, or
IFN-g. IL-12 is a potent pro-inflammatory cytokine capable of reversing immune escape mechanisms and improving the function of tumor fighting
natural killer, or NK, cells and T cells.

Controlled IL-12 has been shown to biologically turn “cold tumors hot.” In our clinical trials, we have seen deep and sustained infiltration of activated T
cells (i.e., “hot” tumors) where previously there had been very little T cell infiltration (i.e., “cold” tumors). Data from repeat biopsies obtained four to six
months following administration of Ad-RTS-hIL-12 plus veledimex has shown an increased and sustained infiltration of activated T cells producing
IFN-g within the brain-tumor lesion as reported in Science Translation Medicine. Data from our Phase 1 monotherapy clinical trial provided compelling
evidence from biopsies, taken more than four months after administration of Ad-RTS-hIL-12 plus veledimex, demonstrating that

Controlled IL-12 causes a sustained influx of activated killer (CD8+) T cells into brain tumors. These data also show upregulated expression

of PD-1/PDL-1 biomarkers, suggesting that the combination of Ad-RTS-hIL-12 plus veledimex with an immune checkpoint inhibitor, such as

targeting PD-1, may improve patient outcomes.
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Clinical Development of Controlled IL-12

We have tested Ad-RTS-IL-12 plus veledimex in several Phase 1 and 2 clinical trials for the treatment of patients with metastatic melanoma, breast
cancer and brain cancer. We have focused much of our efforts in developing Ad-RTS-IL-12 plus veledimex, as both a monotherapy and in combination
with immune checkpoint inhibitors, for adults and children with recurrent brain tumors. We believe Controlled IL-12 may have broad applicability
potentially across many tumor times and we expect to initiate clinical trials of Ad-RTS-IL-12 plus veledimex in additional oncology indications as a
monotherapy and, potentially, in combination with checkpoint inhibitors.

Monotherapy: Clinical Development Ad-RTS-IL-12 plus Veledimex for Adult rGBM

We previously conducted a Phase 1 clinical trial of patients with rGBM, referred to as the Main Study, in patients with rGBM. The primary objective of
the trial is to determine the safety and tolerability of a single intra-tumoral Ad-RTS-hIL-12 injection activated upon dosing with oral veledimex.
Secondary objectives are to determine the maximum tolerated dose, the immune responses elicited, and assessment of biologic response.

A subset of patients in the Main Study (n=6) with unifocal disease who received single administration of Ad-RTS-hIL-12 with 20 mg daily dosing (15
total planned doses) of veledimex along with low-dose steroids, achieved 17.8 months median overall survival, or mOS. Based on this result, we
initiated a substudy, referred to as the Expansion Substudy, designed to encourage use of low-dose steroids and 20 mg veledimex to further understand
the potential of Controlled IL-12 as a monotherapy.

Thirty-six additional patients with rGBM were recruited into the Expansion Substudy and at the 2019 Society for Neuro-Oncology, or SNO, Annual
Meeting, we announced the following interim results from the Expansion Substudy:

. We observed a decrease in tumor from baseline resulted in a patient’s lesion being too small to measure, assessed as a partial response (per
iRANO), with follow up ongoing.

. We provided an analysis of MRI findings of pseudoprogression in subjects with initial increases and subsequent decreases in tumor size,
which was consistent with immune-mediated anti-tumor effects.

. We observed that subjects in the Expansion Substudy were comparable to the subjects in the Main Study, except a higher percentage of
subjects enrolled in the Expansion Substudy had multifocal disease (as compared with unifocal disease) and fewer previous recurrences of
disease.

. Subjects receiving 20 mg of veledimex in both the Main Study and Expansion Substudy (n=20) with unifocal disease at entry, receiving

low-dose steroids (defined as <20 mg cumulative dosing of dexamethasone during the time of veledimex dosing) had a mOS of 16.2
months. The mOS for these subjects in the Expansion Substudy alone (n=14) had not been reached at a mean follow up of 9.7 months.

. We observed subjects with multifocal disease at initial enrollment that received 20mg of veledimex and low-dose steroids (n=13) had a
mOS of 10.1 months. We believe this is consistent with literature, which shows that multifocal glioblastoma is associated with worse
prognosis compared to unifocal disease.

. Adverse reactions that we observed in the Expansion Substudy as of the data cut-off date were consistent with prior studies of Controlled
IL-12 and were predictable, dose-related, and promptly reversible upon discontinuation of veledimex.

. Drug-related toxicities we observed as of the data cut-off date were comparable to the Main Study, and were predictable, dose-related, and
promptly reversible upon discontinuation of veledimex. There were no drug-related deaths reported.
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Interim Results from Expansion Substudy Presented at 2019 SNO Annual Meeting
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Combination Therapy

We have completed enrollment in a Phase 1 clinical trial to evaluate Ad-RTS-hIL-12 plus veledimex in combination with Bristol-Myers Squibb
Company’s OPDIVO® (nivolumab), an immune checkpoint inhibitor, or PD-1 inhibitor, in adult patients with rtGBM. This trial was initiated in 2018
and is exploring the potentially synergistic effect of this combination in 21 patients, which have been enrolled. This multi-center, open-label, single-arm
trial is being conducted at four sites. Patients with tGBM scheduled for resection who had not been treated previously with inhibitors of immune-
checkpoint pathways received Ad-RTS-hIL-12 intratumorally at the time of surgical resection plus a dose of veledimex (10 or 20mg), daily for 14 days.
Patients receive nivolumab intravenously (1 or 3 mg/kg) every two weeks until documented progression or withdrawal from the clinical trial and an
expansion cohort at the full dose of 20 mg veledimex and 3mg/kg of nivolumab was included. We provided an interim update for this trial at the 2019
SNO Annual Meeting where we announced that:

. We observed a decrease of approximately 64% in a patient’s tumor from baseline resulting in a partial response (per iRANO), with follow
up ongoing.

. We provided an analysis of MRI findings of pseudoprogression in subjects, which was consistent with immune-mediated anti-tumor
effects.

. Active dosing is ongoing in the trial and mOS had not been reached, with a mean follow up for these subjects of 4.8 months.

. No dose limiting toxicities, no serious adverse events that were considered related to the combination with nivolumab and no clinically
significant overlapping toxicities had been observed in the trial as of the data cut-off date.

In November 2018, we announced a clinical supply agreement with Regeneron to evaluate Ad-RTS-hIL-12 plus veledimex in combination with
Regeneron’s PD-1 antibody Libtayo® (cemiplimab-rwlc) to treat patients with rGBM. Libtayo has been approved in the United States for the treatment
of patients with metastatic cutaneous squamous cell carcinoma, or CSCC, or locally advanced CSCC who are not candidates for curative surgery or
curative radiation. We are currently enrolling subjects in a Phase 2 clinical trial of Ad-RTS-hIL-12 plus veledimex in combination with Libtayo. This
multi-center, open-label, single-arm trial will be conducted at approximately 10 hospitals and will enroll approximately 36 patients with rGBM, with the
primary endpoints being safety and efficacy. Patients with rtGBM scheduled for resection who have not been treated previously with inhibitors of
immune-checkpoint pathways will receive Ad-RTS-hIL-12 intratumorally at the time of surgical resection plus a dose of veledimex (20mg), daily for 14
days. Patients will receive cemiplimab intravenously (350 mg) every three weeks until documented progression or withdrawal from the clinical trial.
Under the terms of our agreement with Regeneron, we will be responsible for the conduct and costs of the clinical trial, and Regeneron will supply
Libtayo for the trial.

Expansion of Controlled IL-12 Program

In our clinical trials, we have observed that Controlled IL-12 increases T cell activity in the tumor microenvironment including the compelling mOS of
patients with rtGBM with unifocal disease at entry, the decrease in a patient’s tumor from baseline (after pseudo-progression), and the increased
infiltration of T cells consistent with pseudo-progression. These data suggest that our Controlled IL-12 may be effective in other tumor types as both a
monotherapy and in combination with immune checkpoint inhibitors. We expect to evaluate
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Controlled IL-12 in multiple tumor types in smaller clinical trials. The first such clinical trial is a Phase 1 clinical trial of Ad-RTS-hIL-12 plus veledimex
for the treatment of glioma in the pontine region of the brain, known as diffuse intrinsic pontine glioma, or DIPG.

Glioblastoma Prevalence

We are currently developing Controlled IL-12 to treat patients with rtGBM. Glioblastoma is an aggressive primary brain tumor affecting approximately
74,000 people worldwide each year; it is a fast-growing, aggressive type of central nervous system tumor, with an estimated 12,760 new adult cases
predicted in the United States for 2018 according to the American Brain Tumor Association. Recurrence rates for this type of cancer are near 90 percent,
and prognosis for adult patients is poor with treatment often combining multiple approaches including surgery, radiation and chemotherapy.

Recurrent glioblastoma is an aggressive cancer with one of the lowest 3-year survival rates, at 3%, among all cancers. For patients who have
experienced multiple recurrences, the prognosis is particularly poor, with an OS of six to seven months, while overall survival in patients who have
failed temozolomide and bevacizumab, or equivalent salvage chemotherapy, is approximately three to five months.

In children, the incidence of brain cancer is approximately 4.84 per 100,000, according to the NCI. DIPG accounts for approximately 15 percent of all
cases of pediatric brain tumors, with a median survival time of less than one year. Because of where these tumors are situated, DIPG is inaccessible to
surgery and there are no known curative options.

SLEEPING BEAUTY CAR* T PROGRAM
Background

We are developing CAR* T cell therapies targeting CD19 for hematologic malignancies using our Sleeping Beauty platform. Our CAR* T program is
focused on (1) shortening the time the patient must wait for treatment with engineered T cells, (2) increasing the access of hospitals to deliver, and
patients to receive, this therapy, and (3) providing safe and efficacious T cell therapies to patients.

CARs are engineered molecules that, when present on the surface of a T cell, enable the T cell to directly recognize specific proteins or antigens that are
present on the surface of other cells. CAR* T cell therapies are manufactured individually for the recipient’s use by modifying T cells outside the body,
causing the T cells to stably express CARs. Our CAR+ T program is focused on CD19, which is a protein expressed on the cell surface of B cells and a
validated target for B cell driven hematological malignancies.

Two autologous anti-CD19 CAR* T cell therapies have been approved by the FDA for the treatment of relapsed/refractory (R/R) B-cell precursor acute
lymphoblastic leukemia (Kymriah®) and R/R large B-cell lymphoma (Kymriah® and Yescarta®). These approaches have been successful in helping
patients fight cancer, in particular CD19-positive cancers, resulting in significant remission rates. However, we believe the viral manufacturing
approaches used to manufacture these therapies will limit their commercial success.

We believe our Sleeping Beauty CAR* T therapy will offer distinct advantages to the approach used by other CAR-T cell companies. In particular, the
ability of the DNA plasmids from the Sleeping Beauty system to integrate into resting T cells, coupled with expression of mbIL15 and CAR, will enable
infused T cells to propagate within the patient to target leukemias and lymphoma, thereby avoiding the need to numerically expand T cells for weeks in
bioreactors before administration. The reduced cost associated with using DNA plasmids, instead of virus and avoiding lengthy ex vivo manufacturing,
and the flexibility to insert industry leading CAR technology in a “cassette” based approach, provides a solution to the cost and complexity of the
current approach to manufacturing CAR+ T cells.
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Clinical Development of CAR+ T

In the preclinical setting, the time to manufacture and administer third-generation Sleeping Beauty-modified CAR* T cells co-expressing mbIL15 has
been reduced to two days or less from gene transfer. This very rapid manufacturing process may deliver genetically modified T cells with superior
therapeutic potential in vivo. Preclinical studies of our third-generation Sleeping Beauty CAR* T cells, presented at the 2017 Annual Meeting of ASH,
demonstrated that a single dose of T cells co-expressing a CD19-specific CAR, mbIL15, and kill switch resulted in sustained in vivo persistence that
produced potent anti-tumor effects and superior leukemia-free survival in mice. We are advancing our CAR* T technology in the United States in
collaboration with MD Anderson in a Phase 1 clinical trial in the United States infusing CD19-specific CAR* T therapies manufactured using our RPM
technology. In this trial, we plan to infuse donor-derived T cells after allogeneic BMT for recipients who have relapsed with CD19+ leukemias and
lymphomas. We announced the FDA cleared the IND application submitted by MD Anderson for this clinical trial in early October and we expect MD
Anderson to initiate the trial in the first half of 2020.

This trial will build upon the results seen in our second generation CAR* T clinical trial, which employed a revised CAR design and shortened
manufacturing process advancement, with culturing times as short as two weeks. This clinical trial enrolled 26 patients with advanced lymphoid
malignancies at MD Anderson. A summary of this trial was presented by Dr. Partow Kebriaei of MD Anderson in a presentation at the 2017 Annual
Meeting of ASH in December 2017. Interim data from the trial demonstrated that autologous T cells infused after lymphodepleting chemotherapy could
be detected and exhibited anti-tumor effects and had an encouraging safety profile in patients with relapsed/refractory CD19+ malignancies. Complete
responses at one month were reported in four of eight patients with either ALL (n=5), chronic lymphocytic leukemia (n=1), or diffuse large B-cell
lymphoma (n=2), with two morphologic complete responses at three months. Follow-up blood tests demonstrated sustained persistence of infused T
cells and targeting of malignant and normal B cells. A letter published in Blood, the journal of the American Society of Hematology, discussed long-
term outcomes of seven patients with relapsed or refractory B-cell lymphoid malignancies that received first generation CD19-specific CAR-T cells
infused after autologous hematopoietic stem-cell transplantation (HSCT). The letter reported that four of the seven patients demonstrated sustained
persistence of CAR* T (median time of persistence duration was 4.5 years, range 2-5 years) and that five-year progression-free survival and overall
survival were 71% and 86%, respectively. There were no dose limiting toxicities with only grade 1 or 2 adverse events being reported.

Joint Venture with Eden BioCell Limited

In conjunction with TriArm Therapeutics, Ltd., or TriArm, we have launched Eden BioCell to lead clinical development and commercialization

of Sleeping Beauty-generated CAR-T therapies in the People’s Republic of China (including Macau and Hong Kong), Taiwan and Korea. Eden BioCell
is focused on advancing our RPM technology using patient-derived (autologous) T cells in order to treat patients with relapsed or refractory CD19+
leukemias and lymphomas. TriArm is a privately-owned cell therapy company with operations in Germany, China and the United States that was formed
by Panacea Venture Healthcare, a fund co-founded and managed by James Huang, Managing Partner of Kleiner Perkins Caufield & Byers China.

We licensed the rights to Eden BioCell for our third-generation Sleeping Beauty-generated CAR-T therapies targeting the CD19 antigen. Eden BioCell is
owned equally by us and TriArm and the parties share decision-making authority. TriArm has committed up to $35.0 million to this joint venture and
will manage all clinical development to execute trials in the territory.

Hematologic Tumor Malignancy Prevalence

According to the Leukemia and Lymphoma Society, an estimated 176,200 people are expected to be diagnosed with leukemia, lymphoma, or myeloma
in 2019. New diagnoses for such hematologic malignancies in the United States represented approximately 10% of the new cancer cases in the United
States in 2019.
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License Agreements, Intellectual Property and Other Agreements

Our goal is to obtain, maintain, and enforce patent protection for our products, formulations, processes, methods, and other proprietary technologies to
preserve our trade secrets and other confidential information and to operate without infringing the proprietary rights of other parties. Our policy is to
actively seek the broadest possible intellectual property protection for our product candidates through a combination of contractual arrangements and
patents, both in the United States and abroad.

Exclusive License Agreement with PGEN Therapeutics

On October 5, 2018, we entered into an exclusive license agreement, or the License Agreement, with PGEN Therapeutics, or PGEN, a wholly owned
subsidiary of Precigen Inc., or Precigen, which was formerly known as Intrexon Corporation. As between us and PGEN, the terms of the License
Agreement replace and supersede the terms of: (a) that certain Exclusive Channel Partner Agreement by and between us and Precigen, dated January 6,
2011, as amended by the First Amendment to Exclusive Channel Partner Agreement effective September 13, 2011, the Second Amendment to the
Exclusive Channel Partner Agreement effective March 27, 2015, and the Third Amendment to Exclusive Channel Partner Agreement effective June 29,
2016, which was subsequently assigned by Precigen to PGEN; (b) certain rights and obligations pursuant to that certain License and Collaboration
Agreement effective March 27, 2015 between us, Precigen and ARES TRADING Trading S.A., or Ares Trading, a subsidiary of Merck KGaA, or
Merck, as assigned by Precigen to PGEN, or the Ares Trading Agreement; (c) that certain License Agreement between us, Precigen, and MD Anderson,
with an effective date of January 13, 2015, or the MD Anderson License, which was subsequently assigned by Precigen and assumed by PGEN effective
as of January 1, 2018; and (d) that certain Research and Development Agreement between us, Precigen and MD Anderson with an effective date of
August 17, 2015, or the Research and Development Agreement, and any amendments or statements of work thereto.

Pursuant to the terms of the License Agreement, we have exclusive, worldwide rights to research, develop and commercialize (i) products utilizing
Precigen’s RheoSwitch® gene switch, or RTS, for the treatment of cancer, referred to as IL-12 Products, (ii) CAR products directed to (A) CD19 for the
treatment of cancer, referred to as CD19 Products, and (B) a second target for the treatment of cancer, subject to the rights of Merck to pursue such
target under the Ares Trading Agreement