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IMMUNE CHECKPOINT INHIBITORS AND CYTOTOXIC T CELLS FOR THE
TREATMENT OF CANCER

RELATED APPLICATIONS
This appheation claims the benefit of priority to U5, Provisional Patent Apphcation
serial muraber 62/341,402, filed May 25, 2016, bereby mcorporated by reference in Hs

entirety.

BACKGROUND

MNasopharyngeal carcinoma 18 a type of head and neck cancer that begins in the
nasopharynx. Recently, there s emerging evidence to show that exposure to Epstein Barr
virps (EBV)} can contribute to the pathology of nasopharyngeal carcinoma. Epstein-Barr
virus assoctated nasopharyngeal carcinoma (NPC) 1s endemic 1n regions of South-East Asia,
with mcidence as high as 23-50 cases per 100,000 people in southern China. While current
standard therapy is often curative for a subset with stage I or I discase, a high proportion of
patients relapse and many patients are still imtially diagnosed with advanced stage {il or IV
disease, where overall S-vear survival 1s significantly reduced. Thus, there exasts a need 1o

develop improved therapies for NPC,

SUMMARY
In certain aspects, provided herein are methods of treating cancer {e.g., NPC)ina

subject by administering {e.g., conjointly) an inunune checkpoint mhibitor and a
composition comprising cviotoxic T cells (CTLs) expressing a T cell receptor specific fora
cancer-associated peptide presented on a clags | MHC.

In some embodiments, the immune checkpoint inhibitor 1s a protein or polypeptide
{e.g., an antibody or antigen-binding fragment thereof) that binds to an tmmune checkpoint
protein, such as CTLA4, PD-1, PD-L1, PD-L2, A2AR, B7-H3, B7-H4, BTLA, KIR, LAG-3,
TIM-3, ID0, TDO, and VISTA. In some embodiments, the immune checkpoint protein is
CTLA4, PD-1, PB-L1, TIM-3 or LAG-3. In some embodiments, the immung checkpoint
mhibitor binds to the immune checkpoint protein such that it inhibits its activity. In some
embodiments, the mnmune checkpoint inhibitor inhibits the interaction between the tmmune
checkpoint protein and an associated receptor/ligand. In some embodiments, the immune

checkpoint inhibitor is nivolumab, pembrolizumab, pidilizumab, AMP-224, AMP-514, 5TI-
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A1110, TSR-042, RG-7446, BMS-936559, BMS-936558, MK-3475, CT 01 1, MPDL3280A,
MEDI-4736, MSB-0020718C, AUR-012 and 5TI-A1010.

In some embodiments, the cytotoxic T cells in the composition can be specific for
any cancer-associated peptide presented on a class I MHC (e.g, a cancer associated peptide
expressed by a tumor and/or cancer cells in the sobject). In some embodiments, the cancer-
associated peptide is a viral peptide. In some embodiments {e.g., when the subject has EBV-
associated NPC or another EBV-associated cancer), the viral peptide 18 an EBVY peptide. In
some embodiments, the EBV peptide comprises a LMP1 peptide, a LMP2A peptide, and/or
an EBNAI peptide.

In some embodiments, the CTLs are allogeneic to the subject (e.g., obtained from a
cell bank). In some embodiments, the CTLs are autologous to the subject. The CTLs and the
mmune checkpoint inhibitor may be co-admimistered or admimstered sequentially. In some
embodiments, the method further comprises administering to the subject a chemotherapeutic
agent.

In some aspects, provided herein are methods of treating cancer {¢. g nasopharyngeal
carcinoma} in a subject, comprising generating peptide-specific CTLs by incubating a
sample comprising UTLs and antigen-presenting ccls (APCs) that present a CMV peptide,
thereby inducing proliferation peptide-specific CThs in the sample, and administering the
peptide-specific CTLs to the subject n combmation with an immune checkpoint inhabitor
described herein. In some embodiments, the APCs are made to present the EBV peptide by
incubating them with a nucleic acid construct {e.g., AdEI-LMPpoly} encoding for the EBV
peptide, thereby inducing the APCs to present the EBV peptide. In some embodiments, the
APCs may be B cells, antigen-presenting T cells, dendritic cells, or artificial antigen-
presenting cells {e.g., a cell line expressing CD80, CD83, 41BB-L and/or CD36, such as
aK562 cells). In some embodiments, the EBV peptide comprises a LMP1 peptide ora
fragment thereof, a LMP2ZA peptide or fragment thereof, and/or an EBNAT peptide or
fragment thereof. In some embodiments, the EBV peptide comprises a sequence histed in
Table 1. In some embodiments, one or more immune checkpoint inhibitors are administered.
The imunune checkpoint inhibitors may be administered by any technigue known in the art.
In some embodiments, the timmune checkpoint inhibitor 1s admimistered intratumorally. In
some cmbodiments, the sample comprises one or more cytokines or peripheral blood

mononuclear cells (PBMCs).
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 has two panels showing the expression of immuine checkpoint molecules
(i.e., LAG-3, TIM-3, UTLA4, or PD-1}. Pancl A depicts percentage of HLA-multimer
positive CD8-positive lymphocyies that express PD-1, TIM-3, LAG-3 and CTLA-4. Pancl B
depicts the percentage of PD-1 positive, TIM-3 positive, LAG-3 positive and CTLA-4
positive tvmphocytes i the CTL immunotherapy administered in NPC patients with
no/minimal residual disease (N/MRIY) and active-recurrent/metastatic discase {ARMD) who
cither showed stable disease (5D} or progressive disease (PD) following adoptive T cell

therapy.

DETAILED BESCRIPTION
General

In certain aspects, provided herein arc methods to treat cancer in a subject using a
combination therapy that mcludes administration, e.g., conjoint adminisiration, of one or
more immune checkpoint inhibitors combined with cytotoxie T cell (CTL) immunotherapy.
In some embodiments, the cancer is EBV-associated NPC and the C'TLs administered to the
subject express a'T coll receptor that has binding specificity for a peptide expressing and
EBY epitope presented on a class | MHC.
Definitions

For convenience, certain terms emploved 1o the specification, examples, and
appended claims are collected here.
The articles "¢ and “an” are used heremn {o refer (o one or to more than one {i.e., 1o af least
ong} of the grammatical object of the article. By way of example, “an clement” means one
element or more than one element.
As used herein, the term “administering” means providing a pharmaceutical agent or
composition to a subject, and includes, but is not limited to, administering by a medical
professional and seif-adounistering. Such an agent can contain, for example, peptide
described herem, an antigen presenting cell provided herein and/or a CTL provided herein.

B2l

The term “biviegical sample.” “tissue sample,” or stmply “sample” each refers to a
collection of cells obtained from a tissue of a subject. The source of the tissue sample may be
solid tissue, as from a fresh, frozen and/or preserved organ, tissue sample, biopsy, or

aspirate; blood or any blood constituents, serum, blood; bodily fluids such as cerebral spinal
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fluid, amniotic fluid, peritoneal fluid or imterstial fluid, urine, saliva, stool, tears; or cells
from any time in gestation or development of the subject.

The term “binding” or “interacting” refers to an association, which may be a stable
association, between two molecules, e.g., between a T cell receptor (TCR) and a
peptide/MHC, due to, for example, electrostatic, hvdrophobic, tonic and/or hydrogen-bond
interactions under physiological conditions.

As used herein, the term “cancer” includes, but is not limited to, solid tumors and
blood bome tumors. The term cancer imcludes discases of the skin, tissues, organs, bone,
cartilage, blood and vessels. The term “cancer” further encompasses primary and metastatic
Caneors.

The term “epitope” means a protein determinant capable of specific binding to an
antibody . Epitopes usually consist of chemically active surface groupings of molecules such
as amino acids or sugar side chains. Certain epitopes can be defined by a particular sequence
of amino acids to which a T cell receptor or antibody s capable of binding,.

As used herein, the phrase “pharmaceutically acceprable” refers 1o those agents, compounds,
matenals, compositions, and/or dosage forms which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or other problem or complication,
commensuratc with a reasonable benefit/risk ratio.

As used herein, the phrase “pharmaceunticallv-acceptable carvier” means a
pharmaceuticallv-acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, or solvent encapsulating matenal, involved in carrving or transporting an
agent from ong organ, or portion of the body, to another organ, or portion of the body. Each
carricr must be "acceptable” in the sense of being compatible with the other ingredients of
the formulation and vot injurious to the patient. Some examples of materials which can serve
as pharmaceutically-acceptable carriers mclude: (1) sugars, such as lactose, glucose and
sucrese; (2} starches, such as corn starch and potato starch; (3) cellulose, and its denvatives,
such as sodium carboxymethyl cellulose, ethyl cellidose and cellulose acetate; (4) powderad
tragacanth; (5 malt; (6) gelatin; (7} talc; (8) excipients, such as cocoa butter and suppository
waxes; {9 oils, such as peanut 01l, cottonseed o1, safflower ¢il, sesame oil, ohive oil, corn oil
and sovbean oil; (10) glycols, sach as propylene ghyveol; (11) polvels, such as glycerin,
sorbitol, mannitol and polvethylene glycol; (12) esters, such as othyl oleate and cthyl laurate;
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{(13) agar; (14) buttering agents, such as magnesium hydroxide and aluminum hvdroxade;
(15) alginic acid; (16} pyvrogen-free water; (17} isotonic saling; (18) Ringer's sohution; (19}
gthyl alcohol; (20) pH buffered solutions; (21) polyesters, polycarbonates and/or
polvanhydrides; and (22) other non-toxic compatible substances employed in pharmaceutical
formulations.

As used herein, a therapeutic that "prevenss” a condition refers to a compound that,
when administered to a statistical sample prior to the onset of the disorder or condition,
reduces the occurrence of the disorder or condition m the treated sample relative to an
untreated control sample, or delays the onset or reduces the severity of one or more
symptoms of the disorder or condition relative to the untreated control sample.

As used herein, the term “subject” means a huraan or non-human animal selected for
treatment or therapy.

The phrases "therapeuticallv-effective amount” and “effective amouns” as used herein
means the amount of an agent which is effective for producing the desired therapeutic effect
in at least a sub-population of ceils in a subject at a reasonable benefit/risk ratio applicable to
any medical treatment.

“Treating” a discase in a sebject or “freafing” a subject having a disease refers to
subjecting the subject to a pharmaceutical treatment, ¢. g, the admuistration of a drug, such
that at least one symptom of the disease is decreased or prevented from worsening.

As used herein, the term “conjoint admimistration” means administration of two or
more agents to a subject of interest as part of a single therapeutic regimen. The
adnunistration{s} can be either simultancous or sequential, 1.¢., administering one agent
followed by admmistering of a sccond {(and/or a third one, etc.) at a later time, as long as the
agents administered co-exist in the subject being treated, or at least one agent will have the
opportunity to act upon the same target tissues of other agents while said target tissucs are
stifl under the influence of said other agents. In a certain embodiment, agents to be
administered can be incladed n a single pharmaceutical composition and admimstered
together. In a certain embodiment, the agents are administered simultancously, including
through separate routes. In a certain embodiment, one or more agents are adovnistered
continpously, while other agents are administered only at predetermined mntervals (such as a
single large dosage, or twice a week at smaller dosages, etc.}.

Immune Checkpount Inhibitors

Wn
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In certain aspects, provided herein are methods related to treating cancer (2. 2.,
nasopharyngeal carcinoma) in a subject by adounistering to the subiect a combination
therapy, the combination therapy comprising administering to the subject both an immune
checkpoint mhibitor and a composition comprising cytotoxic T cells (CTLs) expressinga T
cell receptor specific for a cancer-associated peptide presented on a class I MHC.

The immune checkpoint inhibitor and C'TL composition can be administered together
ot separately. They can be administered stmultancously or sequentially. When sequentially
administered, in some embodiments the immumne checkpoint inhibitor will be admunistered
before the CTL composition {e.g., atfeast 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
17, 18, 19,20, 21, 22, 23 or 24 hours before, at least 1,2, 3.4, 5,6, 7.8, 9,10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 days before). When
sequentially administered, m some embodiments the CTL composition will be administered
before the immune checkpoint mhibitor (e g, atleast 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13,
4, 15,16, 17,18, 19, 20, 21, 22, 23 or 24 hours before, atleast |, 2, 3,4, 5,6,7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,23, 24, 25, 26, 27, 28, 29 or 30 days before}.

Immune checkpoint inhibition broadly refers to inhibiting the biological pathwavs
that serve as checkpoints to prevent or downregulate an immune response. Such pathways
arc ofien used bv cancer cells 1o avoid an anti-tumor imuune response. In certain
embodiments, the method includes administering to the subject one or more immune
checkpoint mhibitors that target immune checkpoint proteins. Immmuane checkpoint proteins
include, but are not limited to, CTLA4, PD-1, PD-L1, PD-L2, A2AR, B7-H3, B7-H4,
BTLA, KIR, LAG-3, TIM-3, IDG, TDO, and VISTA. In some embodiments, one or more
tmmune checkpoint inhibitor may target one or more imnume checkpoint proteins.

In some embodiments, the immune chockpotnt inhibitor is a protein, such as a soluble
fusion protein. fn some embodiments, such a protein comprises a receptor/iigand binding
domain {e.g., an extracellular domain) of CTLA4, PD-1, PD-L1, PD-L2, AZAR, B7-H3, B7-
H4, BTLA, KIR, LAG-3, TIM-3, IDO, TDO, or VISTA. In some embodiments, the
receptor/ligand binding domain is fused to an immunoglobulin Fo domain. Such a fusion
protein can be produced by standard recombinant DNA technigues. For example, DNA
fragments coding for the different peptide sequences are ligated together in-frame in
accordance with conventional technigues, for example by emploving blunt-ended or stagger-
ended termini for ligation, restriction enzvme digestion 1o provide for appropriate termini,

5
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filling-1n of cohesive ends as appropriate, alkaline phosphatase treatment to avoid
undesirable joming, and enzymatic ligation. In another embodiment, the fusion gene can be
syathesized by conventional techniques including automated DNA gynthesizers.
Altemnatively, PCR amplification of gene fragments can be carvied out using anchor primers
which give rise to complementary overhangs between two consecutive gene fragments which
can subsequently be anncaled and re-amplified to generate a chimeric gene sequence {sge,
for example, Current Protocols in Molecular Biology, Ausubel et al,, eds., John Wiley &
Sons: 1992}, Moreover, many expression vectors are conunercially available that already
encode a fusion moiety.

In certain embodiments, the mmmune checkpoint inhibitor is an antibody or antigen-
binding fragment thereof that binds to and inhibits an immune checkpoint protein (2.2,
CTLA4, PD-1, PD-L1, PD-L2, AZAR, B7-H3, B7-H4, BTLA, KIR, LAG-3, TIM-3, IDQ,
TR0, or VISTA). As used herein, the term “antibody” may refer to both an intact antibody
and an antigen binding fragment thercof. The ter “anttbody” mncludes, for example,
monoclonal antibodics, polvclonal antibodies, chimenic antibodies, humanized antibodies,
human antibodies, multispecific antibodies {e.g., bispecific antibodies), single-chain
antibodies and antigen-binding antibody fragments. An antigen-binding fragment of an
antibody refers to one or more fragments of an antibody that retain the ability to bind to an
antigen. Examples of binding fragments mclade Fab, Fab', F(abh, Fv, scFv, disulfide linked
Fv, Fd, diabodies, single-chain antibodies, camelid antibodies, 1solated CDRH3, and other
antibody fragments that retam at least a portion of the variable region of an tact antibody.
Such antibody fragments can be obtained using conventional recombinant and/or enzvmatic
techniques and can be screened for antigen-binding in the same manner as intact antibodies.

In some embodiments, the immaune checkpoint inhibitor 1s an inhibitory nucleic acid
{e.g., an siRNA molecule, an shRNA molecule, an antisense RNA) that specifically binds to
an mRNA that encodes an immune checkpoint inhibitor {e.g, CTLA4, PD-1, PD-L1, PD-L2,
AZAR, B7-H3, B7-H4, BTLA, KIR, LAG-3, TIM-3, IDO, TDO, or VISTA). Inhibitory
nucleic acid molecules can be prepared by chemical svnthesis, 10 vitro transcription, or
digestion of long dsRNA by Runase 1 or Dicer. Inhibttory nucleic acid molecules can be
delivered 1n vitro to cells or in vivo, e.g., to tumors or hypoxic tissues of a mammal. Typical
delivery means known in the art can be used. For example, an inderforing RNA can be
delivered systenically using, for example, the methods and compositions described in PCT

7
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Application No: PCT/US09/036223, PCT/US09/061381 PCT/USHD/063927,
PCT/US09/063931 and PCT/US09/063933, each of which s hereby meorporated by
reference in its entirety. In cortain embodiments the mhibitory nucleic acid is delivered
locally. For example, when the inhibitory nucleic acid described herein is used to treat
cancer, delivery to a tumor can be accomphished by intratumoral injections, as described, for
example, in Takahasht ef af , Journal of Controiled Release 116:90-95 (2006) and Kim ef ol
Jowrnal of Controlled Release 129:107-116 (2008}, cach of which is incorporated by
reference in its entivety.

In yet other embodiments, the immane checkpomnt inhibitor is a small organic
molecule, ¢.g2.. a molecule having a molecular weight under about 5 kD, preferably less than
about 2 kD3, and typically exclude oligonucieotides and oligopeptides. Small molecules
mclude, for example, peptidonumetics, oligosaccharides, steroids, etc. Representative small-
molecole checkpomt inhubitors are described in WO 2016/041511, WO 2015/034820, WO
2010/005958, WO 2014/159248, US Published Application 2011/0318373, and Weinmann,
H., Chem. Med. Chem. 2816, //, 450-466 (and m reforences cited therein).

Various immuumne checkpoint inhibitors are known in the art. In some embodiments,
the imowne checkpoint inhibitor is nivolumab, pembrolizumab, pidibizumab, AMP-224,
AMP-514, STI-A 1110, TSR-042, RG-7446, BMS-936559, BMS-936558, MK-3475, CT Ol
MPDL3280A, MEDI-4736, MSB-0020718C, AUR-012 and STI-A1010,

Cvtotoxic T Lvmphocvtes

in some embodiments, the CTLs in the CTL composition administered to the subject
express a T cell receptor that specifically binds to a peptide {(e.g., a peptide comprising a
cancer-associated epitope) presented on a class I MHC, In some embodiments, the class |
MHC has an o chain polvpeptide that is HLA-A, HLA-B, HLA-C, HLA-E, HLA-F, HLA-g,
HLA-K or HLA-L. In some embodiments, the peptide is a peptide described herein. In some
embodiments, the CTLs in the sample express a TCR specitic for an Epstein-Barr Virus
(EBV) peptide {e.g., a LMP! peptide, a LMP2A peptide or an EBNAT peptide} presented on
a class 1 MHC.

CTLs m the CTL compositions described herein may be generated by incubating a
sample comprising CTLs with the antigen-presenting cells (APCs), thereby inducing the
CTLs to proliferate. In some embodiments, the APCs that present a peptide described herein
{e.g., apeptide comprising a LMPI, LMP2A, or EBNAI cpitope sequence). In some
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embodiments the APCs are B cells, antigen-presenting T-cells, dendrnitic cells, or artificial
antigen-presenting cells {e.g., akK562 cells}.

Dendritic celis for use in the process may be prepared by taking peripheral blood
mononuclear cells (PBMCs) from a patient sample and adhering them 1o plastic. Generally
the monocyte population sticks and all other cells can be washed off. The adherent
population i3 then differentiated with 1L-4 and GM-CSF to produce monocyte denved
dendritic cells. These celis may be matured by the addition of 1L-15, 1L-6, PGE-1 and TNF-g
{(which upregulates the important co-stimulatory molecules on the surface of the dendnitic
cell) and are then transduced with one or more of the peptides provided herein.

APCs that present one or more peptides described herein may be generated by
contacting an APC with a peptide comprising a CTL epitope and/or with a nucleic acid
encoding a peptide comprising a CTL epitope. In some embodiments, the APCs arc
ircadiated. In some embodiments, the APCs that present a peptide described herein {e.g., a
peptide comprising a LMP1, LMP2A, or EBNAT epitope sequence). A cell prescnting a
peptide described herein can be produced by standard techmgues known in the art. For
example, a cell may be pulsed to encourage peptide uptake. In some embodiments, the cells
are transfected with a nucleic acid encoding a peptide provided herein. Provided herein are
methods of producing antigen-presenting cells (APCs), comprising pulsing a cell with the
peptides described herein. Exemplary examples of producing antigen-presenting cells can be
found in W(20313088114, hereby mcorporated in its entirvety.

In some embodiments, the methods provided hercin include steps of gencrating,
activating and/or inducing prohferation of T cells (e.g., CTLs) that recognize one or more of
the CTL epitopes described herein. In some embodiments, a sample comprising CTLs (e, a
PBMC sample) is incubated in cultare with an APC provided herein {e.g., an APC that
presents a peptide comprising a CTL epitope (e.g., EBVY epitope) on a class I MHC
complex}). In some embodiments, the APCs are autologous 1o the subject from whom the T
cells were obtained. In some embodiments, the APCs are not autologous (7.e. allogeneic) to
the subject from whom the T cells were obtamed. In some embodiments, the sample
containing T cells is incubated two or more times with APCs provided herein. In some
embodiments, the T cells are incubated with the APCs in the presence of at least one

cytokine. In some embodiments, the cytokine is 1L-4, 1L-7 and/or IL-15. Exemplary methods
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for inducing proliferation of T cells using APCs are provided, for example, in U.S. Pat. Pub.
No. 2015/0017723, which 1s hereby mcorporated by reference.

In some aspects, provided herein are methods comprising the administration of
samples, comprising tmmune checkpoint inhibitors and CTLs to a subject in order to treat
and/or prevent cancer. In some embodiments, the method includes adminmistering to the
subject an effective amount of a composition comprising CTLs one or more immune
checkpoint inhibitors. provided hercin. In some embodiments, the composttion includes a
combination of multipie {e.g., two or more) CTLs and/ or immune checkpoint inhibitors
provided herein. In some embodiments, the T cells are autologous to the subject. In some
embodiments, the T cells are allogeneic to the subject. In some embodiments, the CTLs are
stored n a cell bank before they are administered to the subject.

In some embodiments, the methods provided heremn include selecting allogeneic
CTLs from a cell bank {e.g. 3 pre-generated third party donor derived bank of epitope
specific CTLs) for adoptive imnunotherapy by determining the level expression of a
biomarker with i the CTL population. In some embodiments, the level of expression of two
or more biomarkers is determined. In some embodiments, the method further mcludes
selecting allogencic UTLs because they express a TCR restricted to a class I MHC that is
encoded by an HLA allele that is present in the subject. In some embodiments, the CTLs are
selected if the CTLs and subject share at least 2 {e. g, at least 3, at least 4, at least 5, at least
6} HLA alleles and the CTLs are restricted through a shared HLA allele. In some
embodiments, the method comprises testing the TCR repertoire of the pre-generated third-
party-donor-derived epitope-specific T cells (i.e., allogeneic T cells) with flow cyvtometry. In
some embodiments epitope-specific T cells are detected using a tetramer assay, an ELISA
assay, a westem blot assay, a fluorescent microscopy assay, an Edman degradation assay
and/or a mass spectrometry assay {¢. g, protein sequencing). In some embodiments, the TCR
repertoire 1s analyzed using a nucleic acid probe, a nucleic acid amphification assav and/or a
sequencing assay.

in some embodiments, the methods and compositions provided herein relate to
peptide specific CTLs. In some embodiments, the methods include the generation of such
CTLs, for example, by incubating a sample compnsing CTLs (7.e., a PBMC sampie} with
antigen-presenting cells (APCs) that present one or more of the CTL epitopes described

10
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heremn {e.g., APCs that present a peptide described herem comprising a CTL epifope on a
class I MHC complex).

In some embodiments, the peptides provided herein comprise a sequence of any EBY
viral protein {e.g., a sequence of atfeast 5,6, 7, 8,9, 10, 11, 12, 13, 14, 13, 16, 17, 18, Y or
20 contiguous amine acids of any EBVY protein}. In some embodiments, the peptides
provided herein comprise no more than 25, 20, 19, 18, 17,16, 15, 14, 13, 12, 11 or 10
contiguous amino acids of the EBV viral protein.

In some embodiments, the peptides provided herein comprise a sequence of LMP1
{e.g., asequence of atleast 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 0r 20
contiguous amino acids of LMP1). In some embodiments, the peptides provided herein
comaprise no more than 25, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11 or 10 contiguous amino
acids of LMP1. An exemplary LMP1 amino acid sequence is provided below (SEQ 1D NO:
135

1 wmdldiergppe gprrpprgpp lssyialall 111laiifwl viimsnwtgg
allvivyvafal

viiiliif ifrrdlicpl galcliilmi tiilialwnl hggalylgiv

giwvyfleil wrigatiwgl lafflaffld illlilalvl ggnwwtllvd

Liwllilflai

181 liwmyyhggr hsdehhhdds lphpgqgatdd ssnhsdsnsn egrhhlilvsg
agdapplcsq

241 nlgapgggpd ngpgdpdntd dngpgdpdnt ddngphdplp gdpdntddng

LT tak: 3 3y
pgdpdntddn

301 gphdplphnpe sdsagndggp pnlteevenk ggdrgppsmt dggggdphlp
tillgtsgsg

361 gddddphgpv glsyyd

In some embodiments, the peptides provided herein comprise a sequence of LMPZA
{e.g., asequence of atleast 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,17, 15, 19 or 20
contiguous aming acids of LMP2A). In some embodiments, the peptides provided herein
comprise no more than 25, 20, 19, 18, 17, 16, 15, 14, 1312, 11 or 10 contigucus aming
acids of LMPZA. An exemplary LMP2A amino acid sequence is provided below (SEQ 1D
NG: 2):

1 mgsliemvpmg agppspggde dgddggnnsg vesasgsdgn tptpendeer
esneepprry

I
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el edidwgngdr hsdygplgng dpslylglch dgndglpppy ysprddssgh

iyeeagrgsm

121 npvclpviva pylfwlaais ascftasvst vvtatglals i1lllasavass
vaaaqrkllt

181 pvtvltavvt ffaicltwri edppifnslilf allaaagglg giyvvlivmivl
lilayrrrwr
241 ritveggimf lacvivlivd avlglspllg avtvvsmtl]l 1lafvliwliss

pyylgtligaa

301 litlzaslal laslilgtin lttmfllmil wtlwvvllics scsscpltki
llarlfivyal
361 allllasali aggsilgtnf kslsstefip nifomllliiv agiifilail

tewgsgnrty

jgi ltmvagavwl tvmtntllsa wiltagflif iligfalfgvi

481 ltleseerpp tpyrntv

{n some cmbodiments, the peptides provided herein comprise a scquence of EBNAI
{e.g., asequence of atleast 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20
contiguous amino acids of EBNA1}. In some embodiments, the peptides provided herein
comprise no more than 25,20, 19, 18, 17 16,15 14, 13, 12, 11 or 10 contiguous amino
acids of EBNAY. An cxemplary EBNAT amino acid sequence is provided below (SEQ 1D
NG 3):

1 pffhpvgead vieylgeggp dgepdvprga leggpaddpg egestgpryqg
gdggr

el wifgkhrgggg snpkfeniae glrvilarsh vertteegtw vagvivyggs

ktslynirrg

121 talaipgcrl tplsripfgm apgpgpapgp lresiveyim vilgthifae
vlkdaikdlwv

P

181 mtkpaptconi kvtvesfddg vdlppwippm vegaasegdd gddgdeggdg degeegge
In some embodiments, the peptide comprises the sequence of an epitope listed in
Table 1.

Table 1. Exemplary EBV viral protein epitopes

HLA Restriction

Peptide Sequence

SEG IR Neo:

PYLFWLAAI

A*2301/A%2402/03

SSCSSCPLSKI

A¥1101

TYGPVFMCL

A¥2402

(@) R Y IR
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RRRWRRLTY B*27/02/04/05/06/09 7

LLSAWILTA A*0203 2

LTAGFLIFL A*Q206 9

CLGGLLTMVY A*0201 16
VMSNTLLSAW A¥25/A%26 1l
MSNTLLSAW B*58 12
IEDPPENSL B*4001 i3
YLLEMLWRL A¥02 14
YLOQONWWITL A¥02 15
ALLVLYSFA A*02 16
IALYLQOQNW B*57/B*58 17
FLYALALLL A*0201 i3
WETLVVLLI A*24 19
CPLSKILL B*0801 20
HPVGEADYFEY B*35 24
RPOQKRPSCH B¥0702 22
IPQCRLTPL B*0702 23
LSRLPFGMA B¥5701 24
YNLRRGTAL B*0801 23
VLKDAIKDL A*Q203 26
FVYGGHKTSL C*0303/C*0304 27
FVYGGSKTSLY A*26 28
HPYGEADYF B*53 29
LOTHIFAEV A*Q206 30
FMVFLOTHI A*0201 31

In some embodiments, the peptides provided herein comprise two or more of the

CTL epitopes {e.g., viral epitopes). In some embodiments, the peptides provided herem

comprise at least2,3,4,5,6,7, 8,9, 10, 11,12, 13, 14, 15,16, 17, 1§, 19 0r 20 CTL

epitopes. For example, in some embodiments, the peptides provided herein comprise two or

more of the CTL eptiopes connected by linkers {e. g, polypeptide linkers).

In some embodiments, the sequence of the peptides comprise a viral protein sequence

exceptfor L ormore {e.g., 1,2,3,4,5,6,7, 8,9, 10 or more) conservative sequence

modifications. As used herein, the term “conservative sequence modifications” is mtended to

refer to amine acid modifications that do not significantly affect or alter the interaction

between a T cell receptor (TCR) and a peptide containing the amuno acid sequence presented

on an MHC. Such conservative modifications mclude amuino acid substitutions, additions

(e.g.. additions of ammo acids to the N or C terminus of the peptide} and deletions {e. g,

deletions of amino acids from the N or C terminus of the peptide). Conservative amino acid
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substitutions are ones in which the amino acid residue is replaced with an amino acid residue
having a similar side chain. Families of amino acid residues having similar side chains have
been defined in the art. These famihies include amino acids with basic side chains {e.g.,
Iysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid}, uncharged
polar side chains {e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine,
tryptophan}, nonpolar side chains {e.g., alanine, valine, leucine, isoleucine, proline,
phenvialanine, methionine), beta-branched side chains (e.g., threonine, valine, isoleucing)
and aromatic side chains {e.g., tyrosine, phenylalanine, tryvptophan, histidine}. Thus, one or
more amine acid residues of the peptides described herein can be replaced with other amino
acid residues from the same sude chain fanily and the altered peptide can be tested for
retention of TCR binding using methods known m the art. Modifications can be introduced
mto an antibody by standard technigues known in the art, such as site-directed mutagenesis
and PCR-mediated mutagenesis.

in some cmbodiments, the peptides provided herein comprise a scquence that s at
least 809, 85%, 90%, 93% or 100% identical to a protein sequence {e.g., the sequence of a
fragment of a viral protein}. To determine the percent identity of two amino acid sequences,
the sequences are aligned for optimal comparison purposes {e.g., gaps can be ntroduced in
one or both of a first and a second amino acid sequence for optimal alignment and non-
identical sequences can be disregarded for comparison purposes). The amino acid residues at
corresponding amino acid positions are then compared. When a position in the first sequence
is occupied by the same amino acid residue as the corresponding position in the second
sequence, then the molecules are identical at that position. The percent identity between the
two sequences 1s a function of the number of Wdentical positions shared by the sequences,
taking into account the number of gaps, and the length of cach gap, which need to be
mitroduced for optunal alignment of the two sequences.

The peptides provided herein can be 1solated from cells or tissue sources by an
appropriate purification scheme using standard protein purification techoigues, and can be
produced by recombinant DNA techniques, and/or can be chemically synthesized using
standard peptide synthesis technigues. The peptides described herein can be produced in
prokarvotic or eukaryotic host cells by expression of nucleotides encoding a peptide(s) of the
present mvention. Alternatively, such peptides can be synthesized by chemical methods.
Methods for expression of heterologous peptides 1n recombinant hosts, chemical synthesis of
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peptides, and in virro translation are well known in the art and are described further in
Mamniatis et al., Molecular Cloning: A Laboratory Manual {(1989), 2nd Ed., Cold Spring
Harbor, N. Y, Berger and Kimmel, Methods in Enzymology, Volume 152, Guide to
Molecular Cloning Techmques (1987), Academic Press, Inc., San Diego, Calif ; Merrifield,
(3969 1 Am. Chem. Soc. 91:501; Chatken | M. (1981} CRC Crit. Rev. Biochem. 11:255;
Kaiser ¢t al. {1989} Science 243:187; Merrifield, B. (1986) Science 232:342; Kent, S. B H.
(1988) Annu. Rev. Biochem. 57:957; and Offord, R. E. (1980} Semisynthetic Proteins,
Wiley Publishing, which are incorporated herein by reference.

In certain aspects, provided herein are nucleic acid molecules encoding the peptides
described herein. In some embodiments, the nucleic acid molecule is a vector. In some
erabodiments, the nucleic acid molecule 15 a viral vector, such as an adenovirus based
expression vector, that compnses the nucleic acid molecules described herein. In some
embodiments, the vector provided herein encodes a plurality of epitopes provided herein
(e.g.. as a polyepitope). In some embodiments, the vector provided herein encodes at least 2,
3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19 or 20 epitopes provided heremn (e.g.,
epitopes provided in Table 1),

In some embodiments, the vector 1s AAEL-LMPpoly. The AdET-LMPpoly vector
encodes a polvepitope of defined CTL epitopes from LMP1 and LMP2 fused 1o a Gly-Ala
repeat-depleted EBNAL sequence. The AdEL-LMPpoly vector is desceribed, for example, m
Smith er af., Cancer Research 72:1116 (2012); Duraiswamy ef af., Cancer Research
64:1483-9 (2004); and Smith er af,, J Immunol 117:4897-906, cach of which is hereby
meorporated by reference.

As used herein, the term “vector,” refers to a nucleic acid molecule capable of
transporting another nucleic acid {o which it has been linked. One type of vectoris a
“plasmid”, which refers to a circular double-stranded DNA loop into which additional DNA
segmenis may be ligated. Another tvpe of vector 1s a viral vector, wherein additional DNA
segments may be ligated mto the viral genome. Certain vectors are capable of autonomous
replication in a host cell into which they are introduced {e.g., bacterial vectors having a
bacterial origin of replication, cpisomal mammalian vectors). Other vectors {e.g., non-
episomal mammalian vectors) can be integrated into the genome of a host cell upon
introduction into the host cell, and thereby be replicated along with the host genome.
Moreover, certain vectors are capable of directing the expression of zenes. Such vectors are
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referred to herein as “recombinant expression vectors” {or simply, “expression vectors™). In
some embodiments, provided herein are nucleic acids operably linked fo one or more
regulatory sequences {€.2., a promotor) i an exprassion vector. In some embodiments, the
cell transcribes the nucleic acid provided herein and thereby expresses a peptide descnbed
heremn. The nucleic acid molecule can be mntegrated into the genome of the cell or it can be
extrachromasomal.

{n some crbodiments, provided herem are cells that contain a nucleic acid described
heremn (e. 2., a nucleic acid encoding a peptide described herein). The cell can be, for
example, prokaryotic, eukaryotic, mammalian, avian, murine and/or lnmman. In some
embodiments, the cell is a mammalian cell. In some embodiments the cell is an APC {e.g. an
antigen-presenting T cell, a dendntic cell, a B cell, or an aK562 cell). In the present methods,
a nucleic acid described herein can be adminmistered to the cell, for example, as nucleic acid
without delivery vehicie, in combination with a delivery reagent. In some embodiments, any
nucleic acid dehivery method known in the art can be used in the methods described herein.
sSwuitable delivery reagents include, but are not hmited to, e.g., the Mirus Transit TRO
lipophilic reagent; lipofectin; lipofectamine; cellfectin; polycations {e.g., polylysine),
atelocoliagen, nanoplexes, and liposomes. In some embodiments of the methods descnbed
herein, liposomes are used to deliver a nucleic acid to a cell or subject. Liposomes suitable
for use in the methods described herem can be formed from standard vesicle-formung lipads,
which gengrally inchide neutral or negatively charged phospholipids and a sterol, such as
cholesterol. The sclection of lipids is generally guided by counsideration of factors such as the
desired Hposome size and half-life of the liposomes in the blood stream. A vanety of
methods are known for preparing liposomes, for example, as described in Szoka er ol
{1980}, Ann. Rev. Biophys. Bioeng. 9467, and U.5. Pat. Nog. 4,235 871, 4 501,728,
4,837,028, and 5,019,369, the entire disclosures of which are herein incorporated by

reference.

Therapeutic Methods

{n some cmbodiments, the provided hercin are methods of treating a cancer in a
subject by administering to the subject a combination therapy described herein.

In some embodiments, the methods provided herein can be used to treat any cancer.
For example, in some embodiments, the methods and CTLs described herein may be used to
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ireat any cancerous or pre-cancerous tumor. [n some embodiments, the cancer includes a
solid tumor. In some embodiments, cancers that may be treated by methods and
compaositions provided herein include, but are not imited to, cancer cells from the bladder,
blood, bone, bone marrow, brain, breast, colon, esophagus, gastromtestine, gum, head,
kidney, liver, lung, nasopharynx, neck, ovary, prostate, skin, stomach, testis, tongue, or
uterus. fn addition, the cancer may specifically be of the following histological type, though
it is not imited to these: neoplasm, malignant; carcinoma; carcinoma, undifferentiated; giant
and spindle cell carcioma; small cell carcinoma; papillary carcinoma; squamous cell
carcinoma; lymphoepithelhal carcinoma; basal cell carcimoma; pilomatrix carcinoma;
transitional cell carcinoma; papillary transitional cell carcinoma; adenccarcinoma;
gastrinoma, malignant; cholangiocarcinoma; hepatocellular carcmoma; combined
hepatocetlular carcinoma and cholangiocarcinoma; trabecular adenocarcinoma; adenoid
cystic carcinoma; adenccarcinoma in adenomatous polvp: adenocarcinoma, familial
polvpaosis coli; solid carcinoma; carcinoid tumor, malignant; branchiolo-alveolar
adenocarcinoma; papillary adenocarcinoma; chromophobe carcinoma; acidophil carcinoma;
oxyphilic adenocarcimoma; basophil carcinoma; clear cell adenocarcinoma; granular cell
carcinoma; folhicular adenocarcinoma; papillary and follicular adenocarcinoma;
nonencapsulating sclerosing carcinoma; adrenal cortical carcinoma; endometrioid
carcinoma; skin appendage carcinoma; apocrine adenocarcinoma; schaceous
adenocarcinoma; ceruminous adenccarcinoma; mucoepidermoid carcimoma;
cystadenocarcinoma, papillary cystadenccarcinoma; papillary serous cystadenocarcinoma;
mucinous cystadenocarcinoma; mucinous adenocarcinoma; signet ring cell carcinoma;
mfiltrating duct carcinoma; medullary carcinoma; lobular carcinoma; inflammatory
carcinoma, mammary paget's disease; acinar cell carcinoma; adenosquamous carcinoma;
adenocarcinoma w/squamous metaplasia; malignant thymoma; malignant ovanan stromal
tumor; malignant thecoma; malignant granulosa cell tumor; and malignant roblastoma;
sertoli cell carcinoma; malignant leydig cell tumor; malignant lipid cell tumor; malignant
paraganglioma; malignant extra-mamimary paraganglioma; pheochromocytoma;
glomangiosarcoma; malignant melanoma; amelanotic melanoma; superficial spreading
melanoma; malignant melanoma in giant pigmented nevus; epithelioid cell melanoma;
malignant blue nevus; sarcoma; fibrosarcoma; malignant fibrous histiocytoma;
myxosarcoma; liposarcoma; leiomyosarcoma; rhabdomvosarcoma; embryonal
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rhabdomyosarcoma; alveolar rthabdomyosarcoma; stromal sarcoma; malignant mixed tumor;
mullerian mixed tumor; nephroblastoma; hepatoblastoma; carcinosarcoma, malignant
mesenchymonma; malignant brenner tumor;, malignant phylodes tumor; synovial sarcoma;
malignant mesothchioma; dysgerminoma; embryonal carcinoma; malignant teratoma;
malignant stroma ovarnit; choriocarcinoma; malignant mesonephroma; hemangiosarcoma,
mahignant hemangioendothelioma; kapost's sarcoma; malignant hemangicpericytoma;
lvmphangiosarcoma; osteosarcoma; juxtacortical ostcosarcoma; chondrosarcoma; malignant
chondroblastoma; mesenchymal chondrosarcoma; grant cell tumor of bone; ewing's sarcoma;
malignant odontogenic tumor; ameloblastic odontosarcoma; malignant ameloblastoma;
ameloblastic fibrosarcoma; malignant pincaloma; chordoma; malignant glioma;
ependymaora; astrocytoma; protoplasmic astrocytoma; fibrillary astrocvtoma; astroblastoma;
shioblastoma; oligodendroghioma; oligodendroblastoma; primitive neuroectodermal;
cerebellar sarcoma; ganglioneuroblastoma; neuroblastoma; retinoblastoma; olfactory
neurogenic tumor; malignant meningioma; neurofibrosarcoma; malignant neurtienimoma;
malignant granular cell tumor; malignant lvmphoma,; Hodgkin's disease; Hodgkin's
lymphoma; paragrancloma; small lymphocytic malignant lvmphoma; diffuse large cell
malignant tvinphoma: follicular malignant lvmphoma; mycosis fungoides; other specified
non-Hodgkin's lvraphomas; malignant histiocytosis; multiple myeloma; mast cell sarcoma;
immunoproiiferative small mtestinal disease; leukemia; tvmphoid leukenua; plasma cell
leukemia; ervthroleukemia; lvmphosarcoma cell leukemia; myeloid leukemia; basophilic
leukemia; cosinophilic leukemia; monocytic leukemia; mast cell leukemia; megakaryoblastic
leukemia; myeloid sarcoma; and hairy cell leukemia.

In some embodiments, the methods provided herein are used to treat EBV associated
cancer. In some embodiments, the EBV -associated cancer is EBV-associated NPC. In some
embodiments, the EBV associated cancer is post-transplant lvmphoproliferative
disorder (PTLD), NE/T cell lvmphoma, EBV+ gastric cancer, or EBV+ leiomyosarcoma.

In some embodiments, the combination therapy further comprises a
chemuotherapeutic agent {e.g,, alkylating agents or agents with an alkylating action, such as
cyelophosphamide (CTX; e.g., CYTOXANg), chlorambucitl (CHL; e.g, LEUKERAN®),
cisplatin (Cis P; e g, PLATINOL®} busulfan (e.g., MYLERAN®)}, melphalan, carmustine
{BCNU), streptozotocin, tricthylenemelamine (TEM), mitomycin C, and the like; anti-
metabolites, such as methotrexate (MTX), etoposide (VP16; ¢z, VEPESID®), 6-
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mercaptopurine {6MP), 6-thioguanine (6T(G), cytarabine (Ara-(C), S-fluorouracil (5-FU),
capecitabine (¢.g. XELODA®), dacarbazine (DTIC), and the bike; antibiotics, such as
actinomycin D, doxorubicin (DXR; ¢.g., ADRIAMY CIN®), daunorubicin (daunomycin},
bleomycein, mithramycin and the like; alkaloids, such as vinca alkaloids such as vineristing
(VCR), vinblastine, and the like; and other antitumor agents, such as paclitaxel (e.g.,
TAXOL®) and pactitaxel derivatives, the cytostatic agents, glucocorticoids such as
dexamethasone (DEX; ¢.g., DECADRON®) and corticosteroids such as prednisone,
nucleoside enzyme imhibitors such as hydroxyurea, amino acid depleting enzyvmes such as
asparaginase, leucovorin and other folic acid derivatives, and similar, diverse antitumor
agents. The following agents may also be used as additional agents: arnifostine (e g,
ETHYOL®), dactinomycin, mechlorethamine (nitrogen mustard), streptozocin,
cyclophosphamide, lomustme (CCNU)}, doxorubicn fipo (¢.g., DOXIL®), gemcitabine (¢.g.,
GEMZAR®), daunorubicin lipo (e.g.. DAUNOXOME®), procarbazine, mitomyein,
docetaxel (e.g., TAXOTERE®), aldesicukin, carboplatin, oxaliplatin, cladribine,
camptothecin, CPT 11 (rinotecan), 10-hyvdroxy 7-cthyl-camptothecin (SN38), floxuridine,
fludarabine, ifosfamide, idarabicin, mesna, interferon beta, mterferon alpha, mitoxantrone,
topotecan, leuprolide, megestrol, melphalan, mercaptopurine, plicamycin, mitotane,
pegaspargase, pentostatin, pipobroman, plicamycin, tamoxifen, teniposide, testolactone,
thioguanine, thiotepa, uracil mustard, vinorelbine, chlorambucil).

Actual dosage levels of the active ingredients in the pharmaceutical compositions
provided herein may be varied so as o obtain an amount of the active ingredient which is
cttective to achieve the desired therapeutic response for a particular patient, composition,
and mode of administration, without being toxic to the patient.

The selected dosage fevel will depend upon a variety of factors including the activity
of the particular agent emploved, the route of administration, the tume of administration, the
rate of excretion or metabolism of the particular compound being emploved, the duration of
the treatment, other drugs, compounds and/or materials used in combination with the
particular compound emploved, the age, sex, weight, condition, general health and prior
medical historv of the paticnt being treated, and like factors well known in the medical arts.
The CTLs and the immune checkpoint inhibitors described heremn may be co-administered or
administered sequentially. The immune checkpoint inhibitors may be administered by any
technique known i the art. In some embodiments, the immune checkpoint inhibitor is
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administered intratumorally. In some embodiments, the immune checkpoint inhibitor is
administered intravenously. In some embodiments, the immune checkpoint inhibitor is
administered parenterally.

In some embodiments, the subject has been exposed to a virus (e.g. EBV) such that
virus particles are detectable in the subject’s blood. I some embodiments, the method
further comprises measuring viral load i the subject {e.g., before or after administering the
peptide specific CTLs to the subject). Deternining viral load in a subject may be a good
prognostic marker for immunotherapy effectiveness. In some embodiments, selecting CTLs
further comprises determining the number of viral DNA copies in the subject {e.g. in a tissue
or blood sample). In some embodiments, viral load is measured two or morg times.

In some embodiments, the method further includes selecting allogencic CTls for
combination therapy because they express a TCR restricted to a class I MHC that is encoded
by an HELA allele that is present in the subject. In some embodiments, the {U'TLs are selected
if the CTLs and subject share at least 2 (e.g., at least 3, at east 4, at least 5, at least 6) HLA
alleles and the CTLs are restricted through a shared HLA alicle. In some embodiments, the
method comprises testing the TCR repertoire of the pre-generated third-party-donor-derived
epitope-specific T cells (7.e., allogencic T celis) with flow cytometry. In some embodiments
epttope-specific T cells are detected using a tetramer assay, an ELISA assay, a western blot
assay, a fluorescent microscopy assay, an Edman degradation assay and/or a mass
spectrometry assay (.., profein sequencing). In some embodiments, the TCR repertoire is
analvzed using a nucleic acid probe, a nucleic acid amplification assay and/or a sequencing

assay. In some embodiments, the allogeneic CTLs are obtained from a cell bank.

Exemplification:

Example 1: Immune checkpoint protein expression in NPC pafients

Fifty-two patients were enrolled in a study applymg LMP1&2 and EBNAI-
specific CTL immunotherapy for the treatment of EBV-associated NPC, including 41 with
active progressive disease following pallatative chemotherapy and 11 patients with minimal
or no residual disease (N/MRD) following standard radio/chemotherapeutic treatment,

Twenty active disease patients and Y N/MRD patients received the mmimum 2 doses
(range 2-8 doses) anda median total of 1.1x10% cells {range: 5.7x107 to 2.4x10%). The

chinical charactenstics of the patients who received adoptive T cell therapy are provided
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Table 1 and 2. Of the remaining 23 patients, | patient dicd atter the administration of a single
dose, T cell therapy was manufactured for 5 patients but not administered due to illness,
12 failed to meet release criteria due to low specificity or cell vield and 5 were withdrawn
prior to the commencement of T cell manufacture.

To generate LMP/EBNAT specific T eells 106-300mb of peripheral blood was
harvested and used to gonerate peripheral blood monovnuclear cells {(PBMCY. The AdE-
LMPpoly vector was then used 1o tafect 30% of the PBMC (MO of 10:1} that wore then
wrradiated and co-cultured with the remaing PBMC for two weeks, Cultures were
supplemented with frosh growth medivnand 12010 /mL of rocombinang {L-2 every 3-4 days
{Komtur Pharmaceuticals, Fricburg, Germany). Culoured T cells were tested for antigen
spectiicity wsing mtracellular oyvitokine analvsis and wucrobial contammation prior to release
forinfusion.

FACS profiling was performed to characterize the expression of immune checkpoint
proteins by the T cells administered to the subjects. MHC tetramers were generated i house.
T cells were incubated for 20 minutes at 4°C with APC-labelled MHC class 1 tetramers
specific for the HLA All-restnicted epitope SSCSSCPLSKI (LMP2A), the HLA AZ4
restricted epitope TYGPVEFMCL (LMP2A) and the HLA Cw03 restricted epitope
FVYGGSKTSL (EBNATY. Cells were then incubated for a further 30 minutes with one or
more of the following antibodies: PE-conjugated anti-TIM-3, FITC conjugated anti-LAG-
3, BV786-conjugated anti-PD-1 and BV42 1-conjugated anti-CTLA4. Cells were acquired
using a BD LSR Fortessa with FACSDhva software {BD Biosciences) and post-acquisition
analysis was performed using Flowlo sofiware (TreeStar).

Figure 1 shows the expression of imomunce checkpoint molecules {(i.e., LAG-3, TIM-3,
CTLAA4, or PD-1). Panel A depicts percentage of HLA-multimer positive CD8-positive
Iymphocytes that express PB-1, TIM-3, LAG-3 and CTLA-4. Panel B depicts the percentage
of PD-1 positive, TIM-3 positive, LAG-3 positive and CTLA-4 positive lymphocytes in the
CTL immunotherapy administered m NPC patients with no/minimal residual discase
{N/MRD) and active-recurrent/metastatic disease {ARMD} who either showed stable disease

(5D) or progressive disease (PD) following adoptive T cell therapy.

Example 2: Adoptive transfer of EBV-CTLs and Checkpoint Inhibitor Therapy in NPC

Patients
21
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Patients with platinum resistant or recurrent EBV-associated nasopharvngeal
carcinoma (NPC} are treated with adoptive transfer of allogencic Epstem-Barr virus
cytotoxic T lymphocytes (EBV-CTLs) in combination with a checkpoint inhibitor
{Pembrolizumab). Up to a total of 48 subjects with metastatic, platinum-resistant or recurrent
EBV-associated NPC are enrolled in the study.

Study Protocol and Dosing

The study has two parts: Cohort 1 is corolied as the Phase 1B portion of the study to
determine the Phase 2 dose; Cohort 2 is enrolled as the Phase 2 portion of the study to
examine the climical benefits of combined adoptive cellalar and checkpoint inhibitor
therapics for NPC. The protoco! will enroll 48 subjects in total. Phase 1B (Cohort 1) will
conroll 12 subjocts whose discase progressed despite prior PD 1 inhibitor therapy, and Phase 2
{Cohort 2) will enroll 36 subjects naive to PD1 inhibitor therapy.

Alogeneic third-party EBV-UTLs are sclected for each subject from the bank of
available EBV-CTLs based on matching > 2 HLA alleles, at lcast one of which is a
resincting HLA allele, shared between the EBV-CTLS source material {donor) and the
subject. High resohution HLA typing will be performed during screcning to facilitate
selection of the EBV-{TLS cell product. Historical HEA typimg will be acceptable if
performed at high resclution {BNA based versus serologic assessment).

In the Phase 1B (Cohort 1}, EBV-UTLs are adnunisiered at doses ranging from
500,000 to 200,000,000 T-cells per infusion mtravenously on Day 1, Day 8, and Day 15 of a
21 Day Cvcle to six subjects with advanced NPC. The subject population is selected based
on previous Phase 1 safety and efficacy data which showed adeguate EBYV CTL expansion
and antitumor activity in patients with advanced NPC. Likewise, pembrolizumab is
administered to Cobort 1 subjects at a dose of 200 mg IV (3 weeks to adults {adolts are
greater than or equal to 18 vears old) and at Zmg/kg IV (33 weeks to pediatac subjects (less
than I8 years old).

[f'less than 2 of the initial 6 Phase 1B Cohort 1 subjects experience dose limiting
toxicity m the first 21 davs, dose reduction of EBV-CTLS occurs, and the subsequent 6
subjects are treated with the combmnation of EBV-CTLS and pembrolizumab at the

recommended dose level.
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Screenmg will begin up to 28 days prior to dosing (Cycle 1 Day 1), Subjects will be

treated with EBV-CTLS in combination with pembrolizumab antil disease progression or an

unacceptable toxicity is observed.

Study Particinanis

Summary of Subiject Enrollment Criteria is as follows:

Inclusion criteria; A patient will be considered eligible to participate in this study if all of the

following inclusion criteria arc satisfied:

I

s
4.

6.

~

Males and females > 2 years of age

Patients with advanced or metastatic NPC who are considered platinum
refractory/resistant, defined as having at least one prior platinum-based
chemotherapeutic regimen with a subsequent platinam-free interval of < 12 monthg,
having progression during platimum-based therapy, or having persistent disease after
a platinum-based therapy, are eligible

Patients with NPC in whom the EBV-genome or antigens have been demonstrated in
tissue biopsv samples

Histologically or cviologically-confirmed EBV-associated locally recurrent,
metastatic or persistent NPC (WHQG type IV and meeting the following
corrgsponding requirements for the cohort of the study they will enroll into:

a. Phase 1B (Cohort 1) patients who have received prior treatment with
pembrolizumab anti-PD1, who have not received prior treatment with anti-
PE-L1, anti-PD-L2, anti-CD137, anti-0X-40 or anti-CTLA-4 antibodies

b. Phase 2 (Cohort 2): patients who have not received prior treatment with
pembrolizumab or other anti-PD1, anti-PD-L1, anti-PD-L.2, anu-CB 137, anti-
OX40 or anti-CTLA 4 antibodics

Life expectancy > 4 months at time of screening

Measurable discase using RECIST 1.1, Tumor lesions situated in a previously
trradiated area are considered measurable if progression has been demonstrated in
such lesions

Patients in Phase 1B must have a biopsy at baseline and on treatment of a metastatic
lesion that can be biopsied with acceptable clinical risk (as judged by the
wnvestigator), and must agree to undergo biopsy.

Patients must agree to submit prior biopsy material for biomarker assessment.
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9. Eastem Cooperative Oncology Group (ECOG) performance status of <1 for patients
aged > 16 years; Lansky score > 70 for patients aged < 16 vears.

10. Adeguate organ function per the followmg (unless deemed to be caused by the
vnderdymg EBV-driven

5 process which EBV-CTLs are intended to treat, or its prior therapy ):
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11. Willing and abie to provide written informed consent

Exclusion eriteria; A patient will not be eligible to participate i the study if any of the
10 following criteria are met:

1. Has disease that is suitable for local therapy admimistered with curative intent.

2. Need for methotrexate or extracorporeal photopheresis

3. Need for vasopressor or ventilator support

4. Antithymocyte globulin or similar anti-T cell antibody therapy <4 wecks prior to
15 Cyele 1 Day 1

5. Has a diagnosis of immunodeficiency or is receiving svstemic steroid therapy or any

other form of immunosuppressive therapy within 7 days prior to the first dose of trial
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9

14

i

13.

14.

15.

16.
17.

treatment. The use of physiologic doses of corticosterowds may be approved after
consultation with the Sponsor.

Patients with history or evidence of interstitial lung discase

Patients with an active infection requiring systemuc therapy

Patients with history of {non-infectious) preumonitis that required stercids or current
poeumonitis

Patients who have received transfusion of blood producis (including platelets or red
blood cells} or administration of colony stimulating factors (including G-CSF, GM-
CSF or recombinant ervthropoeting within 4 wecks prior to study BDay 1.

Pregnancy or breastfeeding; females of childbearing potential must have a negative
urine or serum pregnancy test. I the urine test is positive or cannot be contirmed as
negative, a serum pregnancy test will be required. The serum pregnancy must be
confirmed negative within 72 hours of first dose for the patient to be eligible.

Full resolution of immunotherapy related adverse etfects and no treatment for these

adverse events {AEs) for at least 4 weeks prior to enrollment

- No history of severe timmunotherapy related adverse effects (CTCAE Grade 4;

CTCAE Grade 3 requiring treatment > 4 weeks)

Patients who have received any non-oncology vaccine therapy used for prevention of
wnfectious diseases for up 1o 30 days prior to enrollment. Examples include, but are
not Himited to: measures, mumps, robella, chicken pox, vellow fever, rabies, BCG,
and typhoid vaccine. Seasonal flu vaccines that do not contain live virus are
acceptable.

Has a known additional malignancy that is progressing or requires active treatment.
Exceptions include basal cell carcinoma of the skin, squamous cell carcinoma of the
skin that has undergone potentially curative therapy or in situ cervical cancer.
Female of childbearing potential or male with a female partner of childbearing
potential unwilling to use a highly effective method of contraception {abstinence is
acceptable) for the course of the study through 120 days after the last study dose.
Inability to comply with study procedurcs

Chemotherapy, targeted small molecule therapy, hormonal therapy, or radiation
therapy within 2 weeks of Cvele 1 Day | or who has not recovered {(i.e, < Grade 1 or
at bascline) from adverse events due to a previously administered agent. Subjects
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9.

20.
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23.
24.
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with < Grade 2 neuropathy or < Grade 2 alopecia are an exception to this criterion
and may qualify for the study.

Auntibodv/biclogic therapy within 5 half-lives or 4 weeks {(whichever is longer) of
Cycle 1 Day | or who has not recovered (1.¢,, <{Grade 1 or at baseline) from adverse
events doe to agents administered more than 4 weeks earlier,

Patient with carcinomatous meningitis and/or active CNS metastases, unless
metastases are treated and stable and the patient does not require systemic steroids
NOTE: Subjects with previously treated brain metastases may participate provided
they are stable (without evidence of progression by imaging (using the identical
imaging modality for cach assessment, either MRI or CT scan) for at least four weeks
prior to the first dose of trial treatment and anv neurologic symptoms have returned
to baseline}, have no evidence of new or enlarging brain metastases, and are not
using sieroids for at least 7 days prior to trial treatment. This exception does not
include carcinoratous meningitis which is excluded regardless of clinical stability.
Patients with a hastory or current evidence of any condition, therapy, or laboratory
abnormality that might confound the results of the trial, interfere with the subject’s
participation for the full duration of the trial, or is not i the best interest of the

subject to participate, in the opinion of the treating investigator.

21. Has known psvchiatric or substance abuse disorders that would interfere with

cogperation with the requirements of the trial.

Known history of HIV, known active Hepatitis B (c.g. HBsAg reactive), Hepatitis C
{c.g. HCV RNA is detected.

Prior treatment with any myvestigational product within 4 weeks of Cycle T Day 1
Has had a prior anti-cancer monoclonal antibody (mAb) within 4 weeks prior io
study Day 1 or who has not recovered {(i.c., < Grade 1 or at bascline} from adverse

events due to agents adnunistered more than 4 weeks earlier.

. Prior treatment with EBV T-cells

The following are indications of etficacy of treatment:

1} The change in NPC discase progression and other clinically relevant cutcomes, as

measured by complete response (CR) rate, duration of response {DOR), progression-free

survival (PFS) and overall survival (35).
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2) Increases 1 immune response rate (irRR = wrCR + wPR) and/or duration of

response (DR},

All publications, patents, patent applications and sequence accession numbers
mentioned herein are hereby incorporated by reference in thetr entirety as if each mdividual
publication, patent or patent application was specifically and individually indicated to be
incorporated by reference. In case of conflict, the present application, including any
definttions herem, will control.

Those skilled in the art will recognize, or be able to ascertain using no more than
routing experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.
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What is claimed is:
1. A method of treating cancer in a subject, the method comprising adminmistering to the

subject an mmmune checkpoint inhibitor and a composition comprising cytotoxic T cells
{CTLs)y expressing a T cell receptor specific for a cancer-associated peptide presented on a
class I MHC.

2. The method of claim 1, wherein the immune checkpoint inhibitor is a protein or
polypeptide that binds to an immune checkpoint protein.

3, The method of claim 2, wherein the immune checkpomt protein is CTLA4, PD-1,
PD-LI, PD-L2 AZAR, B7-H3, B7-H4, BTLA, KIR, LAG-3, TIM-3, IDO, TDQO, or VISTA.
4. The method of claim 3, wherein the immune checkpoint profein is PD-1, PD-L1,
TIM-3, LAG-3 or CTLA4.

5. The method of claim 1, wherein the immune checkpomnt inhibitor is an antibody or
antigen binding fragment thereof that binds to an immmuone checkpoint protein.

. The method of claim 5, wherein the immune checkpomt protein 1s CTLA4, PD-1,
PD-Li, PD-L2, A2AR, B7-H3, B7-H4, BTLA, KIR, LAG-3, TIM-3, IDO, TDO, or VISTA.
7. The method of claim 6, wherein the immaune checkpomnt protein 1s PD-1, PD-L1,
TIM-3, LAG-3 or CTLA4.

3. The method of claim 1, wherein the tomune checkpoint inhibitor is nivolumab,
pembrolizumab, pidilizumab, AMP-224, AMP-314, STI-A1110, TSR-042, RG-7446, BMS-
036559, BMS-936558, MK-3475, CT 011, MPDL3280A, MEDI-4736, MSB-0020718C,
AUR-012 and STI-A1010.

9, The method of any one of claims 1 to 8, wherein the cancer-associated peptide 15 a
viral peptide.

10, The method of claim 9, wherein the viral peptide is an Epstein-Barr Virus (EBV)
peptide.

11, The method of claim 10, wherein the EBV peptide comprises a LMP1 peptide.

12, The method of claim 10, wherein the EBV peptide comprises a LMP2ZA peptide.

13, The method of claim 10, wherein the EBY peptide comprises an EBNAT peptide.
14, The method of any one of claims 1 to 13, wherein the cancer is nasopharyngeal
carcinoma (NPC}.

15. The method of any one of claims 1 to 14, wherein the CTLs are avtologous to the

subject.
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16.  The method of any one of claims 1 to 14, wherein the CTLs are allogeneic to the
sabject.
17. The method of claim 16, wherein the UTLs are obtained from a cell bank.
18, The method of any one of the preceding claims, wherein the CTLs and the immune
checkpoint mhibitor are co-adnministered.
19, The method of any one of the preceding claims, wherein the CTLs and the immune
checkpoint inhibttor arc administered sequentially.
20.  The method of anv one of claims 1 to 19, further comprising admunistering to the
sabject a chemotherapeutic agent.
21 A method of treating or proventing cancer in a subject comprising:
(a} incubating a sample comprising CTLs and antigen-prescuting cells (APCs) that
present a CMYV peptide thereby inducing proliferation peptide-specific CTLs in the sample,
{b) adnunistering the peptide specific CTLs to the subject in combination with an
immune checkpoint mhibttor.
22, The method of claim 21, wherein the nucleic acid construct 15 a viral vestor,
23, The method of claim 22, wherein the viral vector is AdET-LMPpoly.
24 the method of any one of claims 21 t¢ 23, wheretn the cancer is nasopharyngeal
carcinoma {NP().
23, The method of any one of claims 21 to 24, wherein the immune checkpoint protein s
CTLA4, PD-1, PD-L1, PD-L2, A2AR, B7-H3, B7-H4, BTLA, KIR, LAG-3, TIM-3, 1D,
THO, or VISTA.
26, The method of claim 25, wherem the immune checkpoint protein is PD-1, PD-L1,
TiIM-3, LAG-3 or CTLA4.
27, The method of anv one of claims 21 to 26, wherein the immune checkpoint whibitor
is nivolumab, pembrolizumab, pidilizumab, AMP-224, AMP-514, STI-AT110, TSR-042,
RG-7446, BMS-936559, BMS-936558, ME-3475, CT O1 1, MPDL3280A, MEDI-4736,
MSB-0020718C, AUR-012 and STE-A1010.
28.  The method of any one of claims 21 to 27, wherein the CTLs and the immune
checkpoint inhibitor arc co-administered.
29, The method of any one of claims 21 to 27, wherein the CTLs and the immune
checkpoint inhibitor are administered sequentially.
30, 'The method of any one of claims 21 to 29, whercin the APCs arc B cells.

29
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31, The method of any one of claims 21 to 29, wherein the AP(Us are antigen-presenting
T-cells.

32.  'The method of any one of claims 21 to 29, wherein the APCs are dendritic cclis.

33, The method of any one of clamms 21 to 29, wherem the APCs are aK562 cells.

34, The method of any one of claims 21 to 33, wherein the sample comprises peripheral

blood mononuclear cells (PBMCs}).
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