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HDAC INHIBITORS FOR USE WITH NK CELL BASED THERAPIES

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to and the benefit of U.S. Provisional Application Ser.
No. 62/362,959 filed on July 15, 2016, which is incorporated herein in its entirety.

BACKGROUND OF THE INVENTION
[0002] Immunotherapy is an emerging method for the treatment of cancer. Inmunotherapy is
based upon using constituents of the immune system such as cytokines, chemokines, antibodies,
therapeutic vaccines, antigen presenting cells, or T-cells to modulate a patient’s immune
response and direct it to eliminating a malignancy or tumor. Many immunotherapies require
expression of protein, polypeptide or peptide antigens on the cell surface, in some cases this
expression is directly on the surface as is the case with transmembrane and secretory proteins, or
in some cases this expression comprises peptides associated with the major histocompatibility
molecules (MHC).
[0003] Many viral infections result in the establishment of a latent infection. Additionally,
many cancers are associated with latent viral infections. Latent infections occur when a virus is
present, but is not expressing viral proteins such as viral thymidine kinase, protein kinase, and
other proteins and polypeptides that may be expressed on the cell surface. Immunotherapies

require the presence of viral associated antigens.

SUMMARY OF THE INVENTION
[0004] Provided herein is a method for treating a cancer in an individual in need thereof
comprising administering: (a) a therapeutically effective amount of an HDAC inhibitor; and (b)
an immunotherapeutic agent, wherein the immunotherapeutic agent comprises an NK cell. In
certain embodiments, the HDAC inhibitor comprises Vorinostat/suberoyl anilide hydroxamic
acid, INJ-26481585 (N-hydroxy-2-(4-((((1-methyl-1H-indol-3-
yD)methyl)amino)methyl)piperidin-1-yl)pyrimidine-5-carboxamide), R306465/INJ-16241199
(N-hydroxy-5-(4-(napthalen-2-ylsulfonyl )piperazin-1-yl )pyrimidine-2-carboxamide), CHR-3996
(2-(6-{[(6-Fluoroquinolin-2-yl)methylJamino}-3-azabicyclo[3.1.0]hex-3-yl)-N-
hydroxypyrimidine-5-carboxamide), Belinostat/PXD101, Panobinostat/LBH-589, trichostatin
A/TSA (7-[4-(dimethylamino)phenyl]-N-hydroxy-4,6-dimethyl-7-oxohepta-2,4-dienamide),
ITF2357, CBHA, Givinostat/ITF2357, romidepsin, PCI-24781, depsipeptides (e.g., romidepsin),
butyrate, phenylbutyrate, valproic acid, AN-9, CI-994, Entinostat/MS-275/SNDX-275,
mocetinostat/MGCDO0103 (N-(2-aminophenyl)-4-((4-pyridin-3-ylpyrimidin-2-

ylamino)methyl)benzamide), m-carboxycinnamic acid, bishydroxamic acid, suberic



bishydroxamic acid, oxamflatin, ABHA, SB-55629, pyroxamide, propenamides, aroyl pyrrolyl
hydroxamides, or LAQ824 ((€-N-hydroxy-3-[4-[[2-hydroxyethyl-[2-(1H-indol-3 yl)
ethyllamino] methyl]phenyl] prop-2-enamide), chidamide, or 4SC-202. In certain embodiments,
the HDAC inhibitor inhibits Class | HDAC. In certain embodiments, the HDAC inhibitor
comprises (2-(6-{[(6-Fluoroquinolin-2-yl)methyl|Jamino}-3-azabicyclo[3.1.0]hex-3-yl)-N-
hydroxypyrimidine-5-carboxamide). In certain embodiments, the HDAC inhibitor is
administered orally. In certain embodiments, the HDAC inhibitor is administered at a dose of
less than 80 mg per day. In certain embodiments, the HDAC inhibitor is administered at a dose
of less than 40 mg per day. In certain embodiments, the HDAC inhibitor is administered at a
dose of less than 20 mg per day. In certain embodiments, the HDAC inhibitor is administered
prior to the administration of the immunotherapeutic agent. In certain embodiments, the HDAC
inhibitor is administered during the administration of the immunotherapeutic agent. In certain
embodiments, the HDAC inhibitor is administered after the administration of the
immunotherapeutic agent. In certain embodiments, the NK cell is a primary NK cell. In certain
embodiments, the NK cell comprises a chimeric antigen receptor (NK-CAR). In certain
embodiments, the NK cell comprises a high-affinity Fc receptor FcyRIITA. In certain
embodiments, the high affinity Fc receptor is bound to an antibody specific for a tumor antigen.
In certain embodiments, the tumor antigen comprises CD38, CD319/SLAMF-7,
TNFRSF17/BCMA, SYND1/CD138, CD229, CD47, Her2/Neu, epidermal growth factor
receptor (EGFR), CD123/IL3-RA, CD19, CD20, CD22, Mesothelin, EpCAM, MUC1, MUCI16,
Tn antigen, NEUSGC, NeuGeGM3, GD2, CLL-1, or HERV-K. In certain embodiments, the
cancer 1s a leukemia, a lymphoma, a central nervous system lymphoma, Hodgkin's lymphoma,
Burkitt's lymphoma, nasopharyngeal carcinoma, gastric carcinoma, mucoepidermoid carcinoma,
glioblastoma multiform, or breast cancer. In certain embodiments, the cancer is a result of an
infection with a virus. In certain embodiments, the virus is from the Herpesviridae family. In
certain embodiments, the Herpesviridae family member is Epstein-Barr virus. In certain
embodiments, the cancer is a leukemia, a lymphoma, a central nervous system lymphoma,
Hodgkin’s lymphoma, Burkitt’s lymphoma, nasopharyngeal carcinoma, or gastric carcinoma. In
certain embodiments, the Herpesviridae family member is cytomegalovirus. In certain
embodiments, the cancer is a leukemia, a lymphoma, mucoepidermoid carcinoma, glioblastoma
multiform, or breast cancer. In certain embodiments, the Herpesviridae family member is human
herpesvirus 8. In certain embodiments, the method further comprises administering an antiviral
agent. In certain embodiments, the antiviral agent comprises valganciclovir. In certain
embodiments, the antiviral agent is administered before treatment with a therapeutically

effective amount of (2-(6-{[(6-Fluoroquinolin-2-yl)methyl]amino}-3-azabicyclo[3.1.0]hex-3-

.



yl)-N-hydroxypyrimidine-5-carboxamide), and an immunotherapeutic agent. In certain
embodiments, the method further comprises administering a second immunotherapy. In certain
embodiments, the second immunotherapy comprises an antibody or antigen binding fragment
thereof. In certain embodiments, the antibody or antigen binding fragment thereof binds to a
checkpoint inhibitor. In certain embodiments, the checkpoint inhibitor comprises one or more of
PD-1, PD-2 PD-L1, PD-L2, or CTLA-4. In certain embodiments, the antibody or antigen
binding fragment thereof comprises nivolumab, pembrolizumab, ipilimumab, pidilizumab,
atezolizumab, or a combination thereof.

[0005] Provided herein, in another aspect are methods for treating a virally-induced malignancy
in an individual in need thereof comprising administering a therapeutically effective amount of
an HDAC inhibitor and an immunotherapeutic agent, wherein the HDAC inhibitor improves the
efficacy of the immunotherapeutic agent in the individual. In certain embodiments,
administration of an HDAC inhibitor induces expression of a viral protein or antigen normally
masked, hidden, unexpressed, or silent in a virus infected cell that can be targeted by the
immunotherapeutic agent. In certain embodiments, administration of an HDAC inhibitor induces
higher expression of a viral protein or antigen normally expressed by a virus infected cell that
can be targeted by the immunotherapeutic agent. In certain embodiments, the HDAC inhibitor is
Vorinostat/suberoyl anilide hydroxamic acid, INJ-26481585 (N-hydroxy-2-(4-((((1-methyl-1H-
indol-3-yl)methyl)amino)methyl)piperidin-1-yl)pyrimidine-5-carboxamide), R306465/JNJ-
16241199 (N-hydroxy-5-(4-(naphthalen-2-ylsulfonyl)piperazin-1-yl)pyrimidine-2-
carboxamide), CHR-3996 (2-(6-{[(6-Fluoroquinolin-2-yl)methyl]amino }-3-
azabicyclo[3.1.0]hex-3-yl)-N-hydroxypyrimidine-5-carboxamide), Belinostat/PXD101,
Panobinostat/LBH-589, trichostatin A/TSA (7-[4-(dimethylamino)phenyl]-N-hydroxy-4,6-
dimethyl-7-oxohepta-2,4-dienamide), ITF2357, CBHA, Givinostat/ITF2357, romidepsin, PCI-
24781, depsipeptides (e.g., romidepsin), butyrate, phenylbutyrate, valproic acid, AN-9, CI-994,
Entinostat/MS-275/SNDX-275, mocetinostat/ MGCDO0103 (N-(2-aminophenyl)-4-((4-pyridin-3-
ylpyrimidin-2-ylamino)methyl)benzamide), m-carboxycinnamic acid, bishydroxamic acid,
suberic bishydroxamic acid, oxamflatin, ABHA, SB-55629, pyroxamide, propenamides, aroyl
pyrrolyl hydroxamides, or LAQ824 ((€-N-hydroxy-3-[4-[[2-hydroxyethyl-[2-(1H-indol-3-
yD)ethyl]Jamino]methyl]phenyl|prop-2-enamide), chidamide, or 4SC-202. In certain
embodiments, the HDAC inhibitor is administered orally. In certain embodiments, the HDAC
inhibitor is administered at a dose of less than 80 mg per day. In certain embodiments, the
HDAC inhibitor is administered at a dose of less than 40 mg per day. In certain embodiments,
the HDAC inhibitor is administered at a dose of less than 20 mg per day. In certain

embodiments, the HDAC inhibitor is administered prior to the administration of the
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immunotherapeutic agent. In certain embodiments, the HDAC inhibitor is administered during
the administration of the immunotherapeutic agent. In certain embodiments, the HDAC inhibitor
is administered after the administration of the immunotherapeutic agent.

[0006] Provided herein are methods for treating a cancer in an individual in need thereof
comprising administering a therapeutically effective amount of an HDAC inhibitor and an
immunotherapeutic agent. In certain embodiments, the immunotherapeutic agent is a vaccine. In
certain embodiments, the vaccine comprises antigens derived from the Epstein-Barr Virus.
[0007] In certain embodiments, the vaccine comprises an antigen presenting cell. In certain
embodiments, the antigen presenting cell comprises a dendritic cell, a B cell, or a macrophage.
In certain embodiments, the immunotherapeutic agent is a cytokine. In certain embodiments, the
immunotherapeutic agent is an antibody. In certain embodiments, the antibody is a monoclonal
antibody. In certain embodiments, the antibody binds to any one or more of PD-1, PD-2 PD-L1,
PD-L2, or anti CTLA-4. In certain embodiments, the antibody is specific for an Epstein-Barr
Virus encoded polypeptide. In certain embodiments, the Epstein-Barr Virus encoded
polypeptide is LMP-1or LMP-2.

[0008] In certain embodiments, the immunotherapeutic agent is cell based. In certain
embodiments, the chimeric antigen receptor is specific for an Epstein-Barr Virus encoded
polypeptide. In certain embodiments, the Epstein-Barr Virus encoded polypeptide is LMP-1or
LMP-2. In certain embodiments, the cell based immunotherapeutic agent is a T-cell. In certain
embodiments, the T cell is an adoptively transferred T-cell population. In certain embodiments,
the T-cell is CDS8 positive. In certain embodiments, the T-cell is CD4 positive. In certain
embodiments, the T-cell is possess a chimeric antigen receptor. In certain embodiments, the
chimeric antigen receptor is specific for an Epstein-Barr Virus encoded polypeptide. In certain
embodiments, the Epstein-Barr Virus encoded polypeptide is LMP-1or LMP-2.

[0009] Provided herein are methods for treating a cancer in an individual in need thereof. In
certain embodiments, the cancer is a result of a viral infection. In certain embodiments, the viral
infection is from the Herpesviridae family. In certain embodiments, the Herpesviridae family
member is Epstein-Barr virus. In certain embodiments, the cancer is a leukemia, a lymphoma, a
central nervous system lymphoma, Hodgkin’s lymphoma, Burkitt’s lymphoma, nasopharyngeal
carcinoma, or gastric carcinoma. In certain embodiments, the Herpesviridae family member is
cytomegalovirus. In certain embodiments, the cancer is a leukemia, a lymphoma,
mucoepidermoid carcinoma, glioblastoma multiform, or breast cancer. In certain embodiments,
the Herpesviridae family member is human herpesvirus 8. In certain embodiments, the cancer is

Kaposi’s sarcoma.



[0010] In certain embodiments, the HDAC inhibitor decreases expression of a checkpoint
inhibitor present on T cells. In certain embodiments, the checkpoint inhibitor is PD-1. In certain
embodiments, the checkpoint inhibitor is PD-2. In certain embodiments, the checkpoint inhibitor
regulator is CTLA-4. In certain embodiments, the HDAC inhibitor decreases expression of a
checkpoint inhibitor present on a cancer cell. In certain embodiments, the checkpoint inhibitor is
PD-L1. In certain embodiments, the checkpoint inhibitor is PD-L1, PDL-2, CTLA-4, PD-1 or
PD-2.

[0011] In certain embodiments, the HDAC inhibitor increases expression of a checkpoint
inhibitor present on T cells. In certain embodiments, the checkpoint inhibitor is PD-1. In certain
embodiments, the checkpoint inhibitor is CTLA-4. In certain embodiments, the HDAC inhibitor
increases expression of a checkpoint inhibitor present on a cancer cell. In certain embodiments,
the checkpoint inhibitor is PD-L1. In certain embodiments, the checkpoint inhibitor is PD-L2.
[0012] In certain embodiments, the method further comprises administering an antiviral. In
certain embodiments, the antiviral comprises valganciclovir. In certain embodiments, the
antiviral is administered before treatment of a therapeutically effective amount of (2-(6-{[(6-
Fluoroquinolin-2-yl)methylJamino }-3-azabicyclo[3.1.0]hex-3-yl)-N-hydroxypyrimidine-5-

carboxamide), and an immunotherapeutic agent.

INCORPORATION BY REFERENCE
[0013] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The novel features described herein are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the features described herein
will be obtained by reference to the following detailed description that sets forth illustrative
examples, in which the principles of the features described herein are utilized, and the
accompanying drawings of which:
[0015] FIG. 1A-FIG. 1B. FIG. 1A illustrates a non-limiting schematic of a chimeric antigen
receptor of the current disclosure. FIG. 1B illustrates a non-limiting schematic of a targeting
domain of a chimeric antigen receptor of the current disclosure. The figure is not represented to
scale.
[0016] FIG. 2A-B. shows immunoblot for acetylated histone H3 in (FIG. 2A) PC3 cells or
(FIG. 2B) MDA-MB-231 cells.
[0017] FIG. 3 shows an NK cell lysis assay with PC3 cells as a target using two different
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human donors (HD1 and HD2) and genetically modified NK cells expressing a high affinity FC
receptor (HaNK).

[0018] FIG. 4 shows an NK cell lysis assay with MDA-MB-231 cells as a target using two
different human donors (HD1 and HD2) and genetically modified NK cells expressing a high
affinity FC receptor (HaNK).

[0019] FIG. SA-FIG. 5B shows FoxP3 positivity in PBMCs isolated from patients with
metastatic cancer and treated with VRx-3996 followed by analysis by FACS. FIG. SA shows

mean fluorescence intensity of induvial samples. FIG. 5B shows an exemplary FACs histogram.

DETAILED DESCRIPTION OF THE INVENTION
[0020] Provided herein are methods and compositions for treating and/or preventing cancer in
an individual in need thereof. In certain embodiments, the cancer is associated with a latent viral
infection. In certain embodiments, the treatment can comprise the steps of administering a
therapeutically effective amount of an HDAC inhibitor and an immunotherapy to the subject. In
certain embodiments, the methods include the co-administration of an HDAC inhibitor before
the initiation of immunotherapy. In certain embodiments, the methods include the co-
administration of an HDAC inhibitor and immunotherapy. In certain embodiments, the methods
include of an HDAC inhibitor after the initiation of immunotherapy.
[0021] Provided herein are methods for treating a virally-induced malignancy in an individual
in need thereof comprising administering a therapeutically effective amount of an HDAC
inhibitor and an immunotherapeutic agent, wherein the HDAC inhibitor improves the efficacy of
the immunotherapeutic agent in the individual. In certain embodiments, administration of the
HDAC inhibitor induces expression of a viral protein or antigen normally masked, hidden,
unexpressed, or silent in a virus infected cell, wherein the viral protein or antigen can be targeted
by the immunotherapeutic agent.
[0022] The methods and compositions provided can be used to treat and/or prevent any of the
cancers disclosed herein. Any of the HDAC inhibitors and/or immunotherapies described herein
can be used in the methods and compositions of the provided invention.
[0023] Another aspect of the present invention relates to formulations, routes of administration,
and effective doses for pharmaceutical compositions comprising an agent or combination of
agents, e.g., an HDAC inhibitor and an immunotherapy. An HDAC inhibitor, an
immunotherapy, or one or more additional agents can be administered to a subject in separate

pharmaceutical compositions or can be co-formulated in a single pharmaceutical composition.



[0024] Also provided are methods relating to dosing schedules for an HDAC inhibitor and an
immunotherapy. One or more pharmaceutical compositions can be administered to a subject by

“pulsed administration” over a period of time.

OVERVIEW

[0025] Herpesviridae is a large family of DNA viruses that causes disease in humans. The
members of this family are also known as herpesviruses. Viruses in this family include Herpes
simplex virus (HSV) 1 and 2; cytomegalovirus (CMV); Epstein-Barr virus (EBV); and Human
herpes virus (HHV) 6, 7, and 8. HHV-8 is also known as Kaposi's sarcoma-associated
herpesvirus.

[0026] Upon infection with a herpesvirus viral DNA is transcribed into RNA in the cell
nucleus. Infection then proceeds via two different stages; a lytic stage and a latent stage. During
lytic replication viral replication often leads to cell death and the emergence of symptoms which
can include fever, headache, sore throat, rash, and, with some viruses, the emergence of sores.
Lytic genes fall into expression categories depending upon when after cell entry they are
expressed: immediate early, early, and late. Immediate early gene products include; the EBV
genes BZLF1 and BRLF1; the HSV genes RS1/ICP4, ICPO, UL 54/ICP27, US1/ICP22,
US12/ICP47; and the CMV genes pp71, IE1, and IE2. Early gene products include; the EBV
gene BNLF2; and the HSV genes ULS, UL8, UL29, UL30, UL42, UL52, and ICP8. Late gene
products include structural components such as the EBV gene VCA and the HSV genes UL31
and UL34. Herpesviruses are also known for their ability to establish latent infection. During
latent infection, viral replication is minimal or non-existent and patients are often non-
symptomatic. During latent viral infection many gene transcripts and viral proteins are not
expressed or are expressed at low levels. Examples of genes associated with latency are; the
EBV genes EBNA-1, EBNA-2, EBNA-3A, EBNA-3B, EBNA-3C, EBNA-LP, LMP-1, LMP-
2A, LMP-2B, and EBER; the HSV gene latency associate transcript (LAT); and the CMV genes
US28 and anti-sense UL81-82. Provided herein are methods to induce expression of gene
products from a herpesvirus to increase the efficacy of immunotherapy of various herpes virus
associated cancers.

[0027] Many herpesviruses are associated with cancer. EBV is associated with nasopharyngeal
cancer (cancer of the area in the back of the nose), leukemia, lymphoma, lymphomas such as
Burkitt’s lymphoma or Hodgkin’s lymphoma, and stomach cancer. HHV-8 is associated with
Kaposi’s sarcoma. CMV is associated with cancer of the salivary glands and mucoepidermoid

carcinoma.



[0028] For example, previous studies using patient-derived cells in vitro, and also from phase
I/II clinical studies on a series of patients with EBV-associated lymphomas, have clearly shown
the great promise of this combination therapy approach. Strong epidemiological association of
Epstein-Barr Virus (EBV) with various human lymphoid malignancies and in vitro studies
demonstrating tumorigenic activity of many EBV latent gene products suggest a causal
relationship between EBV and these diseases. However, as EBV maintains a latent state of
infection in these lymphomas, typical anti-herpes viral drugs, such as the nucleoside analogs
ganciclovir (GCV) or acyclovir, are ineffective as these pro-drugs require expression of a lytic
phase EBV protein, thymidine kinase (TK) or protein kinase (EBV-PK), for their activity.
Therefore, selective induction of EBV lytic-phase gene expression in lymphoma cells that
harbor latent EBV, coupled with simultaneous exposure to antiviral drugs, has been advanced as
promising targeted therapy, because of resulting targeting of cytotoxicity to the EBV-infected
tumor cells.

[0029] A variety of agents, including short-chain fatty acids and chemotherapeutic drugs, have
been used to induce EBV lytic-phase infection in cultured cells, but these in vitro studies have
generally not resulted in clinical application. For instance, arginine butyrate and GCV has
successfully been used to treat EBV-positive lymphoid malignancies in a recent Phase I/I
clinical trial. In this study of 15 patients with relapsed or refractory EBV-positive lymphoid
tumors, 4 patients achieved complete tumor remissions and 6 patients partial tumor remissions.
However, the rapid metabolism of butyrate requires continuous IV administration of high doses.
Butyrate has pan-HDAC inhibitory activity, and it has been established that this activity is
responsible for the induction of the EBV-TK protein. HDAC inhibitors have been shown to
induce both EBV-TK and EBV-PK in EBV infected tumors.

[0030] Many other viruses establish latency after lytic infection. Human immunodeficiency
virus (HIV) and Human T lymphotrophic virus (HTLV) are two examples of retroviruses with
relevance to human disease. HIV expresses several genes gag, pol, env, tat, rev, nef, vpr, vif, and
vpu which are required for its lytic replication. Provided herein, are methods to induce
expression of gene products from a retrovirus to increase the efficacy of immunotherapy of
various retrovirus associated cancers and diseases. Human papilloma virus (HPV) infects
epithelial cells and is a leading cause of cervical, genital, head, and neck cancers. Hepatitis B
and C infect the liver and chronic infection leads to hepatocellular carcinoma. Provided herein
are methods to induce expression of gene products from HPV and hepatitis viruses to increase
the efficacy of immunotherapy of cancers associated with these viruses.

[0031] Immunotherapeutics such as cytokine treatment, monoclonal antibodies, and vaccines

are ideal candidates to treat cancers that occur as a result of viral infection. Chimeric antigen
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receptor T cells (CAR T cells) represent novel cell based therapeutics with the potential to treat
cancer. CAR T cells comprising a transgenic targeting receptor, in many cases derived from an
antibody molecule, allows for T cells to kill a target cell without the traditional need for peptide
presented in an MHC context. In the case of virus infected cells, this is especially important as
many viruses including herpesviruses and retroviruses evade the immune response by interfering

with classical antigen presentation.

METHODS AND COMPOSITIONS

[0032] In one aspect, provided herein are methods for treating and/or preventing a cancer, a
virally-induced cancer, or virally associated cancer. In some embodiments, the cancer is
associated with a latent viral infection. In certain embodiments, the methods comprise
administering an HDAC inhibitor and an immunotherapy. In certain embodiments, the HDAC
inhibitor and the immunotherapy are co-formulated. In some embodiments, the methods
comprise further administering an additional HDAC inhibitor. In other embodiments, the
methods comprise further administering an additional immunotherapy. In some embodiments,
the methods comprise administering additional individual doses of the HDAC inhibitor. In
certain aspects the methods comprise administering an HDAC inhibitor and a thymidine kinase
inhibitor such as valganciclovir or acyclovir prior to treatment of the cancer with HDAC
inhibitor and an immunotherapeutic. This pretreatment can serve to reduce a tumor or debulk a

tumor prior to administration of immunotherapy.

DEFINITIONS

[0033] The term “ about,” as used herein, refers to a number within 1%, 5%, or 10% of the

stated amount.

[0034] The terms “viral,” “virus-associated,” and “virally-induced,” with reference to
disorders, are used interchangeably throughout the instant specification.

[0035] The terms “comprises,” and “comprising” are intended to have the broad meaning
ascribed to them and can mean “includes,” “including,” and the like.

[0036] The term “subject,” “patient,” or “individual” are used interchangeably herein and refer
to a human individual suffering from a disorder described herein.

[0037] The terms “treat,” “treating,” or “treatment,” and other grammatical equivalents as used
herein, include alleviating, inhibiting, or reducing symptoms, reducing or inhibiting severity of,
reducing incidence of, prophylactic treatment of, reducing or inhibiting recurrence of, delaying
onset of, delaying recurrence of, abating or ameliorating a disease or condition symptoms,

ameliorating the underlying metabolic causes of symptoms, inhibiting the disease or condition,

e.g., arresting the development of the disease or condition, relieving the disease or condition,
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causing regression of the disease or condition, relieving a condition caused by the disease or
condition, or stopping the symptoms of the disease or condition. The terms further include
achieving a therapeutic benefit. By therapeutic benefit is meant eradication or amelioration of
the underlying disorder being treated, and/or the eradication or amelioration of one or more of
the physiological symptoms associated with the underlying disorder such that an improvement is
observed in the patient.

[0038] The terms “prevent,” “preventing” or “prevention,” and other grammatical equivalents
as used herein, include preventing additional symptoms, preventing the underlying metabolic
causes of symptoms, inhibiting the disease or condition, e.g., arresting the development of the
disease or condition and are intended to include prophylaxis. The terms further include
achieving a prophylactic benefit. For prophylactic benefit, the compositions are optionally
administered to a patient at risk of developing a particular disease, to a patient reporting one or
more of the physiological symptoms of a disease, or to a patient at risk of reoccurrence of the
disease.

[0039] The terms “effective amount” or “therapeutically effective amount” as used herein, refer
to a sufficient amount of at least one agent being administered which achieve a desired result,
e.g., to relieve to some extent one or more symptoms of a disease or condition being treated. In
certain instances, the result is a reduction and/or alleviation of the signs, symptoms, or causes of
a disease, or any other desired alteration of a biological system. In certain instances, an
“effective amount” for therapeutic uses is the amount of the composition comprising an agent as
set forth herein required to provide a clinically significant decrease in a disease. An appropriate
“effective” amount in any individual case is determined using any suitable technique, such as a
dose escalation study.

[0040] The terms “administer,” “administering”, “administration,” and the like, as used herein,
refer to the methods that are used to enable delivery of agents or compositions to the desired site
of biological action. These methods include, but are not limited to oral routes, intraduodenal
routes, parenteral injection (including intravenous, subcutaneous, intraperitoneal, intramuscular,
intravascular or infusion), topical and rectal administration. Administration techniques that in
some instances are employed with the agents and methods described herein include, e.g., as
discussed in Goodman and Gilman, 7he Pharmacological Basis of Therapeutics (current
edition), Pergamon; and Remington’s, Pharmaceutical Sciences (current edition), Mack
Publishing Co., Easton, Pa. In certain embodiments, the agents and compositions described
herein are administered orally. In some embodiments, the compositions described herein are
administered parenterally.

[0041] The term “antibody” herein is used in the broadest sense and includes polyclonal and
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monoclonal antibodies, including intact antibodies and functional (antigen-binding) antibody
fragments thereof, including fragment antigen binding (Fab) fragments, F(ab')2fragments, Fab'
fragments, Fv fragments, recombinant IgG (rIgG) fragments, single chain antibody fragments,
including single chain variable fragments (sFv or scFv), and single domain antibodies (e.g.,
sdAb, sdFv, nanobody) fragments. The term encompasses genetically engineered and/or
otherwise modified forms of immunoglobulins, such as intrabodies, peptibodies, chimeric
antibodies, fully human antibodies, humanized antibodies, and heteroconjugate antibodies,
multispecific, e.g., bispecific, antibodies, diabodies, triabodies, and tetrabodies, tandem di-scFv,
tandem tri-scFv. Unless otherwise stated, the term “antibody” should be understood to
encompass functional antibody fragments thereof. The term also encompasses intact or full-
length antibodies, including antibodies of any class or sub-class, including IgG and sub-classes
thereof, IgM, IgE, IgA, and IgD.

[0042] Among the provided antibodies useful for inclusion in the immunoconjugates described
herein, are monoclonal antibodies, polyclonal antibodies, multispecific antibodies (for example,
bispecific antibodies and polyreactive antibodies), and antibody fragments. The antibodies
include antibody-conjugates and molecules comprising the antibodies, such as chimeric
molecules. Thus, an antibody includes, but is not limited to, full-length and native antibodies, as
well as fragments and portions thereof retaining the binding specificities thereof, such as any
specific binding portion thereof including those having any number of, immunoglobulin classes
and/or isotypes (e.g., IgGl, IgG2, IgG3, IgG4, IgM, IgA, IgD, IgE and IgM); and biologically
relevant (antigen-binding) fragments or specific binding portions thereof, including but not
limited to Fab, F(ab")2, Fv, and scFv (single chain or related entity). A monoclonal antibody is
generally one within a composition of substantially homogeneous antibodies; thus, any
individual antibodies comprised within the monoclonal antibody composition are identical
except for possible naturally occurring mutations that may be present in minor amounts. A
polyclonal antibody is a preparation that includes different antibodies of varying sequences that
generally are directed against two or more different determinants (epitopes).

[0043] The invention can be understood more fully by reference to the following detailed
description and illustrative examples, which are intended to exemplify non-limiting

embodiments of the invention.

HDAC INHIBITORS

[0044] The methods of the provided invention comprise use of one or more pharmaceutical
compositions provided herein comprising an HDAC inhibitor to induce expression of a gene

product in a virus-infected cell. The gene product expressed can be a viral enzyme or a cellular
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enzyme or activity that is largely expressed in virus-infected cells. Expression products that can
be targeted include enzymes involved with DNA replication, for example, for repair or
replication of the genome, assembly of complete virus particles, generation of viral membrane or
walls, RNA transcription or protein translation, or combinations of these activities. Interference
with these processes can be performed by inducing and then acting on an enzyme and,
preferably, a critical enzyme in the process. Inducing agents that can be used in the methods and
compositions of the provided invention are described, for example, in US Patent Nos. 6,197,743
and 6,677,302, which are herein incorporated by reference in their entireties.

[0045] HDAC inhibitors according to the methods or compositions provided herein include,
without limitation, short-chain fatty acid (SCFA) derivatives, hydroxamic acids, cyclic peptides,
aliphatic acids, depsipeptides and benzamides.

[0046] In some embodiments, the HDAC inhibitor is an SCFA derivative. Examples of SCFA
inducing agents include propionic acid, butyric acid, succinic acid, valproic acid, fumaric acid
monoethyl ester, dimethyl butyric acid, trifluorobutanol, chloropropionic acid, isopropionic acid,
2-oxypentanoic acid, 2,2- or 3,3-dimethyl butyric acid, 2,2- or 3,3-diethyl butyric acid, butyric
acid ethyl ester, 2-methyl butanoic acid, fumaric acid, and amides and salts thereof. Other
examples include methoxy acetic acid, methoxy propionic acid, N-acetylglycine, mercaptoacetic
acid, 1- or 2-methyl cyclopropane carboxylic acid, squaric acid, 2- or 3-phenoxy propionic acid,
methoxy butyric acid, phenoxy acetic acid, 2- or 3-phenoxy butyric acid, phenyl acetic acid,
phenyl propionic acid, 3-phenyl butyric acid, ethyl-phenyl acetic acid, 4-chloro-2-phenoxy-2-
propionic acid, n-dimethyl butyric acid glycine amide, o-benzoyl lactic acid, o-dimethyl butyric
acid lactate, cinnamic acid, dihydrocinnamic acid (Cs Hs CHCH3; COOH), alpha-methyl-
dihydrocinnamic acid, thiophenoxy acetic acid, and amines, amides, and salts of these
chemicals. Useful amines and amides can include isobutylhydroxylamine, fumaric acid
monoamide, fumaramide, succinamide, or isobutyramide.

[0047] In some embodiments, the HDAC inhibitor is a hydroxamic acid, for example,
Vorinostat/suberoyl anilide hydroxamic acid (SAHA), bishyroxamic acid/CBHA, Droxinostat,
Quisinostat/JNJ-26481585, R306465/INJ-16241199, CHR-3996, Belinostat/PXD101,
Panobinostat/LBH-589, trichostatin A/TSA, ITF2357, m-carboxycinnamic acid,
Givinostat/ITF2357, Pracinostat/SB939, Resminostat/4SC-201, Dacinostat/LLAQ824,
Abexinostat/PCI-24781, PCYC-0402, PCYC-0403, A161906, SB-55629, AR42, CUDC-101,
Scriptaid, oxamflatin, and tubacin. In certain embodiments, the HDAC inhibitor is a pyrimidine
hydroxamic acid, for example, INJ-26481585, INJ-16241199, or CHR-3996.

[0048] In some embodiments, the HDAC inhibitor is a hydroxamic acid derivative. In certain

embodiments, the HDAC inhibitor is a pyrimidine hydroxamic acid. In some embodiments, the
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HDAC inhibitor is a non-piperidine-containing pyrimidine hydroxamic acid derivative. In
certain embodiments, the HDAC inhibitor comprises an azabicyclo-hexane. In other
embodiments, the HDAC inhibitor comprises fluorine. In certain embodiments, the HDAC
inhibitor comprises a fluoroquinoline group.

[0049] In some embodiments, the HDAC inhibitor is a cyclic peptide. In certain embodiments,
the cyclic peptide is HC-toxin, apcidin, Trapoxin A, Trapoxin B, WF-3161, chlamydocin,
orazumamide A.

[0050] In some embodiments, the HDAC inhibitor is a depsipeptide. In certain embodiments,
the depsipeptide is romidepsin (FK228), romidepsin analogs and derivatives, largazole,
largazole analogs and derivatives, diheteropeptin, FR901375, or spiruchostatins.

[0051] In some embodiments, the HDAC inhibitor is a benzamide. In certain embodiments, the
benzamide is Etinostat/MS275, RG-2833, CI1994, 4SC-202, Mocetinostat/MGCDO0103, RG2833,
CDUC-101, or chidamide.

[0052] In some embodiments, the HDAC inhibitor is ACY-822, ACY-957, ACY-1071, ACY-
1112, or ACY-1215.

[0053] In some embodiments, a viral inducing agent, for example an HDAC inhibitor,
penetrates the blood brain barrier. In certain embodiments, a viral inducing agent that penetrates
the blood brain barrier comprises arginine butyrate, SAHA, chidamide, 4SC-202, or CHR-3996.
[0054] In certain embodiments, the HDAC inhibitor is administered at a dose of less than

400 mg/day. In some embodiments, the HDAC inhibitor is administered at a dose of about

1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day, about 15 mg/day, about

20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about 40 mg/day, about

45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about 80 mg/day, about

90 mg/day, about 100 mg/day, about 120 mg/day, about 125 mg/day, about 140 mg/day, about
150 mg/day, about 160 mg/day, about 175 mg/day, about 180 mg/day, about 190 mg/day, about
200 mg/day, about 225 mg/day, about 250 mg/day, about 275 mg/day, about 300 mg/day, about
325 mg/day, about 350 mg/day, about 375 mg/day, about 400 mg/day, about 425 mg/day, about
450 mg/day, about 475 mg/day, or about 500 mg/day. In certain embodiments, the HDAC
inhibitor is administered at a dose of less than 1 mg/day, less than 2 mg/day, less than 5 mg/day,
less than 10 mg/day, less than 15 mg/day, less than 20 mg/day, less than 25 mg/day, less than
30 mg/day, less than 35 mg/day, less than 40 mg/day, less than 45 mg/day, less than 50 mg/day,
less than 60 mg/day, less than 70 mg/day, less than 80 mg/day, less than 90 mg/day, less than
100 mg/day, less than 120 mg/day, less than 125 mg/day, less than 140 mg/day, less than

150 mg/day, less than 160 mg/day, less than 175 mg/day, less than 180 mg/day, less than

190 mg/day, less than 200 mg/day, less than 225 mg/day, less than 250 mg/day, less than
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275 mg/day, less than 300 mg/day, less than 325 mg/day, less than 350 mg/day, less than

375 mg/day, less than 400 mg/day, less than 425 mg/day, less than 450 mg/day, less than

475 mg/day, or less than 500 mg/day. In some embodiments, the HDAC inhibitor is
administered at a dose of more than 1 mg/day, more than 2 mg/day, more than 5 mg/day, more
than 10 mg/day, more than 15 mg/day, more than 20 mg/day, more than 25 mg/day, more than
30 mg/day, more than 35 mg/day, more than 40 mg/day, more than 45 mg/day, more than

50 mg/day, more than 60 mg/day, more than 70 mg/day, more than 80 mg/day, more than

90 mg/day, more than 100 mg/day, more than 120 mg/day, more than 125 mg/day, more than
140 mg/day, more than 150 mg/day, more than 160 mg/day, more than 175 mg/day, more than
180 mg/day, more than 190 mg/day, more than 200 mg/day, more than 225 mg/day, more than
250 mg/day, more than 275 mg/day, more than 300 mg/day, more than 325 mg/day, more than
350 mg/day, more than 375 mg/day, more than 400 mg/day, more than 425 mg/day, more than
450 mg/day, more than 475 mg/day, or more than 500 mg/day. In certain embodiments, the
HDAC inhibitor is administered at a dose of more than 1 mg/day and less than 500 mg/day. In
some embodiments, the HDAC inhibitor is administered at a dose of more than 20 mg/day and
less than 80 mg/day. In certain embodiments, the HDAC inhibitor is administered once a day
(q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments, the HDAC inhibitor is
administered daily, once a week, twice a week, three times a week, four times a week, or five
times a week.

[0055] In some embodiments, the HDAC inhibitor is ACY-957. In certain embodiments, ACY-
957 is administered at a dose of 200 mg/day. In some embodiments, ACY-957 is administered at
a dose of about 1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day, about 15 mg/day,
about 20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about 40 mg/day, about
45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about 80 mg/day, about 90
mg/day, about 100 mg/day, about 150 mg/day, about 200 mg/day, about 250 mg/day, about 300
mg/day, about 350 mg/day about 400 mg/day, about 450 mg/day, or about 500 mg/day. In
certain embodiments, 4SC-202 is administered at a dose of less than 1 mg/day, less than 2
mg/day, less than 5 mg/day, less than 10 mg/day, less than 15 mg/day, less than 20 mg/day, less
than 25 mg/day, less than 30 mg/day, less than 35 mg/day, less than 40 mg/day, less than 45
mg/day, less than 50 mg/day, less than 60 mg/day, less than 70 mg/day, less than 80 mg/day,
less than 90 mg/day, or less than 100 mg/day, less than 150 mg/day, less than 200 mg/day, less
than 250 mg/day, less than 300 mg/day, less than 350 mg/day less than 400 mg/day, less than
450 mg/day, or less than 500 mg/day. In some embodiments, ACY-957 is administered at a dose
of more than 1 mg/day, more than 2 mg/day, more than 5 mg/day, more than 10 mg/day, more

than 15 mg/day, more than 20 mg/day, more than 25 mg/day, more than 30 mg/day, more than
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35 mg/day, more than 40 mg/day, more than 45 mg/day, more than 50 mg/day, more than 60
mg/day, more than 70 mg/day, more than 80 mg/day, more than 90 mg/day, more than 100
mg/day, more than 150 mg/day, more than 200 mg/day, more than 250 mg/day, more than 300
mg/day, more than 350 mg/day more than 400 mg/day, more than 450 mg/day, or more than 500
mg/day. In some embodiments, ACY-957 is administered at a dose of about 10 mg/day to about
1000 mg/day. In certain embodiments, ACY-957 is administered at a dose of about 20 mg/day to
about 800 mg/day. In some embodiments, ACY-957 is administered at a dose of about 25
mg/day to about 600 mg/day. In certain embodiments, ACY-957 is administered once a day
(q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments, the dose is about 50 mg
twice daily. In some embodiments, the dose is about 100 mg twice daily. In some embodiments,
the dose is about 150 mg twice daily. In some embodiments, the dose is about 200 mg twice
daily. In some embodiments, the dose is about 250 mg twice daily. In some embodiments, the
dose is about 300 mg twice daily. In some embodiments, ACY-957 is administered daily, once a
week, twice a week, three times a week, four times a week, or five times a week. In some
embodiments, ACY-957 is administered once a month, twice a month, thrice a month or 4 times
a month. In certain embodiments, ACY-957 is in a delayed, slow, or timed release form.

[0056] In some embodiments, a unit dose of a co-formulated HDAC inhibitor ACY-957 and
antiviral agent comprises less than 400 mg of the HDAC inhibitor ACY-957 and less than 1000
mg of the antiviral agent. In some embodiments, a unit dose of a co-formulated HDAC inhibitor
ACY-957and antiviral agent comprises less than 200 mg of the HDAC inhibitor ACY-957 and
less than 1000 mg of the antiviral agent. In certain embodiments, the unit dose comprises less
than 50 mg of the HDAC inhibitor ACY-957 and less than 500 mg of the antiviral agent. In
other embodiments, the unit dose comprises less than 80 mg of the HDAC inhibitor ACY-957
and less than 1500 mg of the antiviral agent. In some embodiments, the unit dose comprises less
than 50 mg of the HDAC inhibitor ACY-957 and less than 1000 mg of antiviral agent. In some
embodiments, the unit dose comprises about 20 mg of the HDAC inhibitor ACY-957 and about
450 mg of antiviral agent. In certain embodiments, the unit dose comprises about 40 mg of the
HDAC inhibitor ACY-957 and about 900 mg of antiviral agent. In some embodiments, the
antiviral agent is formulated as controlled release, delayed release, or slow release.

[0057] In some embodiments, the HDAC inhibitor is ACY-1215. In certain embodiments,
ACY-1215 is administered at a dose of 200 mg/day. In some embodiments, ACY-1215 is
administered at a dose of about 1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day,
about 15 mg/day, about 20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about
40 mg/day, about 45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about 80
mg/day, about 90 mg/day, about 100 mg/day, about 150 mg/day, about 160 mg/day, about 170
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mg/day, about 200 mg/day, about 250 mg/day, about 300 mg/day, about 350 mg/day about 400
mg/day, about 450 mg/day, or about 500 mg/day. In certain embodiments, 4SC-202 is
administered at a dose of less than 1 mg/day, less than 2 mg/day, less than 5 mg/day, less than
10 mg/day, less than 15 mg/day, less than 20 mg/day, less than 25 mg/day, less than 30 mg/day,
less than 35 mg/day, less than 40 mg/day, less than 45 mg/day, less than 50 mg/day, less than 60
mg/day, less than 70 mg/day, less than 80 mg/day, less than 90 mg/day, or less than 100 mg/day,
less than 150 mg/day, less than 200 mg/day, less than 250 mg/day, less than 300 mg/day, less
than 350 mg/day less than 400 mg/day, less than 450 mg/day, or less than 500 mg/day. In some
embodiments, ACY-1215 is administered at a dose of more than 1 mg/day, more than 2 mg/day,
more than 5 mg/day, more than 10 mg/day, more than 15 mg/day, more than 20 mg/day, more
than 25 mg/day, more than 30 mg/day, more than 35 mg/day, more than 40 mg/day, more than
45 mg/day, more than 50 mg/day, more than 60 mg/day, more than 70 mg/day, more than 80
mg/day, more than 90 mg/day, more than 100 mg/day, more than 150 mg/day, more than 200
mg/day, more than 250 mg/day, more than 300 mg/day, more than 350 mg/day more than 400
mg/day, more than 450 mg/day, or more than 500 mg/day. In some embodiments, ACY-1215 is
administered at a dose of about 10 mg/day to about 1000 mg/day. In certain embodiments,
ACY-1215 is administered at a dose of about 20 mg/day to about 800 mg/day. In some
embodiments, ACY-1215 is administered at a dose of about 25 mg/day to about 600 mg/day. In
some embodiments, ACY-1215 is administered at a dose of about 50 mg/day to about 400
mg/day. In some embodiments, ACY-1215 is administered at a dose of about 100 mg/day to
about 300 mg/day. In some embodiments, ACY-1215 is administered at a dose of about 100
mg/day to about 200 mg/day. In certain embodiments, ACY-1215 is administered once a day
(q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments, the dose is about 50 mg
twice daily. In some embodiments, the dose is about 100 mg twice daily. In some embodiments,
the dose is about 150 mg twice daily. In some embodiments, the dose is about 200 mg twice
daily. In some embodiments, the dose is about 250 mg twice daily. In some embodiments, the
dose is about 300 mg twice daily. In some embodiments, ACY-1215 is administered daily, once
a week, twice a week, three times a week, four times a week, or five times a week. In some
embodiments, ACY-1215 is administered once a month, twice a month, thrice a month or 4
times a month. In certain embodiments, ACY-1215 is in a delayed, slow, or timed release form.
[0058] In some embodiments, a unit dose of a co-formulated HDAC inhibitor ACY-1215 and
antiviral agent comprises less than 400 mg of the HDAC inhibitor ACY-1215 and less than 1000
mg of the antiviral agent. In some embodiments, a unit dose of a co-formulated HDAC inhibitor
ACY-1215 and antiviral agent comprises less than 200 mg of the HDAC inhibitor ACY-1215

and less than 1000 mg of the antiviral agent. In certain embodiments, the unit dose comprises
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less than 50 mg of the HDAC inhibitor ACY-1215 and less than 500 mg of the antiviral agent.
In other embodiments, the unit dose comprises less than 80 mg of the HDAC inhibitor ACY-
1215 and less than 1500 mg of the antiviral agent. In some embodiments, the unit dose
comprises less than 50 mg of the HDAC inhibitor ACY-1215 and less than 1000 mg of antiviral
agent. In some embodiments, the unit dose comprises about 20 mg of the HDAC inhibitor ACY-
1215 and about 450 mg of antiviral agent. In certain embodiments, the unit dose comprises
about 40 mg of the HDAC inhibitor ACY-1215 and about 900 mg of antiviral agent. In some
embodiments, the antiviral agent is formulated as controlled release, delayed release, or slow
release.

[0059] In some embodiments, the HDAC inhibitor is CHR-3996 (also referred to as VRx-3996,
which is chemically identical). The chemical formula of CHR-3996 is (2-(6-{[(6-
Fluoroquinolin-2-yl)methylJamino }-3-azabicyclo[3.1.0]hex-3-yl)-N-hydroxypyrimidine-5-
carboxamide). CHR-3996 is a selective Class | HDAC inhibitor and is disclosed in U.S. Patent
No. 7,932,246, which is incorporated by reference herein in its entirety. In certain embodiments,
CHR-3996 is administered at a dose of 40 mg/day. In some embodiments, CHR-3996 is
administered at a dose of about 1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day,
about 15 mg/day, about 20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about
40 mg/day, about 45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about

80 mg/day, about 90 mg/day, or about 100 mg/day. In certain embodiments, CHR-3996 is
administered at a dose of less than 1 mg/day, less than 2 mg/day, less than 5 mg/day, less than
10 mg/day, less than 15 mg/day, less than 20 mg/day, less than 25 mg/day, less than 30 mg/day,
less than 35 mg/day, less than 40 mg/day, less than 45 mg/day, less than 50 mg/day, less than
60 mg/day, less than 70 mg/day, less than 80 mg/day, less than 90 mg/day, or less than

100 mg/day. In some embodiments, CHR-3996 is administered at a dose of more than 1 mg/day,
more than 2 mg/day, more than 5 mg/day, more than 10 mg/day, more than 15 mg/day, more
than 20 mg/day, more than 25 mg/day, more than 30 mg/day, more than 35 mg/day, more than
40 mg/day, more than 45 mg/day, more than 50 mg/day, more than 60 mg/day, more than

70 mg/day, more than 80 mg/day, more than 90 mg/day, or more than 100 mg/day. In certain
embodiments, CHR-3996 is administered at a dose of more than 30 mg/day and less than

50 mg/day. In some embodiments, CHR-3996 is administered at a dose of more than 5 mg/day
and less than 80 mg/day. In some embodiments, CHR-3996 is administered at a dose of more
than 10 mg/day and less than 80 mg/day. In some embodiments, CHR-3996 is administered at a
dose of more than 20 mg/day and less than 80 mg/day. In some embodiments, CHR-3996 is
administered at a dose of about 1 mg/day, about 2 mg/day, about 5 mg/day, about 6 mg/day,
about 7 mg/day, about 8 mg/day, about 9 mg/day, about 10 mg/day, about 11 mg/day, about
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12 mg/day, about 13 mg/day, about 14 mg/day, about 15 mg/day, about 16 mg/day, about 17
mg/day, about 18 mg/day, about 19 mg/day, about 20 mg/day, about 22 mg/day, about

23 mg/day, about 25 mg/day, about 27 mg/day, about 28 mg/day, about 30 mg/day, about

32 mg/day, about 33 mg/day, about 35 mg/day, about 40 mg/day, about 45 mg/day, about

50 mg/day, about 60 mg/day, about 70 mg/day, about 80 mg/day, about 90 mg/day, or about
100 mg/day. In certain embodiments, CHR-3996 is administered once a day (q.d.), twice a day
(b.1.d.), or thrice a day (t.i.d.). In some embodiments, CHR-3996 is administered daily, once a
week, twice a week, three times a week, four times a week, or five times a week.

[0060] In some embodiments, the HDAC inhibitor is chidamide. In certain embodiments,
chidamide is administered at a dose of 40 mg/day. In some embodiments, chidamide is
administered at a dose of about 1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day,
about 15 mg/day, about 20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about
40 mg/day, about 45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about 80
mg/day, about 90 mg/day, about 100 mg/day, about 150 mg/day, about 200 mg/day, about 250
mg/day, about 300 mg/day, about 350 mg/day, or about 400 mg/day. In certain embodiments,
chidamide is administered at a dose of less than 1 mg/day, less than 2 mg/day, less than 5
mg/day, less than 10 mg/day, less than 15 mg/day, less than 20 mg/day, less than 25 mg/day,
less than 30 mg/day, less than 35 mg/day, less than 40 mg/day, less than 45 mg/day, less than 50
mg/day, less than 60 mg/day, less than 70 mg/day, less than 80 mg/day, less than 90 mg/day,
less than 100 mg/day, less than 150 mg/day, less than 200 mg/day, less than 250 mg/day, less
than 300 mg/day, less than 350 mg/day, or less than 400 mg/day. In some embodiments,
chidamide is administered at a dose of more than 1 mg/day, more than 2 mg/day, more than 5
mg/day, more than 10 mg/day, more than 15 mg/day, more than 20 mg/day, more than 25
mg/day, more than 30 mg/day, more than 35 mg/day, more than 40 mg/day, more than 45
mg/day, more than 50 mg/day, more than 60 mg/day, more than 70 mg/day, more than 80
mg/day, more than 90 mg/day, more than 100 mg/day, more than 150 mg/day, more than 200
mg/day, more than 250 mg/day, more than 300 mg/day, more than 350 mg/day, or more than
400 mg/day. In some embodiments, chidamide is administered at a dose of about 1 mg/day to
about 100 mg/day. In certain embodiments, chidamide is administered at a dose of about 5
mg/day to about 80 mg/day. In some embodiments, chidamide is administered at a dose of 5 mg
twice weekly to 80 mg twice weekly. In some embodiments, chidamide is administered at a dose
of 5 mg thrice weekly to 80 mg thrice weekly. In some embodiments, chidamide is administered
at a dose of about 10 mg/day to about 60 mg/day. In some embodiments, chidamide is
administered at a dose of 10 mg twice weekly to 60 mg twice weekly. In some embodiments,

chidamide is administered at a dose of 10 mg thrice weekly to 60 mg thrice weekly. In some
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embodiments, chidamide is administered at a dose of 20 mg/day to 50 mg/day. In some
embodiments, chidamide is administered at a dose of 20 mg twice weekly to 50 mg twice
weekly. In some embodiments, chidamide is administered at a dose of 20 mg thrice weekly to 50
mg thrice weekly. In some embodiments, chidamide is administered at a dose of 30 mg/day to
40 mg/day. In some embodiments, chidamide is administered at a dose of 30 mg twice weekly to
40 mg twice weekly. In some embodiments, chidamide is administered at a dose of 30 mg thrice
weekly to 40 mg thrice weekly. In certain embodiments, chidamide is administered once a day
(q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments, chidamide is
administered daily, once a week, twice a week, three times a week, four times a week, or five
times a week. In some embodiments, chidamide is administered once a month, twice a month,
thrice a month, or 4 times a month. In certain embodiments, chidamide is in a delayed, slow, or
timed release form.

[0061] In some embodiments, the HDAC inhibitor is 4SC-202. In certain embodiments, 4SC-
202 is administered at a dose of 200 mg/day. In some embodiments, 4SC-202 is administered at
a dose of about 1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day, about 15 mg/day,
about 20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about 40 mg/day, about
45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about 80 mg/day, about 90
mg/day, about 100 mg/day, about 150 mg/day, about 200 mg/day, about 250 mg/day, about 300
mg/day, about 350 mg/day about 400 mg/day, about 450 mg/day, or about 500 mg/day. In
certain embodiments, 4SC-202 is administered at a dose of less than 1 mg/day, less than 2
mg/day, less than 5 mg/day, less than 10 mg/day, less than 15 mg/day, less than 20 mg/day, less
than 25 mg/day, less than 30 mg/day, less than 35 mg/day, less than 40 mg/day, less than 45
mg/day, less than 50 mg/day, less than 60 mg/day, less than 70 mg/day, less than 80 mg/day,
less than 90 mg/day, or less than 100 mg/day, less than 150 mg/day, less than 200 mg/day, less
than 250 mg/day, less than 300 mg/day, less than 350 mg/day less than 400 mg/day, less than
450 mg/day, or less than 500 mg/day. In some embodiments, 4SC-202 is administered at a dose
of more than 1 mg/day, more than 2 mg/day, more than 5 mg/day, more than 10 mg/day, more
than 15 mg/day, more than 20 mg/day, more than 25 mg/day, more than 30 mg/day, more than
35 mg/day, more than 40 mg/day, more than 45 mg/day, more than 50 mg/day, more than 60
mg/day, more than 70 mg/day, more than 80 mg/day, more than 90 mg/day, more than 100
mg/day, more than 150 mg/day, more than 200 mg/day, more than 250 mg/day, more than 300
mg/day, more than 350 mg/day more than 400 mg/day, more than 450 mg/day, or more than 500
mg/day. In some embodiments, 4SC-202 is administered at a dose of about 10 mg/day to about
1000 mg/day. In certain embodiments, 4SC-202 is administered at a dose of about 20 mg/day to
about 800 mg/day. In some embodiments, 4SC-202 is administered at a dose of about 25 mg/day
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to about 600 mg/day. In certain embodiments, 4SC-202 is administered once a day (q.d.), twice
a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments, the dose is about 50 mg twice daily.
In some embodiments, the dose is about 100 mg twice daily. In some embodiments, the dose is
about 150 mg twice daily. In some embodiments, the dose is about 200 mg twice daily. In some
embodiments, the dose is about 250 mg twice daily. In some embodiments, the dose is about 300
mg twice daily. In some embodiments, 4SC-202 is administered daily, once a week, twice a
week, three times a week, four times a week, or five times a week. In some embodiments, 4SC-
202 is administered once a month, twice a month, thrice a month or 4 times a month. In certain
embodiments, 4SC-202 is in a delayed, slow, or timed release form.

[0062] In some embodiments, the HDAC inhibitor is ITF-2357. In certain embodiments, ITF-
2357 is administered at a dose of 100 mg/day. In some embodiments, ITF-2357 is administered
at a dose of about 1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day, about

15 mg/day, about 20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about

40 mg/day, about 45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about

80 mg/day, about 90 mg/day, about 100 mg/day, about 120 mg/day, about 125 mg/day, about
140 mg/day, about 150 mg/day, about 160 mg/day, about 175 mg/day, about 180 mg/day, about
200 mg/day, about 225 mg/day, about 250 mg/day, about 275 mg/day, or about 300 mg/day. In
certain embodiments, ITF-2357 is administered at a dose of less than 1 mg/day, less than

2 mg/day, less than 5 mg/day, less than 10 mg/day, less than 15 mg/day, less than 20 mg/day,
less than 25 mg/day, less than 30 mg/day, less than 35 mg/day, less than 40 mg/day, less than
45 mg/day, less than 50 mg/day, less than 60 mg/day, less than 70 mg/day, less than 80 mg/day,
less than 90 mg/day, less than 100 mg/day, less than 120 mg/day, less than 125 mg/day, less
than 140 mg/day, less than 150 mg/day, less than 160 mg/day, less than 175 mg/day, less than
180 mg/day, less than 200 mg/day, less than 225 mg/day, less than 250 mg/day, less than

275 mg/day, or less than 300 mg/day. In some embodiments, ITF-2357 is administered at a dose
of more than1l mg/day, more than2 mg/day, more than5 mg/day, more than10 mg/day, more
than15 mg/day, more than20 mg/day, more than25 mg/day, more than30 mg/day, more

than35 mg/day, more than40 mg/day, more than45 mg/day, more than50 mg/day, more

than60 mg/day, more than70 mg/day, more than80 mg/day, more than90 mg/day, more

than100 mg/day, more than120 mg/day, more than125 mg/day, more than140 mg/day, more
than150 mg/day, more than160 mg/day, more than175 mg/day, more than180 mg/day, more
than200 mg/day, more than225 mg/day, more than250 mg/day, more than275 mg/day, or more
than300 mg/day. In certain embodiments, ITF-2357 is administered at a dose of more than

80 mg/day and less than 120 mg/day. In some embodiments, ITF-2357 is administered at a dose
of more than 40 mg/day and less than 120 mg/day. In certain embodiments, ITF-2357 is
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administered at a dose of more than 50 mg/day and less than 240 mg/day. In some embodiments,
ITF-2357 1s administered once a day (q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some
embodiments, ITF-2357 is administered daily, once a week, twice a week, three times a week,
four times a week, or five times a week.

[0063] In some embodiments, the HDAC inhibitor is INJ-16241199/R306465. In certain
embodiments, JNJ-16241199/R306465 is administered at a dose of 100 mg/day. In some
embodiments, INJ-16241199/R306465 is administered at a dose of about 1 mg/day, about

2 mg/day, about 5 mg/day, about 10 mg/day, about 15 mg/day, about 20 mg/day, about

25 mg/day, about 30 mg/day, about 35 mg/day, about 40 mg/day, about 45 mg/day, about

50 mg/day, about 60 mg/day, about 70 mg/day, about 80 mg/day, about 90 mg/day, about

100 mg/day, about 120 mg/day, about 125 mg/day, about 140 mg/day, about 150 mg/day, about
160 mg/day, about 175 mg/day, about 180 mg/day, about 200 mg/day, about 225 mg/day, about
250 mg/day, about 275 mg/day, or about 300 mg/day. In certain embodiments, JNJ-
16241199/R306465 is administered at a dose of less than 1 mg/day, less than 2 mg/day, less than
5 mg/day, less than 10 mg/day, less than 15 mg/day, less than 20 mg/day, less than 25 mg/day,
less than 30 mg/day, less than 35 mg/day, less than 40 mg/day, less than 45 mg/day, less than
50 mg/day, less than 60 mg/day, less than 70 mg/day, less than 80 mg/day, less than 90 mg/day,
less than 100 mg/day, less than 120 mg/day, less than 125 mg/day, less than 140 mg/day, less
than 150 mg/day, less than 160 mg/day, less than 175 mg/day, less than 180 mg/day, less than
200 mg/day, less than 225 mg/day, less than 250 mg/day, less than 275 mg/day, or less than
300 mg/day. In some embodiments, JNJ-16241199/R306465 is administered at a dose of more
than 1 mg/day, more than 2 mg/day, more than 5 mg/day, more than 10 mg/day, more than

15 mg/day, more than 20 mg/day, more than 25 mg/day, more than 30 mg/day, more than

35 mg/day, more than 40 mg/day, more than 45 mg/day, more than 50 mg/day, more than

60 mg/day, more than 70 mg/day, more than 80 mg/day, more than 90 mg/day, more than

100 mg/day, more than 120 mg/day, more than 125 mg/day, more than 140 mg/day, more than
150 mg/day, more than 160 mg/day, more than 175 mg/day, more than 180 mg/day, more than
200 mg/day, more than 225 mg/day, more than 250 mg/day, more than 275 mg/day, or more
than 300 mg/day. In certain embodiments, JNJ-16241199/R306465 is administered at a dose of
more than 80 mg/day and less than 120 mg/day. In some embodiments, JNJ-16241199/R306465
is administered at a dose of more than 40 mg/day and less than 120 mg/day. In certain
embodiments, JNJ-16241199/R306465 is administered at a dose of more than 50 mg/day and
less than 240 mg/day. In some embodiments, INJ-16241199/R306465 is administered once a
day (q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments, JNJ-
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16241199/R306465 is administered daily, once a week, twice a week, three times a week, four
times a week, or five times a week.

[0064] In some embodiments, the HDAC inhibitor is INJ-26481585. In certain embodiments,
JNJ-26481585 is administered at a dose of 10 mg/day. In some embodiments, INJ-26481585 is
administered at a dose of about 0.1 mg/day, about 0.2 mg/day, about 0.5 mg/day, about

1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day, about 15 mg/day, about

20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about 40 mg/day, about

45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about 80 mg/day, about

90 mg/day, or about 100 mg/day. In certain embodiments, JNJ-26481585 is administered at a
dose of less than 0.1 mg/day, less than 0.2 mg/day, less than 0.5 mg/day, less than 1 mg/day, less
than 2 mg/day, less than 5 mg/day, less than 10 mg/day, less than 15 mg/day, less than

20 mg/day, less than 25 mg/day, less than 30 mg/day, less than 35 mg/day, less than 40 mg/day,
less than 45 mg/day, less than 50 mg/day, less than 60 mg/day, less than 70 mg/day, less than

80 mg/day, less than 90 mg/day, or less than 100 mg/day. In some embodiments, JNJ-26481585
is administered at a dose of more than 0.1 mg/day, more than 0.2 mg/day, more than 0.5 mg/day,
more than 1 mg/day, more than 2 mg/day, more than 5 mg/day, more than 10 mg/day, more than
15 mg/day, more than 20 mg/day, more than 25 mg/day, more than 30 mg/day, more than

35 mg/day, more than 40 mg/day, more than 45 mg/day, more than 50 mg/day, more than

60 mg/day, more than 70 mg/day, more than 80 mg/day, more than 90 mg/day, or more than

100 mg/day. In certain embodiments, JNJ-26481585 is administered at a dose of more than

2 mg/day and less than 20 mg/day. In some embodiments, INJ-26481585 is administered at a
dose of more than 5 mg/day and less than 30 mg/day. In certain embodiments, JNJ-26481585 is
administered once a day (q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments,
JNJ-26481585 is administered daily, once a week, twice a week, three times a week, four times a
week, or five times a week.

[0065] In some embodiments, the HDAC inhibitor is MGCDO0103. In certain embodiments,
MGCDO0103 is administered at a dose of 45 mg/m?/day. In some embodiments, MGCDO0103 is
administered at a dose of about 1 mg/m?/day, about 2 mg/m?*/day, about 5 mg/m?*/day, about

10 mg/m*/day, about 15 mg/m*/day, about 20 mg/m*/day, about 25 mg/m?*/day, about

30 mg/m*/day, about 35 mg/m?*/day, about 40 mg/m2/day, about 45 mg/m*/day, about

50 mg/m?*/day, about 60 mg/m?*/day, about 70 mg/m?/day, about 80 mg/m*/day, about

90 mg/m*/day, or about 100 mg/m*/day. In certain embodiments, MGCDO0103 is administered at
a dose of less than 1 mg/m®/day, less than 2 mg/m?/day, less than 5 mg/m*/day, less than

10 mg/m?*/day, less than 15 mg/m?*/day, less than 20 mg/m?*/day, less than 25 mg/m?*/day, less
than 30 mg/m?*/day, less than 35 mg/m?/day, less than 40 mg/m?*/day, less than 45 mg/m*/day,
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less than 50 mg/m*/day, less than 60 mg/m?/day, less than 70 mg/m*/day, less than

80 mg/m*/day, less than 90 mg/m*/day, or less than 100 mg/m*/day. In some embodiments,
MGCDO0103 is administered at a dose of more than 1 mg/m*/day, more than 2 mg/m*/day, more
than 5 mg/m?/day, more than 10 mg/m®/day, more than 15 mg/m*/day, more than 20 mg/m*/day,
more than 25 mg/m*/day, more than 30 mg/m?/day, more than 35 mg/m*/day, more than

40 mg/m*/day, more than 45 mg/m*/day, more than 50 mg/m*/day, more than 60 mg/m*/day,
more than 70 mg/m*/day, more than 80 mg/m”/day, more than 90 mg/m*/day, or more than

100 mg/m*/day. In certain embodiments, MGCD0103 is administered at a dose of more than

30 mg/m®/day and less than 80 mg/m?*/day. In some embodiments, MGCDO103 is administered
at a dose of more than 45 mg/m?/day and less than 60 mg/m?/day. In certain embodiments,
MGCDO0103 is administered once a day (q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In
some embodiments, MGCDO0103 is administered daily, once a week, twice a week, three times a
week, four times a week, or five times a week.

[0066] In some embodiments, the HDAC inhibitor is MS-275. In certain embodiments, M S-
275 is administered at a dose of 4 mg/m*/day. In some embodiments, MS-275 is administered at
a dose of about 0.1 mg/m?*/day, of about 0.2 mg/m*/day, of about 0.5 mg/m?/day, of about

1 mg/m*/day, of about 2 mg/m*/day, of about 3 mg/m*/day, of about 4 mg/m*/day, about

5 mg/m?*/day, of about 6 mg/m*/day, of about 7 mg/m?*/day, of about 8 mg/m?/day, of about

9 mg/m*/day, about 10 mg/m*/day, about 15 mg/m*/day, about 20 mg/m?*/day, about

25 mg/m*/day, about 30 mg/m*/day, about 35 mg/m?*/day, about 40 mg/m2/day, about

45 mg/m*/day, about 50 mg/m*/day, about 60 mg/m?*/day, about 70 mg/m?*/day, about

80 mg/m?*/day, about 90 mg/m*/day, or about 100 mg/m*/day. In certain embodiments, MS-275
is administered at a dose of less than 0.1 mg/m*/day, of less than 0.2 mg/m*/day, of less than

0.5 mg/m*/day, of less than 1 mg/m?/day, of less than 2 mg/m*/day, of less than 3 mg/m*/day, of
less than 4 mg/m*/day, less than 5 mg/m*/day, of less than 6 mg/m*/day, of less than

7 mg/m*/day, of less than 8 mg/m*/day, of less than 9 mg/m*/day, less than 10 mg/m?/day, less
than 15 mg/m?*/day, less than 20 mg/m?/day, less than 25 mg/m*/day, less than 30 mg/m*/day,
less than 35 mg/m*/day, less than 40 mg/m2/day, less than 45 mg/m*/day, less than

50 mg/m*/day, less than 60 mg/m*/day, less than 70 mg/m*/day, less than 80 mg/m*/day, less
than 90 mg/m*/day, or less than 100 mg/m?*/day. In some embodiments, MS-275 is administered
at a dose of more than 0.1 mg/m?*/day, of more than 0.2 mg/m?*/day, of more than 0.5 mg/m*/day,
of more than 1 mg/m*/day, of more than 2 mg/m?*/day, of more than 3 mg/m®/day, of more than
4 mg/m*/day, more than 5 mg/m?*/day, of more than 6 mg/m*/day, of more than 7 mg/m?/day, of
more than 8 mg/m?/day, of more than 9 mg/m*/day, more than 10 mg/m?*/day, more than

15 mg/m?*/day, more than 20 mg/m*/day, more than 25 mg/m*/day, more than 30 mg/m*/day,
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more than 35 mg/m*/day, more than 40 mg/m2/day, more than 45 mg/m*/day, more than

50 mg/m*/day, more than 60 mg/m®/day, more than 70 mg/m*/day, more than 80 mg/m?*/day,
more than 90 mg/m*/day, or more than 100 mg/m*/day. In certain embodiments, MS-275 is
administered at a dose of more than 2 mg/m?*/day and less than 10 mg/m*/day. In some
embodiments, MS-275 is administered at a dose of more than 2 mg/m?/day and less than

40 mg/m*/day. In certain embodiments, MS-275 is administered at a dose of more than

2 mg/m*/day and less than 6 mg/m?*/day. In some embodiments, MS-275 is administered at a
dose of more than 6 mg/m?*/day and less than 8 mg/m?*/day. In certain embodiments, MS-275 is
administered once a day (q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments,
MS-275 is administered daily, once a week, twice a week, three times a week, four times a
week, or five times a week.

[0067] In some embodiments, the HDAC inhibitor is SB939. In certain embodiments, SB939 is
administered at a dose of 60 mg/day. In some embodiments, SB939 is administered at a dose of
about 1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day, about 15 mg/day, about

20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about 40 mg/day, about

45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about 80 mg/day, about

90 mg/day, about 100 mg/day, about 120 mg/day, about 125 mg/day, about 140 mg/day, about
150 mg/day, about 160 mg/day, about 175 mg/day, about 180 mg/day, or about 200 mg/day. In
certain embodiments, SB939 is administered at a dose of less than 1 mg/day, less than 2 mg/day,
less than 5 mg/day, less than 10 mg/day, less than 15 mg/day, less than 20 mg/day, less than

25 mg/day, less than 30 mg/day, less than 35 mg/day, less than 40 mg/day, less than 45 mg/day,
less than 50 mg/day, less than 60 mg/day, less than 70 mg/day, less than 80 mg/day, less than

90 mg/day, less than 100 mg/day, less than 120 mg/day, less than 125 mg/day, less than

140 mg/day, less than 150 mg/day, less than 160 mg/day, less than 175 mg/day, less than

180 mg/day, or less than 200 mg/day. In some embodiments, SB939is administered at a dose of
more than 1 mg/day, more than 2 mg/day, more than 5 mg/day, more than 10 mg/day, more than
15 mg/day, more than 20 mg/day, more than 25 mg/day, more than 30 mg/day, more than

35 mg/day, more than 40 mg/day, more than 45 mg/day, more than 50 mg/day, more than

60 mg/day, more than 70 mg/day, more than 80 mg/day, more than 90 mg/day, more than

100 mg/day, more than 120 mg/day, more than 125 mg/day, more than 140 mg/day, more than
150 mg/day, more than 160 mg/day, more than 175 mg/day, more than 180 mg/day, or more
than 200 mg/day. In certain embodiments, SB939 is administered at a dose of more than

30 mg/day and less than 70 mg/day. In some embodiments, SB939 is administered at a dose of
more than 10 mg/day and less than 90 mg/day. In certain embodiments, SB939 is administered
once a day (q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments, SB939 is
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administered daily, once a week, twice a week, three times a week, four times a week, or five
times a week.

[0068] In some embodiments, the HDAC inhibitor is romidepsin. In certain embodiments,
romidepsin is administered at a dose of 14 mg/m?*/day. In some embodiments, romidepsin is
administered at a dose of about 0.1 mg/m?*/day, of about 0.2 mg/m*/day, of about 0.5 mg/m*/day,
of about 1 mg/m*/day, of about 2 mg/m?*/day, of about 3 mg/m*/day, of about 4 mg/m*/day,
about 5 mg/m?/day, of about 6 mg/m?*/day, of about 7 mg/m?*/day, of about 8 mg/m*/day, of
about 9 mg/m?/day, about 10 mg/m?/day, about 11 mg/m?*/day, about 12 mg/m?/day, about

13 mg/m*/day, about 14 mg/m*/day, about 15 mg/m*/day, about 16 mg/m?*/day, about

17 mg/m*/day, about 18 mg/m*/day, about 19 mg/m*/day, about 20 mg/m?*/day, about

25 mg/m*/day, about 30 mg/m*/day, about 35 mg/m?*/day, about 40 mg/m2/day, about

45 mg/m*/day, about 50 mg/m*/day, about 60 mg/m?*/day, about 70 mg/m?*/day, about

80 mg/m?*/day, about 90 mg/m?*/day, or about 100 mg/m*/day. In certain embodiments,
romidepsin is administered at a dose of less than 0.1 mg/m?/day, of less than 0.2 mg/m?/day, of
less than 0.5 mg/m*/day, of less than 1 mg/m?/day, of less than 2 mg/m?/day, of less than

3 mg/m*/day, of less than 4 mg/m*/day, less than 5 mg/m?/day, of less than 6 mg/m*/day, of less
than 7 mg/m*/day, of less than 8 mg/m*/day, of less than 9 mg/m*/day, less than 10 mg/m?/day,
less than 11 mg/m*/day, less than 12 mg/m*/day, less than 13 mg/m*/day, less than

14 mg/m?*/day, less than 15 mg/m?*/day, less than 16 mg/m?*/day, less than 17 mg/m?*/day, less
than 18 mg/m?*/day, less than 19 mg/m?/day, less than 20 mg/m?*/day, less than 25 mg/m*/day,
less than 30 mg/m*/day, less than 35 mg/m?/day, less than 40 mg/m2/day, less than

45 mg/m*/day, less than 50 mg/m?/day, less than 60 mg/m?/day, less than 70 mg/m?*/day, less
than 80 mg/m*/day, less than 90 mg/m*/day, or less than 100 mg/m?*/day. In some embodiments,
romidepsin is administered at a dose of more than 0.1 mg/m?*/day, of more than 0.2 mg/m*/day,
of more than 0.5 mg/m?*/day, of more than 1 mg/m*/day, of more than 2 mg/m*/day, of more
than 3 mg/m*/day, of more than 4 mg/m?/day, more than 5 mg/m?/day, of more than

6 mg/m”*/day, of more than 7 mg/m*/day, of more than 8 mg/m?*/day, of more than 9 mg/m?/day,
more than 10 mg/m*/day, more than 11 mg/m?/day, more than 12 mg/m*/day, more than

13 mg/m?*/day, more than 14 mg/m*/day, more than 15 mg/m*/day, more than 16 mg/m*/day,
more than 17 mg/m*/day, more than 18 mg/m?/day, more than 19 mg/m®/day, more than

20 mg/m*/day, more than 25 mg/m*/day, more than 30 mg/m*/day, more than 35 mg/m*/day,
more than 40 mg/m2/day, more than 45 mg/m?*/day, more than 50 mg/m*/day, more than

60 mg/m*/day, more than 70 mg/m*/day, more than 80 mg/m®/day, more than 90 mg/m*/day, or
more than 100 mg/m?*/day. In certain embodiments, romidepsin is administered at a dose of

more than 13 mg/m*/day and less than 18 mg/m*/day. In some embodiments, romidepsin is
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administered at a dose of more than 10 mg/m?*/day and less than 20 mg/m*/day. In certain
embodiments, romidepsin is administered once a day (q.d.), twice a day (b.i.d.), or thrice a day
(t.i.d.). In some embodiments, romidepsin is administered daily, once a week, twice a week,
three times a week, four times a week, or five times a week.

[0069] In some embodiments, the HDAC inhibitor is LBH589. In certain embodiments,
LBHS589 is administered at a dose of 20 mg/day. In some embodiments, LBH589 is
administered at a dose of about 1 mg/day, about 2 mg/day, about 5 mg/day, about 10 mg/day,
about 15 mg/day, about 20 mg/day, about 25 mg/day, about 30 mg/day, about 35 mg/day, about
40 mg/day, about 45 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about

80 mg/day, about 90 mg/day, or about 100 mg/day. In certain embodiments, LBH589 is
administered at a dose of less than 1 mg/day, less than 2 mg/day, less than 5 mg/day, less than
10 mg/day, less than 15 mg/day, less than 20 mg/day, less than 25 mg/day, less than 30 mg/day,
less than 35 mg/day, less than 40 mg/day, less than 45 mg/day, less than 50 mg/day, less than
60 mg/day, less than 70 mg/day, less than 80 mg/day, less than 90 mg/day, or less than

100 mg/day. In some embodiments, LBH589 is administered at a dose of more than 1 mg/day,
more than 2 mg/day, more than 5 mg/day, more than 10 mg/day, more than 15 mg/day, more
than 20 mg/day, more than 25 mg/day, more than 30 mg/day, more than 35 mg/day, more than
40 mg/day, more than 45 mg/day, more than 50 mg/day, more than 60 mg/day, more than

70 mg/day, more than 80 mg/day, more than 90 mg/day, or more than 100 mg/day. In certain
embodiments, LBH589 is administered at a dose of more than 10 mg/day and less than

20 mg/day. In some embodiments, LBHS589 is administered at a dose of more than 5 mg/day and
less than 30 mg/day. In certain embodiments, LBH589 is administered once a day (q.d.), twice a
day (b.i.d.), or thrice a day (t.i.d.). In some embodiments, LBH589 is administered daily, once a
week, twice a week, three times a week, four times a week, or five times a week.

[0070] In some embodiments, the HDAC inhibitor is PXD101. In certain embodiments,
PXD101 is administered at a dose of 1000 mg/m*/day. In some embodiments, PXD101 is
administered at a dose of about 10 mg/m*/day, about 15 mg/m*/day, about 20 mg/m*/day, about
50 mg/m?*/day, about 75 mg/m*/day, about 100 mg/m*/day, about 150 mg/m?*/day, about

200 mg/m*/day, about 300 mg/m*/day, about 400 mg/m*/day, about 500 mg/m*/day, about

600 mg/m?*/day, about 700 mg/m*/day, about 800 mg/m*/day, about 900 mg/m*/day, about
1000 mg/m*/day, about 1100 mg/m?*/day, about 1200 mg/m*/day, about 1300 mg/m*/day, about
1400 mg/m*/day, about 1500 mg/m?*/day, about 1750 mg/m*/day, or about 2000 mg/m*/day. In
certain embodiments, PXD101 is administered at a dose of less than 10 mg/m®/day, less than

15 mg/m?*/day, less than 20 mg/m?/day, less than 50 mg/m?*/day, less than 75 mg/m?*/day, less
than 100 mg/m*/day, less than 150 mg/m?*/day, less than 200 mg/m*/day, less than
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300 mg/m*/day, less than 400 mg/m?*/day, less than 500 mg/m®/day, less than 600 mg/m*/day,
less than 700 mg/m?*/day, less than 800 mg/m*/day, less than 900 mg/m*/day, less than

1000 mg/m*/day, less than 1100 mg/m*/day, less than 1200 mg/m®/day, less than

1300 mg/m*/day, less than 1400 mg/m*/day, less than 1500 mg/m®/day, less than

1750 mg/m*/day, or less than 2000 mg/m*/day. In some embodiments, PXD101 is administered
at a dose of more than 10 mg/m*/day, more than 15 mg/m®/day, more than 20 mg/m*/day, more
than 50 mg/m*/day, more than 75 mg/m*/day, more than 100 mg/m*/day, more than

150 mg/m*/day, more than 200 mg/m?/day, more than 300 mg/m?*/day, more than

400 mg/m*/day, more than 500 mg/m*/day, more than 600 mg/m?*/day, more than

700 mg/m*/day, more than 800 mg/m*/day, more than 900 mg/m?*/day, more than

1000 mg/m*/day, more than 1100 mg/m®/day, more than 1200 mg/m*/day, more than

1300 mg/m*/day, more than 1400 mg/m®/day, more than 1500 mg/m*/day, more than

1750 mg/m*/day, or more than 2000 mg/m®/day. In certain embodiments, PXD101 is
administered at a dose of more than 600 mg/m*/day and less than 1000 mg/m*/day. In some
embodiments, PXD101 is administered at a dose of more than 15 mg/m*/day and less than

1000 mg/m*/day. In certain embodiments, PXD101 is administered once a day (q.d.), twice a
day (b.i.d.), or thrice a day (t.i.d.). In some embodiments, PXD101 is administered daily, once a
week, twice a week, three times a week, four times a week, or five times a week.

[0071] In some embodiments, the HDAC inhibitor is vorinostat. In certain embodiments,
vorinostat is administered at a dose of 400 mg/day. In some embodiments, vorinostat is
administered at a dose of about 10 mg/day, about 20 mg/day, about 30 mg/day, about

40 mg/day, about 50 mg/day, about 60 mg/day, about 70 mg/day, about 80 mg/day, about

90 mg/day, about 100 mg/day, about 125 mg/day, about 150 mg/day, about 175 mg/day, about
200 mg/day, about 225 mg/day, about 250 mg/day, about 275 mg/day, about 300 mg/day, about
325 mg/day, about 350 mg/day, about 375 mg/day, about 400 mg/day, about 450 mg/day, about
500 mg/day, about 550 mg/day, about 600 mg/day, about 650 mg/day, about 700 mg/day, about
750 mg/day, about 800 mg/day, about 900 mg/day, or about 1000 mg/day. In certain
embodiments, vorinostat is administered at a dose of less than 10 mg/day, less than 20 mg/day,
less than 30 mg/day, less than 40 mg/day, less than 50 mg/day, less than 60 mg/day, less than
70 mg/day, less than 80 mg/day, less than 90 mg/day, less than 100 mg/day, less than

125 mg/day, less than 150 mg/day, less than 175 mg/day, less than 200 mg/day, less than

225 mg/day, less than 250 mg/day, less than 275 mg/day, less than 300 mg/day, less than

325 mg/day, less than 350 mg/day, less than 375 mg/day, less than 400 mg/day, less than

450 mg/day, less than 500 mg/day, less than 550 mg/day, less than 600 mg/day, less than

650 mg/day, less than 700 mg/day, less than 750 mg/day, less than 800 mg/day, less than
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900 mg/day, or less than 1000 mg/day. In some embodiments, vorinostat is administered at a
dose of more than 10 mg/day, more than 20 mg/day, more than 30 mg/day, more than

40 mg/day, more than 50 mg/day, more than 60 mg/day, more than 70 mg/day, more than

80 mg/day, more than 90 mg/day, more than 100 mg/day, more than 125 mg/day, more than
150 mg/day, more than 175 mg/day, more than 200 mg/day, more than 225 mg/day, more than
250 mg/day, more than 275 mg/day, more than 300 mg/day, more than 325 mg/day, more than
350 mg/day, more than 375 mg/day, more than 400 mg/day, more than 450 mg/day, more than
500 mg/day, more than 550 mg/day, more than 600 mg/day, more than 650 mg/day, more than
700 mg/day, more than 750 mg/day, more than 800 mg/day, more than 900 mg/day, or more
than 1000 mg/day. In certain embodiments, vorinostat is administered at a dose of more than
100 mg/day and less than 400 mg/day. In some embodiments, vorinostat is administered at a
dose of more than 100 mg/day and less than 500 mg/day. In certain embodiments, vorinostat is
administered once a day (q.d.), twice a day (b.i.d.), or thrice a day (t.i.d.). In some embodiments,
vorinostat is administered daily, once a week, twice a week, three times a week, four times a
week, or five times a week.

[0072] In some embodiments, an HDAC inhibitor inhibits the growth of virus-positive cells. In
some embodiments, an HDAC inhibitor inhibits the growth of EBV-positive cells. In certain
embodiments, the HDAC inhibitor inhibits the growths of EBV-positive lymphoma cells. In
some embodiments, the HDAC inhibitor has growth inhibitory activity at a concentration of
about 100 uM, about 90 uM, about 80 uM, about 75 uM, about 70 uM, about 60 uM, about

50 uM, about 40 uM, about 30 uM, about 25 uM, about 20 uM, about 10 uM, about 5 uM,
about 2 uM, about 1 uM, about 900 nM, about 800 nM, about 700 nM, about 600 nM, about
500 nM, about 400 nM, about 300 nM, about 200 nM, about 100 nM, about 75 nM, about

50 nM, about 20 nM, or about 10 nM. In certain embodiments, the HDAC inhibitor has growth
inhibitory activity at a concentration of less than 100 uM, less than 90 uM, less than 80 uM, less
than 75 puM, less than 70 pM, less than 60 uM, less than 50 uM, less than 40 pM, less than

30 uM, less than 25 pM, less than 20 uM, less than 10 uM, less than 5 pM, less than 2 pM, less
than 1 uM, less than 900 nM, less than 800 nM, less than 700 nM, less than 600 nM, less than
500 nM, less than 400 nM, less than 300 nM, less than 200 nM, less than 100 nM, less than

75 nM, less than 50 nM, less than 20 nM, or less than 10 nM. In some embodiments, the HDAC
inhibitor has growth inhibitory activity at a concentration of more than 100 uM, more than

90 uM, more than 80 pM, more than 75 pM, more than 70 uM, more than 60 uM, more than
50 uM, more than 40 pM, more than 30 uM, more than 25 pM, more than 20 pM, more than

10 uM, more than 5 uM, more than 2 pM, more than 1 uM, more than 900 nM, more than

800 nM, more than 700 nM, more than 600 nM, more than 500 nM, more than 400 nM, more
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than 300 nM, more than 200 nM, more than 100 nM, more than 75 nM, more than 50 nM, more
than 20 nM, or more than 10 nM. In certain embodiments, the HDAC inhibitor has growth
inhibitory activity at more than 50 nM and less than 100 nM. In some embodiments, the HDAC
inhibitor has growth inhibitory activity at more than 200 nM and less than 500 nM. In certain
embodiments, the HDAC inhibitor has growth inhibitory activity at more than 100 nM and less
than 200 nM.

[0073] HDAC inhibitors and inducing agents (agents that induce expression) may act directly
on the viral genome or indirectly through a cellular factor required for viral expression. For
example, viral gene expression can be regulated through the regulation of the expression of viral
transcription factors such as ZTA, RTA, tat, and tax, cellular transcription factors such as AP-1,
AP-2, Sp1, NF-xB, and other transcriptional activators and/or repressors (factors), co-activators
and co- repressors, histone acetylators and deacetylators, DNA methylases and demethylases,
oncogenes or proto-oncogenes, or protein kinase C. These proteins act to regulate and thereby
control expression of specific viral and/or other cellular genetic elements. According to the
methods of the invention, control over their expression can lead to control over the infection.
Other gene products, both viral and cellular in origin, whose expression can be regulated with
inducing agents, include proteases, polymerases, reverse transcriptases, cell-surface receptors,
major histocompatibility antigens, growth factors, and combinations of these products.

[0074] Alteration of expression of certain transcription factors may affect regulation of gene
expression and regulation of the cell cycle. In the breast cancer cell line MCF-7, butyrate
induces a block in cellular proliferation that is associated with decreased expression of estrogen
and prolactin hormone receptor mRNA expression, thus blocking the potential growth
stimulation by estrogen and prolactin. These effects are associated with increased expression of
the EGF receptor. Butyrate also has been shown to induce down-regulation of c-myc and p53
mRNA and to up-regulate expression of the c-fos transcription factor. In mouse fibroblasts,
butyrate will block the cell cycle in the G; phase. When these cells are stimulated to proliferate
with serum, TPA, or insulin, the immediate-early response transcription factors c-myc and c-jun
are unregulated. However, the late G, phase downstream gene marker cdc-2 mRNA is not
expressed, and cells are prevented from entering S phase.

[0075] In one aspect, a tumor can optionally be treated before any other treatment with the
combination of an HDAC inhibitor and an antiviral agent. In some embodiments, the antiviral
agent is acyclovir, ganciclovir, or valganciclovir. In some embodiments, the antiviral agent is
valganciclovir. In certain embodiments, the antiviral is delivered at a dose of at least about 100
mg/day, 200 mg/day, 300 mg/day, 400 mg/day, S00 mg/day, 600 mg/day, 700 mg/day, 800
mg/day, 900 mg/day, 1000 mg/day, 1200 mg/day, 1400 mg/day, 1600 mg/day, 1800 mg/day, or
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2000 mg/day. In certain embodiments, the antiviral is delivered at a dose between about 100
mg/day and about 2000 mg/day, between about 200 mg/day and about 1500 mg/day, between
about 300 mg/day, and about 1200 mg/day, between about 500 mg/day, and about 1000 mg/day,
between about 600 mg/day, and about 1000 mg/day, or between about 800 mg/day, and about
1000 mg/day. In certain embodiments, the dose is about 800, 825, 850, 875, 900, 925, 950, 975,
or 1000 mg/day. The dose can be split up in any convenient way including once, twice, or three
times daily to achieve the daily dose. In certain embodiments, the individual can be subjected to
at least 1 week, 2 weeks, 3 weeks, 4 week, six week, eight weeks, or twelve weeks of treatment
with HDAC inhibitor and antiviral before treatment with an HDAC inhibitor and an
immunotherapy. In certain embodiments, treatment with HDAC inhibitor and antiviral can be
administered after treatment with HDAC inhibitor and immunotherapy for at least 1 week, 2
weeks, 3 weeks, 4 week, six week, eight weeks, or twelve weeks.

[0076] The particular combination of HDAC inhibitor with an immunotherapeutic that is most
effective against a specific disorder can be determined by one of ordinary skill in the art from
empirical testing and, preferably, from a knowledge of each agent’s mechanism of action. For
example, many of the RNA viruses such as HIV and other retroviruses require a reverse
transcriptase to transcribe their genome into DNA. A few of the agents that induce expression or
activity of retroviruses and their encoded genes, such as, for example, reverse transcriptase, are
known to those of ordinary skill in the art. Autologous cytolytic T cells which are specific for
reverse transcriptase, and have been stimulated and expanded ex vivo, can be adoptively
transferred to a patient. Another example utilizes the LMP-1 protein of EBV, which is expressed
on the surface of B cells infected with EBV. A population of T cells with a chimeric antigen
receptor targeting LMP-1 can be administered together with an HDAC inhibitor that increases
expression of LMP-1. This can lead to increased efficacy of chimeric antigen receptor T cell by
increasing expression of the amount of antigen on the cell. HDAC inhibitors also increase the
expression of viral proteins that are intracellular, EBV thymidine kinase, for example. HDAC
inhibitors can be combined with vaccination, autologous cytotoxic T cells, or chimeric antigen
receptor T cells that have specificity for an antigen derived from an intracellular antigen in the
context of MHC, and improve the overall effectiveness of these therapies. HDAC inhibitors can
also increase the efficacy of an immunotherapeutic by reducing the expression of negative
regulators or checkpoint regulators of the immune system such as PD-1 (CD279) or CTLA-4,
which are expressed on T cells; or B7.1 (CD80), B7.2 (CD86), or PD-L1/PD-L2, which are
expressed on antigen presenting cells. This can improve the efficacy of a vaccine by allowing for
stronger immune priming or boosting of an immune response. Likewise, they can improve the

efficacy of adoptive T cell therapy using either autologous or heterologous cells, by reducing
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negative feedback, which is propagated through these receptors. HDAC inhibitors can also act
directly on the tumor cell by increasing the abundance of antigen expressed on their surface that
can be targeted by an antibody leading to increased killing of a tumor cell by complement or
antibody dependent cellular cytotoxicity.

[0077] In some embodiments, an HDAC inhibitor induces viral gene expression by more than 4
fold after 24h of treatment. In certain embodiments, an HDAC inhibitor induces TK or EBV-PK
expression by more than 4 fold after 24h of treatment. In some embodiments, an HDAC
inhibitor induces viral gene expression after about 48h, about 36h, about 24h, about 18h, about
12h, about 8h, about 6h, about 4h, about 3h, about 2h, about 1h, or about 30 minutes. In certain
embodiments, an HDAC inhibitor induces viral gene expression in less than 48h, less than 36h,
less than 24h, less than 18h, less than 12h, less than 8h, less than 6h, less than 4h, less than 3h,
less than 2h, less than 1h, or less than 30 minutes. In some embodiments, an HDAC inhibitor
induces viral gene expression in more than 48h, more than 36h, more than 24h, more than 18h,
more than 12h, more than 8h, more than 6h, more than 4h, more than 3h, more than 2h, more
than 1h, or more than 30 minutes. In certain embodiments, an HDAC inhibitor induces viral
gene expression after more than 30 minutes and less than 24h.

[0078] In certain embodiments, an HDAC inhibitor is capable of inducing gene expression at a
concentration of less than 500 nM. In some embodiments, the inducing agent is an HDAC
inhibitor. In certain embodiments, the inducing agent is capable of inducing TK or EBV-PK
expression. In certain embodiments, an inducing agent is capable of inducing gene expression at
a concentration of about 100 uM, about 90 uM, about 80 uM, about 75 uM, about 70 uM, about
60 uM, about 50 uM, about 40 uM, about 30 uM, about 25 uM, about 20 uM, about 10 uM,
about 5 uM, about 2 uM, about 1 uM, about 900 nM, about 800 nM, about 700 nM, about

600 nM, about 500 nM, about 400 nM, about 300 nM, about 200 nM, about 100 nM, about

75 nM, about 50 nM, about 20 nM, or about 10 nM. In some embodiments, an inducing agent is
capable of inducing gene expression at a concentration of less than 100 pM, less than 90 pM,
less than 80 uM, less than 75 uM, less than 70 uM, less than 60 uM, less than 50 uM, less than
40 uM, less than 30 uM, less than 25 pM, less than 20 uM, less than 10 uM, less than 5 uM,
less than 2 uM, less than 1 uM, less than 900 nM, less than 800 nM, less than 700 nM, less than
600 nM, less than 500 nM, less than 400 nM, less than 300 nM, less than 200 nM, less than

100 nM, less than 75 nM, less than 50 nM, less than 20 nM, or less than 10 nM. In certain
embodiments, an inducing agent is capable of inducing gene expression at a concentration of
more than 100 uM, more than 90 uM, more than 80 pM, more than 75 uM, more than 70 uM,
more than 60 pM, more than 50 pM, more than 40 uM, more than 30 uM, more than 25 pM,
more than 20 pM, more than 10 pM, more than 5 uM, more than 2 pM, more than 1 pM, more
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than 900 nM, more than 800 nM, more than 700 nM, more than 600 nM, more than 500 nM,
more than 400 nM, more than 300 nM, more than 200 nM, more than 100 nM, more than

75 nM, more than 50 nM, more than 20 nM, or more than 10 nM. In some embodiments, an
inducing agent is capable of inducing gene expression at a concentration more than 50 nM and
less than 100 nM. In certain embodiments, an inducing agent is capable of inducing gene
expression at a concentration of more than 200 nM and less than 500 nM. In some embodiments,
an inducing agent is capable of inducing gene expression at more than 100 nM and less than
200 nM.

[0079] In some embodiments, an HDAC inhibitor induces viral gene expression after more
than 1h and less than 6h. In certain embodiments, an HDAC inhibitor induces viral gene
expression about 2 fold, about 3 fold, about 4 fold, about 5 fold, about 6 fold, about 7 fold, about
8 fold, about 9 fold, about 10 fold, about 12 fold, about 15 fold, about 20 fold, about 25 fold,
about 30 fold, about 35 fold, about 40 fold, about 45 fold, or about 50 fold. In some
embodiments, an HDAC inhibitor induces viral gene expression less than 2 fold, less than 3
fold, less than 4 fold, less than 5 fold, less than 6 fold, less than 7 fold, less than 8 fold, less than
9 fold, less than 10 fold, less than 12 fold, less than 15 fold, less than 20 fold, less than 25 fold,
less than 30 fold, less than 35 fold, less than 40 fold, less than 45 fold, or less than 50 fold. In
certain embodiments, an HDAC inhibitor induces viral gene expression more than 2 fold, more
than 3 fold, more than 4 fold, more than 5 fold, more than 6 fold, more than 7 fold, more than 8
fold, more than 9 fold, more than 10 fold, more than 12 fold, more than 15 fold, more than 20
fold, more than 25 fold, more than 30 fold, more than 35 fold, more than 40 fold, more than 45
fold, or more than 50 fold. In some embodiments, an HDAC inhibitor induces viral gene
expression more than 2 fold and less than 50 fold. In certain embodiments, an HDAC inhibitor
induces viral gene expression more than 5 fold and less than 40 fold.

[0080] In certain embodiments, the HDAC inhibitor can induce expression of the UL1, UL2,
UL3, UL4, ULS, UL6, UL7, UL8, UL9, UL10, UL11, UL12, UL13, UL14, UL15, UL16, UL17,
UL18, UL19, UL20, UL21, UL22, UL23, UL24, UL25, UL26, UL27, UL28, UL29, UL30,
UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL41, UL42, UL43,
UL44, UL45, UL46, UL47, UL48, UL49, UL50, UL51, UL52, UL53, UL54, UL55, UL56,
US1, US2, US3, US4, USS5, US6, US7, US8, US9, US10, US11, US12, RS1, ICPO, LRPI1,
LRP2, RL1, or LAT gene of HSV. In certain embodiments, the HDAC inhibitor can induce
expression of the BDLF1, BFRF3, BORF1, BBRF1, BdRF1, BLLF1, BXLF2, BALF4, BALF4,
BALF4, BZLF2, BBRF3, BILF2, BLRF1, BDLF3, BKRF2, BMRF2, BPLF1, BGLF2, BOLFI,
BVRF1, BBLF1, BGLF1, BSRF1, BGLF4, BNRF1, BLRF2, BRRF2, BDLF2, BKRF4,
BORF2, BALF2, BXLF1, BMRF1, EBNA-1, EBNA-2, EBNA-3A, EBNA-3B, EBNA-3C,
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EBNA-LP, LMP-1, LMP-2A, LMP-2B, BNLF2, BZLF1 or BRLF1 gene of EBV. In certain
embodiments, the HDAC inhibitor can induce expression of the US1, US10, US11, US12, US2,
US3, US6, US7, USS, US9, IRS1, RL1, RL10, RL11, RL12, RL13, RL2, RL4, RL6, RL9,
TRS1, UL10, UL100, UL102, UL103, UL104, UL105, UL108, UL109, UL11, UL110, UL111a,
UL112, UL113, UL114, UL115, UL116, UL117, UL119, UL12, UL121, UL122, UL123,
UL124, UL127, UL129, UL13, UL130, UL132, UL14, UL146, UL147, UL15, UL16, UL17,
UL18, UL19, UL2, UL20, UL20a, UL21, UL23, UL24, UL25, UL26, UL27, UL28, UL29,
UL3, UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37.1, UL37.3, UL38, UL39, UL4,
UL42, UL43, UL44, UL45, UL46, UL47, UL48, UL48.5, UL49, ULS, ULS0, ULS1, ULS2,
ULS53, UL54, UL55, UL56, UL57, UL59, UL6, UL60, UL62, UL64, UL65, UL67, UL69, UL7,
UL70, UL71, UL72, UL73, UL74, UL75, UL76, UL77, UL78, UL79, UL8, UL80, ULS2,
ULS3, UL84, UL85, UL86, UL87, UL8S, UL89.1, UL89.2, UL9, UL90, UL91, UL92, UL93,
UL94, UL95, UL96, UL97, UL98, UL99, US13, US14, US15, US16, US17, US18, US19,
US20, US21, US22, US23, US24, US25, US26, US27, US28, US29, US30, US31, US32, US33,
or US34 gene of CMV. In certain embodiments, the HDAC inhibitor can induce expression of
the gag, pol, env, tat, rev, nef, vpr, vif or vpu gene of HIV.

[0081] In certain embodiments, the HDAC inhibitor alters the expression of immune co-
stimulatory molecules or checkpoint regulators on the surface of a cell. By altering expression of
a costimulatory molecule which is a positive regulator, an HDAC would augment therapy by
increasing the efficacy of immunotherapies that rely on costimulation or priming, such as
vaccines. HDAC inhibitors can also affect transcription/cell surface expression of negative
inhibitors known as checkpoint inhibitors. Checkpoint inhibitors expressed on a tumor cell (e.g.,
PDL-1 or PDL-2) engage with their ligands on immune effector cells (e.g., PD-1 on T cells) to
restrain an immune response. When expressed on tumors or chronically infected cells, this
engagement allows these cells to escape immune surveillance and reduces the effect of
immunotherapies such as treatment with adoptively transferred immune cells or antibodies
specific for tumor associated antigens.

[0082] In certain embodiments, the HDAC inhibitor increases expression of negative immune
regulators or checkpoint inhibitors allowing increased efficacy of checkpoint inhibitors binding
molecules and antibodies. In certain embodiments, the checkpoint inhibitor is PD-1. In certain
embodiments, the checkpoint inhibitor is CTLA-4. In certain embodiments, the checkpoint
inhibitor is PD-L1. In certain embodiments, the checkpoint inhibitor is PD-L2. In certain
embodiments, the checkpoint inhibitor is TIM-3. In certain embodiments, the checkpoint
inhibitor is VISTA. In certain embodiments, the checkpoint inhibitor is KIR. In certain

embodiments, the checkpoint inhibitor is IDO. In certain embodiments, the checkpoint inhibitor
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is A2AR. In certain embodiments, the checkpoint inhibitor is B7-H3. In certain embodiments,
the checkpoint inhibitor is B7-H4. In certain embodiments, the checkpoint inhibitor is BTLA. In
certain embodiments, the checkpoint inhibitor is CD155. The HDAC inhibitor can increase
checkpoint inhibitor expression by a cancerous or latently infected cell by at least 25%, 50%,
75%, 100, 200%, 300% or more compared to a the same cell treated with vehicle alone.

[0083] In certain embodiments, the HDAC inhibitor decreases expression of negative immune
regulators or checkpoint inhibitors. In certain embodiments, the checkpoint inhibitor is PD-1. In
certain embodiments, the checkpoint inhibitor is CTLA-4. In certain embodiments, the
checkpoint inhibitor is PD-L1. In certain embodiments, the checkpoint inhibitor is PD-L2. In
certain embodiments, the checkpoint inhibitor is TIM-3. In certain embodiments, the checkpoint
inhibitor is VISTA. In certain embodiments, the checkpoint inhibitor is KIR. In certain
embodiments, the checkpoint inhibitor is IDO. In certain embodiments, the checkpoint inhibitor
is A2AR. In certain embodiments, the checkpoint inhibitor is B7-H3. In certain embodiments,
the checkpoint inhibitor is B7-H4. In certain embodiments, the checkpoint inhibitor is BTLA. In
certain embodiments, the checkpoint inhibitor is CD155. The HDAC inhibitor can decrease
checkpoint inhibitor expression by a cancerous or latently infected cell by at least 10%, 20%,
30%, 40%, 50, 60%, 70% or more compared to a the same cell treated with vehicle alone.
[0084] In certain embodiments, the HDAC inhibitor increases expression of positive immune
regulators (e.g., costimulatory molecules). In certain embodiments, the positive regulator is
CD28. In certain embodiments, the positive regulator is CD40. In certain embodiments, the
positive regulator is CD40L. In certain embodiments, the positive regulator is 0X40. In certain
embodiments, the positive regulator is 40L. In certain embodiments, the positive regulator is
ICOS. In certain embodiments, the positive regulator is ICOS-L. In certain embodiments, the
positive regulator is B7.1. In certain embodiments, the positive regulator is B7.2. The HDAC
inhibitor can increase positive immune regulator expression by a cancerous or latently infected
cell by at least 25%, 50%, 75%, 100, 200%, 300% or more compared to a the same cell treated
with vehicle alone.

[0085] Immune responses are negatively regulated by CD4+ T regulatory cells. Reduction of
CD4+ Tregs is an important strategy for increasing therapeutic responses to immune therapies.
FoxP3 is a transcriptional regulator of regulatory T cell phenotypes. In certain embodiments, the
HDAC inhibitors described herein reduce FoxP3+, CD4+ T regulatory cell populations. In
certain embodiments, the HDAC inhibitors described herein reduce FoxP3+, CD4+ T regulatory
cell populations by at least 10%, 20%, 30%, 40%, 50, 60%, 70% or more. These T cell
populations can be reduced in an induvial after dosing with an HD AC inhibitor but prior to

immunotherapy. In certain embodiments, the HDAC inhibitors described herein reduce FoxP3+,
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CD4+ T regulatory cell populations by at least 10%, 20%, 30%, 40%, 50, 60%, 70%, 80%, 90%,
95% or more in an induvial treated with HDAC inhibitor compared to a placebo treated
individual. In certain embodiments, the HDAC inhibitors described herein reduce FoxP3+,
CD4+ T regulatory cell populations by at least 10%, 20%, 30%, 40%, 50, 60%, 70% or more in
in ex vivo cultured peripheral blood mononuclear cells compared to PBMC treated with a vehicle

control or left untreated.

IMMUNOTHERAPEUTIC AGENTS

[0086] Immunotherapeutics of the current disclosure comprise NK cells. Both cell lines and
primary NK cells. In a certain embodiment, the NK cell is one that has been modified to express
a chimeric antigen receptor. In a certain embodiment, the NK cell is one that has been modified
to express a high-affinity FC receptor, for example, HaNK cell which possesses a high-affinity
Fc receptor which has a 158V mutation at human FcyRIIla. Primary natural killer cells in
humans express the cell surface marker CD56, and, in certain embodiments, the modified natural
killer cells can be produced from CD56 positive cells as determined, by way of non-limiting
example, by flow cytometry. In certain embodiments, the natural killer cell can be from an
autologous source (same genetic background of source cell and recipient), or from a
heterologous source (different genetic background of source cell and recipient). In certain
embodiments, the NK cell is isolated from the peripheral blood of a donor or the individual to be
treated using a method such as cell sorting or magnetic beads. NK cells isolated from a donor
can be expanded ex vivo by culturing in interleukin-2 and interleukin-15 for greater than 7 days.
NK cells can also be differentiated from stem or progenitor cells in in vitro culture using
methods known in the art. In certain embodiments, the NK cell is differentiated from a bone-
marrow derived stem cell. In certain embodiments, the NK cell is differentiated from an adult
pluripotent cell. In certain embodiments, the NK cell is differentiated from an embryonic stem
cell.

[0087] A chimeric antigen receptor (CAR) is a recombinant antigen receptor that is intended to
introduce a certain antigen specificity to an immune effector cell. The CAR comprises a defined
polypeptide sequence expressed from an exogenous polynucleotide that has been introduced into
the immune effector cell, either transiently or integrated into the genome. A schematic for a
generic CAR is illustrated in FIG. 1A. Chimeric antigen receptors comprise a cleavable leader
sequence 101, a targeting domain 102, a transmembrane domain 103, and one or more
intracellular signaling domains (104 and 105). In certain embodiments, the targeting domain is
derived from an antibody molecule, and comprises one or more complementarity determining

regions (CDRs) from the antibody molecule that confer antigen specificity on the CAR. In

-35-



certain embodiments, the targeting domain of the CAR for use in the engineered NK cells of this
disclosure is a single chain variable fragment (scFv) as shown in FIG. 1B. An scFv comprises
the variable chain portion of an immunoglobulin light chain 106, and an immunoglobulin heavy
chain molecule 108 separated by a flexible linker polypeptide 107. The order of the heavy and
light chains is not limiting and can be reversed. The flexible polypeptide linker allows the heavy
and light chains to associate with one another and reconstitute an immunoglobulin antigen
binding domain. In certain embodiments, the light chain variable region comprises three CDRs
and the heavy chain variable region comprises three CDRs. In certain embodiments, the CDRs
for use in the targeting domain are derived from an antibody molecule of any species (e.g.,
human, mouse, rat, rabbit, goat, sheep) and the framework regions between the CDRs are
humanized or comprise a sequence that is at least 85%, 90%, 95%, or 99% identical to a human
framework region.

[0088] The NK cells described herein can express a chimeric antigen receptor that is specific
for a tumor antigen. In certain embodiments, the tumor antigen comprises CD38,
CD319/SLAMEF-7, TNFRSF17/BCMA, SYND1/CD138, CD229, CD47, Her2/Neu, epidermal
growth factor receptor (EGFR), CD123/IL3-RA, CD19, CD20, CD22, Mesothelin, EpCAM,
MUCI1, MUCI16, Tn antigen, NEUSGC, NeuGeGM3, GD2, CLL-1, or HERV-K.

[0089] In certain embodiments, the immunotherapies described herein can comprise
administration of a second immunotherapeutic agent. In certain embodiments, the second
immunotherapeutic agent can comprise administration of an antibody that binds and antagonizes
a checkpoint inhibitor. Checkpoint molecules are molecules that function in the immune system
to increase or decrease an immune response. For the immunotherapeutic methods described
herein, it is most useful to increase the immune response against cancer. Checkpoint molecules
that increase the immune response include, for example, CD27, CD28, ICOS CD40, O0X40,
GITR, CD122, and CD137. Checkpoint molecules that decrease the immune response (e.g.,
checkpoint inhibitors) include, for example, CTLA4, PD-1, PDL-1, PDL-2, TIM-3, VISTA,
KIR, IDO, A2AR, B7-H3, B7-H4, BTLA,TIGIT and CD155. The methods described herein
include administration of an HDAC inhibitor in conjunction with a molecule (e.g., antibody,
polypeptide, or small molecule) that antagonizes a checkpoint inhibitor’s activity. In certain
embodiments, the checkpoint inhibitor is an antibody or polypeptide that binds PD-L1, PD-L2,
CTLA-4, PD-1. In certain embodiments, the HDAC inhibitor comprises CHR-3996 (VRx-
3996). In a certain embodiment, the method comprises administration of CHR-3996 (VRx-3996)
and an anti-PD-1 antibody. In a certain embodiment, the method comprises administration of
CHR-3996 (VRx-3996) and an anti-PD-L1 antibody. In a certain embodiment, the method
comprises administration of CHR-3996 (VRx-3996) and an anti-PD-L2 antibody. In certain
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embodiments, the anti PD-1 antibody is nivolumab, pembrolizumab, pidilizumab, or any
combination thereof. In certain embodiments, the anti PD-1 binding polypeptide is AMP-514,
AUNP-12, or any combination thereof.

[0090] In certain embodiments, the immunotherapeutic agent leads to immune system
activation of an individual. In certain embodiments, the immunotherapeutic agent is a biologic
drug. In certain embodiments, the immunotherapeutic agent is a cytokine. In certain
embodiments, the immunotherapeutic agent is a chemokine. In certain embodiments, the
immunotherapeutic agent is an antibody. In certain embodiments, the immunotherapeutic agent
is a monoclonal antibody. In certain embodiments, the immunotherapeutic agent is a humanized
monoclonal antibody. In certain embodiments, the immunotherapeutic agent is an antibody-drug
conjugate. In certain embodiments, the immunotherapeutic agent is a bispecific antibody. In
certain embodiments, the immunotherapeutic agent is a vaccine. In certain embodiments, the
immunotherapeutic agent is an antigen presenting cell. In certain embodiments, the
immunotherapeutic agent is a dendritic cell. In certain embodiments, the immunotherapeutic
agent is B cell. In certain embodiments, the immunotherapeutic agent is a macrophage. In
certain embodiments, the immunotherapeutic agent is a T cell. In certain embodiments, the
immunotherapeutic agent is a CD8+ T cell. In certain embodiments, the immunotherapeutic
agent is a CD4+ T cell. In certain embodiments, the immunotherapeutic agent is an autologous T
cell. In certain embodiments, the immunotherapeutic agent is a heterologous T cell. In certain
embodiments, the immunotherapeutic agent is a T cell with a genetically modified antigen
receptor. In certain embodiments, the immunotherapeutic agent is a chimeric antigen receptor. In
certain embodiments, the immunotherapeutic agent is a T cell with a chimeric antigen receptor.
In certain embodiments, the immunotherapeutic agent is specific for a virus encoded
polypeptide. In certain embodiments, the immunotherapeutic agent is specific for an EBV
encoded polypeptide. In certain embodiments, the immunotherapeutic agent is specific for LMP-
1. In certain embodiments, the immunotherapeutic agent is specific for LMP-2. In certain
embodiments, the immunotherapeutic is Bacillus Calmette-Guérin.

[0091] In certain embodiments, the immunotherapeutic agent is a checkpoint inhibitor
antagonist. This antagonist can be an antibody, a binding molecule (e.g., a DNA fragment or an
aptamer), or a small molecule inhibitor. In certain embodiments, the checkpoint inhibitor
antagonist is a PD-1 antibody. In certain embodiments, the checkpoint inhibitor antagonist is a
CTLA-4 antibody. In certain embodiments, the checkpoint inhibitor antagonist is a PD-L1
antibody. In certain embodiments, the checkpoint inhibitor antagonist is a PD-L2 antibody. In
certain embodiments, the checkpoint inhibitor antagonist is a TIM-3 antibody. In certain

embodiments, the checkpoint inhibitor is a VISTA antibody. In certain embodiments, the
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checkpoint inhibitor is a KIR antibody. In certain embodiments, the checkpoint inhibitor is an
IDO antibody. In certain embodiments, the checkpoint inhibitor is an A2AR antibody. In certain
embodiments, the checkpoint inhibitor is a B7-H3 antibody. In certain embodiments, the
checkpoint inhibitor is aB7-H4 antibody. In certain embodiments, the checkpoint inhibitor is a
BTLA antibody. In certain embodiments, the checkpoint inhibitor is a TIGIT antibody. In
certain embodiments, the checkpoint inhibitor is a CD155 antibody. In certain embodiments, the
checkpoint inhibitor antagonist is an inhibitor of the HIPPO signaling pathway.

[0092] In certain embodiments, the immunotherapeutic agent is a cytokine. In certain
embodiments, the cytokine is an interferon. In certain embodiments, the cytokine is interferon
alpha. In certain embodiments, the cytokine is interferon beta. In certain embodiments, the
cytokine is interferon gamma. In certain embodiments, the cytokine is an interleukin. In certain
embodiments, the cytokine is interleukin 1. In certain embodiments, the cytokine is interleukin
2. In certain embodiments, the cytokine is a hematopoietic growth factor.

[0093] In certain embodiments, the immunotherapeutic agent is a monoclonal antibody. In
certain embodiments, the monoclonal antibody is bound in a complex with a high affinity Fc
receptor. In certain embodiments, the monoclonal antibody is Lambrolizumab, Dupilumab,
Tabalumab, Galiximab, Pritumumab, Trastuzumab, Amatuximab, Coltuximab ravtansine,
Ensituximab, Indatuximab ravtansine, Isatuximab, Mirvetuximab soravtansine, Siltuxima,
Ublituximab, Zatuximab, Ontuxizumab, Pasotuxizumab, Anetumab ravtansine, Ascrinvacumab,
Conatumumab, Daratumumab, Durvalumab, Dusigitumab, Elgemtumab, Ganitumab, Imalumab,
Indusatumab vedotin, Lexatumumab, Mapatumumab, Narnatumab, Nesvacumab, Nivolumab,
Olaratum, Parsatuzumab, Patritumab, Radretumab, Robatumuma, Seribantumab, Tarextumab,
Ticilimumab (tremelimumab), Tovetumab, Tremelimumab, Vantictumab, Abituzumab,
Alacizumab pegol, Atezolizumab, cBR96-doxorubicin immunoconjugate, Codrituzumab,
Demcizumab, Denintuzumab mafodotin, Emactuzumab, Emibetuzumab, Enoblituzumab,
Imgatuzumab, Inotuzumab ozogamicin, Lifastuzumab vedotin, Lintuzuma, Lorvotuzumab
mertansin, Lumretuzumab, Margetuximab, Mogamulizumab, Ocaratuzumab, Onartuzumab,
Oportuzumab monatox, Otlertuzumab, Pertuzumab, Pinatuzumab vedotin, Polatuzumab vedotin,
Sacituzumab govitecan, Samalizumab, Sibrotuzumab, Tacatuzumab tetraxetan, Tigatuzumab,
Tucotuzumab celmoleukin, Vandortuzumab vedotin, Vanucizumab, Vorsetuzumab mafodotin,
Pidilizumab, Drozitumab, Icrucumab, Urelumab, Dalotuzumab, Enavatuzumab, Ficlatuzumab,
Pembrolizumab, Enfortumab vedotin, Bavituximab, Epratuzumab, Cantuzumab ravtansine,
Sonepcizumab, Tuvirumab, Lumiliximab, Ofatumumab, TGN1412, Girentuximab,
Panitumumab, Labetuzumab, Cantuzumab mertansine, Votumumab, Matuzumab, Regavirumab,

Sevirumab, Otelixizumab, IMAB362, Brentuximab vedotin, Dacetuzumab, Ulocuplumab,
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Teprotumumab, Apolizumab, Atorolimumab, Iratumumab, TNX-650, Afutuzumab, Rituximab,
Ecromeximab, TRBS07, Flanvotumab, Ipilimumab, Glembatumumab vedotin, Etaracizumab,
Bevacizumab, Cetuximab, Elotuzumab, Milatuzumab, Lucatumumab, Dinutuximab,
Belimumab, Veltuzumab, Necitumumab, Carlumab, Romosozumab, Denosumab, Farletuzumab,
Pankomab, Sofituzumab vedotin, Citatuzumab bogatox, Clivatuzumab tetraxetan, Abciximab,
Daclizumab, Basiliximab, Adecatumumab, Derlotuximab biotin, Ruplizumab, Clenoliximab,
Canakinumab, Fletikumab, Mavrilimumab, Sirukumab, ALD518, Atlizumab ( tocilizumab),
Clazakizumab, Infliximab, Ocrelizumab, Zanolimumab, Golimumab, Sarilumab, Adalimumab,
Fezakinumab, Volociximab, Cixutumumab, Ramucirumab, Rilotumumab, Intetumumab,
Bivatuzumab mertansine, Zalutumumab, Nimotuzumab, Anifrolumab, Rontalizumab,
Metelimumab, Alemtuzumab, or Pateclizumab. In certain embodiments, the monoclonal
antibody 1s BMS-936559, MSB0010718C, or MEDI4736.

[0094] In certain embodiments, the dosage of monoclonal antibody is less than 10 mg daily. In
certain embodiments, the dosage of monoclonal antibody is less than 9 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 8 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 7 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 6 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 5 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 4 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 3 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 2 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 1 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 0.5 mg daily. In certain
embodiments, the dosage of monoclonal antibody is less than 20 mg weekly. In certain
embodiments, the dosage of monoclonal antibody is less than 15 mg weekly. In certain
embodiments, the dosage of monoclonal antibody is less than 10 mg weekly. In certain
embodiments, the dosage of monoclonal antibody is less than 9 mg weekly. In certain
embodiments, the dosage of monoclonal antibody is less than 8 mg weekly. In certain
embodiments, the dosage of monoclonal antibody is less than 7 mg weekly. In certain
embodiments, the dosage of monoclonal antibody is less than 6 mg weekly. In certain
embodiments, the dosage of monoclonal antibody is less than 5 mg weekly. In certain
embodiments, the dosage of monoclonal antibody is less than 4 mg weekly. In certain
embodiments, the dosage of monoclonal antibody is less than 3 mg weekly. In certain

embodiments, the dosage of monoclonal antibody is less than 2 mg weekly. In certain

-39 .



embodiments, the monoclonal antibody is delivered intravenously. In certain embodiments, the
monoclonal antibody is delivered directly to the tumor site.

[0095] In certain embodiments, the immunotherapeutic agent is a vaccine. In certain
embodiments, the vaccine is cell based. In certain embodiments, the vaccine comprises 1 or
more synthesized, purified, or isolated peptides. In certain embodiments, the peptide is a viral
peptide. In certain embodiments, the viral peptide is from EBV. In certain embodiments, the
viral peptide is from CMV. In certain embodiments, the viral peptide is from HHV8. In certain
embodiments, the vaccine comprises 1 or more synthesized, purified, or isolated polypeptides.
In certain embodiments, the polypeptide is a viral polypeptide. In certain embodiments, the viral
polypeptide is from EBV. In certain embodiments, the viral polypeptide is from CMV. In certain
embodiments, the viral polypeptide is from HHV8. In certain embodiments, the vaccine
comprises 1 or more synthesized, purified, or isolated proteins. In certain embodiments, the
protein is a viral protein. In certain embodiments, the viral protein is from EBV. In certain
embodiments, the viral protein is from CMV. In certain embodiments, the viral protein is from
HHVS8. In certain embodiments, the vaccine is cell based. In certain embodiments, the vaccine is
antigen presenting cell based. In certain embodiments, the vaccine is cell based. In certain
embodiments, the vaccine is dendritic cell based. In certain embodiments, the vaccine is B cell
based.

[0096] In certain embodiments, the vaccine can comprise proteins, protein fragments,
polypeptides or peptides derived from viral genes. In certain embodiments, the protein, protein
fragment, polypeptide or peptide is derived from the UL1, UL2, UL3, UL4, ULS, UL6, UL7,
ULS, UL9, UL10, UL11, UL12, UL13, UL14, UL15, UL16, UL17, UL18, UL19, UL20, UL21,
UL22, UL23, UL24, UL25, UL26, UL27, UL28, UL29, UL30, UL31, UL32, UL33, UL34,
UL35, UL36, UL37, UL38, UL39, UL40, UL41, UL42, UL43, UL44, UL45, UL46, UL47,
UL48, UL49, UL50, UL51, UL52, UL53, UL54, ULS5, UL56, US1, US2, US3, US4, USS,
US6, US7, US8, US9, US10, US11, US12, RS1, ICPO, LRP1, LRP2, RL1, or LAT gene of
HSV. In certain embodiments, the protein, protein fragment, polypeptide, or peptide is derived
from the BDLF1, BFRF3, BORF1, BBRF1, BdRF1, BLLF1, BXLF2, BALF4, BALF4, BALF4,
BZLF2, BBRF3, BILF2, BLRF1, BDLF3, BKRF2, BMRF2, BPLF1, BGLF2, BOLF1, BVRFI,
BBLF1, BGLF1, BSRF1, BGLF4, BNRF1, BLRF2, BRRF2, BDLF2, BKRF4, BORF2, BALF2,
BXLF1, BMRFI, EBNA-1, EBNA-2, EBNA-3A, EBNA-3B, EBNA-3C, EBNA-LP, LMP-1,
LMP-2A, LMP-2B, BNLF2, BZLF1 or BRLF1 gene of EBV. In certain embodiments, the
protein, protein fragment, polypeptide, or peptide is derived from the US1, US10, US11, US12,
US2, US3, US6, US7, US8, US9, IRS1, RL1, RL10, RL11, RL12, RL13, RL2, RL4, RL6, RLY,
TRS1, UL10, UL100, UL102, UL103, UL104, UL105, UL108, UL109, UL11, UL110, UL111a,
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UL112, UL113, UL114, UL115, UL116, UL117, UL119, UL12, UL121, UL122, UL123,
UL124, UL127, UL129, UL13, UL130, UL132, UL14, UL146, UL147, UL15, UL16, UL17,
UL18, UL19, UL2, UL20, UL20a, UL21, UL23, UL24, UL25, UL26, UL27, UL28, UL29,
UL3, UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37.1, UL37.3, UL38, UL39, UL4,
UL42, UL43, UL44, UL45, UL46, UL47, UL48, UL48.5, UL49, UL5, UL50, UL51, UL52,
ULS3, UL54, ULSS, UL56, ULS7, ULS9, UL6, UL60, UL62, UL64, UL6S, UL67, UL69, UL7,
UL70, UL71, UL72, UL73, UL74, UL75, UL76, UL77, UL78, UL79, ULS, UL80, ULS2,
ULS3, UL84, UL85, UL86, UL87, UL88, ULS89.1, UL89.2, UL9, UL90, UL91, UL92, UL93,
UL94, UL95, UL96, UL97, UL98, UL99, US13, US14, US15, US16, US17, US18, US19,
US20, US21, US22, US23, US24, US25, US26, US27, US28, US29, US30, US31, US32, US33,
or US34 gene of CMV. In certain embodiments, the protein, protein fragment, polypeptide, or
peptide is derived from the gag, pol, env, tat, rev, nef, vpr, vif, or vpu gene of HIV.

[0097] In certain embodiments, the immunotherapeutic agent is a T cell. In certain
embodiments, the T cell has been genetically modified. In certain embodiments, the T cell is
autologous to the individual being treated. In certain embodiments, the T cell is heterologous to
the individual being treated. In certain embodiments, the T cell carries a chimeric antigen
receptor (a CAR T cell). In certain embodiments, the CAR T cell has a targeting receptor
comprising amino acid residues derived from an antibody molecule. In certain embodiments, the
targeting domain is specific for the a-Folate receptor, CAIX, CD19, CD20, CD22, CD30, CD33,
CD44v7/8, CEA, EGP-2, EGP-40, erb-B2, erb-B 2,3,4, FBP, Fetal acetylcholine receptor, GD2,
GD3, Her2/neu, IL-13R-a2, KDR, kappa-light chain, LeY, L1 cell adhesion molecule, MAGE-
Al, Mesothelin, Murine CMYV infected cells, MUC1, NKG2D ligands, Oncofetal antigen
(h5T4), PSCA, PSMA, TAA targeted by mAb IgE, TAG-72, or VEGF-R2. In certain
embodiments, the CAR T cell has a targeting receptor comprising a signaling domain. In certain
embodiments, the signaling domain comprises CD3, CD28, 0X40, 41-BB, ZAP70, PI3K,
TRAF2, or CD 137.

[0098] In certain embodiments, the CAR T cell has a targeting receptor that is specific for a
protein, protein fragment, polypeptide, or peptide derived from a viral gene. In certain
embodiments, the protein, protein fragment, polypeptide, or peptide is derived from the ULI,
UL2, UL3, UL4, ULS, UL6, UL7, ULS, UL9, UL10, UL11, UL12, UL13, UL14, UL15, UL16,
UL17, UL18, UL19, UL20, UL21, UL22, UL23, UL24, UL25, UL26, UL27, UL28, UL29,
UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL41, UL42,
ULA43, UL44, UL4S, UL46, ULA47, UL48, UL49, UL50, ULS1, UL52, ULS3, UL54, ULSS,
ULS6, US1, US2, US3, US4, USS, US6, US7, US8, US9, US10, US11, US12, RS1, ICPO,
LRP1, LRP2, RL1, or LAT gene of HSV. In certain embodiments, the protein, protein fragment,
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polypeptide or peptide is derived from the BDLF1, BFRF3, BORF1, BBRF1, BdRF1, BLLF1,
BXLF2, BALF4, BALF4, BALF4, BZLF2, BBRF3, BILF2, BLRF1, BDLF3, BKRF2, BMRF2,
BPLF1, BGLF2, BOLF1, BVRF1, BBLF1, BGLF1, BSRF1, BGLF4, BNRF1, BLRF2, BRRF2,
BDLF2, BKRF4, BORF2, BALF2, BXLF1, BMRF1, EBNA-1, EBNA-2, EBNA-3A, EBNA-
3B, EBNA-3C, EBNA-LP, LMP-1, LMP-2A, LMP-2B, BNLF2, BZLF1, or BRLF1 gene of
EBV. In certain embodiments, the protein, protein fragment, polypeptide, or peptide is derived
from the US1, US10, US11, US12, US2, US3, US6, US7, US8, US9, IRS1, RL1, RL10, RL11,
RL12, RL13, RL2, RL4, RL6, RL9, TRS1, UL10, UL100, UL102, UL103, UL104, UL105,
UL108, UL109, UL11, UL110, UL111a, UL112, UL113, UL114, UL115, UL116, UL117,
UL119, UL12, UL121, UL122, UL123, UL124, UL127, UL129, UL13, UL130, UL132, UL14,
UL146, UL147, UL15, UL16, UL17, UL18, UL19, UL2, UL20, UL20a, UL21, UL23, UL24,
UL25, UL26, UL27, UL28, UL29, UL3, UL30, UL31, UL32, UL33, UL34, UL35, UL36,
UL37.1, UL37.3, UL38, UL39, UL4, UL42, UL43, UL44, UL45, UL46, UL47, UL48, UL48.5,
ULA9, UL5, UL50, UL51, UL52, UL53, UL54, UL55, UL56, UL57, UL59, UL6, UL60, UL62,
UL64, UL65, UL67, UL69, UL7, UL70, UL71, UL72, UL73, UL74, UL75, UL76, UL77,
UL78, UL79, UL8, UL80, UL82, UL83, UL84, ULS5, UL86, UL87, UL88, UL89.1, UL89.2,
UL9, UL90, UL91, UL92, UL93, UL94, UL95, UL96, UL97, UL98, UL99, US13, US14, US15,
US16, US17, US18, US19, US20, US21, US22, US23, US24, US25, US26, US27, US28, US29,
US30, US31, US32, US33, or US34 gene of CMV. In certain embodiments, the protein, protein
fragment, polypeptide or peptide is derived from the gag, pol, env, tat, rev, nef, vpr, vif, or vpu
gene of HIV.

[0099] In certain embodiments, the CAR T cells are administered by i.v. infusion. In certain
embodiments, about 1x10°cells/m* are administered. In certain embodiments, about 2x10°
cells/m” are administered. In certain embodiments, about 3x10° cells/m* are administered. In
certain embodiments, about 4x10°cells/m? are administered. In certain embodiments, about
5x10°cells/m?* are administered. In certain embodiments, about 6x10° cells/m* are administered.
In certain embodiments, about 7x10° cells/m” are administered. In certain embodiments, about
8x10° cells/m” are administered. In certain embodiments, about 9x10° cells/m? are administered.
In certain embodiments, about 1x10° cells/m” are administered. In certain embodiments, about
2x10° cells/m? are administered. In certain embodiments, about 3x10°cells/ m? are administered.
In certain embodiments, about 4x10° cells/ m* are administered. In certain embodiments, about
5x10° cells/m” are administered. In certain embodiments, about 6x10°cells/m?* are administered.
In certain embodiments, about 7x10° cells/m” are administered. In certain embodiments, about
8x10° cells/m” are administered. In certain embodiments, about 9x10°cells/m?* are administered.

In certain embodiments, about 1x10"cells/m* are administered. In certain embodiments, about
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2x10" cells/m* are administered. In certain embodiments, about 3x10’ cells/m” are administered.
In certain embodiments, about 4x10"cells/m?* are administered. In certain embodiments, about
5x10"cells/m?* are administered. In certain embodiments, about 6x10’cells/m” are administered.
In certain embodiments, about 7x10 cells/m” are administered. In certain embodiments, about
8x10’ cells/m” are administered. In certain embodiments, about 9x10” cells/m? are administered.
[00100] In certain embodiments, CAR T cells are administered once a day. In certain
embodiments, CAR T cells are administered once a week. In certain embodiments, CAR T cells
are administered once a month. In certain embodiments, CAR T cells are administered twice a
week. In certain embodiments, CAR T cells are administered twice a month. In certain
embodiments, CAR T cells are administered thrice a week. In certain embodiments, CAR T cells
are administered thrice a month. In certain embodiments, CAR T cells are administered 4 times
a month.

[00101] In certain embodiments, the immunotherapy is a small molecule that sensitizes tumors
to killing by immune cells. In certain embodiments, the immunotherapy is a proteasome
inhibitor. In certain embodiments, the immunotherapy is bortezomib, carfilzomib, or ixazomib.

In certain embodiments, the immunotherapy is azacitidine.

CANCERS

[00102] In certain embodiments, the methods of this disclosure are for the treatment of cancer.
In certain embodiments, the methods of this disclosure are for augmenting the treatment of
cancer. In certain embodiments, the cancer is Acute Lymphoblastic Leukemia, Adult; Acute
Lymphoblastic Leukemia, Childhood; Acute Myeloid Leukemia, Adult; Acute Myeloid
Leukemia, Childhood; Adreno cortical Carcinoma; Adrenocortical Carcinoma, Childhood;
Adolescents, Cancer in; AIDS-Related Cancers; AIDS-Related Lymphoma; Anal Cancer;
Appendix Cancer; Astrocytomas, Childhood; Atypical Teratoid/Rhabdoid Tumor, Childhood,
Central Nervous System; Basal Cell Carcinoma; Bile Duct Cancer, Extrahepatic; Bladder
Cancer; Bladder Cancer, Childhood; Bone Cancer, Osteosarcoma and Malignant Fibrous
Histiocytoma; Brain Stem Glioma, Childhood; Brain Tumor, Adult; Brain Tumor, Brain Stem
Glioma, Childhood; Brain Tumor, Central Nervous System Atypical Teratoid/Rhabdoid Tumor,
Childhood; Brain Tumor, Central Nervous System Embryonal Tumors, Childhood; Brain
Tumor, Astro cytomas, Childhood; Brain Tumor, Craniopharyngioma, Childhood; Brain Tumor,
Ependymoblastoma, Childhood; Brain Tumor, Ependymoma, Childhood; Brain Tumor,
Medulloblastoma, Childhood; Brain Tumor, Medulloepithelioma, Childhood; Brain Tumor,
Pineal Parenchymal Tumors of Intermediate Differentiation, Childhood; Brain Tumor,

Supratentorial Primitive Neuro ectodermal Tumors and Pineoblastoma, Childhood; Brain and
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Spinal Cord Tumors, Childhood (Other); Breast Cancer; Breast Cancer and Pregnancy; Breast
Cancer, Childhood; Breast Cancer, Male; Bronchial Tumors, Childhood; Burkitt Lymphoma;
Carcinoid Tumor, Childhood; Carcinoid Tumor, Gastrointestinal; Carcinoma of Unknown
Primary; Central Nervous System Atypical Teratoid/Rhabdoid Tumor, Childhood; Central
Nervous System Embryonal Tumors, Childhood; Central Nervous System (CNS) Lymphoma,
Primary; Cervical Cancer; Cervical Cancer, Childhood; Childhood Cancers; Chordoma,
Childhood; Chronic Lymphocytic Leukemia; Chronic Myelogenous Leukemia; Chronic
Myeloproliferative Disorders; Colon Cancer; Colorectal Cancer, Childhood;
Craniopharyngioma, Childhood; Cutaneous T-Cell Lymphoma; Embryonal Tumors, Central
Nervous System, Childhood; Endometrial Cancer; Ependymoblastoma, Childhood,
Ependymoma, Childhood; Esophageal Cancer; Esophageal Cancer, Childhood,
Esthesioneuroblastoma, Childhood; Ewing Sarcoma Family of Tumors; Extracranial Germ Cell
Tumor, Childhood; Extragonadal Germ Cell Tumor; Extrahepatic Bile Duct Cancer; Eye
Cancer, Intraocular Melanoma; Eye Cancer, Retinoblastoma; Gallbladder Cancer; Gastric
(Stomach) Cancer; Gastric (Stomach) Cancer, Childhood; Gastrointestinal Carcinoid Tumor;
Gastrointestinal Stromal Tumor (GIST); Gastrointestinal Stromal Cell Tumor, Childhood; Germ
Cell Tumor, Extracranial, Childhood; Germ Cell Tumor, Extragonadal; Germ Cell Tumor,
Ovarian; Gestational Trophoblastic Tumor; Glioma, Adult; Glioma, Childhood Brain Stem;
Hairy Cell Leukemia; Head and Neck Cancer; Heart Cancer, Childhood; Hepatocellular (Liver)
Cancer, Adult (Primary); Hepatocellular (Liver) Cancer, Childhood (Primary); Histiocytosis,
Langerhans Cell; Hodgkin Lymphoma, Adult; Hodgkin Lymphoma, Childhood,
Hypopharyngeal Cancer; Intraocular Melanoma; Islet Cell Tumors (Endocrine Pancreas);
Kaposi Sarcoma; Kidney (Renal Cell) Cancer; Kidney Cancer, Childhood; Langerhans Cell
Histiocytosis; Laryngeal Cancer; Laryngeal Cancer, Childhood; Leukemia, Acute
Lymphoblastic, Adult, Leukemia, Acute Lymphoblastic, Childhood; Leukemia, Acute Myeloid,
Adult; Leukemia, Acute Myeloid, Childhood; Leukemia, Chronic Lymphocytic, Leukemia,
Chronic Myelogenous; Leukemia, Hairy Cell; Lip and Oral Cavity Cancer; Liver Cancer, Adult
(Primary); Liver Cancer, Childhood (Primary); Lung Cancer, Non-Small Cell, Lung Cancer,
Small Cell, Lymphoma, AIDS-Related; Lymphoma, Burkitt; Lymphoma, Cutaneous T-Cell;
Lymphoma, Hodgkin, Adult; Lymphoma, Hodgkin, Childhood; Lymphoma, Non-Hodgkin,
Adult; Lymphoma, Non-Hodgkin, Childhood; Lymphoma, Primary Central Nervous System
(CNS); Macroglobulinemia, Waldenstrom; Malignant Fibrous Histiocytoma of Bone and
Osteosarcoma; Medulloblastoma, Childhood; Medulloepithelioma, Childhood; Melanoma;
Melanoma, Intraocular (Eye); Merkel Cell Carcinoma; Mesothelioma, Adult Malignant;

Mesothelioma, Childhood; Metastatic Squamous Neck Cancer with Occult Primary; Mouth
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Cancer; Multiple Endocrine Neoplasia Syndromes, Childhood; Multiple Myeloma/Plasma Cell
Neoplasm; Mycosis Fungoides; Myelodysplastic Syndromes;
Myelodysplastic/Myeloproliferative Neoplasms; Myelogenous Leukemia, Chronic; Myeloid
Leukemia, Adult Acute; Myeloid Leukemia, Childhood Acute; Myeloma, Multiple;
Myeloproliferative Disorders, Chronic; Nasal Cavity and Paranasal Sinus Cancer;
Nasopharyngeal Cancer; Nasopharyngeal Cancer, Childhood; Neuroblastoma; Non-Hodgkin
Lymphoma, Adult; Non-Hodgkin Lymphoma, Childhood; Non-Small Cell Lung Cancer; Oral
Cancer, Childhood; Oral Cavity Cancer, Lip and; Oropharyngeal Cancer; Osteosarcoma and
Malignant Fibrous Histiocytoma of Bone; Ovarian Cancer, Childhood; Ovarian Epithelial
Cancer; Ovarian Germ Cell Tumor; Ovarian Low Malignant Potential Tumor; Pancreatic
Cancer; Pancreatic Cancer, Childhood; Pancreatic Cancer, Islet Cell Tumors; Papillomatosis,
Childhood; Paranasal Sinus and Nasal Cavity Cancer; Parathyroid Cancer; Penile Cancer;
Pharyngeal Cancer; Pineal Parenchymal Tumors of Intermediate Differentiation, Childhood;
Pineoblastoma and Supratentorial Primitive Neuroectodermal Tumors, Childhood; Pituitary
Tumor; Plasma Cell Neoplasm/Multiple Myeloma; Pleuropulmonary Blastoma, Childhood;
Pregnancy and Breast Cancer; Primary Central Nervous System (CNS) Lymphoma; Prostate
Cancer; Rectal Cancer; Renal Cell (Kidney) Cancer; Renal Pelvis and Ureter, Transitional Cell
Cancer; Respiratory Tract Cancer with Chromosome 15 Changes; Retinoblastoma;
Rhabdomyosarcoma, Childhood; Salivary Gland Cancer; Salivary Gland Cancer, Childhood,
Sarcoma, Ewing Sarcoma Family of Tumors; Sarcoma, Kaposi; Sarcoma, Soft Tissue, Adult;
Sarcoma, Soft Tissue, Childhood; Sarcoma, Uterine; Sézary Syndrome; Skin Cancer
(Nonmelanoma); Skin Cancer, Childhood; Skin Cancer (Melanoma); Skin Carcinoma, Merkel
Cell; Small Cell Lung Cancer; Small Intestine Cancer; Soft Tissue Sarcoma, Adult; Soft Tissue
Sarcoma, Childhood; Squamous Cell Carcinoma; Squamous Neck Cancer with Occult Primary,
Metastatic; Stomach (Gastric) Cancer; Supratentorial Primitive Neuroectodermal Tumors,
Childhood; T-Cell Lymphoma, Cutaneous; Testicular Cancer; Throat Cancer, Thymoma and
Thymic Carcinoma; Thyroid Cancer; Thyroid Cancer, Childhood; Transitional Cell Cancer of
the Renal Pelvis and Ureter; Trophoblastic Tumor, Gestational; Unknown Primary Site,
Carcinoma of, Adult; Unknown Primary Site, Cancer of, Childhood; Unusual Cancers of
Childhood; Ureter and Renal Pelvis, Transitional Cell Cancer; Urethral Cancer; Uterine Cancer,
Endometrial; Uterine Sarcoma; Vaginal Cancer; Vulvar Cancer; Waldenstrom

Macroglobulinemia; or Wilms Tumor.

-45 -



ADMINISTRATION SCHEDULE

[00103] Administration of one or more agents (e.g., an HDAC inhibitor or an immunotherapy)
can be intermittent; for example, administration can be once every two days, every three days,
every five days, once a week, once or twice a month, and the like. The amount, forms, and/or
amounts of the different forms can be varied at different times of administration.

[00104] Pulsed administration of one or more HDAC inhibitors or immunotherapies can be used
for the treatment or prevention of a viral-induced cancer. Pulsed administration can be more
effective than continuous treatment as pulsed doses can be lower than would be expected from
continuous administration of the same composition. Each pulse dose can be reduced and the
total amount of drug administered over the course of treatment to the patient can be minimized.
[00105] With pulse therapy, in vivo levels of an agent can drop below that level required for
effective continuous treatment. Pulsed administration can reduce the amount of the composition
administered to the patient per dose or per total treatment regimen with an increased
effectiveness. Pulsed administration can provide a saving in time, effort, and expense and a
lower effective dose can lessen the number and severity of complications that can be
experienced by a subject. As such, pulsing can be more effective than continuous administration
of the same composition.

[00106] Individual pulses can be delivered to a subject continuously over a period of several
hours, such as about 2, 4, 6, 8, 10, 12, 14, or 16 hours, or several days, such as 2, 3,4, 5, 6, or 7
days, or from about 1 hour to about 24 hours or from about 3 hours to about 9 hours.
Alternatively, periodic doses can be administered in a single bolus or a small number of
injections of the composition over a short period of time, for example, less than 1 or 2 hours. For
example, arginine butyrate can be administered over a period of 4 days with infusions for about
8 hours per day or overnight, followed by a period of 7 days of no treatment.

[00107] The interval between pulses or the interval of no delivery can be greater than 24 hours
or can be greater than 48 hours, and can be for even longer such as for 3,4, 5,6, 7, 8,9, or 10
days; two, three, or four weeks; or even longer. The interval between pulses can be determined
by one of ordinary skill in the art. The interval between pulses can be calculated by
administering another dose of the composition when the composition or the active component of
the composition is no longer detectable in the patient prior to delivery of the next pulse. Intervals
can also be calculated from the in vivo half-life of the composition. Intervals can be calculated as
greater than the in vivo half-life, or 2, 3, 4, 5, and even 10 times greater than the composition
half-life. Intervals can be 25, 50, 100, 150, 200, 250, 300, and even 500 times the half-life of the

chemical composition.
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[00108] The number of pulses in a single therapeutic regimen can be as little as two, but can be
from about 5 to 10, 10 to 20, 15 to 30 or more. Subjects (e.g., patients) can receive one or more
agents (e.g., drugs) for life according to the methods of this invention. Compositions can be
administered by most any means, and can be delivered to the patient as an injection (e.g.
intravenous, subcutaneous, intra-arterial), infusion or instillation, and more preferably by oral
ingestion. Various methods and apparatus for pulsing compositions by infusion or other forms of
delivery to the patient are disclosed in U.S. Pat. Nos. 4,747,825, 4,723,958, 4,948,592,
4,965,251; and 5,403,590.

[00109] In certain embodiments, the co-formulated unit dose comprising an HDAC inhibitor and
an immunotherapy is administered daily. In further embodiments, administration is continuous.
In some embodiments, the administration of the co-formulated unit dose is by pulsed
administration. In certain embodiments, pulsed administration comprises administering pulses of
the co-formulated unit dose for about 1 day, about 2 days, about 3 days, about 4 days, about 5
days, about 6 days, about 7 days, about 10 days, about 2 weeks, about 3 weeks, about 4 weeks,
about 5 weeks, about 6 weeks, about 7 weeks, about 8 weeks, about 2 months, about 3 months,
about 4 months, about 5 months, about 6 months, about 9 months, or about 12 months. In some
embodiments, pulsed administration comprises intervals of not administering the co-formulated
unit dose of about 1 day, about 2 days, about 3 days, about 4 days, about 5 days, about 6 days,
about 7 days, about 10 days, about 2 weeks, about 3 weeks, about 4 weeks, about 5 weeks, about
6 weeks, about 7 weeks, about 8 weeks, about 2 months, about 3 months, about 4 months, about
5 months, about 6 months, about 9 months, or about 12 months.

[00110] In some embodiments, the administration of the co-formulated unit dose is by pulsed
administration. In certain embodiments, the pulsed administration comprises administering the
co-formulated unit dose for about 8 weeks, followed by not administering the co-formulated unit
dose for about 4 weeks. In some embodiments, the pulsed administration comprises
administering the co-formulated unit dose for about 6 weeks, followed by not administering the
co-formulated unit dose for about 2 weeks. In certain embodiments, the pulsed administration
comprises administering the co-formulated unit dose for about 4 weeks, followed by not
administering the co-formulated unit dose for about 2 weeks. In some embodiments, the pulsed
administration comprises administering the co-formulated unit dose for about 2 weeks, followed
by not administering the co-formulated unit dose for about 2 weeks. In some embodiments,
pulsed administration comprises pulses of administering the co-formulated unit dose for about 1
day, about 2 days, about 3 days, about 4 days, about 5 days, about 6 days, about 7 days, about 10
days, about 2 weeks, about 3 weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 7

weeks, about 8 weeks, about 2 months, about 3 months, about 4 months, about 5 months, about
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6 months, about 9 months, or about 12 months. In certain embodiments, pulsed administration
comprises intervals of not administering the co-formulated unit dose of about 1 day, about 2
days, about 3 days, about 4 days, about 5 days, about 6 days, about 7 days, about 10 days, about
2 weeks, about 3 weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks, about 8
weeks, about 2 months, about 3 months, about 4 months, about 5 months, about 6 months, about
9 months, or about 12 months. In some embodiments, administration is continuous. In certain
embodiments, administration is for the lifetime of the subject. In other embodiments,
administration is for about 1 week, about 2 weeks, about 3 weeks, about 4 weeks, about 5
weeks, about 6 weeks, about 7 weeks, about 8 weeks, about 2 months, about 3 months, about 4
months, about 5 months, about 6 months, about 9 months, or about 12 months. In some
embodiments, an immunotherapeutic is administered during intervals of not administering the
co-formulated unit dose. In certain embodiments, an immunotherapeutic is administered in
addition to the co-formulated unit dose. In some embodiments, an immunotherapeutic is
administered simultaneously with the co-formulated unit dose. In other embodiments, an
immunotherapeutic agent is administered separate from the co-formulated unit dose.

[00111] A pharmaceutical composition comprising an HDAC inhibitor can be administered to a
subject before a pharmaceutical composition comprising an immunotherapeutic is administered
to the subject. A pharmaceutical composition comprising an HDAC inhibitor can be co-
administered to a subject with a pharmaceutical composition comprising an immunotherapeutic.
A pharmaceutical composition comprising an HDAC inhibitor can be co-administered with a
pharmaceutical composition comprising an immunotherapeutic and a pharmaceutical
composition comprising one or more additional agents. The immunotherapeutic can be provided
by pulsed administration. For example, a pharmaceutical composition comprising HDAC
inhibitor can be administered to a subject, followed by administration of a pharmaceutical
composition comprising an immunotherapeutic to the subject after an interval of time has
passed, and this order of administration, at the same or similar time interval, can be repeated, for

example, at least 1, 2, 3,4, 5, 6,7, 8,9, 10. or more times.

EXAMPLES
Example 1-Inhibiton of HDAC activity by VRx-3996 on tumor cells
[00112] VRx-3996 was tested for its ability to inhibit HDAC activity in PC3 (prostate) and
MDA-MB-231 (triple negative breast cancer) carcinoma cells. Cells were exposed to for 2.5h to
VRx-3996 (657 nM), or DMSO prior to being examined for the presence of acetyl-lysine 9 on
Histone H3 by immunoblot. FIG. 2 shows that VRX-3996 inhibits Histone H3 deacetylation in
both cell lines.
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Example 2- VRx-3996 alters the cell surface phenotype of tumor cell lines

[00113] After treatment with DMSO (vehicle) or VRx-3996, PC3 or MDA-MB-321 cells were
analyzed for their cell surface phenotype. Cells were exposed to CHR-3996 daily (657 nM,
2.5h/day) or DMSO control for 4 consecutive days; on day 5, cells were examined by flow
cytometry for cell-surface expression of proteins associated with immune recognition,
stimulation, and inhibition. The phenotype of PC3 cells is shown in Table 1. The phenotype of
MDA-MB-321 cells is shown in Table 2. Overall VRx-3996 led to several changes in both cell

lines.
Table 1. Cell surface phenotype of PC3 cells
Target DMSO | VRx-3996 | % change
HLA-A,B,C | % Pos 944 94.4 <5
GeoMFI 677 1198 77
ICAM-1 % Pos 64.7 66.8 <5
GeoMFI 98 129 32
PD-L1 % Pos 46.1 28 -39
GeoMFI 59 43 -27
MIC-A/B % Pos 59.8 48 -20
GeoMFI 116 124 7
ULBP-3 % Pos 64.8 7.6 -88
GeoMFI 124 31 -75
CDI155 % Pos 96.8 95.9 <5
GeoMFI | 495 742 50
TRAIL-R2 (DRS) | % Pos 87 66.7 -23
GeoMFI | 651 386 -41
Fas % Pos 51.7 353 -32
GeoMFI | 85 79 -7
EGFR % Pos 88.5 75.6 -15
GeoMFI | 433 291 -33
Unchanged: CD122, ULBP-1, ULBP-2/5/6
Not detected: TRAIL-R1 (DR4), ULBP-4
GeoMFI=Geometric mean fluorescence intensity,
%Pos=percentage staining positive
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Table 2. Cell surface phenotype of MDA-MB-231 cells
Target DMSO | VRx-3996 | % change
HLA-A,B,C | % Pos 993 96.2 <5
GeoMFI | 1019 2470 142
ICAM-1 % Pos 95.9 96.2 <5
GeoMFI | 1324 8554 546
PD-L1 % Pos 79.2 80 <5
GeoMF1 110 303 175
MIC-A/B % Pos 91.1 94.6 6
GeoMFI 564 2880 411
ULBP-2/5/6 % Pos 713 759 6.5
GeoMFI 106 365 244
CD155 % Pos 958 96.1 <5
GeoMFI 990 2937 197
TRAIL-R1(DR4) | % Pos 6.9 27.1 293
GeoMFI 7.7 107 1290
TRAIL-R2(DRS) | % Pos 73 53 =27
GeoMFI 707 1106 56
Fas % Pos 353 273 -23
GeoMFI | 673 190 184
CD122 % Pos 91.2 81.9 -10
GeoMFI 335 735 119
EGFR % Pos 91.2 81.9 -10
GeoMFI 335 735 119
Unchanged: ULBP-3
Not detected: ULBP-1, ULBP-4
GeoMFI=Geometric mean fluorescence intensity,
%Pos=percentage staining positive

Example 3- VRx-3996 sensitizes PC3 cells to NK lysis

[00114] Tumor cell lines PC3 and MDA-MB-231, treated with VRx-3996, were tested for their
ability to be killed by different primary NK cells and the NK cell line HaNK (NK cells with a
high-affinity Fc receptor which has a mutation at 158V of human FcyRIIla). PC3 and MDA-
MB-231 cells were exposed to DMSO or CHR-3996 daily (657 nM, 2.5h/day) for 4 consecutive
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days, prior to being used as targets on day 5 for direct NK killing in an overnight standard In-
111 release lysis assay. Primary NK cells from human PBMCs of 2 healthy donors (isolated by
negative selection), and NKs rested for 24h at 37C° and 5% CO2, or pre-exposed to ALT803
(25 ng/ml) for 24h, were used. HaNK cells were used 24h post 10 Gy radiation exposure. NK
cells were plated and varying effector to target ratios (E:T) against PC3 cells (FIG. 3) and
MDA-MB-231cells (FIG. 4).

Example 4- VRx-3996 Reduces FoxP3+ regulatory T cells in PBMCs of patients with
metastatic cancer

[00115] Method: Peripheral blood mononuclear cells (PBMCs) from 7 patients with metastatic
breast cancer were exposed to VRx-3996 daily (657 nM, 2.5h/day) or DMSO control for 2
consecutive days and then examined by flow cytometry for different immune cell subsets
analyzed: 9 standard immune cell subsets, 114 subsets relating to maturation/function. Table 3
shows the effect that VRx-3996 had on common lymphocyte subsets. Table 4 shows the most

changes subsets analyzed.

Table 3.
Median frequency
Classic Subset (% of PBMC) p value
DMSO | CHR-3996
CD4 36.53 4236 0.0156 "
CDS8 16.81 17.67 0.375
B cell 7.33 6.37 0.1094
NK 4.74 3.46 0.1719
NKT 2.02 424 0.0156
cDC 0.07 0.11 0.0156
pDC <0.01 <0.01 >0.9999
Treg 0.98 0.47 0.0156
MDSC 1.45 532 0.0156
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Table 4. Significantly changed subsets
Median frequency
Refined Table Subset (% of PBMC) p value
DMSO | CHR-3996
CD4 CM PD1+ 2.57 3.24 0.0156
ICOS+ CD4 1.08 1.26 0.0156
ICOS+ PD-1+ CD4 0.37 0.5 0.0313
CDS8 naive 428 4.99 0.0156
CDS8 Tim3+ 0.31 0.06 0.0313
NKT PDI1+ 03 0.75 0.0156
B cells PDL1+ 0.97 0.55 0.0156
Treg CD49d neg 0.49 0.27 0.0156
Treg ICOS+ 0.2 0.14 0.0156
MDSC CD16+ 0.76 2.19 0.0313
mMDSC 1.02 4.15 0.0156
mMDSC CD16+ 0.73 2.08 0.0313
dnMDSC 0.15 0.36 0.0156
dnMDSC PDL1+ 0.01 0.07 0.0156

[00116] In addition, CD4+ T reg cell subsets were analyzed. These results are shown in Table S.
All major subsets showed a reduction. Additionally, FIG. SA and 5B shows that the regulatory

cell transcription factor FoxP3 was reduced in these T regulatory subsets.
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Table S. T reg subsets are decreased by VRx-3996

Median frequency

(% of CD4)

Subset p value

CHR-

DMSO

3996

Total Treg 18.59 9.39 0.0156
CD49d neg

Treg 10.17 5.66 0.0156
ICOS+ Treg 3.16 231 0.0156
PD-1+ Treg 45 231 0.0156

[00117] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will now occur to those
skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing
the invention. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered

thereby.
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Claims

1. A combination of:

a) an effective dose of a HDAC inhibitor, wherein the HDAC inhibitor comprises (2-(6-
{[(6-Fluoroquinolin-2-yl)methylJamino}-3-azabicyclo[3.1.0]hex-3-yl)-N-
hydroxypyrimidine-5-carboxamide); and

b) an immunotherapeutic agent, wherein the immunotherapeutic agent comprises an
NK cell expressing a high affinity Fc receptor FcyRIIIA possessing a 158V
mutation,
for use in the treatment of prostate cancer.

2. The combination for use of claim 1, wherein the HDAC inhibitor is administered orally.

3. The combination for use of any one of claims 1 or 2, wherein the HDAC inhibitor is
administered at a dose of less than 80 mg per day.

4. The combination for use of any one of claims 1 or 2, wherein the HDAC inhibitor is
administered at a dose of less than 40 mg per day.

5. The combination for use of any one of claims 1 or 2, wherein the HDAC inhibitor is
administered at a dose of less than 20 mg per day.

6. The combination for use of any one of claims 1 to 5, wherein the HDAC inhibitor is
administered prior to the administration of the immunotherapeutic agent in a combination
dosing schedule.

7. The combination for use of any one of claims 1 to 5, wherein the HDAC inhibitor is
administered during the administration of the immunotherapeutic agent.

8. The combination for use of any one of claims 1 to 5, wherein the HDAC inhibitor is
administered after the administration of the immunotherapeutic agent in a combination
dosing schedule.

9. The combination for use of claim 1, wherein the high affinity Fc receptor is bound to an
antibody specific for a tumor antigen.

10. The combination for use of claim 9, wherein the tumor antigen comprises CD38,
CD319/SLAMF-7, TNFRSF17/BCMA, SYND1/CD138, CD229, CD47, Her2/Neu,
epidermal growth factor receptor (EGFR), CD123/IL3-RA, CD19, CD20, CD22,
Mesothelin, EpCAM, MUC1, MUCI16, Tn antigen, NEUSGC, NeuGcGM3, GD2, CLL-1,
or HERV-K.

11. The combination for use of any one of claims 1 to 10, wherein the cancer is a result of an

infection with a virus.
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12. The combination for use of claim 11, wherein the virus is from the Herpesviridae family.

13. The combination for use of claim 12, wherein the Herpesviridae family member is
Epstein-Barr virus.

14. The combination for use of claim 12, wherein the Herpesviridae family member is
cytomegalovirus.

15. The combination for use of claim 12, wherein the Herpesviridae family member is human
herpesvirus 8.

16. The combination for use of any one of claims 1 to 15, further comprising administering
an antiviral agent.

17. The combination for use of claim 16, wherein the antiviral agent comprises
valganciclovir.

18. The combination for use of claim 16, wherein the antiviral agent is administered before
treatment with (2-(6-{[(6-Fluoroquinolin-2-yl)methylJamino }-3-azabicyclo[3.1.0]hex-3-
y1)-N-hydroxypyrimidine-5-carboxamide), and an immunotherapeutic agent in a
combination dosing schedule.

19. The combination for use of any one of claims 1 to 18, further comprising administering a
second immunotherapy.

20. The combination for use of claim 19, wherein the second immunotherapy comprises an
antibody or antigen binding fragment thereof.

21. The combination for use of claim 20, wherein the antibody or antigen binding fragment
thereof binds to a checkpoint inhibitor.

22. The combination for use of claim 21, wherein the checkpoint inhibitor comprises one or
more of PD-L1, PDL-2, CTLA-4, PD-1, PD-2, TIM-3, VISTA, KIR, IDO, A2AR, B7-H3
B7-H4, BTLA, TIGIT, or CD155.

2

23. The combination for use of claim 21, wherein the checkpoint inhibitor comprises one or
more of PD-1, PD-2, PD-L1, PD-L2, or CTLA-4.

24. The combination for use of claim 23, wherein the antibody or antigen binding fragment
thereof comprises nivolumab, pembrolizumab, ipilimumab, pidilizumab, atezolizumab, or

a combination thereof.
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