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ABSTRACT
Immunotherapy with a checkpoint inhibitor has revolutionized the treatment of advanced non-small cell
lung cancer. Replacing cytotoxic chemotherapy in some settings, immunotherapy with checkpoint
inhibitors enables many patients to live longer with much fewer side effects. Nonetheless, immunother-
apy alone only works for about one-fifth of unselected patients and despite the durability of response,
treatment will eventually fail. There are several important cofactors within the tumor microenvironment
which can contribute to the efficacy of immunotherapy. These include T-cells, chemokines, and antigen
presentations. Preliminary research has shown that these cofactors can be altered by epigenetic
modulation. Specifically, hypomethylating agents or histone deacetylase inhibitors can lead to changes
in the compositions and characteristics within the tumor microenvironment in a way that enhances the
efficacy of checkpoint inhibitor. In recent clinical trials of combined immuno-epigenetic therapy, tumor
responses were observed among patients who were previously resistant or refractory to immunother-
apy. Furthermore, biological correlative studies also confirmed the mechanism of action of these agents,
especially among patients who derived benefit. Nonetheless, at present, the efficacy in terms of tumor
response seems modest and side effects, though mostly not serious, can result in treatment interruption
or interfere with the quality of life.
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Background

The advent of checkpoint inhibitor immunotherapy that tar-
gets cytotoxic T-lymphocyte associated protein 4 and pro-
grammed death protein 1 (PD-1) or its ligand (PD-L1) has
revolutionized cancer care. Following the approval of ipilimu-
mab, the first checkpoint inhibitor available in the United
States for melanoma in 2011, several other checkpoint inhibi-
tors have been added to the oncologic armamentarium. These
agents act by disrupting the immune-escape mechanism
exploited by cancer cells.1 Normally, the defensive immune
response to malignancy can occur only if several delicate steps
occur in coordination, starting from presenting of cancer
antigen by dendritic or antigen-presenting cells (APC), traf-
ficking of T cell into the tumor, recognizing of cancer cells by
T cells and finally killing of cancer cells.2 Cancer cells can
evade the destruction from the immune system by disabling
any of these steps such as loss of antigenicity, loss of immu-
nogenicity, or creating an immunosuppressive environment.
The PD-1 or PD-L1 inhibitors, while helpful in the recogni-
tion of cancer cells by T cells,3 may fall short and can lose
efficacy over time. For instance, among unselected patients
with advanced lung cancer, the tumor response rate of single-
agent checkpoint inhibitors typically is 20%.4 Among those
who initially respond to treatment, the majority will develop
the progression of disease with a median duration of response
about 2 years. Immunotherapy failure is a serious problem
and represents an active area of investigation.

Several lines of evidence indicate that tumor microenvir-
onment plays a crucial role as a cofactor behind the success of
checkpoint immunotherapy.5 In a favorable microenviron-
ment, tumor cells can be seen as highly expressive of PD-L1
and T cells will appear activated, actively infiltrating into the
tumor bed. Whereas in an unfavorable microenvironment,
T cells will be seen as not engaging, appearing to be stuck in
a fibrotic nest of tumor-associated macrophages (TAM) in the
periphery of tumors. It has been observed that in a favorable
microenvironment, checkpoint immunotherapy will be more
likely to work and the reverse is true. While it is still not
entirely understood how and why different microenviron-
ments come into place, it is likely that an interaction among
multiple factors is at play.

For instance, the level of PD-L1 expression on the tumor
cells may be dependent on factors within the tumor micro-
environment itself. Other possible mechanisms of resistance
to checkpoint inhibitor therapy may include the abundance of
TAM which can be seen in the unfavorable tumor microen-
vironment. TAM derives from myeloid-derived suppressor
cells (MDSCs).6 They are poor antigen presenters and can
suppress T cell activation. Within the tumor microenviron-
ment, if there is a way to induce PD-L1 expression or to
reduce the presence of TAM or MDSC, such an approach
may become useful to enhance the efficacy of immunother-
apy. One approach under active investigation is by epigeneti-
cally altering the composition of myeloid cells.
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Epigenetic modulation

In biology, epigenetic modification refers to a modification of
genome that does not change the nucleotide sequence, yet still
culminate in a change in the overall gene expression. The
prefix epi- signifies an event that is “above” or “in addition
to” genetic basis of inheritance. Hematopoiesis is regulated by
both DNA make-up and gene expression. Alteration of DNA
by genetic changes or alteration of gene expression by epige-
netic events can result in a change of hematopoiesis. As
oppose to genetic manipulation, epigenetic modulation has
long been used as a therapeutic approach in medicine, espe-
cially for hematologic disorders including myelodysplasia and
leukemia.7 Epigenetic modulation can be carried out by exter-
nally modifying the DNA that switches genes on or off. In this
way, gene expression will be altered without any change to the
DNA sequence. There are two key basic mechanisms for
epigenetic modulation: DNA methylation and histone
modification.8 DNA methylation will suppress gene transcrip-
tion. For example, in myelodysplastic syndrome, hypermethy-
lation of genes that control proliferation is responsible for the
phenotype. Via epigenetic modulation by hypomethylating
agents such as azacitadine or decitabine, the disease process
can slowdown and the agents are now clinically used for this
disease. On the other hand, histone modification by acetyla-
tion will promote gene transcription. For instance, in cuta-
neous T cell lymphoma where the histone-acetylation
regulatory enzyme is defective, epigenetic modulation via
histone deacetylase inhibitor (HDACi) vorinostat or romidep-
sin can restore normal acetylation and the treatment is now
considered one of the treatment standards.9

Unfortunately, hypomethylating agents or HDACi by
themselves have little, if any, direct efficacy against solid
tumors including NSCLC. Nevertheless, preclinical data indi-
cate that these agents exhibit a unique property in converting
tumor microenvironments into an immunotherapy-favorable
state (Figure 1). In preclinical studies, among lung cancer cell
lines treated with azacitidine, there was an upregulation of
gene expression related to immune evasion including
increased PD-L1 expression.10 It has been observed that aza-
citidine can up-regulate PD-L1 protein which is a key ligand-

mediator of immune tolerance. Furthermore, when treated
with HDACi, lung cancer cell lines appear to express a high
level of T-cell chemokines which can promote T cell infiltra-
tions into the tumors.11 In melanoma, HDACi has been
shown to reduce the number of MDSC within the tumor
microenvironment.12 HDACi has also been observed to
increase chemokine production and antigen presentation.13

It is relevant to note that there are several classes of HDACi
with varied biological effects.14 All these observations, how-
ever, support clinical investigations of epigenetic agents to be
used in combination with checkpoint immunotherapy.

Clinical results of combined immune-epigenetic
therapy

In three recent clinical trials, the preliminary efficacy of epi-
genetic modulation in combination with checkpoint immu-
notherapy for non-small cell lung cancer (NSCLC) were
reported (Table 1). All of these trials utilized pembrolizumab,
one of the current care standards for NSCLC, as an immu-
notherapy backbone. The first study investigated hypomythy-
lating agent, azacitidine, while the other two studies examined
HDACi, vorinostat and entinostat.

In the first study, Levy and colleagues reported on a phase-
2 randomized trial of pembrolizumab plus placebo or pem-
brolizumab plus azacitidine.15 All patients had received first
line chemotherapy but were immunotherapy naïve. In the
experimental arm, patients received oral azacitidine 300 mg
on days 1 to14 and pembrolizumab on day 1 only, every
21 days. The investigators observed numerically worse pro-
gression-free survival among patients treated with azacitidine,
though this was not statistically significant. Azacitidine plus
pembrolizumab produced a slightly higher tumor response
rate than pembrolizumab alone; however, the combination
was more toxic, resulting in frequent treatment interruptions.
It was quite possible that the increased treatment-related
toxicity in this study explained the unfavorable overall out-
comes with azacitidine.

In the second study, Gray and colleagues reported on
a phase-1/1b trial of vorinostat plus pembrolizumab.16 All

Figure 1. Proposed mechanism of how epigenetic modulation optimizes cofactors for immunotherapy.
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patients had prior chemotherapy and the majority (79%) had
previous immunotherapy. During phase-1b, vorinostat was
administered at a dosage of 400 mg daily along with pembroli-
zumab every 21 days. The investigators found that among 24
immunotherapy-pretreated patients, 3 patients (12.5%)
achieved tumor response. Considering that this group of
patients was not expected to have tumor responses, this number
was encouraging. Nevertheless, most patients required a dose
reduction of vorinostat due to side effects. Interestingly, among
those with tumor response, an increase in stromal, but not in
the tumor bed, CD8 T-cells were observed.

Finally, in the third study, Hellman and colleagues
reported on a phase-2 trial of entinostat plus pembrolizumab
(also known as ENCORE-601 study).17 All patients were pre-
treated with chemotherapy and immunotherapy. Entinostat
was given 5 mg orally once a week along with pembrolizumab
every 21 days. The investigators observed an overall response
rate of 10%, comparable to the study by Gray and colleagues.
Interestingly, although the number of patients for subgroup
analysis was small, tumor response in this study can be
observed regardless of PD-L1 status suggesting that there
was a beneficial effect of HDACi among PD-L1-negative
patients. Furthermore, among those with tumor response,
a reduction in MDSC was observed.

Challenges and opportunities

Taken together these results suggest that epigenetic modula-
tion via the use of HDACi in combination with a checkpoint
inhibitor is clinically feasible. However, the use of azacitidine
plus checkpoint inhibitor is probably not feasible as designed.
Although these studies are still in early phases, some observa-
tions suggest that HDACi may optimize cofactors for immu-
notherapy efficacy as proposed in earlier studies. The
correlative studies have also confirmed some, but not all,
key proposed mechanisms. The presence of tumor response
among patients who developed resistance to immunotherapy
suggests that integrating epigenetic agents to the treatment
regimen can help restore treatment efficacy. Given that resis-
tance to immunotherapy is a common clinical problem, there
is an opportunity to move these agents into the clinical arena.
However, additional studies will be needed.

One clear signal from these trials, however, is the toxicity.
Epigenetic agents are chemotherapy and they can cause

unappealing toxicity profiles similar to other traditional che-
motherapeutic agents. For instance, alopecia can occur to
a varying degree. Nausea occurred in 73% of patients treated
with azacitidine plus pembrolizumab compared with 27% of
patients treated with placebo plus pembrolizumab. In the
clinical trial of vorinostat plus pembrolizumab, the most
common reasons for dose modification of vorinostat were
nausea, anorexia, fatigue, or renal insufficiency. In the clinical
trial of entinostat plus pembrolizumab, fatigue was experi-
enced in 41% of patients. Although there is no clear increase
in immune-related adverse events with combination therapy
at this time, there is an increase in gastrointestinal side effects
and fatigue. These side effects may not necessarily be serious;
however, they can impair the quality of life and give a glaring
contrast to treatment with a single-agent checkpoint inhibitor.
Optimal dosage which yields biological effect but causes fewer
side effects will be desirable.

In summary, clinical evidences now support that epigenetic
therapy can modulate cofactors of immunotherapy efficacy by
changing the characteristics within the tumor microenviron-
ment. Based on available data from early-phase clinical trials
in NSCLC to date, this approach may enhance tumor
responses to immunotherapy or restore responsiveness to
immunotherapy among those who develop resistance to
immunotherapy. However, the effect appears to be modest.
Nonetheless, even a small effect can be quite meaningful when
there are no other viable alternatives. Side effects from these
treatments, though not serious, can affect the quality of life.
Additional research remains to be conducted to improve upon
these important proof-of-concept studies.
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