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LSD1-targeted therapy—a multi-purpose key to unlock
immunotherapy in small cell lung cancer
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Small cell lung cancer (SCLC) accounts for ~14% of all
lung cancer cases and incidence is associated with a previous
history of cigarette smoking. It is a fast-growing and
aggressive neuroendocrine tumor that has high metastatic
potential, strong propensity for the development of drug
resistance, and a low survival rate. Treatment options for
SCLC patients are poor and standard of care has changed
little over the past 20 years with first-line therapy for limited
disease mostly consisting of chemotherapy (carboplatin or
cisplatin plus etoposide) and radiation (1,2). The addition of
immune checkpoint inhibitors (ICIs) in extensive stage has
brought some benefit but only a minimal increase in median
overall survival (mOS). Recent results from the IMpower133
study, combining carboplatin plus etoposide (C/E) with the
ICI atezolizumab targeting PD-L1 (programmed cell death-
ligand 1 or CD274) versus C/E with placebo, showed that
first-line combination treatment of extensive-stage SCLC
(ES-SCLC) improved mOS by only 2 months (10.2 versus
12.2 months plus ICI). The results were independent of the
blood mutational tumor burden or the PD-L1 status of the
tumor cells (3). Similarly, recent results from the CASPIAN
study showed that etoposide plus platin-based therapy with
the ICI durvalumab targeting PD-1 (programmed cell death
protein 1 or CD279) or placebo in ES-SCLC, improved
mOS also by only ~2 months (10.5 versus 12.9 months plus

ICD). Interestingly, the addition of the CTLA4 (cytotoxic
T-lymphocyte-associated protein 4 or CD152) targeting
tremelimumab was not beneficial in this setting (4). While
both studies showed significant benefits for ICI combination
treatment, the KEYNOTE-604 trial in ES-SCLC, studying
etoposide with platinum-based chemotherapy with the PD-
targeting ICI pembrolizumab did not reach a significant
endpoint (9.7 versus 10.8 months plus ICI) (5) (Table 1). It
should be noted though that all three trials led to prolonged
progression-free survival and there was a trend towards
improved overall survival in a small subset of patients.
Predictive biomarkers that could identify this small group
of patients have yet to be identified. Even though only few
SCLC patients may benefit from ICIs and obtain a long-
term durable response, the results are encouraging as they
may give lead to additional combination approaches that
could improve current therapy.

The high mutation rate and diversity of transforming
mechanisms in SCLC has made it difficult to define
new targeted approaches. Distinct molecular subtypes
in SCLC have been identified, based on expression of
transcription factors and immune infiltrate, suggesting a
model wherein SCLC can be divided into five treatment
groups with different therapeutic approaches (6). Whether
these results find their way into clinical practice remains
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Table 1 Clinical trials of ICIs in SCLC
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Trial ICl/target mOS-combo (months) mOS-chemo (months) ClinicalTrials.gov ID
IMpower133 Atezolizumab/PD-L1 12.2 10.2 NCT02763579
CASPIAN Durvalumab/PD-1 12.9 10.5 NCT03043872
Keynote 604 Pembrolizumab/PD-1 10.8 9.7 NCT03066778

Targeting PD-L1 with atezolizumab in the IMpower133 trial and PD-1 with durvalumab in the CASPIAN trial have led to a significant
increase in mOS in combination with chemo versus chemo alone. The PD-1 inhibitor pembrolizumab failed to reach significant
improvement in the Keynote 604 trial. ICl, immune checkpoint inhibitor; SCLC, small cell lung cancer; mOS, median overall survival,
chemo, chemotherapy; PD-L1, programmed cell death-ligand 1; PD-1, programmed cell death protein 1.

to be determined, but they indicate that transcriptional
programs are specifically associated with altered immune
programs and that these distinct mechanisms are vulnerable
to targeted approaches in SCLC subtypes. It has long been
argued that effective targeted therapy may have, at some
level, an effect on immune suppressive functions of cancer
cells and that combination of both would be warranted (7),
yet extensive use of combination therapy has not come to
fruition.

Few clinical trials in ES-SCLC combining targeted
approaches with ICIs are currently conducted (see
clinicaltrials.gov) and these trials do not specifically
select for the above-mentioned molecular subgroups. In
general, there are two approaches for small molecule drugs
as targeted therapy combinations with ICIs in cancers.
The first approach attempts to identify novel therapeutic
targets in signaling or metabolic pathways that primarily
inhibit cell growth but can also directly enhance the
immune response in combinations with ICIs. For example,
targeting of protein phosphatase 2A (PP2A) with LB100
in combination with platinum-based chemotherapy was
identified as a potential vulnerability in SCLC, in part
through increasing the uptake of carboplatin (8). PP2A was
also identified as an enhancer of anti-tumor immunity in
other models, in part through acting on tumor cells but also
through activation of mTORCI1 signaling and reduction of
the regulatory T cell pool and increased expression of Thl
versus Th2 cytokines (9). LB-100, is currently being tested
in a clinical trial combining carboplatin, etoposide and
atezolizumab for the treatment of ES-SCLC (Clinical Trials.
gov ID: NCT04560972). The second approach is geared
towards chromatin remodeling and altered gene expression
programs, leading to changes in transcriptional activities,
thereby also inhibiting immune suppressive function of
cancer cells. This may directly affect transcription factors
but can also occur through altered chromatin accessibility
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by modulating the function of epigenetic modifiers. These
molecules have gained considerable interest as they are
known to be major contributors to transformation and
may also be involved in nongenetic mechanisms of drug
resistance. One of the key regulators of the neuroendocrine
phenotype of SCLC was identified as lysine-specific
demethylase 1A (LSD1 or KDMI1A) (10). LSD1 is thought
to act through inhibition of NOTCH, a cell surface
receptor normally engaged through cell-cell interaction
and involved in cell growth, viability and differentiation
pathways (11,12).

Hiatt er al. (13) have now provided additional details
about the LSD1-dependent epigenetic program and
inhibition of LSD1 in pre-clinical models of SCLC that
may have potential significant impact on how we approach
future treatment of patients with this disease. Using
syngeneic cells from a genetically defined murine SCLC
model with Rb1/Trp53-deletion and artificial expression
of antigens (to compensate for low tumor burden within
this model), PD-1 targeting significantly enhanced the
anti-tumor effects of the small molecule LSD1 inhibitor
bomedemstat in immunocompetent mice. Anti-PD1
treatment by itself was ineffective, but combination with
bomedemstat led to a significant increase in immune cell
tumor infiltration, functional activation of CD8" T cells and
a reduction in neutrophils, whereas other blood cells showed
little change. Bomedemstat is currently being tested in
phase I/II clinical trials combined with atezolizumab (anti-
PD-L1) maintenance immunotherapy in newly diagnosed
ES-SCLC patients (Clinical Trials.gov ID: NCT05191797).
It is not known how well this drug is tolerated in patients
but LSD1 inhibition can alter myeloid progenitor pools and
neutropenia is a possible adverse event (14), thus it is not
surprising that LSD1 inhibitors are currently also tested
for their efficacy in myeloid malignancies. Interestingly,
the reversible LSD1 inhibitor pulrodemstat (CC-90011)
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Figure 1 LSD1 and its inhibitor bomedemstat in SCLC. (1) LSDI is a demethylase for mono- and di-methylated histone H3K4 and
H3K9 as well as other methylated proteins. Histone methylation marks can either repress (inactive chromatin) or allow (active chromatin)
gene expression. The small molecule drug bomedemstat inhibits LSD1 and leads to accumulation of methylated H3K4me and H3K9me,
thereby altering chromatin structure and subsequently gene expression. (2) LSD1 also blocks the expression of NOTCH and its inhibition
by bomedemstat leads to upregulation of the receptor protein. (3) Functionally expressed NOTCH proteins are activated by cell-cell
interactions through their ligands, DLL or JAG, resulting in protease mediated cleavage and release of their extracellular domain and the
NICD. () NICD translocate to the nucleus where it interacts with the CSL transcription factor to alter gene expression. NICD allows for
the decreased expression of ASCL1, a key regulator of the SCLC neuroendocrine phenotype, and the increased expression of MHC-I, the
NOTCH effector HES1 and other molecules. (5) Ultimately, bomedemstat affects SCLC tumor growth and reduces the immunosuppressive
environment of SCLC, including improved antigen presentation through upregulation of MHC-I. SCLC, small cell lung cancer; NICD,

NOTCH intracellular domain.

has already been tested in a phase 1 clinical trial and in
particular patients with neuroendocrine neoplasms showed
clinical responses with dose dependent thrombocytopenia
as the most common treatment-related adverse event (15).
This drug will now also be evaluated in combination with
nivolumab (anti-PD-1) in SCLC patients (Clinical Trials.
gov ID: NCT04350463).

LSD1 is an opportune target as it not only acts on SCLC
cells, but it also affects the anti-tumor immune response. It
functions as a lysine-specific demethylase that has a broad
substrate specificity towards many cellular proteins, but its
role in SCLC epigenetics and the efficacy of bomedemstat
appear to be largely based on the demethylation of mono-/
di-methylated histone H3 on lysine 4 or 9, thereby
changing chromatin accessibility and altering gene
expression (see also Figure I). Specific biomarkers for ICIs
in SCLC have not come to fruition and the hope is that
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LSD1 targeted approaches will provide molecular clues for
the regulation of tumor growth and the SCLC immune
response that can then be integrated with algorithms to
also capture the fractalness of the disease with the intent
to improve patient stratification (16). Studies with the
LSD1 inhibitor iadademstat (ORY-1001) demonstrated
activation of NOTCHI1 and suppression of ASCL1, a key
regulator of the neuroendocrine phenotype in SCLC, likely
initiated through release of LSD1 from the NOTCH]I
locus (11). Iadademstat is considered in a clinical trial
for relapsed/refractory SCLC patients in combination
with paclitaxel (ClinicalTrials.gov ID: NCT05420636).
The functional regulation of neuroendocrine features in
SCLC through NOTCH may be intrinsically linked to
the efficacy of PD-1/PD-L1 blockade (17), and a related
link may exist between efficient NOTCH activation and
suppression of ASCL1 in ASCL1-positive SCLC cells (11).
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Hiatt et al. (13) have now shown that bomedemstat can
not only activate NOTCH and suppress neuroendocrine
transcripts, but it can also induce the expression of antigen
presentation through upregulation of MHC-I and stimulate
the recruitment of T cells and dendritic cells through
chemokines (including CXC3L1, CXCL12, CXCL14 or
IL33) to allow for a proper immune response during PD-1
blockade. It is important to note that MHC-I upregulation
was found to be independent of NOTCH signaling or IFN-y
pathway activation. In a parallel study, Nguyen et 4/. (18) also
found that epigenetic silencing of MHC-I though LSD1 in
SCLC models enhanced the activity of ICIs, likely in part
through the activation of MHC-I restricted T cells.

With the discovery of LSD1 as a therapeutic target
in SCLC and the potential for improved efficacy of ICI
combinations with bomedemstat and other LSD1 inhibitors,
we may have finally arrived at impactful therapeutic
combinations for this devastating disease. It will now be
interesting to see whether this class of drugs can indeed
provide a positive risk-benefit profile, whether there are
clinical differences between reversible and covalent LSD1
inhibitors, whether a meaningful biomarker strategy can be
developed, and how this group of inhibitors acts on other
malignancies with neuroendocrine features. NOTCH may
be an important target for LSD1 in SCLC, but the broad
effect of its demethylase activity on a variety of proteins
and its epigenetic function may make it more likely that
there are other factors that contribute to the whole picture
which may provide additional future opportunities for drug
development.
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