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DNA-damaging agents exploit increased genomic instability, a hallmark of cancer. Recently, inhibitors targeting the DNA damage
response (DDR) pathways, such as PARP inhibitors, have also shown promising therapeutic potential. However, not all tumors
respond well to these treatments, suggesting additional determinants of response are required. Schlafen 11 (SLFN11), a putative
DNA/RNA helicase that induces irreversible replication block, is emerging as an important regulator of cellular response to DNA
damage. Preclinical and emerging clinical trial data suggest that SLFN11 is a predictive biomarker of response to a wide range of
therapeutics that cause DNA damage including platinum salts and topoisomerase I/Il inhibitors, as well as PARP inhibitors, which
has raised exciting possibilities for its clinical application. In this article, we review the function, prevalence, and clinical testing of
SLFN11 in tumor biopsy samples and circulating tumor cells. We discuss mounting evidence of SLFN11 as a key predictive
biomarker for a wide range of cancer therapeutics and as a prognostic marker across several cancer types. Furthermore, we discuss
emerging areas of investigation such as epigenetic reactivation of SLFN11 and its role in activating immune response. We then

provide perspectives on open questions and future directions in studying this important biomarker.
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INTRODUCTION

Genomic instability and resistance to cell death are important
hallmarks of cancer [1]. For decades, the cornerstones of cancer
treatment have included direct DNA-damaging chemotherapies
(such as platinum salts, alkylating agents, antimetabolites,
topoisomerase I/Il inhibitors) and radiation therapy, with varying
degrees of response in unselected patients. More recently, small
molecule inhibitors that directly target DNA damage response
(DDR) have garnered significant interest. A poster child of this
approach is the use of poly(ADP-ribose) polymerase inhibitors
(PARPI), particularly in cancers harboring BRCAT or BRCA2
(BRCA1/2) mutations, which are key proteins in the repair of
double-stranded DNA breaks through homologous recombina-
tion repair (HRR) [2].

The Schlafen (SLFN; in German Schlafen means “sleeping”)
family of genes were first described in 1998 as growth regulatory
genes that affect thymocyte development and inhibit cell growth
[3]. SLFN has ten known mouse isoforms (SLFN1, 1L, 2, 3,4,5, 8,9,
10, and 14) [4-6], and five human isoforms (SLFN5, 11, 12, 13, and
14) [6-11]. SLFN11 was recently identified as a biomarker
predicting response to a wide range of DNA-damaging agents
and PARPi in preclinical settings, across multiple cancer types
including small cell lung cancer (SCLC) [12, 13], sarcoma [14],

breast cancer [15], ovarian cancer [11, 16], colorectal cancer (CRC)
[17], gastric cancer [18], and mesothelioma [19]. This finding has
raised exciting possibilities for the use of SLFN11 as a biomarker in
clinical applications. In this article, we review the function,
prevalence, and clinical testing of SLFN11. We also review the
current evidence of SLFN11 as a biomarker across different cancer
types, with an emphasis on SCLC. Last, we discuss SLFNT11
regulation and strategies to re-express SLFN11, and its role in
activating an immune response.

SLFN11 as a key regulator in DNA damage response

DDR is a collective term for the various cellular pathways
activated in response to DNA damage, which lead to down-
stream events such as cell-cycle arrest and DNA repair, with
deficient DDR resulting in cell death. Key differentiating features
of DDR in cancer compared with normal cells include increased
endogenous DNA damage due to higher levels of mutations and
proliferation, dysregulation of key proteins in DDR pathways
such as BRCA1/2 and PARP, and increased replication stress [20].
Replication stress can be caused by intrinsic pressures such as
the loss of retinoblastoma protein (Rb) causing premature entry
into S-phase [21, 22], or extrinsically from the effects of DNA-
damaging agents.
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In response to replication stress, ATR/CHK1-mediated DDR is
activated, resulting in slowing or stalling of replication fork
progression and uncoupling of DNA polymerases from the
replisome helicase [23]. Recently, SLFN11 has been identified as
a key protein recruited in replication stress that induces an
irreversible replication block and cell death [11, 24-26]. SLFN11
protein has an N-terminus nuclease domain and a C-terminus
helicase domain that contains ATP binding Walker A and B motifs
and a replication protein A (RPA)-binding region [25-27]. As an
early response to replication stress, SLFN11 is recruited to the
chromatin and stalled replication forks through its binding to RPA,
which coats exposed single-stranded DNA at stalled forks. SLFN11
then interacts with the replicative helicase MCM3 (minichromo-
some maintenance complex component 3) as well as DHX9
(DExH-box helicase 9) [26, 28]. SLFN11 also causes the opening of
chromatin near the replication initiation sites, thus blocking
replication fork progression [26]. In addition, SLFN11 also regulates
a genomic response to replication stress by globally enhancing
chromatin accessibility at promoter regions and selectively
activating transcription of immediate early genes, which is
thought to further contribute to SLFN11-mediated DDR response
[29]. A recent study shed more insight into how SLFN11 causes an
irreversible replication block. During DNA damage, SLFN11 was
shown to bind to DDB1-CUL4“P™ E3 ubiquitin via its C-terminus
ATPase domain and promote the degradation of CDT1, a key
replication licensing factor [30, 31]. Without CDT1, replication
origin firing is blocked, resulting in irreversible replication arrest
[30, 32]. Another recent publication by the same group showed
SLFN11 protected cells from unfolded protein response and
endoplasmic reticulum stress by binding to protein folding and
translation initiation factors [33]. Cells expressing SLFN11 had
lower level of polyubiquitylation and reduced protein aggrega-
tion; while SLFN11-deficient cells were highly dependent on
protein chaperonin and folding genes, and were sensitive to a
ubiquitin-activating enzyme UBA1 inhibitor TAK-243.

SLFN11 has also been shown to induce inhibition of translation
of ATR through cleavage of specific type Il tRNAs through its
N-terminus nuclease activity [34]. Therefore, SLFN11 acts as a
master regulator of DDR to replication stress, independent of ATR
[26, 31]. Accordingly, cells deficient in SLFN11 are reliant on ATR/
CHK1-mediated replication stress response and DNA repair
[25, 26, 31]. ATR elicits only a transient replication block in
response to DNA damage, allowing cells to repair the DNA
damage and recover replication, contributing to chemoresistance.
Consequently, ATR and CHK1 inhibitors have been shown to
sensitize otherwise resistant SLFN11-low cells to chemotherapy
and PARPI [25, 31]. In addition to a replication block, reduced RPA
loading and impaired HRR-mediated DNA repair have also been
observed in SLFN11-proficient cells as a late response to DNA
damage [24]. This is suggested to be secondary to a total
replication block preventing generation of sister chromatids for
homologous recombination [26]. Recently, SLFN11 has also been
shown to bind a ribosomal protein (RPS4X) and block mTOR
pathway activation [35], suggesting crosstalk with other signaling
pathways to regulate tumor progression and perhaps DDR.
Therefore, current evidence suggests that SLFN11 enhances
sensitivity to DNA-damaging agents through several molecular
mechanisms (Fig. 1).

SLFN11 clinical testing

An immunohistochemistry (IHC) assay for the detection of SLFN11
has been used as a reliable method to quantify expression of
SLFN11, as reported in several cancer types [36-39]. SLFN11 IHC
consistently shows prominent nuclear localization [13, 25, 40] and
based on our experience, tumors that express SLFN11 typically
have diffuse moderate to strong nuclear staining for SLFN11 by
IHC, while tumors that do not express SLFN11 have a distinct
absence of staining. In practice, this effectively translates to

SLFN11:

1.induces irreversible replication
block and cell death

2.induces global chromatin
opening and activation of IEGs
3. induces degradation of a key
replication licensing factor CDT1
4. protects cell from unfolded
protein response and ER stress
5. binds to RPS4X and inhibit
mTOR pathway

6. leads to decreased HRR

Replication
stress caused
by DNA
damage

In the absence of SLFN11, cell
undergoes ATR/CHK1-mediated
DNA repair and replication resumes

Fig. 1 During replication stress, SLFN11 binds to RPA and induces
irreversible fork block which leads to cell death. SLFN11 also
triggers a series of molecular events as listed. When SLFN11 is absent,
ATR is recruited to RPA, and triggers ATR/CHK1-mediated DNA repair,
hence the replication fork is repaired and replication resumes. IEGs
immediate early genes, ER endoplasmic reticulum, HRR homologous
recombination repair. Created with Biorender.com.

tumoral nuclear staining of any intensity to be positive and
complete loss of SLFN11 to be negative. The H-score, which is a
function of percentage of positive cells and the intensity of cells
stained, is a good marker for SLFN11 positivity (defined as H-score
>1) (Fig. 2a). In addition to IHC, RNA sequencing (RNA-seq) and
methylome analyses can be useful to assess SLFN11 expression in
clinical samples. Having more than one expression assay may be
valuable to score tumors with full confidence. Quantifying SLFN11
expression in circulating tumor cells (CTCs) using an immuno-
fluorescence assay is also under development. In one study with
prostate cancer patients, SLFN11 CTCs showed 85.7% (six of seven
patients) concordance with SLFN11 mRNA expression of matched
metastatic tumor biopsies [41]. We also previously demonstrated
the unique advantage of tracking SLFN11 expression in CTCs
longitudinally under different treatment conditions, in a non-
invasive manner [42, 43].

Prevalence of SLFN11 in tumors
Previous reports have consistently shown that about 50% of all
cancer cell lines express SLFN11 protein [7, 11, 26]. When
comparing SLFNT1 transcript levels in cell lines (by mRNA
expression) with patient-derived xenograft models (PDXs; by
IHC) from the same cancer tissue of origin, some concordance but
significant variations were noted [44]. For example, high expres-
sion levels of SLFN11 were noted in both cell lines and in PDXs of
bladder cancer, while for renal cell carcinoma higher SLFN11
expression was noted in cell lines than in PDXs. This discrepancy is
not surprising as in vitro tumor cells grow in a very different
setting than in vivo PDX models. Nonetheless, in a cohort of breast
cancer PDXs, SLFN11 transcript and protein levels were highly
correlated, which suggests that these assessment methods equally
reflect levels in the tissue [44]. In 51 SCLC cell lines, SLFN11 protein
and mRNA expression were found to be bimodally distributed,
and also highly correlated with SLFN11 expression by IHC in PDXs
[13]. Similarly, in a cohort of 47 patients with relapsed SCLC, ~50%
of tumors were SLFN11 positive by IHC (H-score > =1) [38].
Notably, in an analysis of pan-cancer data from The Cancer
Genome Atlas (TCGA) in 2012, SLFN11 mRNA expression was
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Fig.2 SLFN11 expression in clinical tumor samples. a SLFN11 expression in human tumor tissue by immunohistochemistry (IHC). a: Positive
for SLNF11 in SCLC: diffuse strong tumoral nuclear labeling. b: Negative for SLFN11 in SCLC: tumor cells with complete absence of SLFN11
labeling, note endothelial cells with nuclear labeling which can be used as a positive internal control. ¢: Normal lung: scattered lung
macrophages with strong nuclear labeling, pneumocytes lining alveoli spaces is negative for SLFN11. SCLC: small cell lung cancer. (IHC Images
from MD Anderson pathology department, courtesy of Dr. Junya Fujimoto. Images have not been published before. b SLFN11 mRNA

expression in TCGA pan-cancer dataset.

found to be highest in Ewing sarcoma, across 40 cancer types [7].
In a clinical cohort of 20 patients with Ewing sarcoma, SLFN11 was
expressed in 95% of the cases [45]. About 85% of Ewing sarcomas
harbor EWS-FLI, a fusion protein that encodes an oncogenic ETS
transcription factor [46]. EWS-FLI1 has shown to bind to the ETS
consensus site on the SLFN11 promoter and mediate SLFN11
expression, which sensitizes Ewing sarcoma cells to camptothecin
and to PARPi plus temozolomide combinations [47]. The co-
expression of FLIT and SLFN11 has also been observed in other
cancers including colon, breast, and prostate cancer and
leukemias [47, 48]. In contrast, SLFN11 was only expressed in
25% of primary prostate cancers and 45% of metastatic castration-
resistant prostate cancers in a cohort of 197 patients [41]. We also
analyzed SLFN11 mRNA expression in TCGA pan-cancer data
recently, which showed highest SLFN11 expression in mesothe-
lioma, renal cell carcinoma, and sarcoma (Fig. 2b). As SLFN11 is
highly prevalent among different cancer types and easy to
measure by IHC, it can be rapidly translated to the clinical setting
as a biomarker.

SLFN11 as a predictive biomarker for DNA-damaging agents
and PARPi in multiple cancers

In preclinical studies, SLFN11 expression predicts sensitivity to many
DNA-damaging agents including platinum salts (e.g. cisplatin,
carboplatin, oxaliplatin), topoisomerase | inhibitors (topotecan,
irinotecan, camptothecin, indotecan), topoisomerase Il inhibitors
(etoposide, doxorubicin, and epirubicin), alkylating agents (cyclo-
phosphamide, temozolomide), antimetabolites (5-fluorouracil, gem-
citabine, cytarabine, hydroxyurea), and PARPi (olaparib, veliparib,
talazoparib, niraparib) [11, 13, 14, 18, 25, 28, 49, 50], which is not
unexpected given its key function in DDR. Conversely, the loss of
SLFN11 expression leads to resistance to these agents [7, 11, 28].
These observations are seen across a variety of cancer cell lines and
PDXs, including SCLC [13], sarcoma [14], breast cancer [15], ovarian
cancer [11, 16], CRC [17, 51], gastric cancer [18], and mesothelioma
[19]. Furthermore, sensitivity to PARPi in SLFN11 positive tumors is
found to be independent of BRCA1/2 mutations and HRR deficiency
in preclinical models [13, 25], supporting clinical relevance beyond
just tumors with inherent DDR mutations/HRR defects.
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The PARP family of proteins plays critical roles in DNA repair
through various DDR pathways. Targeting of PARP family proteins
with PARPi disrupts DDR, and lead to eventual cell death. HRR
deficient cells (e.g. with BRCA1/2 mutations) show greater reliance
on PARP activity to maintain cell survival, thus are particularly
vulnerable to PARPi. The use of PARPi in BRCA mutant breast
cancer was the first reported example of a targeted therapy
exploiting synthetic lethality to kill cancer cells [52]. Further
studies have found that “PARP trapping”, a property of PARPi that
“traps” PARP1/2 at the site of DNA damage and prevents DNA
repair, may be important for the synergistic effect with SLFN11-
mediated cell death [25]. The degree of PARP trapping varies
among PARPi, with talazoparib being the strongest and veliparib
the weakest [25, 53-56]. Therefore, the predictive strength of
SLFN11 may differ among PARPi depending on the varying degree
of PARP trapping.

In a recent study analyzing SLFN11 expression by IHC and
testing the effect of combination treatment strategies of DNA-
damaging chemotherapy with DDR inhibitors in different cancer
types, the authors found chemotherapy (specifically gemcitabine)
in combination with some DDR inhibitors, such as ATR, WEE1, or
CHK1 inhibitors, re-sensitized SLFN11-low cancers [25, 44, 57].
Surprisingly, the study showed the PARPi olaparib had limited
impact on SLFN11 in a cohort of breast cancer PDXs, contradicting
previous observations in other cancer types [37, 58]. These results
highlight the need to prospectively test treatment strategies with
SLFN11 quantification in specific tumor types to confirm its
predictive biomarker status.

SLFN11 as a prognostic biomarker in multiple cancers

The prognostic value of SLFN11 has been demonstrated in several
cancer types including hepatocellular carcinoma (HCC) [35], CRC
[36, 51, 59], breast cancer [15, 60, 61] and prostate cancer [41]. In a
cohort of 3278 patients with CRC treated with 5-fluorouracil,
leucovorin and irinotecan (FOLFIRI), high SLFN11 expression in
patients with tumors with microsatellite instability (MSI) was
associated with a better outcome compared to those with low
SLFN11 expression [59]. However, in patients with microsatellite-
stable (MSS) tumors, the opposite was observed. In another study,
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KRAS-wild-type CRC patients with high SLFN11 expression had
significantly better overall survival (OS) compared to those with low
SLFN11 expression [36]. These observations suggest a potential
prognostic role of SLFN11 in addition to MSI and KRAS status in CRC.

Gene expression microarray profiling data from 7737 breast
cancer cases were used to investigate the transcriptional land-
scape of SLFN11 in breast cancer [60, 61]. SLFN11 gene expression
showed strong positive association with immune processes as well
as tumor-infiltrating lymphocyte markers (CD3 and CD8). High
SLFN11 gene expression was also independently associated with
better prognosis [61]. In another retrospective analysis of 250
patients, patients with triple-negative breast cancer showed
longer metastasis-free survival and OS in patients with higher
tumor SLFN11 expression by IHC [15].

In a study of 182 paired tumor and non-tumor liver tissues from
patients with HCC, SLFN11 expression was lower in about 75% of
tumor tissues compared with non-tumor tissues [35]. Low SLFN11
expression correlated with high levels of alpha-fetoprotein, large
tumor size, presence of microvascular invasion, and advanced
stage. Survival analyses of this cohort following treatment with
hepatectomy revealed longer OS and a lower recurrence rate in
patients with tumors that had higher expression of SLFN11.

SLFN11 as a promising biomarker in SCLC

SLFN11 has recently emerged as a promising predictive biomarker
in SCLC, a recalcitrant cancer lacking specific therapeutic targets
and biomarkers. In preclinical studies using cell lines and PDXs,
SLFN11 protein expression strongly predicted cisplatin and PARPi
responses [13, 37, 62]. Our group and others have shown high
SLFN11 expression to be associated with sensitivity to PARPi and
cisplatin in SCLC cell lines and PDXs, while knock-down of SLFN11
induced resistance to these drugs [13, 37]. In a randomized Phase
Il trial of relapsed SCLC treated with the combination of
temozolomide plus the PARPi veliparib or placebo, SLFN11-
positive patients had significantly longer progression-free survival
(PFS) (5.7 vs 3.6 mo, P=10.009) and OS (12.2 vs.7.5 mo, P =0.014)
compared to SLFN11 negative patients in the temozolomide plus
veliparib group [38]. However, no difference in PFS and OS was
observed based on SLFN11 positivity in the temozolomide plus
placebo group, indicating that SLFN11 expression is a predictive
biomarker for veliparib, but not for temozolomide.

Based on the evidence that SLFN11 is a promising predictive
biomarker for PARPi in SCLC, as well as the synergistic effects of
PARP inhibition with anti-PD-L1 immunotherapy in preclinical
models [63-65], a Phase Il randomized trial of atezolizumab in
combination with talazoparib versus atezolizumab alone in SCLC
was developed by the SWOG Cancer Research Network
(NCT04334941). In this ongoing trial, patients with extensive-
stage SCLC will all receive frontline induction therapy with
platinum-etoposide plus atezolizumab, while being prospectively
screened for SLFN11 expression by IHC. Patients with SLFN11
positive tumors will be eligible to be randomized to one of the
two arms in the maintenance phase: atezolizumab with or without
talazoparib. As aforementioned, talazoparib has the strongest
“PARP trapping” property, a property of PARPi that is similar to
that of a cytotoxic chemotherapy [53, 56], and this may confer
additional benefit compared to other PARPi in SLFN11 positive
patients [25]. The primary objective of the trial is to compare PFS
between the two arms, with secondary objectives of comparing
OS, objective response and frequency of adverse effects. This is
the first trial using SLFN11 prospectively as a biomarker to select
patients, and the result will confirm whether patients with
SLFN11-positive SCLC derive benefit from PARPi in addition to
standard immunotherapy in the maintenance setting.

Epigenetic regulation and dynamic expression of SLFN11
Current evidence suggests the main regulation of SLFNT1
expression is at the epigenetic and transcriptional levels, rather

than mutations in the SLFNT1 gene [27, 62, 66]. SLFNT1 expression
is frequently lost in cancer cell lines due to epigenetic silencing by
hypermethylation at the promoter region of SLFNT11, rendering
these cells intrinsically resistant to DNA-damaging agents and
PARPI [13, 28, 40, 48]. Epigenetic regulation may also account for
changes in SLFNT1 expression related to treatment and the
development of treatment resistance. In an epigenome-wide
study of 66 human SCLC cell lines, increased promoter methyla-
tion of SLFN11 correlated with low or no SLFN11 expression, which
was associated with resistance to DNA-damaging agents [67].
Similarly, in CRC cell lines and patient tumor samples, SLFNT1 was
found to be frequently methylated in the promoter region, which
was associated with SLFNT1 downregulation, tumor resistance to
cisplatin and decreased 5-year survival [51].

SLFN11 expression has also been shown to be dynamic with
treatment pressure. One study generated chemo-resistant SCLC
PDXs by treating tumor-bearing mice with cisplatin and etoposide,
and found that SLFNT71 expression was significantly downregu-
lated in the chemo-resistant models [40] In another study using
gastric cancer cell lines, decrease in SLFNT1 expression was
observed with continuous treatment of oxaliplatin and resistance
development, which was reversed by treating the cells with
epigenetic modifiers 5-azacytadine or entinostat [18]. In a Phase |I
clinical trial of cediranib plus olaparib in patients with PARPi-
relapsed high-grade serous ovarian cancer, comparison of paired
baseline and on-treatment biopsies revealed downregulation of
SLFN11 as one of the mechanisms of PARPi resistance [68]. In our
analyses of CTCs taken from SCLC patients, SLFN11 protein
expression also appeared to be decreased when patients were
treated with platinum-based chemotherapy [42, 43]. However,
another study showed that SLFN11 protein levels did not decrease
following chemotherapy in a prostate cancer cell line [44]. These
discrepancies highlight the need for further testing in tumor-
specific prospective clinical trial setting, with longitudinal patient
data on SLFN11 status.

A recent study showed SLFNT1 expression to be differentially
regulated during B-cell development [69]. The authors speculated
the reason for this may be the need to suppress SLFN11-mediated
cell death in the setting of rapid proliferation and somatic
hypermutations of the immunoglobulins, a critical step in B-cell
development that introduces mutations to generate antibody
diversity. The study further showed that this suppression was
partially achieved by epigenetic modification of SLFNT17 and was
reversible by EZH2 inhibitor tazemetostat or histone deacetylase
(HDAQ) inhibitor panobinostat, which rendered germinal center B
cells (GCB) more susceptible to cytarabine treatment. This study
provided a preclinical rationale for combining epigenetic modi-
fiers to induce SLFN11 expression with cytarabine in GCB-derived
lymphomas. Notably, this study also demonstrated the feasibility
of a dual IHC assay of SLFN11 and cluster of differentiation
markers to further delineate SLFN11 expression in different stages
of B cells. This finding shows SLFN11 IHC can be integrated with
other potential biomarkers.

Strategies to re-express SLFN11

In preclinical models, reversal of SLFN11 promoter methylation by
epigenetic modifiers has led to increased SLFN11 expression and
sensitization to DNA-damaging agents. For example, pre-
treatment of SLFN11 hypermethylated breast cancer cell lines
with the DNA methylation inhibitor 5-azacytadine increased
sensitivity to platinum drugs [28]. In another study using SCLC
PDXs, treatment with EZH2 inhibitors restored the expression of
SLFN11 and chemosensitivity, via a decreased level of H3K27me3
(a histone modification placed by EZH2) [40]. Interestingly, in this
study, treatment with 5-azacytadine did not lead to SLFN11
re-expression, in contrary to the previous studies [18, 28].
Another recent study demonstrated low SLFN11 expression was
associated with resistance to SG3199, a cytotoxic warhead of an
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antibody-drug-conjugate; which was abrogated by treating with
an EZH2 inhibitor [70]. In addition, class | HDAC inhibitors
romidepsin and entinostat was shown to induce SLFN11 expres-
sion in cells without promoter methylation and worked synergis-
tically with topoisomerase inhibitor camptothecin [48].

Based on these observations, a Phase I/Il trial investigating the
combination of EZH1/2 inhibitor DS-3201b and irinotecan in
recurrent SCLC (NCT03879798) is ongoing. This trial is testing
whether the EZH1/2 inhibitor leads to re-expression of SLFN11,
therefore enhancing response to chemotherapy or overcoming
chemotherapy resistance that may have been acquired in the
context of SLFN11 being downregulated due to prior lines of
therapy. More studies are needed to investigate potential synergistic
effects between epigenetic modifiers of SLFN11 expression and
cytotoxic agents (Fig. 3a).

SLFN11 and interferon-regulated immune activation

SLFN11 has been implicated in the activation of innate immune
response. SLFNT1 is recognized as one of the interferon (IFN)-
stimulated genes [71]. IFNs are a group of signaling proteins
essential to innate and adaptive immunity against pathogens, as
well as immune surveillance against cancer [71, 72]. Our group
previously showed that in tumor samples from treatment-naive
SCLC patients, SLFNT1 mRNA expression was positively correlated
with type | IFN pathway genes, such as STAT1, JAKT, and IRF9, as
well as immune targets, including PD-L1 [13]. Notably, IFNs can be
activated in innate immune response via the cGAS-STING
signaling pathway. The cGAS-STING pathway can be activated
by cytosolic DNA from tumor cells, viruses, and bacteria, and
triggers downstream infiltration of effector immune cells such as
T cells and natural killer cells [73]. In murine models of SCLC, we
previously identified cGAS-STING pathway activation as an
important mechanism for synergistic tumor killing through
PD-L1 blockade and DDR inhibition (either by targeting PARP or
CHK1) [65]. In a Phase I/l trial of olaparib and temozolomide (OT)
in combination in patients with previously treated SCLC, SCLC
PDXs were generated and treated with OT to model clinical OT
sensitivity and resistance, and candidate genes were identified as
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biomarkers to predict OT sensitivity [74, 75]. The authors found
that inflammatory-response genes, specifically those induced by
IFN and TGF(, in addition to SLFN11, were able to predict OT
sensitivity. The association between SLFN11 and IFN signaling
suggests different measurements of a common mechanism of
PARPi sensitivity.

Another report showed that under replication stress, SLFN11
increased global chromatin accessibility and activated a subset of
immediate early genes (IEGs) [29]. IEGs can induce cell cycle arrest,
and this mechanism likely amplifies the SLFN11-dependent replica-
tion block and activates innate immune response, in addition to the
direct effect by SLFN11 binding at the replication fork [29].

Intriguingly, virology studies have shown that SLFNT1 expres-
sion correlates with viral inhibition in a range of viruses, such as
HIV, West Nile virus, and Zika virus [9, 76]. Moreover, infection of
human cells by the flavivirus West Nile virus and HIV-1
upregulated the expression of SLFN11, via type | IFN-dependent
and IFN-independent pathways, respectively [77]. This suggests a
common pathway of innate immune activation from replication
stress caused by viral infection or DNA-damaging agents.

SLFN11 expression has also been shown to regulate IFN-y (the
type Il interferon)-mediated cytotoxic T cell attack. In a study using
a whole genome screening of the haploid human cell line HAP1 to
investigate modulators of tumor sensitivity to T cell killing, the
authors surprisingly found SLFNT1 as the single IFN-y induced
gene that mediated tumor cell sensitivity to T cell attack [78]. For
example, IFN-y-mediated T cell toxicity was abrogated by SLFNT11
loss in HAP1 cells, while restoration of SLFNT1 expression re-
sensitized the SLFN11-deficient HAP1 cells to IFN-y mediated T cell
killing. The authors went on further to show that SLFN11 regulated
IFN-y-mediated toxicity without altering IFN-y receptor signaling
activity, but rather by influencing the functional outcome of the
signaling.

The interplay between SLFNT11 and IFNs suggests SLFN11 may
be an important biomarker in the cancer-immunity cycle. Further
studies are needed to elucidate the mechanism of SLFNTI1-
mediated antitumor immune response and its role in predicting
response to immunotherapy (Fig. 3b).
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Open questions and future directions

Despite the abundance of preclinical evidence that SLFN11
expression is predictive of many chemotherapy agents and PARPi
targeting DDR, no prospective trials using SLFN11 as a predictive
biomarker have been completed. To our knowledge, the
randomized Phase |l trial of atezolizumab plus talazoparib versus
atezolizumab alone in the maintenance setting for SLFN11-
positive extensive-stage SCLC (NCT04334941) is the first clinical
trial selecting patients with SLFN11-positive tumors. We eagerly
await more clinical trials designed to directly and prospectively
test SLFN11 as a predictive biomarker, given its broad implications
across multiple agents and tumor types.

Although tumor SLFN11 IHC is a reliable and effective method
to detect SLFN11 as a tumor biomarker, SLFN11 expression in
other cells, particularly immune cells in the tumor microenviron-
ment, also warrants consideration. In a recent study evaluating
SLFN11 expression by IHC in about 700 malignant and adjacent
non-malignant tissues, SLFN11 expression was found to be tissue
specific and highly variable [39, 79]. The study found discrepancies
in SLFN11 expression from these tissues compared to the TCGA
RNA-seq dataset in several organs and indicated that this may be
due to the strong expression of SLFN11 in the infiltrating immune
cells present in the TCGA RNA-seq data. This study highlights the
consideration of using IHC rather than RNA-seq in order to
accurately reflect SLFN11 in patient tumor cells as opposed to
immune cells. However, the significance of SLFN11 expression in
tumor-infiltrating immune cells is currently unknown and may
warrant further investigation.

Another important question about SLFN11 is how its expression
changes in response to treatment and the implications of this in
therapeutic resistance. As multiple studies have shown that
SLFN11 levels are lower following platinum-based and PARPi
therapies, and the loss of SLFN11 is associated with treatment
resistance [13, 40, 51, 67, 68], serial monitoring of SLFN11 may be
important to guide treatment decisions. For example, in SCLC and
other cancers using platinum-based treatment, the decision to re-
treat with platinum is typically driven by the observation of clinical
relapse more than 3 months after the last platinum treatment (i.e.
platinum-sensitive). Instead, SLFN11 IHC could be a better way to
select patients who should be re-treated with platinum. This,
however, would require fresh tissue at the time of relapse, as
SLFN11 expression in archival tissue may not have predictive value
at the time of relapse. Given the challenges associated with re-
biopsies, a blood-based assay such as SLFN11 expression in CTCs
may be an attractive alternative to an IHC assay. In blood samples
from SCLC patients, SLFN11 protein expression by immunofluor-
escence could be reliably established in CTCs. Moreover, the
SLFN11 expression level varies among patients who were
treatment naive, on platinum treatment, or platinum-relapsed;
confirming the dynamic nature of this biomarker [42, 43].
However, SLFN11 detection by CTC requires further validation,
including careful compression of SLFN11 expression in CTCs and
in tumor samples collected at the same time to ensure they are
reflecting the same SLFN11 expression level.

CONCLUSION

SLFN11 is an important guardian of the genome, suppressing
DDR at the stressed replication fork, which leads to irreversible
replication block and cell death. Mounting preclinical evidence
suggest SLFN11 predicts response to a wide range of DNA-
damaging agents including platinum, topoisomerase I/Il inhibi-
tors, alkylating agents, antimetabolites, and PARPi. In addition,
retrospective clinical data suggest the prognostic and, more
importantly, the predictive value of SLFN11 expression across
several cancer types. These findings support further investiga-
tion of the potential of SLFN11 IHC or other SLFN11 assays as a
predictive biomarker that could have clinical applications for

matching patients to DNA-damaging chemotherapies (such as
platinum drugs and topoisomerase inhibitors) or targeted
therapies (such as PARPi). Prospective trials using SLFN11 as a
predictive biomarker are needed, as well as effective strategies
to monitor SLFN11 expression longitudinally in order to
determine its dynamic changes in response to therapy, which
may contribute to treatment resistance. Furthermore, the role of
SLFN11 in activating innate and adaptive immune response
warrants further investigation, especially in relation to treatment
with immunotherapy.
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