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SLFN11 biomarker status predicts response to lurbinectedin as a
single agent and in combination with ATR inhibition in small cell
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Background: Lurbinectedin recently received FDA accelerated approval as a second line treatment option
for metastatic small cell lung cancer (SCLC). However, there are currently no established biomarkers to
predict SCLC sensitivity or resistance to lurbinectedin or preclinical studies to guide rational combinations.
Methods: Drug sensitivity was assayed in proliferation assays and xenograft models. Baseline proteomic
profiling was performed by reverse-phase protein array. Lurbinectedin-induced changes in intracellular
signaling pathways were assayed by Western blot.

Results: Among 21 human SCLC cell lines, cytotoxicity was observed following lurbinectedin treatment
at a low dose (median IC50 0.46 nM, range, 0.06-1.83 nM). Notably, cell lines with high expression of
Schlafen-11 (SLFN11) protein, a promising biomarker of response to other DNA damaging agents (e.g.,
chemotherapy, PARP inhibitors), were more sensitive to single-agent lurbinectedin (FC =3.2, P=0.005).
SLEN11 was validated as a biomarker of sensitivity to lurbinectedin using siRNA knockdown and in
xenografts representing SLFN11 high and low SCLC. Replication stress and DNA damage markers (e.g.,
yH2AX, phosphorylated CHK1, phosphorylated RPA32) increased in SCLC cell lines following treatment
with lurbinectedin. Lurbinectedin also induced PD-L1 expression via cGAS-STING pathway activation.
Finally, the combination of lurbinectedin with the ataxia telangiectasia and Rad3-related protein (ATR)
inhibitors ceralasertib and berzosertib showed a greater than additive effect in SLFN11-low models.
Conclusions: Together our data confirm the activity of lurbinectedin across a large cohort of SCLC
models and identify SLFN11 as a top candidate biomarker for lurbinectedin sensitivity. In SLFN11-
low SCLC cell lines which are relatively resistance to lurbinectedin, the addition of an ATR inhibitor to
lurbinectedin re-sensitized otherwise resistant cells, confirming previous observations that SLFN11 is a
master regulator of DNA damage response independent of ATR, and the absence of SLFN11 leads to
synthetic lethality with ATR inhibition. This study provides a rationale for lurbinectedin in combination
with ATR inhibitors to overcome resistance in SCLC with low SLFN11 expression.
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Introduction

Small cell lung cancer (SCLC) is an aggressive form of
high-grade neuroendocrine lung cancer with dismal patient
outcome of a 5-year survival of less than 10% (1). It is
characterized by loss of function of the tumor suppressor
genes TP53 and RBI1, and accounts for around 13-15% of
all lung cancers (1). For decades the first line treatment
for extensive-stage SCLC, has been platinum-based
chemotherapy combinations, with the incorporation of PD-
L1 checkpoint blockade as part of the frontline regimen
only since 2018 (2,3). In the second line setting, topotecan,
a topoisomerase I inhibitor was the only US Food and Drug
Administration (FDA) approved treatment (4) until the
FDA recently granted accelerated approval to lurbinectedin
for the treatment of patients with metastatic SCLC with
disease progression on or after frontline platinum-based
chemotherapy (4). In a single-arm, open-label, phase 2
basket trial overall response by investigator assessment was
seen in 37 of 102 patients enrolled (35.2%; 95% CI: 26.2—
45.2) with an acceptable and manageable safety profile (5).
Lurbinectedin (PM01183) is a synthetic analog of the natural
marine-based tetrahydroisoquinoline, trabectedin which
is derived from the sea squirt species Ecteinascidia turbinate
(6,7). Lurbinectedin blocks the activity of RNA-polymerase-
IT and induces its degradation by the ubiquitin/proteasome
machinery, also inducing DNA damage (8). By hampering the
transcription processes within tumor-associated macrophages
lurbinectedin also modifies tumor microenvironment (9). To
date, no biomarkers of response to lurbinectedin have been
reported in SCLC, or any other cancer type. Furthermore,
little is known about how intra-cellular signaling is altered
following treatment with lurbinectedin.

Schlafen-11 (SLFN11) has been identified as a biomarker
of response to cisplatin, and other DNA damaging agents
such as PARP inhibitors, in multiple cancer types. In
SCLC pre-clinical models, SLEN11 expression assayed
by RNASeq, RPPA, and immunohistochemistry predicted
response to both cisplatin and PARP inhibitors (10,11).
In a phase II clinical trial testing temozolomide with or
without veliparib, a PARP inhibitor, in relapsed extensive
stage SCLC, patients with SLFN11 positive tumors had
significantly longer overall survival (12). The mechanisms
by which SLEN11 expression levels are regulated are as
yet not fully understood, but its expression is believed to
be controlled epigenetically, and by the cGAS-STING-
Interferon y innate immune response pathway (13).

In this preclinical study, we investigate the therapeutic
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efficacy of lurbinectedin in large panel of profiled cell lines
representing the molecular heterogeneity of SCLC to
identify candidate predictive biomarkers of response. We then
characterized changes in DNA damage response pathway and
immunogenic cell death associated pathway in SCLC cells
upon treatment with lurbinectedin. Finally, we demonstrate
a significantly greater than additive effect when lurbinectedin
is combined with an ataxia telangiectasia and Rad3-related
protein (ATR) inhibitor, ceralasertib. We present the
following article in accordance with the MDAR checklist
(available at https://dx.doi.org/10.21037/tlcr-21-437).

Methods
Cell lines and cell culture

Human SCLC cell lines (21 cell lines) were purchased from
ATCC. Cell lines were tested and authenticated by short
tandem repeat profiling (DNA fingerprinting) and not
cultured for greater than 6-month and were routinely tested
for Mycoplasma contamination. Cell lines were cultured in
either RPMI or HITES medium with 10% fetal bovine
serum and 1% pen-strep, at 37 °C in a humidified chamber
with 5% CO,.

Chemical compounds

Lurbinectedin was purchased from MedChemExpress
(NJ, USA) or acquired from the MD Anderson pharmacy.
Ceralasertib (AZD6738), was provided by Astra Zeneca.
Berzosertib (VX-970) was purchased from Selleck Chemicals
(Houston, TX, USA). All compounds were dissolved in
dimethyl sulfoxide (DMSO) for in vitro treatments.

Cell proliferation assay

Cells were seeded in 96-well plates at 2,000 cells per well in
triplicate for each cell line. After 24 hours, the cells in each
well were treated with a lurbinectedin and/or AZD6738
and VX-970 or with vehicle control. Four days later,
proliferation was assayed by Cell Titer Glo (Promega,
Fitchburg, WI, USA). For single drug treatments, median
inhibitory concentration (ICs,) values were estimated
by the Drexplorer software using date from duplicate
experiments (14). For drug combinations, the area under
the curve (AUC) of the observed (or experimental) effect
of the combination was compared to the predicted additive
effect. Data was subsequently presented as a ratio of the
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experimental effect relative to the predicted additive effect
based on the Bliss Independence model, as previously
reported (15). Using 10% above or below the predicted
additive effect as a cut-off, we then assigned the following
groups: observed/predicted <-0.1= greater than additive;
observed/predicted <0.1= less than additive; observed/
predicted <0.1 and >-0.1= additive.

siRNA based knockdown of SLFN11

For SLFNI11 gene silencing, pooled small interfering
RNAs (siRNAs) targeting SLEN11 (L-016764-01-0005)
or its corresponding scramble control (D-001810-10-05;
GE Dharmacon) were transfected into DMS79 and H209
cells for 72 hours using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s protocol. The cells were
then plated for 96 h proliferation assays. Knock down
efficiency was validated by Western blotting.

Western blot

Protein lysates were isolated from SCLC cells treated with
0.9 nM single agent lurbinectedin or DMSO for 24 and
48 hours and for the combination experiment 0.6 nM of
lurbinectedin with 0.3 pM of ATR inhibitor. Nitrocellulose
membranes were incubated with primary antibodies
(1:1,000) for Human SLFNT11 (Santa Cruz Biotechnology),
phospho-(§345) CHKI1 Cell Signaling Technologies (CST),
phospho-(54/58) RPA32 (Bethyl laboratories), phospho-
(S139) YH2AX (CST), cleaved caspase-3 (CST), phospho-
(S366) STING (SAB Biotech), cGAS (CST), PD-L1 (CST),
GAPDH (Santa Cruz Biotechnology) and Vinculin (Sigma-
Aldrich) overnight. Secondary anti-goat, anti-mouse (Santa
Cruz Biotechnology) and anti-rabbit HRP linked antibodies
(CST) were used and detected using the Chemidoc
imaging system, image captured with Image Studio Version
3.1 software (BioRad).

Biomarker analysis

Differences in IC;, values between subgroups were tested
using ANOVA. Differences between SLFN11 high and low
groups, defined using the bi-modality index (16), were tested
using an un-paired #-test. Spearman rank correlation was used
to assess the association between ICs, values and RPPA protein
markers, The Benjamini & Hochberg [1995] method (17) was
used to control false discovery rate (FDR). RPPA generates a
quantitative measurement of expression of over 200 total and
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phosphorylated proteins, these values can be correlated to
other variables such as ICs, values, and be compared between
biomarker defined groups using standard statistical techniques.
All analyses were performed using the R software.

Mouse strains

For the flank xenograft models, 6-week-old female athymic
nude mice (Envigo) were used. Animals were maintained
in accordance with the Institutional Animal Care and Use
Committee (IACUC) of The University of Texas MD
Anderson Cancer Center and the NIH Guidelines for the
Care and Use of Laboratory Animals. Experiments were
performed under protocol: 00001191-RINO3.

Establishment of flank xenografts and efficacy studies in

nude mice

High SLFN11 protein expressing SCLC cell line DMS79
and low SLEFN11 protein expressing cell line H865 were
used for generation of xenografts. For subcutaneous
injections, 1x10° SCLC cells were injected into one flank of
each mouse with PBS: Matrigel (1:1, BD Biosciences). At
an average tumor volume of 100 mm’, mice were randomly
allocated to three groups (n=5). Mice received either Vehicle
(0.9% saline), lurbinectedin (0.1 mg/kg i.v. once per week),
or cisplatin (6 mg/kg i.p. once per week). Tumor volumes
were measured every other day using digital calipers.

Statistical analysis

Differences in 1C;, values between subgroups were tested
using ANOVA. Differences between SLEN11 high and
low groups, defined using the bi-modality index were
tested using an un-paired #-test. Spearman rank correlation
was used to assess the association between ICs, values and
RPPA protein markers, The Benjamini & Hochberg (1995)
method was used to control FDR. Differences in vivo drug
sensitivity were tested by comparing tumor control ratios
using an un-paired #-test.

Results

Human SCLC cells show sensitivity to lurbinectedin both
in vitro and in vivo

To assess the sensitivity of SCLC to lurbinectedin we
screened a panel of 21 human SCLC cell lines, representing
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all the four SCLC subtypes (A, N, P and I) in cell
proliferation assays. Though majority of SCLC cell lines
were sensitive to lurbinectedin at a nanomolar range, they
showed a range of sensitivities (Figure 1A4). Notably, all
ICy, values are lower than the peak plasma concentration
of lurbinectedin of 148.2-153.8 ng/mL (188.8-196.0 nM)
reported in clinical testing (5). Next, we sought to identify
potential protein biomarkers of response leveraging baseline
reverse phase protein array (RPPA) proteomic profiling
data of our panel of cell lines, which quantifies expression
of 209 total and phosphorylated proteins. To identify novel
biomarkers of response we correlated IC;, values with
the RPPA expression dataset—SLFN11 was identified as
the strongest biomarkers of sensitivity to lurbinectedin
(R=-0.618, P=0.003), with phosphorylated P90RSK,
phosphorylated ERK1/2 and phosphorylated PI3K amongst
the top biomarkers of resistance (R=0.664, P=0.001, R=0.474,
P=0.030, and R=0.433, P=0.049, respectively) (Figure 1B,
Table S1). Additionally activated mTOR (p-mTOR) was
associated with relative resistance to lurbinectedin, but failed
to reach statistical significance (P=0.067). As SLFNI11 is a
known biomarker of sensitivity to chemotherapy and other
DNA damaging agents, we performed a secondary analysis
dichotomizing the cell lines based on SLFN11 expression
which is bimodal in SCLC (10). As shown in Figure 1C, cell
lines with higher SLFN11 expression (bimodal separation
by RPPA) were significantly more sensitive to lurbinectedin
(P=0.006, FC=3.26). We then compared lurbinectedin
cytotoxicity based on our recently published molecularly-
defined subtypes of SCLC (SCLC-A, SCLC-N, SCLC-P,
SCLC-I) (18), there was, however, no significant difference
in the in vitro activity of lurbinectedin between the subtypes
(Figure 1D), a not unsurprising observation as all four
subtypes contain models with high SLFN11 expression. To
validate SLFN11 as a biomarker of response to lurbinectedin,
we first knocked down SLFN11 expression using siRNA
in high SLFNI11 protein expressing cell lines-DMS79 and
H209 (Figure 1E) and performed proliferation assays. In
both DMS79 and H209, SLEN11 knockdown reduced
sensitivity to lurbinectedin as compared to their respective
parental and scrambled siRNA controls (Figure 1F). Second,
we compared the i vivo efficacy of lurbinectedin in models
representing SLEN11-high and -low disease. In DMS79
xenografts that have high SLFNI11 expression, lurbinectedin
treatment significantly reduced tumor growth as compared
to vehicle (Figure 1G). However, H865 xenografts, with
lower SLEN11 expression, were significantly less sensitive
to lurbinectedin, supporting SLFN11 as a biomarker of
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response to lurbinectedin (Figure 1H). Since SCLC-A is
the most prevalent SCLC subtype (18) and showed a range
of in vitro sensitivities to lurbinectedin (Figure 1D), we
repeated our biomarker analysis in SCLC-A cell lines. Again,
SLFN11 was identified as a top biomarker of sensitivity,
and phosphorylated P9ORSK as biomarker of resistance
(Figure S1, Table S2).

These observations confirm SLFN11 as a biomarker
of response to lurbinectedin, in agreement with previous
data describing SLFN11 as a biomarker of response to a
number of DNA damaging agents (10,12,13,19). Activation
of the PI3K/mTOR pathway has also been identified as a
biomarker of resistance to DNA damaging agents such as
cisplatin and PARP inhibitors (15,20), further suggesting
overlapping mechanisms of resistance between DNA

damaging agents in SCLC.

Lurbinectedin induces DNA damage and replication stress.

Based on its mechanism of action, we predicted that
lurbinectedin would lead to increased replication stress and
DNA damage in SCLC models. To test this, SCLC cells
from all four subtypes were treated with lurbinectedin (0.9
nM/L) for 24 and 48 hours and markers of DNA damage
and replication stress were assayed by Western blot. All
cell lines tested showed increases in markers of replication
stress—phospho CHK1 (S345) and phospho RPA32
(54/58)—as compared to DMSO control (Figure 24 and
Figure S2A). Similar increases in phospho YH2AX were also
observed, indicating DNA double-strands breaks in SCLC
cells upon treatment with lurbinectedin (Figure 24 and
Figure S2A).

Lurbinectedin treatment activates the cGAS-STING
pathway and increases PD-L1 expression

As our group has shown that DNA damage induces release
of cytosolic DNA and increases PD-L1 level via activation
of the cGAS-STING pathway in pre-clinical models of
SCLC (21,22), we sought to test if lurbinectedin also
induces PD-L1 expression via activation of cGAS-STING
signaling. Interestingly, treatment of SCLC cells with
lurbinectedin for 24 and 48 hours induced an increase in
protein levels of cGAS in all cell lines tested, as compared
to DMSO control (Figure 2B and Figure S2B). However,
a corresponding increase in phospho STING and PD-
L1 was only observed in cell lines from the SCLC-P and
SCLC-I subtypes (Figure 2B and Figure S2C). These data
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Figure 1 SLFNI11 predicts sensitivity to lurbinectedin in SCLC. (A) Sensitivity of a panel of 21 human SCLC cell lines to lurbinectedin

(ranked by IC;,) and color coded for SCLC subtypes. (B) Spearman correlation of RPPA protein markers and ICy, values in panel of 21 cell
lines (P<0.05). (C) Comparison of lurbinectedin IC;, values between cell lines with high and low SLFN11 expression by RPPA (bi-modal
separation, mean + SEM, P value by #-test). (D) Comparison of lurbinectedin IC;, values between cell lines from the four SCLC subtypes
SCLA-A (n=12), -N (n=4), -P (n=3) and -I (n=2) (P values by z-test). (E) Western-blot showing knockdown of SLFN11 following siRNA
DMS79 and H209 cell lines. (F) Sensitivity of cell lines following SLFN11 knockdown. (G,H) Tumor growth curves of SLFN11 high
xenografts (DMS79) and SLFEN11 low xenografts (H865) treated with vehicle, lurbinectedin (0.1 mg/kg), or cisplatin (6 mg/kg) (**, P=0.01

by un-paired #-test).
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Figure 2 Induction of DNA damage and PD-L1 expression following lurbinectedin treatment. (A) Western-blot showing changes in
replication stress markers (pCHKI and pRPA32) and DNA damage (pyH2Ax) in SCLC cell lines following 24- and 48-hour treatment with
DMSO or lurbinectedin (Lurbi, 0.9 nM). (B) Treatment with lurbinectedin activates cGAS, phosphorylates STING and increases PD-L1

expression in SCLC-P and SCLC-I cell lines.

suggest potential for a synergistic interaction between
lurbinectedin and anti-PD-L1 treatment, but that further
testing is required to identify potential biomarkers for this
interaction to explain the variation seen in the cell lines
tested, and to test the combination in immune competent
models of SCLC.

As treatment with other DNA damaging agents (cisplatin,
PARP inhibitors) can reduce expression of SLFN11, and
reports have shown that the activation of the cGAS-IFN
axis can induce SLFNI11 expression, we were interested in
understanding the effect of lurbinectedin on SLEN11. In
three cell lines with high SLEN11 expression—DMS-79,
H209, H1048—lurbinectedin caused variable changes in
SLENT11 levels ranging from a minimal decrease (DMS-79),
to reduced to an undetectable level (H1048) (Figure S2B).
We hypothesize that these variable changes are reflective
of a balance between epigenetic down-regulation related
to treatment, and up-regulation via activation of the
c¢GAS-IFN pathway —further testing of this relationship,
including in immune competent systems, will be required to
fully understand this relationship (13).

© Translational Lung Cancer Research. All rights reserved.

ATR inbibition potentiates the cytotoxic activity of
lurbinectedin in SLFN11 low SCLC cell lines

Since we observed an increase in phosphorylated CHK1
in SCLC cell lines upon treatment with lurbinectedin,
and that SLFN11 deficient cells are reliant on the ATR/
CHKI1-mediated replication stress and DNA damage
repair pathway (23-26), we sought to investigate the
combination of an ATR inhibitor, ceralasertib (AZD6738),
with lurbinectedin in SCLC cell lines. Using the Bliss
Delta AUC (AAUC) method, which compares the observed
and predicted additive interaction between two drugs, we
observed a range of interactions (Figure 34, Figure S3A),
both additive (AAUC >-0.1 and <0.1) and greater than
additive (A <-0.1). The three cell lines with a greater than
additive response to the combination with ceralasertib—
HB865, H211, and H446—are members of subsets A, P, and
N respectively (Figure 3B) and as expected, are amongst the
cell lines with low SLEN11 level and least sensitive to single
agent lurbinectedin. To account for potential off-target
effects, we also tested lurbinectedin with a second ATR
inhibitor, berzosertib (VX-970). Similar to the combination
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Figure 3 Combination of lurbinectedin with ATR inhibitor is greater than additive in SLFNT11 low cell lines. (A) Relative proliferation of
cell lines representing greater than additive, and additive responses following 96 h treatment with lurbinectedin (Lurbi), ceralasertib and
their combination at indicated concentrations (mean + SEM). (B) Bar-graph representing AAUC for all 21 cell lines tested, color coded by
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effect of the combination. (C) Comparison of AAUC values between cell lines with high and low SLFN11 expression by RPPA (bi-modal
separation, mean + SEM, P values by #-test) shows a better response to the combination in SLENT11 low cell lines. (D) Western-blot showing
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and their combination.
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with ceralasertib, the lurbinectedin/berzosertib combination
showed a range of interactions, with the three cell lines with
a greater than additive response -SHP77, H211 and H446
represent the A, P, and N subtypes respectively (Figure S3B).
To explore potential biomarkers of response to the
combination, we compared AAUC between the subtypes
and between SLFNI11 high and low cell lines. Opposite
to single agent lurbinectedin (Figure 1C), cell lines with
lower SLEN11 expression had better responses to the
combination of lurbinectedin and ceralasertib (i.e., smaller
AAUC values; P=0.068, Figure 3C) or berzosertib (P=0.101,
Figure S3C). All three cell lines in which a greater than
additive response to the combination of lurbinectedin
and ceralasertib or berzosertib was observed were in
the SLFN11 low group, and were relatively resistant to
single agent ceralasertib or berzosertib. To understand the
mechanism of action when we treated H211 and H865 cell
lines with the combination of lurbinectedin and ceralasertib
or berzosertib for 48 h, Western blotting results showed
marked increase in YH2AX and cleaved caspase 3 levels
following the combination treatment as compared to either
single agent lurbinectedin and ceralasertib (Figure 3D) and
for berzosertib (Figure S3D). Reduction in pCHKI in
single agent ATR inhibitor and in combination treatment
group in compared to lurbinectedin represents a halt in the
DNA damage repair system (Figure 3D). Similar to single
agent lurbinectedin, there appear to be no differences in
effectiveness of combining lurbinectedin with ceralasertib
or berzosertib between the SCLC-A, -N, -P, and -1 subtypes
(Figure S3E).

Discussion

The lack of effective therapies and predictive biomarkers
are major challenges in the management of advanced
SCLC. For decades, topotecan was the only FDA approved
treatment for relapsed SCLC, until the recent accelerated
FDA approval of lurbinectedin in the second line setting
for metastatic SCLC. In the current study we explored the
therapeutic efficacy of lurbinectedin in a large number of
proteomically profiled SCLC cell lines as well as in cell line
xenograft models as a single-agent, and in combination with
ATR inhibitors (ceralasertib and berzosertib). Lurbinectedin
showed robust cytotoxic effect in SCLC cell lines with
IC;, values ranging from 0.06 to 1.83 nM (Figure 1A),
all comfortably below the reported clinical plasma
concentration (5).

In this study, we also found that SCLC models with
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high levels of SLENT11 protein were more sensitive to
lurbinectedin. Previous studies from our group and
others have shown that SLFN11 predicts sensitivity
to some DNA damaging agents (e.g., cisplatin and
PARP inhibitors), but not others (e.g., temozolomide)
(10,12,25,27-31). Recently, our group developed a CLIA-
certified immunohistochemistry (IHC) assay (12) for
SLENI11 for a cooperative group trial testing the activity of
PARP inhibitors in a SLFN11-positive patient population
(SWOG1929/NCT04334941). Based on our findings here,
we propose that SLEN11 warrants further investigation
in the clinical setting to determine whether it may help
identify patients who may receive relatively greater benefit
from lurbinectedin.

Related to this, prior studies by our group and others
in SCLC have shown that SLFN11 is downregulated in
preclinical models with platinum resistance and that fewer
SLFNI11 positive circulating tumor cells are observed in
patients with relapsed SCLC (as compared to treatment
naive) (10,12,32,33). This may help to explain the higher
response rates observed with single agent lurbinectedin
in platinum-sensitive disease (ORR 45%) as compared to
platinum-resistant SCLC (22%) (5). Lurbinectedin not
only blocks RNA-polymerase-II but also causes DNA
damage (8,34). Our observations of increases in DNA
damage and DNA damage response markers in SCLC cell
lines after lurbinectedin treatment support that notion.
In all cell lines tested—representing both the four SCLC
subtypes, and SLFN11 high/low SCLC—lurbinectedin
treatment induced a robust increase in pyH2AX, pCHKI,
pRPA32 (Figure 2A). Based upon these molecular changes
that indicated activation of the ATR pathway, and previous
studies demonstrating ATR inhibition could re-sensitize
otherwise resistant SLEN11-low cells to chemotherapy and
PARP inhibitors (23-25), we further studied whether an
ATR inhibitor (ceralasertib/berzosertib) mediated induction
of replication stress could overcome single agent resistance
to lurbinectedin. Combining ceralasertib/berzosertib with
lurbinectedin showed a greater than additive effect in
SCLC cell lines with higher ICs, values for lurbinectedin
(Figure 34, Figure S3A). Importantly, SLEN11 low SCLC
cells which were less sensitive to single-agent lurbinectedin
(and relatively resistant to single agent ATR inhibition)
became sensitive when treated with combination of
lurbinectedin and ceralasertib or berzosertib.

We have previously reported that treatment with DNA
damage response inhibitors (DDRi) increases protein
expression of PD-L1 in SCLC cells via activation of the

Transl Lung Cancer Res 2021;10(11):4095-4105 | https://dx.doi.org/10.21037/tler-21-437


https://cdn.amegroups.cn/static/public/TLCR-21-437-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-21-437-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-21-437-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-21-437-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-21-437-Supplementary.pdf

Translational Lung Cancer Research, Vol 10, No 11 November 2021

c¢GAS-STING pathway and combination of DDRi with
anti-PD-L1 showed robust anti-tumor activity (13,21,22).
Here we also observed significant increase in cGAS,
phosphorylated STING, and PD-L1 expression in SCLC-P
and SCLC-I subtype cells following lurbinectedin treatment
(Figure 2B, Figure S2C). While lurbinectedin treatment
failed to increase PD-L1 expression in all models tested, the
potential for an approved second line treatment to induce
such an increase, and therefore to synergize with immune
therapy warrants further exploration.

SLENI1 has recently emerged as a promising predictive
biomarker in SCLC, predicting response to a wide range
of DNA-damaging chemotherapies and PARPi. SLFN11
detection by IHC has been validated and evaluated in
several clinical trials retrospectively (12,27). The first
clinical trial in SCLC selecting patients for SLEN11-
positive tumors is currently ongoing (SWOG1929/
NCT04334941), which uses a CLIA-certified SLFN11
IHC assay. Given the availability of SLEN11 IHC testing,
this biomarker could be rapidly adopted in clinical trials,
both to be explored in ongoing lurbinectedin studies, and to
select for SLEN11 status in prospective trials.

In conclusion, our findings demonstrate that SLENT11 is
a top candidate predictive biomarker of response to single-
agent lurbinectedin. Notably lurbinectedin in combination
with an ATR inhibitor had greater than additive effects
and re-sensitized otherwise resistant SLEN11-low cells.
SLENI11 IHC could easily be translated into clinical setting
and be immediately leveraged in ongoing and future clinical
trials studying lurbinectedin and combination treatment
strategies for patients with SCLC.
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Supplementary

Table S1 Correlation of 1C;, values to lurbinectedin and RPPA values across all cell lines

RPPA target Correlation P value
mTOR 0.685 <0.001
p-p90RSK (T359) 0.664 0.001
SLFN11 -0.618 0.003
P53 0.562 0.008
B7.H4 -0.517 0.016
RecQ4 -0.475 0.029
p-ERK1/2 (S217/221) 0.474 0.030
CHKA1 -0.455 0.038
WRN 0.448 0.041
cKIT -0.434 0.049
PI3K 0.434 0.049
A Sensitive Resistant B
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Figure S1 SLFN11 predicts sensitivity to lurbinectedin in SCLC-A cell lines. (A) Spearman correlation of RPPA protein markers and IC;,
values in panel of 12 SCLC-A cell lines (FDR <0.2). (B) Comparison of lurbinectedin ICj, values between SCLC-A cell lines with high and
low SLEN11 expression by RPPA (bi-modal separation, mean = SEM, P value by student’s 7-test).

Table S2 Correlation of ICs, values to lurbinectedin and RPPA values in SCLC-A cell lines

RPPA target Correlation P value
p-cJUN (S73) -0.867 <0.001
SLFN11 -0.825 0.001
p-STING (S366) -0.825 0.001
B7.H4 -0.804 0.002
mTOR 0.762 0.004
p-p90RSK (T359) 0.755 0.005
P53 0.748 0.005
ZEB1 0.727 0.007
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Figure S2 (A) Western- blot showing changes in replication stress markers (pCHKI and pRPA32) and DNA damage (YH2Ax) in SCLC cell
lines following 24- and 48-hour treatment with DMSO or lurbinectedin (Lurbi, 0.9 nM). (B) Western blots showing changes in SLFN11
expression following lurbinectedin treatment. (C) Treatment with lurbinectedin activates ¢cGAS, phosphorylates STING and increases PD-
L1 expression in SCLC-P and SCLC-I cell lines.

© Translational Lung Cancer Research. All rights reserved. https://dx.doi.org/10.21037/tlcr-21-437



A Greater than additive effect Additive effect

H211 H446 SHP77 DMS79 H146
g‘ 1.0/
E 0.8
> 0.6
)
2 04
©
o 02
oo /= S ] ] :
Lurbi ("M) 002 006 02 06 2 6 002 006 02 06 2 6 002 006 02 06 2 6 Q.'Qz Qbﬁ d.2 Q.‘e 2 é 9192 006 6-2 9‘{3 2 6
Lurbinectedin ATRi - - - Bliss predicted additive =~ ——— Observed lurbinectedin + ATRi
B C
0.10+ BSCLC-A SCLC-N [HSCLC-P ESCLCHI p=0.101
0.05+
0.00 .
(:J) 0.00- Additive ¢ :
< -]
< T
%_0.05_ 8 -0.05 S
D .
[a) (a] . L
-0.104 -
Greater -0.10 J_
-0.154 than
additive .
-0'20 L) L] T J T IO T T T T T L] Llf) & T T T T T T High LOW
© © O 0 © AN O~ © O N <t O T ©O© N~
2ISS032 I LB EIaTa SLFN11
IIIIIIIEIIE I T T T I%
D E
ML LTI DL Ch -
urbi  — - -
VX-970 - - + + + o+ 0.00

porici [ w5 e e
yH2AX [ ‘ ’WJ

Delta AUC
<)
a

T
o = | T
A

Caspase3d t
Vinculin ” 4 |“~~- | 0.15 N P |
H211 H865

Subtype

Figure S3 (A) Relative proliferation of cell lines representing greater than additive, and additive responses following 96 h treatment with
lurbinectedin (Lurbi), VX-970 and their combination at indicated concentrations (mean +SEM). (B) Bar-graph representing AAUC for
all SCLC cell lines tested, color coded by SCLC subtype. (C) Comparison of AAUC values between cell lines with high and low SLFN11
expression by RPPA (bi-modal separation, mean + SEM, p-values by #-test). (D) Western- blot showing changes in pCHKI, pyH2Ax
and cleaved caspase3 in H211 and H865 cell lines treated with 0.6 nM of lurbinectedin, 0.3 pM of VX-970 and their combination. (E)
Comparison of delta AUC values for the combination of lurbinectedin and cerelasertib between cell lines from the four SCLC subtypes

SCLC-A, -N, -P and -I (p-values by student’s #-test).
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