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ABSTRACT

This study aimed to evaluate the preclinical activity and explore potential predictive biomarkers associated with
polo-like kinase 1 (PLK1) inhibitors in experimental models of small cell lung cancer (SCLC). Cytotoxic
responses to three PLK 1-selective inhibitors—rigosertib, volasertib, and onvansertib—were examined across a
panel of SCLC cell lines. Their therapeutic potential was further verified in subcutaneous xenografts from selected
lines and in four patient-derived xenograft (PDX) systems established from both platinum-sensitive and platinum-
resistant SCLC cases. Comprehensive genomic and transcriptomic analyses were conducted to determine possible
markers linked to responsiveness or resistance in laboratory-developed resistant lines. All three agents—
volasertib, rigosertib, and onvansertib—demonstrated potent nanomolar-level cytotoxicity against human SCLC
cells in vitro. In vivo, their therapeutic effects paralleled those of standard-of-care treatments (cisplatin and
irinotecan), with volasertib showing enhanced tumor growth suppression relative to cisplatin in both platinum-
sensitive and resistant PDX models. Elevated YAPI levels and loss-of-function TP53 mutations correlated with
greater PLK 1 inhibitor efficacy. Comparative transcriptomic profiling of onvansertib-resistant H526 derivatives
revealed upregulation of NAP1L3, CYP7B1, AKAP7, and FOXG1, alongside reduced expression of RPS4Y1,
KDMS5D, USP9Y, and EIF1AY, indicating likely molecular resistance mechanisms. PLK1 inhibition
demonstrated consistent efficacy across preclinical SCLC systems, including PDX models representing relapse
under platinum sensitivity and resistance. These findings prompted the initiation of a phase II clinical investigation
evaluating onvansertib in SCLC patients (Clinical Trials.gov identifier: NCT05450965).
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Introduction

Small cell lung cancer (SCLC) remains a major oncologic challenge, with over 180, 000 new diagnoses globally
each year [1, 2]. Although first-line chemoimmunotherapy has yielded incremental progress [3-7], disease
recurrence after initial response remains nearly universal, and salvage options continue to be ineffective [8-12].
Precision oncology approaches have revolutionized treatment for molecularly defined non-small cell lung cancer
(NSCLC) subgroups—such as EGFR, ALK, and ROS1 alterations—contributing substantially to reduced lung
cancer mortality over the last two decades [5, 13-17]. However, translation of such strategies into SCLC care has
lagged, largely due to the predominance of tumor suppressor gene inactivation (TP53, RB1), which currently lacks
viable pharmacologic targets [18-21]. Thus, novel molecularly informed interventions are urgently required.

The polo-like kinase (PLK) family of serine/threonine kinases—comprising PLK1-PLKS5—regulates key
checkpoints in mitotic progression and cellular proliferation [22-26]. Aberrant activation of PLKSs, particularly
PLK1, has been strongly linked to tumorigenesis, including in pulmonary malignancies [22, 23, 27, 28]. Given its
central role, PLK1 has become a major pharmacological target in anticancer research [29].

Following initial low-throughput drug screening, PLK1 inhibitors emerged as promising therapeutic candidates
for SCLC. We validated the antitumor impact of onvansertib, a clinically relevant PLK1 blocker, in patient-
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derived xenograft (PDX) systems. Sensitivity was most pronounced within YAP1-enriched subtypes and in

tumors harboring disruptive p53 mutations, irrespective of subtype. These biomarkers guided the design of a
currently active phase II clinical trial (NCT05450965) evaluating onvansertib efficacy in SCLC.

Materials and Methods

Reagents

Volasertib, rigosertib, and onvansertib were sourced from Selleckchem (Houston, TX, USA). Stock compounds
were solubilized in DMSO, portioned, and kept at —20 °C for in vitro work or freshly reconstituted in PBS for
xenograft use. Clinical-grade cisplatin (Teva Parenteral Medicines, Irvine, CA, USA) and irinotecan were
obtained from institutional hospital pharmacies. Primary antibodies used for immunoblotting included GAPDH
(#sc-47724), TP53 (#sc-126) (Santa Cruz Biotechnology, Dallas, TX, USA); POU2F3 (#36135), ASCLI
(#10585), NEURODI1 (#7019), YAP1 (#14074), PLK1 (#4513), and CMYC (#5605) (Cell Signaling Technology,
Danvers, MA, USA).

Cell lines and PDX models

Nine human SCLC lines (H146, H187, H128, H69, H209, DMS153, H526, DMS114, DMS53) were procured
from the American Type Culture Collection (ATCC, Manassas, VA, USA). Authentication via STR profiling and
mycoplasma screening was completed prior to experimentation. Cells were maintained under previously detailed
culture conditions [30], generally in RPMI-1640 or Waymouth medium (for DMS lines) supplemented with 5-
10% FBS, incubated at 37 °C, 5% CO-, and 95% humidity. Four PDX models (TKO-002, TKO-005, TKO-008,
TKO-010) from our institutional tumor repository [31] were used for in vivo studies, with TKO-002, TKO-005,
and TKO-010 classified as ASCL1, and TKO-008 as NEURODI1 subtype.

In vitro cytotoxicity assay

SCLC cells were seeded into 96-well plates (0.5-3 x 10* cells/well). After 24 h, cells were continuously treated
with vehicle or target compounds for 72 h. Cell proliferation was quantified using MTS (Promega) or WST-1
(Takara Bio USA) assays, following manufacturer guidelines. For densely aggregating lines (H526, H209, H187),
the CellTiter-Glo 3D viability kit (Promega) was applied. Absorbance/luminescence was read on a Tecan Infinite
M1000 Pro reader (Switzerland). Half-maximal inhibitory concentrations (ICso) were determined via GraphPad
Prism v9 (GraphPad Software, La Jolla, CA, USA).

Western blotting
Whole-cell lysate preparation and immunoblot procedures followed established protocols [30, 32].

In vivo tumor growth assessment

All experiments involving animals were carried out in compliance with approved protocols from the Institutional
Animal Care and Use Committee to ensure humane treatment. Xenograft tumors were established in 6-week-old
athymic (nu/nu) mice obtained from Harlan Industries (Indianapolis, IN, USA). Mice were maintained under
pathogen-free conditions in microisolator cages and provided unrestricted access to standard chow and water.
H526 cells (1-2 x 107) suspended in serum-free medium were combined with Matrigel and injected
subcutaneously into the flank of each mouse. Patient-derived xenograft (PDX) experiments followed previously
published protocols [31]. Tumor growth was monitored until volumes reached roughly 100 mm?3. Mice with
comparable tumor sizes and body weights were randomly assigned to treatment groups of six to eight animals.
Treatment regimens included volasertib (20 mg/kg, intraperitoneally, weekly), cisplatin (3 mg/kg, weekly IP),
irinotecan (25 mg/kg, weekly IP), rigosertib (250 mg/kg, daily IP), and onvansertib (60 mg/kg, orally, daily for
10 days with a 4-day drug-free interval). Tumor dimensions (V = % x length x width?) and body weights were
recorded twice per week. At the end of the study, tumors were excised and weighed.

Whole-transcriptome and pathway analyses

We retrieved previously generated gene expression datasets of human SCLC cell lines from the Illumina HT-12
platform, deposited in NCBI GEO (GSE55830) [30]. Raw intensities from untreated cells were normalized using
quantile normalization in GenomeStudio (v2.0, Illumina) and then log:-transformed for downstream analyses.
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Supervised clustering was performed based on MYC, PLK1, and TP53 expression levels. ICso values of PLK1

inhibitors were compared between these clusters.

Differential expression analysis was also performed using DepMap 21Q1 SCLC datasets [33], comprising 48 cell
lines (9 SCLC-Y subtype, 39 other subtypes). Log2(x + 1)-transformed RNA-seq TPM values were extracted from
CCLE _expression.csv. Fold changes were computed by comparing the mean gene expression of SCLC-Y versus
non-SCLC-Y groups. Drug sensitivity data were obtained from the GDSC portal [34]. Statistical significance was
evaluated using t-tests, and g-values were calculated with the Benjamini-Hochberg correction.

Generation of onvansertib-resistant H526 cells

H526 cells resistant to onvansertib were established by continuous culture with gradually increasing
concentrations of the drug (10-75 nM) over one year. RNA was extracted from both parental and resistant cells in
triplicate using the Qiagen RNeasy kit. RNA-seq was conducted by Novogene (Durham, NC, USA). Reads were
preprocessed to remove adapters and low-quality bases using Trimmomatic v0.38. RSEM v1.3.1 was used to align
reads to the GRCh38 reference genome, and gene counts were quantified using Gencode v43 annotations.
Differential expression analysis was performed with DESeq?2, fitting a negative binomial generalized linear model
for each gene. The Wald test was applied to assess statistical significance, reporting log fold changes, p-values,
and adjusted p-values. Sequencing data were submitted to GEO (GSE269636).

Statistical analysis

Differences in ICso values across PLK1 inhibitors were assessed using ANOVA or the Kruskal-Wallis test, as
appropriate. Correlations between drug sensitivity and cell line response were calculated using Pearson or
Spearman coefficients. Tumor growth inhibition relative to control was determined using %T/C = [(mean tumor
volume in treated group on day X + mean tumor volume in control group on day X) x 100]. Mixed-effects models
were used to analyze overall and pairwise differences in tumor volume among treatments. Differences in tumor
weights at study end were evaluated using ANOVA. All analyses were conducted in SAS 9.3 and GraphPad, with
p < 0.05 considered significant. Differential gene expression and drug sensitivity analyses were carried out using
Python.

Results and Discussion

Low-throughput screening of targeted compounds in SCLC

To discover potential therapeutic candidates for SCLC, a low-throughput, non-biased screen was used to assess
the in vitro cytotoxicity of compounds not previously investigated in SCLC clinical trials. Nanomolar activity was
predefined as the minimum threshold for advancing a compound to detailed preclinical evaluation. Ten agents
were tested in a panel of SCLC lines (H526, H187, H69, H209, H146, DMS153, DMS114, DMS53) with well-
characterized genomic and transcriptomic profiles (Figure 1d).

The compounds targeted HSP90 (AUY922), CHK1 (MK8776), CDK (SCH727965), MEK (MEK162), CHK1/2
(AZD7762), PIK3CA (BKM120), WEE1 (MK1775), PLK1 (rigosertib, volasertib), and BRD (JQ-1). Agents
against PLK1, CDK, and HSP90 met the pre-set cytotoxicity threshold (Figure 1a). Some compounds were
deprioritized due to safety concerns (SCH727965) or discontinued industrial support (AUY922). PLK1 inhibitors
demonstrated the strongest nanomolar activity across SCLC lines (rigosertib and volasertib, B16727) (Figures 1a
and 1b). Considering PLK1’s central role in regulating RB1 and P53-mediated cell cycle effects, further studies
focused on this class. Onvansertib, a highly specific PLK1 inhibitor, was then tested on the same panel, confirming
the high sensitivity of SCLC cells (Figure 1c).
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Figure 1. Evaluation of the antiproliferative response of precision agents in small-cell lung cancer (SCLC)
lines. (a) Screening of multiple SCLC cell lines; (b) and (c) illustrate the actions of volasertib and onvansertib
on cellular proliferation. Treatments were administered for 72 hours with the compounds shown. Cell growth
was quantified using either luminescent or colorimetric detection, depending on cell aggregation behavior in
culture. Results are expressed as mean = S.D., based on no fewer than three independent replicates. Blue and

orange plots correspond to p53 non-disruptive and disruptive mutations, respectively. (d) displays basal
protein levels in SCLC cell lines, where molecular subtypes are indicated by ASCL1 (A), POU2F3 (P), or
YAPI (Y).

In vivo validation of PLK1 inhibition

To determine if in vitro responses translated to in vivo antitumor benefit, and to compare PLK1 blockade with
conventional chemotherapy in SCLC, we performed xenograft studies. Mice with tumors derived from the H526
line—the most responsive line from initial screening—received weekly intraperitoneal (i.p.) doses of volasertib
(20 mg/kg), cisplatin (3 mg/kg), or irinotecan (25 mg/kg). In this model, volasertib induced marked tumor
reduction relative to vehicle control but displayed slightly lower efficacy than irinotecan or cisplatin (Figure 2).
Body weights showed no significant difference between treated and untreated groups, indicating acceptable
tolerability.

Patient-derived xenografts (PDXs) are known to more accurately mimic therapeutic behavior in humans compared
to subcutaneous models [35, 36]. Earlier research confirmed that rigosertib, a prototype PLK1 blocker, exhibited
tumor inhibition comparable to cisplatin in an SCLC PDX study [31]. Building on this, we analyzed PLK1
inhibition across four PDX models. Beyond first-generation inhibitors, onvansertib (NMS-P937; PCM-075;
NMS1286937) was tested—a selective oral agent with over 5000-fold affinity for PLK1 relative to PLK2/PLK3,
now under clinical assessment [37]. Onvansertib has shown promising single-agent and combination results in
hematologic, colorectal, and prostate malignancies [37-39]. Consistent with volasertib and rigosertib findings,
onvansertib demonstrated potent nanomolar activity in vitro against SCLC cell lines (Figure 1c¢). Furthermore, it

e
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significantly suppressed tumor expansion in both platinum-resistant (TK0-002, TKO-008; (Figures 3a and 3b))

and platinum-sensitive (TKO-005, TKO-010; (Figures 3¢ and 3d)) PDXs, outperforming cisplatin. No substantial
loss in body weight or treatment-related toxicity was observed in any group.
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Figure 2. In vivo antitumor performance of PLK1-targeted therapy in SCLC. Mice bearing H526 tumors
were treated weekly by i.p. injection with volasertib (20 mg/kg), irinotecan (25 mg/kg), or cisplatin (3
mg/kg). Data represent mean + SEM for six subjects per cohort. *** p < 0.001.
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Figure 3. Anticancer potential of PLK1 blockade in SCLC PDXs. Platinum-resistant models (TKO-002,
TKO-008; a, b) and platinum-sensitive models (TKO-005, TKO-010; ¢, d) were administered cisplatin (3
mg/kg; i.p. weekly), rigosertib (250 mg/kg; i.p. daily), and onvansertib (60 mg/kg; orally for 10 consecutive
days, followed by 4 rest days). Tumor volumes are shown as mean + S.D. from six mice per group. *
indicates significant; ns = not significant versus control. * p <0.05, ** p <0.01.

Transcriptomic correlates of PLK1 inhibitor sensitivity in SCLC

Despite their nanomolar in vitro potency, PLK1 inhibitors exhibited variable ICso ranges among SCLC cell lines
(Figures 1b and 1c; Table 1). Using the overall median ICso as a divider, the highly responsive group showed a
mean [Cso for volasertib of 40 nM, roughly ten times lower than the less responsive group’s 550 nM (Table 1).
Similar differences were noted for onvansertib and rigosertib.

To explore if genetic or transcriptional factors could forecast drug sensitivity, gene expression data from the NCBI
GEO dataset GSE55830 [30] were analyzed. Normalized levels of TP53, PLK1, and MYC were compared
between high- and low-sensitivity groups. No significant expression changes were detected (Figure 4a). Further
exploration via the SclcCellMinerCDB database (68 SCLC lines) also revealed no direct association between
PLK1 mRNA levels and volasertib response. Elevated MYC expression correlated with increased sensitivity
trends, and TP53 expression was significantly higher in the lines most responsive to volasertib treatment.
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Figure 4. Comparative transcriptomic analyses: expression correlation between TP53, PLK1, and MYC
(NCBI GEO GSES55830 [30]) and PLK1 inhibitor sensitivity (a); YAP1 expression in SCLC-Y versus other
subtypes (b); volcano plot displaying genes differentially expressed between SCLC-Y and non-SCLC-Y lines
(c); evaluation of therapeutic vulnerability suggesting PLK1 inhibition as a promising target in YAP1-
positive lines (d); Reactome-based functional mapping revealing immune and muscle-related pathway
variations (e); KEGG signaling enrichment showing differential pathway activation between both categories

(®.
Table 1. ICso-based drug sensitivity of SCLC cell lines to PLK1 inhibitors.

Cell Line Vo:z;?[;tlb Om;?:;;rtlb Rigosertib (nM) Tl\l’)[flia(t;if)lllle Hf)n:ll::/i(g:lus
DMSS53 139.9+£21.8 188.9 +£36.2 153.6 £23.7 c.722C>T No
DMS153 90.0 £ 15.9 181.2 +£36.8 114.8£22.9 c.463A>C No
H146 78.1 £ 14.5 1453 £62.0 93.2+16.9 Wild type No
H209 550.7 £ 170.1 710.4 £260.0 385.7+130.9 c.673-2A>T No
H69 * 64.1+19.9 105.1 £ 124 71.9+19.0 c511G>T Yes
H187 * 40.4+£8.9 55.7+19.3 61.8 +24.7 c.722C>G Yes
HS526 * 49.6 £14.3 514+15.2 123.9+£32.6 c.97-1G>C Yes
DMS114 * 87.1+£21.3 196.7 £ 58.6 52.3+10.3 c.637C>T Yes

Denotes concurrent hemizygous loss. Cytotoxicity profiles were established across a representative SCLC panel
covering multiple transcriptomic classes. Mean ICso values reflect the average of three to five separate
experiments.

The recently characterized molecular subtypes of small-cell lung cancer (SCLC) are primarily classified by
dominant expression of specific transcriptional regulators: achaete-scute homolog 1 (ASCL1), neurogenic
differentiation factor I (NEUROD1), POU domain class 2 transcription factor 3 (POU2F3), and the transcriptional
coactivator YAP1 [40-42]. Each subtype demonstrates distinctive gene expression signatures. For example, the
non-neuroendocrine SCLC variants display higher levels of MYC expression, and in murine models, MYC
activation has been shown to promote a phenotypic switch from neuroendocrine SCLC-A and SCLC-N to the
non-neuroendocrine SCLC-Y type [43, 44].

Accordingly, we utilized publicly accessible datasets from the Genomics of Drug Sensitivity in Cancer (GDSC;
https://www.cancerrxgene.org/, accessed 7 May 2021) and the Cancer Dependency Map
(https://depmap.org/portal/, accessed 6 May 2021) to perform an unbiased analysis comparing therapeutic
susceptibility between the SCLC-Y subtype and other transcriptional classes (Figure 4b). From this analysis, we
identified differentially expressed genes (DEGs) that might suggest heightened drug sensitivity in YAP1-enriched
cell lines (Figure 4c¢). Further examination through the Cancer Therapeutics Response Portal revealed a number
of potential compounds—most notably PLK1 inhibitors—that displayed selective and robust efficacy in SCLC-
Y models (Figure 4d). These findings confirmed our preliminary low-throughput screening results, highlighting
PLK1 inhibitors as promising therapeutic agents.
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Interestingly, gene set enrichment analysis (GSEA) performed with the Reactome database [45] showed that

YAP1-positive cells exhibited elevated expression of immune-related genes (Figure 4e). In parallel, KEGG
pathway mapping of DEGs indicated enrichment of several signaling routes, including TNF, PI3K/AKT, MAPK,
AGE-RAGE, and Hippo pathways (Figure 4f).

TP53 gene alterations and response to PLKI blockade

Previous research has associated TP53 mutations with sensitivity to PLK1 inhibition [46-51], whereas cells
maintaining normal diploid karyotypes typically exhibit resistance [48, 49, 52]. Conversely, other investigations
have found no significant association between TP53 mutation status and PLK1 inhibitor response [53]. We
proposed that these discrepancies might stem from differences in how specific TP53 mutations affect pS3 protein
function.

To explore this, we correlated the cytotoxic potency (ICso values) of PLK1 inhibitors with the predicted functional
outcomes of TP53 mutations identified in our SCLC line panel through targeted DNA sequencing [30, 54]. As
expected, TP53 mutations were highly prevalent (seven of eight lines), consistent with prior studies [18-21].
Notably, four cell lines—H526, H69, H187, and DMS114—harboring concurrent hemizygous deletions of TP53
displayed markedly greater sensitivity than those retaining wild-type alleles or lacking such deletions (Table 1;
Figure 5a). These findings suggest that functional inactivation of TP53 enhances susceptibility to PLKI
inhibition, consistent with existing evidence [51].

Although TP53 mutation is nearly universal in SCLC, its biological impact depends on mutation type and location.
Using the Cancer Cell Line Encyclopedia via cBioPortal (https://www.cbioportal.org), we cataloged the specific
variants found in SCLC cell lines and tumor tissues.
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Figure 5. Effect of TP53 mutational status on PLK1 inhibitor activity. Comparison of mean ICso by TP53
mutation category (a); TP53 gene profiles in 166 tumors from cBioPortal (b); TP53 mutation distribution
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among 50 SCLC lines in CCLE (c); PLK1 inhibitor activity in parental versus resistant H526 cells (ICso: 51

nM vs. 447 nM) (d); gene expression profiles from three biological replicates of parental and resistant H526
cells (e). The heatmap highlights the top DEGs (p-adj < 0.5; logFC > 4), with red and blue indicating
elevated and reduced expression, respectively.

As expected, TP53 variants were both common and diverse in their effects (Figure 5b). Roughly 60% represented
non-disruptive forms, while 40% were disruptive inactivating mutations predicted to abolish p53 function (Figure
5¢). These observations align with previous reports showing that TP53 loss or inactivating mutations increase
vulnerability to PLK1 inhibitors, whereas wild-type or gain-of-function (GOF) variants attenuate sensitivity [46-
51]. Overall, our data indicate that disruptive TP53 alterations—such as hemizygous deletions or truncations—
enhance PLK1 inhibitor response, while non-disruptive (in-frame, missense, or GOF) changes tend not to. We
therefore propose that TP53 mutation classification (disruptive vs. non-disruptive) could serve as a predictive
biomarker for PLK1-targeted therapies.

Differential gene expression and acquired PLK1 inhibitor resistance

A persistent issue with targeted cancer therapies is the eventual emergence of drug resistance. Identifying the
molecular basis of this adaptation can guide strategies to extend drug effectiveness or restore sensitivity. To
investigate mechanisms of resistance, we established PLK1 inhibitor-resistant SCLC cells through continuous
exposure of parental H526 cells to increasing concentrations of onvansertib (Figure 5d). Upon confirmation of
stable resistance, transcriptomic comparisons were performed between parental and resistant lines to pinpoint key
DEGs.

Resistant H526 cells displayed reduced expression of RPS4Y 1, KDMS5D, USP9Y, and EIF1AY, accompanied by
increased expression of NAP1L3, CYP7B1, AKAP7, and FOXG1 (Figure Se).

SCLC remains a highly lethal malignancy with limited therapeutic progress. Although the past two decades have
seen substantial advances in targeted therapies for non-small cell lung cancer, comparable breakthroughs have not
occurred in SCLC—Iargely due to its complex biology and scarcity of actionable genomic drivers.

In this study, we evaluated several molecularly targeted compounds and found that PLK1 inhibitors exhibited
strong in vitro cytotoxicity across SCLC cell lines. This effect was further confirmed in vivo, where three PLK1
inhibitors—rigosertib, volasertib, and onvansertib—produced significant tumor suppression. Notably, the robust
response of onvansertib in both platinum-sensitive and platinum-resistant PDX models underscores its potential
clinical value and supports the initiation of an ongoing clinical trial in relapsed SCLC (NCT05450965).

Our screening methodology intentionally employed a focused low-throughput strategy using clinically relevant
agents to facilitate direct translation of promising results to patient settings. Although this approach limited the
exploratory scope, it prioritized clinical feasibility and speed. The discovery of PLK1 inhibitors as strong
candidates and the identification of YAP1 expression as a possible predictive marker are in line with independent
studies by other groups [40, 55, 56].

The identification of potential biomarkers capable of predicting patient response to PLK1 inhibitors in clinical
contexts represents an important step toward implementing precision medicine for SCLC. Across our panel of
SCLC cell lines, no significant correlation was detected between PLK 1 expression at the transcriptomic level and
the observed in vitro cytotoxic effects of PLKI-targeting compounds. Notably, however, loss-of-function
alterations—either alone or accompanied by hemizygous deletions—within the TP53 gene were linked to
enhanced drug sensitivity. These outcomes align with earlier reports suggesting that total TP53 inactivation or
deleterious mutations heighten susceptibility to PLK1 inhibition, whereas gain-of-function (GOF) or preserved
wild-type TP53 activity mitigates responsiveness [46-51].

Among all human malignancies, TP53 stands as one of the most frequently altered genes, though the mutation
rates vary substantially by tumor type—from under 5% in cervical cancer to roughly 80-90% in SCLC [57-59].
Functionally, pS3 operates as both a transcriptional activator and repressor, regulating hundreds of genes [60].
While non-synonymous single-nucleotide variants are the predominant damaging TP53 changes, deletions and
other genomic mechanisms also occur. Over 45, 000 unique TP53 mutations have been documented,
encompassing roughly 1, 540 single-nucleotide substitutions and 2, 000 frameshift variants [60].

The biological impact of a mutation largely depends on its position—particularly within exons 5-8, which encode
the DNA-binding region of p53. Disruptive mutations typically occur within the L2 (codons 163-195) or L3
(codons 236-251) motifs or introduce premature stop codons, whereas non-disruptive mutations occur outside
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these zones. Considering that nearly all SCLC cases harbor TP53 mutations, and that TP53 loss is indispensable

for SCLC formation in murine models [61], we proposed leveraging the biological distinction between
inactivating and GOF TP53 variants to personalize therapy.

Moreover, gene set enrichment analysis comparing resistant and parental cell lines revealed pronounced
modulation of immune-regulatory gene expression in resistant models. This observation warrants further study to
evaluate whether combining PLK1 blockade with immune checkpoint inhibition could provide additional
therapeutic benefits.

Conclusion

Our investigation identified PLK1 as a promising therapeutic target in preclinical SCLC systems. Two structurally
distinct and highly selective PLK1 inhibitors—volasertib and onvansertib—demonstrated strong antitumor
efficacy across in vitro studies, conventional xenografts, and patient-derived xenograft (PDX) models representing
both platinum-sensitive and resistant SCLC. We further highlighted inactivating TP53 mutations and elevated
YAPI1 expression as potential biomarkers to refine patient selection in future clinical applications.

This preclinical evidence has progressed into clinical testing through an ongoing phase II trial of onvansertib in
relapsed SCLC (NCT05450965). Additionally, onvansertib is under active evaluation in combination with
standard chemotherapy for several malignancies, including KRAS-mutant metastatic colorectal cancer, metastatic
pancreatic cancer, and triple-negative breast cancer. Early data from the randomized phase II mCRC trial
(NCT05593328) demonstrate a 64% objective response rate (ORR), substantially exceeding that of chemotherapy
alone (33% ORR).
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