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ABSTRACT

Prostate cancer is the most diagnosed cancer and a leading cause of cancer-related mortality
among men in the United States. Androgen deprivation therapy (ADT) has long been the
cornerstone of treatment for advanced prostate cancer. However, most patients eventually
develop resistance, leading to progression into the lethal castration-resistant prostate cancer
(CRPC) stage, which is associated with poor survival rates. While next-generation androgen
receptor signaling inhibitors (ARSIs), such as enzalutamide and abiraterone, have revolution-
ized CRPC treatment, resistance to these therapies remains a significant challenge, rendering
the disease incurable. Recent studies have identified Polo-like kinase 1 (PLK1), a master regu-
lator of mitosis, as a key driver of prostate cancer progression, particularly in CRPC. PLK1 acti-
vation has been linked to critical pathways, including oxidative stress responses, lipid metab-
olism, and androgen receptor (AR) signaling, which collectively promote tumor growth and
ARSI resistance. Moreover, PLK1 can regulate chromosomal stability and DNA damage repair
pathways, contributing to sensitivity to irradiation therapy. Additionally, PLK1 plays a role in
driving resistance to targeted therapies, such as PARP inhibitors, in BRCA-mutant CRPC. Com-
pelling evidence further suggests that combining PLK1 inhibition with paclitaxel could serve
as an effective therapeutic strategy to overcome resistance in CRPC by targeting microtubule
dynamics. This review examines the mechanistic role and broader implications of PLK1 in
CRPC treatment, offering valuable insights into potential combination therapies to improve
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efficacy and patient outcomes.

Introduction

Prostate cancer is a significant health burden
among men in the United States, with over 299,010
new cases projected in 2024, accounting for 29% of
all newly diagnosed cancers in men. Additionally, it is
estimated that 35,250 deaths will occur, making pros-
tate cancer the second leading cause of cancer-related
mortality in men, following lung and bronchus can-
cer[1]. Despite advancements in detection and treat-
ment, prostate cancer outcomes remain highly de-
pendent on the stage at diagnosis. Data from 2014 to
2020 indicate a 5-year relative survival rate of 97.5%
for prostate cancer overall, with localized or regional
cases achieving similarly high survival rates. Howev-
er, the prognosis worsens dramatically for metastatic
prostate cancer, where the 5-year survival rate drops
to 36.6%][2]. Metastatic prostate cancer is not only in-
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curable but also associated with significant morbidity
and poor quality of life.

The prostate gland relies on androgens for its
growth and function. Consequently, androgen depri-
vation therapy (ADT) remains the cornerstone of
treatment for metastatic prostate cancer, providing
substantial palliative benefits by reducing androgen
levels and signaling[3]. However, the majority of pa-
tients eventually develop resistance to ADT, leading
to disease progression and the transition to the lethal
castration-resistant prostate cancer (CRPC) stage [4].
CRPC is characterized by the reactivation of andro-
gen receptor (AR) signaling despite low circulating
androgen levels, which drives tumor growth, recur-
rence, and metastasis[5].

Atthe CRPC stage, secondary AR-inhibitory ther-
apies, including next-generation AR signaling inhibi-
tors (ARSI) such as enzalutamide and abiraterone, are
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often used to achieve a more comprehensive block-
ade of androgen signaling[6]. ARSIs are initially ef-
fective for treating CRPC, but patients often eventu-
ally acquire resistance to continuous treatment with
these agents[7].While ARSIs initially provide clinical
benefits, most patients ultimately develop resistance
to these agents. Resistance to ARSIs not only lim-
its therapeutic options but also contributes to poor
outcomes and increased mortality, posing a signifi-
cant challenge to effective disease management [8].
The growing challenge underscores the urgent need
for research into the underlying mechanisms driving
ARSI resistance. This review explores the mechanistic
role of PLK1 in CRPC and its therapeutic implica-
tions, highlighting its potential to overcome resis-
tance to current treatments.

Mechanisms Driving ARSI Resistance in CRPC

Multiple mechanisms drive resistance to ARSIs
in prostate cancer. One such mechanism involves
gene amplification, particularly of the AR gene, lead-
ing to its overexpression and enabling androgen-de-
pendent growth despite low serum androgen levels
and ARSI treatment[9]. Another mechanism is the
presence of androgen receptor splice variants that en-
code truncated androgen receptors lacking the C-ter-
minal ligand-binding domain but retaining the active
N-terminal domain[10]. These splice variants act as
constitutively active transcription factors, promoting
gene activation independently of androgen binding.
Additionally, the F876L missense mutation in the AR
ligand-binding domain has been shown to confer re-
sistance to second-generation antiandrogens, such as
enzalutamide, in preclinical studies[11]. Detection
of this mutation in plasma DNA from ARSI-treated
patients with progressing disease suggests a role for
next-generation antiandrogens paired with blood-
based companion diagnostics to optimize treatment
strategies.

Besides AR signaling, complex mechanisms
that drive resistance to ARSIs have been extensively
focused on in recent years. Through a combination
of innovative approaches and rigorous analyses, key
molecular pathways and therapeutic targets have
been identified, offering new avenues for addressing
this significant clinical challenge.

Investigations have revealed a pivotal role for the
Wnt/B-catenin pathway in enzalutamide (ENZA) re-
sistance. Bioinformatics analyses identified elevated
levels of B-catenin and AR in resistant cells, which

linked to reduced B-TrCP-mediated ubiquitination.
Experimental activation of this pathway in EN-
Z.A-sensitive cells induced resistance, while its inhibi-
tion with the p-catenin inhibitor ICG001, combined
with ENZA, synergistically suppressed tumor growth,
stem-like marker expression, and cell proliferation.
These findings underline the therapeutic potential
of targeting the Wnt/[p-catenin pathway in advanced
prostate cancer[12]. Further studies have highlight-
ed the significant involvement of noncanonical Wnt
signaling in ENZA resistance. Elevated expression of
Wnt5a, RhoA, and ROCK was observed in resistant
cells compared to their sensitive counterparts. Stud-
ies have shown that inhibiting ROCK using Y27632
or genetic knockdown resensitized resistant cells to
ENZA, disrupted epithelial-mesenchymal transi-
tion (EMT), and reduced cell invasion and migra-
tion. These effects were further validated in xeno-
graft models, where the combination of Y27632 and
ENZA synergistically suppressed tumor growth[13].
Another key finding identified glutathione
S-transferase Mu 2 (GSTM2) as a critical determi-
nant of resistance to second-generation AR inhibi-
tors (SG-ARIs). Elevated GSTM2 expression, driven
by the aryl hydrocarbon receptor (AhR), enabled re-
sistant cells to mitigate oxidative stress and suppress
the p38 MAPK pathway. Overexpression of GSTM2
in ENZA-sensitive cells conferred resistance not only
to ENZA but also to apalutamide (APA) and darolut-
amide (DARO). These results point to GSTM2 as
an actionable target for overcoming SG-ARI resis-
tance[14]. Through RNA sequencing and bioinfor-
matics analyses, NOTCH signaling was identified as a
key pathway driving ENZA resistance. Resistant cells
displayed elevated levels of cleaved NOTCH1, HESI,
and c-MYC, which correlated with AR expression.
Inhibiting ADAM10, a regulator of NOTCH cleav-
age, or directly targeting NOTCH1 reduced prolif-
eration and resensitized cells to ENZA. These results
were further supported by xenograft studies where
combining the NOTCH inhibitor PF-03084014 with
ENZA significantly suppressed tumor growth by en-
hancing apoptosis and reducing proliferation[15].
The role of DNA methylation in ENZA resistance
has also been highlighted by the finding that DNA
methyltransferase (DNMT) activity, particularly DN-
MT3B expression, was upregulated in resistant cells.
Overexpression of the DNMT3B variant DNMT3B3
promoted resistance, while DNMT3B knockdown or
treatment with the DNA methylation inhibitor decit-
abine resensitized cells to ENZA. Mechanistic studies



revealed that decitabine reduced AR-V7 expression
and modulated genes related to apoptosis and DNA
repair, resulting in enhanced tumor suppression in
xenografts when combined with ENZA[16]. The role
of epigenetic regulation in ARSI resistance was un-
derscored by the findings on the enhancer of zeste
homolog 2 (EZH2). It was demonstrated that EZH2
directly suppresses AR-dependent transcription,
contributing to ENZA resistance. Inhibiting EZH2
using GSK126 synergistically enhanced ENZA efhi-
cacy by promoting apoptosis and reducing prolifer-
ation in resistant models. Further analyses revealed a
strong correlation between EZH2 and AR expression
in clinical datasets, positioning EZH2 inhibition as a
promising therapeutic strategy in CRPC[17].

A crucial discovery was the identification of
casein kinase la (CKla) as a critical modulator of
ENZA resistance. By conducting a kinome-wide
CRISPR-Cas9 knockout screen, it was demonstrat-
ed that CK1a phosphorylates ATM at serine residue
S1270, stabilizing this vital initiator of DNA dou-
ble-strand break (DSB) repair. In ENZA-resistant cell
lines and patient-derived xenografts, CKla inhibi-
tion successfully restored DSB signaling, leading to
enhanced apoptosis and growth arrest. This finding
highlights the therapeutic potential of CKla inhibi-
tion in combating ARSI resistance[18]. The role of
cholesterol biosynthesis in ENZA resistance has been
explored, revealing that 3-hydroxy-3-methyl-glu-
taryl-CoA reductase (HMGCR) expression is elevat-
ed in resistant cells. This elevation is associated with
androgen receptor (AR) stabilization through mTOR
activation. Statins, including simvastatin, effectively
reduced HMGCR and AR levels, resensitizing cells to
ENZA. Combination treatment with simvastatin and
ENZA demonstrated significant tumor suppression
in cell culture models and xenograft models, suggest-
ing that targeting cholesterol biosynthesis could be a
viable approach to overcoming ARSI resistance[19].
These findings collectively provide a comprehensive
understanding of the molecular mechanisms driv-
ing ARSI resistance and offer actionable insights for
developing more effective combination therapies in
CRPC.

The Role of PLK1 in Sensitizing Cancer Therapies
for CRPC

Polo-like kinase 1 (PLK1) is a serine/threonine
kinase that plays a pivotal role in cell cycle regulation,
particularly during mitosis[20].It is a master regula-
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tor of several key processes required for proper cell
division, including initiating mitotic entry [21, 22],
assembling the mitotic spindle [23, 24], promoting
centrosome maturation [25-27], nuclear envelope
breakdown (NEBD)[28, 29], regulating kinetochore
activity [30, 31], chromosome condensation and seg-
regation[32, 33], activating the anaphase-promoting
complex/cyclosome (APC/C)[34, 35], and coordinat-
ing cytokinesis[36, 37]. Given its central role in cell
division and maintaining genomic stability, PLK1 has
become a focal point in both basic and clinical cancer
research. Overexpression of PLK1 has been observed
in various human cancers, including prostate cancer,
where it is associated with enhanced cellular prolifer-
ation and poor prognosis[38-41]. This highlights the
critical need for further investigation into the mech-
anisms by which PLK1 contributes to the initiation
and progression of prostate cancer.

Advances in high-throughput genetic technolo-
gies, such as RNA sequencing and CRISPR screens,
along with studies in animal models and human
prostate cancer tissues, have facilitated detailed anal-
yses of molecular alterations driving prostate cancer
initiation and progression [42]. These efforts have
highlighted PLK1 as a critical regulator of mitotic cell
division, particularly under conditions of replicative
stress and chromosomal instability. In prostate epi-
thelial cells, elevated PLK1 levels promote malignant
transformation, enhanced cell migration, and epithe-
lial-to-mesenchymal transition, which are correlated
with higher disease grades [43]. Additionally, PLK1
inhibits the proapoptotic activity of the FOXO1 tran-
scription factor[44], regulating BRD4and DNMT3a
stability[45, 46], and interacting with the Wnt/f-cat-
enin pathway in CRPC, making it a promising target
for therapeutic intervention[47]. Given its multifac-
eted role in CRPC progression, PLK1 has emerged
as a potential therapeutic target to sensitize cancer
treatments and overcome resistance. The following
sections explore the diverse therapeutic strategies in-
volving PLK1 inhibition, including its ability to en-
hance responses to ARSIs, ionizing radiation therapy,
PARP inhibitors, and paclitaxel, as summarized in
Figure 1.

Enhancing Sensitivity to ARSI Treatments

Prostate cancer progression is driven by oxi-
dative stress, AR signaling, and activation of the
PI3K-AKT-mTOR pathway. Notably, Plk1 signaling
and lipid metabolism have been identified as the
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Figure 1. Plk1 Inhibition Enhances Therapeutic Sensitivity in Prostate Cancer. PLK1 inhibition enhances responses to ARSls,
PARP inhibitors, paclitaxel, and IR treatment by targeting metabolic pathways, microtubule dynamics, PARP1 activity, and DNA

damage repair (DDR) mechanisms, effectively overcoming thera

most significantly upregulated pathways in pros-
tate cancer[48]. Studies reveal that oxidative stress
activates both the PI3K-AKT-mTOR pathway and
AR signaling in a Plkl-dependent manner in pros-
tate cells[49, 50]. Pharmacological inhibition of the
PI3K-AKT-mTOR pathway effectively abrogated
oxidative stress-induced activation of AR signaling.
Additionally, PIk1 modulation influenced cholester-
yl ester accumulation via the SREBP pathway. Im-
portantly, Plkl inhibition enhanced the therapeutic
response to ARSIs and overcame resistance to these
agents. These findings underscore the role of Plkl
activation in coordinating oxidative stress respons-
es, lipid metabolism, and AR signaling to sustain
prostate cancer progression. These results provide
a strong mechanistic rationale for exploring Plkl
inhibitors in combination with ARSIs to improve
therapeutic outcomes in CRPC[51]. Another study
showed that the microtubule-stabilizing drug inhibits
AR signaling by preventing its nuclear accumulation,
a process dependent on microtubule stabilization. In
this context, PLK1 plays a critical role by suppressing
kinetochore-microtubule dynamics, thereby stabi-
lizing initial attachments during prometaphase. This

peutic resistance in prostate cancer.

mechanism highlights how PLK1-associated kinase
activity contributes to the constitutive activation of
AR signaling in CRPC. Supporting these findings, a
recent study demonstrated that Plkl1 inhibition syn-
ergizes with the ARSI abiraterone by inducing mi-
totic defects in ARSI-resistant metastatic CRPC[52].
Furthermore, another study reported that co-target-
ing PIk1 and the androgen receptor significantly im-
proves therapeutic sensitivity in paclitaxel-resistant
prostate cancer[53].

Combination with lonizing Radiation Therapy

Using a conditional expression system, Plkl
transgenic mouse models were developed to investi-
gate the role of PIkl in tumorigenesis. Overexpres-
sion of Plk1 in mouse embryonic fibroblasts derived
from these transgenic mice resulted in aberrant mito-
sis, leading to chromosomal instability characterized
by aneuploidy and apoptosis. Despite these cellular
abnormalities, Plk1 overexpression alone did not re-
sult in any overt phenotypic changes or malignant
tumor formation in the mice, even over extended pe-
riods, suggesting it may act as a passenger rather than



a driver. This observation suggests that additional on-
cogenic factors are required for tumor development
in Plkl-overexpressing mice. Given Plkl’s involve-
ment in regulating the DNA damage response (DDR)
pathway, the Plk1-overexpressing mice were exposed
to ionizing radiation (IR). These mice displayed sig-
nificantly heightened sensitivity to IR compared to
their wild-type counterparts. Tumorigenesis analysis
revealed a substantial reduction in latency for tumor
development following IR exposure in Plkl-overex-
pressing mice. Mechanistically, PIkl overexpression
was associated with diminished phosphorylation of
key DDR proteins, including ATM, Chk2, and his-
tone H2AX, after IR treatment. Additionally, gene
expression analysis suggested that elevated Plk1 lev-
els downregulate several critical DDR genes. These
findings indicate that Plkl can regulate tumorigen-
esis by influencing chromosomal stability and DDR
pathways[54]. As such, targeting Plk1 in combination
with ionizing radiation may represent a promising
therapeutic strategy to enhance treatment efficacy in
prostate cancer.

Overcoming PARP Inhibitor Resistance

Olaparib, an FDA-approved PARP inhibitor
(PARPi), shows considerable promise as a synthetic
lethal therapy for BRCA-mutant CRPC. However,
growing evidence suggests that BRCA-mutant cells
can acquire resistance to PARPi, with the underly-
ing mechanisms remaining poorly defined. It has
been demonstrated that combining olaparib with the
Plkl inhibitor significantly enhances the sensitivity
of BRCA1-deficient CRPC cells and CRPC xeno-
graft tumors to PARPi[55]. Mechanistically, olaparib
monotherapy bypasses the G1-S checkpoint, leading
to increased Plkl expression, which attenuates its
therapeutic efficacy. Notably, in BRCA1 wild-type
C4-2 cells, PIkl inhibition also improves olaparib’s
effectiveness, even in the presence of mutant p53.
These findings underscore the critical role of Plkl
in driving PARPi resistance in BRCA-mutant CRPC
and suggest that targeting Plkl may expand the ther-
apeutic scope of PARP inhibitors, potentially benefit-
ing non-BRCA-mutant patient populations.

Sensitize Taxane-based Chemotherapies

Taxane-based chemotherapy remains the stan-
dard treatment for CRPC, yet resistance to this ther-
apy inevitably emerges in nearly all patients. Studies
reveal that paclitaxel exerts its anti-tumor effects in
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CRPC by inhibiting AR activity through disruption
of microtubule dynamics. Research has demonstrated
that Plkl phosphorylates CLIP-170 and p150Glued,
two key regulators of microtubule dynamics[56].
Plkl-mediated phosphorylation of these proteins
influences cellular sensitivity to paclitaxel. Nota-
bly, expression of non-phosphorylatable mutants of
CLIP-170 and pl150Glued enhances paclitaxel-in-
duced apoptosis, promotes AR protein degradation,
and reduces nuclear AR accumulation in response
to androgen stimulation in prostate cancer cells[57].
Moreover, cells expressing non-phosphorylatable
CLIP-170 mutants exhibit impaired microtubule dy-
namics, providing mechanistic insights into the role
of Plk1 kinase activity in sustaining AR signaling in
CRPC. These findings suggest that combining Plk1
inhibition with paclitaxel holds significant potential
as a therapeutic strategy to overcome resistance in
CRPC. Supporting this, another study demonstrated
that combining Plkl inhibition with nocodazole, a
microtubule-targeting agent with a mechanism simi-
lar to taxanes, produced synergistic antitumor effects
in vitro while sparing normal prostate epithelial cells,
further emphasizing the promise of targeting Plk1 in
microtubule-associated therapies for CRPC[44].

PLK1 Inhibitors: Clinical Progress and Therapeutic
Potential in CRPC

PLK1 has become a prominent therapeutic tar-
get due to its critical role in cell cycle regulation and
tumor progression. Numerous PLK1 inhibitors have
been developed and evaluated in both preclinical and
clinical settings, showing promising results across
various cancers, including CRPC. This section pro-
vides an overview of the clinical progress of several
PLK1 inhibitors and explores their therapeutic po-
tential in the treatment of CRPC.

1.BI2536

BI 2536 is one of the earliest ATP-competitive
inhibitors developed to target PLK1, a critical regula-
tor of mitotic progression and cell cycle control. As a
dihydropteridinone derivative, BI 2536 effectively in-
hibits PLK1 activity at nanomolar concentrations, in-
ducing G2/M phase arrest and mitotic abnormalities
such as monopolar spindle formation. This disrup-
tion leads to apoptosis and tumor cell death, making
it a potent anticancer agent in preclinical models[40,
58, 59]. BI-2536 was the first PLK1 inhibitor to enter
clinical trials, there are 11 clinical trials about BI2536
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posted on ClinicalTrials.gov. However, dose-limiting
toxicities, particularly reversible neutropenia, posed
challenges for its widespread clinical application in
monotherapy[60-62].

In the context of prostate cancer, BI2536 shows
promise in CRPC treatment. It acts synergistically
with other therapies, such as PARP inhibitors, and
metformin to enhance antitumor effects[55, 63]. By
inhibiting PLK1, BI2536 induces cell cycle arrest,
and apoptosis, and increases sensitivity to other
treatments. It affects key pathways like PI3K-AKT-
mTOR, Wnt/p-catenin, and androgen receptor sig-
naling[64-66]. Preclinical studies in CRPC models
demonstrate significant tumor growth inhibition and
enhanced efficacy when combined with other treat-
ments[67]. BI2536 offers a potential new approach to
managing CRPC by augmenting the effectiveness of
existing therapies.

2.Volasertib (B16727)

Volasertib (B16727), an advanced ATP-competi-
tive inhibitor of PLK1, was developed by Boehringer
Ingelheim as a refined successor to BI2536[68]. Vo-
lasertib induces G2/M cell cycle arrest and apoptosis
in a variety of tumor cell lines. It has demonstrated
strong antitumor activity in preclinical models, in-
cluding those of acute myeloid leukemia (AML),
non-small cell lung cancer (NSCLC), and ovarian
cancer, among others[69, 70]. Volasertib boasts im-
proved pharmacokinetic properties compared to its
predecessor BI2536, such as better tissue penetration
and a longer half-life[71]. Clinical trials highlighted
its manageable toxicity profile, with reversible he-
matologic side effects like neutropenia and throm-
bocytopenia at the maximum tolerated doses[70].
Although monotherapy yielded only modest results,
Volasertib showed promise in combination therapies,
such us with low-dose cytarabine in elderly AML and
combined with Afatinib in advanced solid tumors
patients, significantly improving response rates and
overall survival[72, 73].

Volasertib has shown promise in the treatment
of CRPC by targeting PLK1, a critical regulator of
mitosis often overexpressed in CRPC. Preclinical
studies indicate that Volasertib induces G2/M arrest
and apoptosis which is crucial in CRPC cell[67, 74].
Moreover, one study has demonstrated that com-
bining volasertib with docetaxel (DTX), a standard
chemotherapy for CRPC, results in strong synergis-
tic effects. The combination of volasertib and DTX

caused greater inhibition of cell viability compared
to either drug alone in CRPC cell lines[75]. While
studies specific to CRPC are limited, these findings
suggest that Volasertib could be integrated into com-
bination therapies to improve outcomes in resistant
prostate cancer.

3. Onvansertib (NMS-1286937, NMS-P937,
PCM-075)

Onvansertib is a third-generation, ATP-compet-
itive inhibitor of PLK1 developed by Nerviano Med-
ical Science[76, 77]. It potently inhibits PLK1 kinase
activity in biochemical assays, with an IC50 value of 2
nmol/L. Onvansertib also demonstrates high potency
in numerous cell lines, with IC50 values below 100
nmol/L in 60 out of 137 tested cell lines. Its mech-
anism of action involves inducing mitotic cell-cycle
arrest followed by apoptosis, a process verified in a
mouse xenograft model, which confirmed a clear
PLK1-related mechanism[78].

Onvansertib is orally bioavailable, with a human
half-life of approximately 24 hours, and is well tol-
erated in patients with AML[79]. In a Phase I trial,
its manageable safety profile was established, with
thrombocytopenia and neutropenia identified as pri-
mary dose-limiting toxicities[80]. The compound has
been evaluated in multiple clinical trials across vari-
ous cancer types, including AML, metastatic colorec-
tal cancer (mCRC) with KRAS mutations, and CRPC,
showing promising results in combination therapies.
For AML, a Phase Ib study demonstrated that the
combination of Onvansertib and decitabine was well
tolerated and exhibited antileukemic activity, par-
ticularly in patients showing target engagement and
decreased mutant circulating tumor DNA (ctDNA)
post-treatment. This combination is being further ex-
plored in an ongoing Phase II trial[79]. For mCRC,
a Phase Ib study showed that Onvansertib combined
with FOLFIRI/bevacizumab was well tolerated and
exhibited promising efficacy as a second-line treat-
ment for KRAS-mutant mCRC[81]. A subsequent
Phase II trial confirmed significant activity of this
combination, particularly in patients without prior
bevacizumab exposure[82]. These findings lead to its
evaluation in the first-line setting (NCT06106308).
Additional ongoing trials are investigating Onvan-
sertib in recurrent or refractory chronic myelomono-
cytic leukemia (NCT05549661), relapsed small cell
lung cancer (NCT05450965), triple-negative breast
cancer (TNBC) with paclitaxel (NCT05383196), and



pancreatic cancer (NCT04005690), underscoring its
broad therapeutic potential.

In CRPC, Onvansertib is being investigated for
its ability to enhance efficacy and overcome resis-
tance to ARSIs. Clinical trials have evaluated its com-
bination with abiraterone and prednisone in patients
with metastatic CRPC who progressed on abiraterone
(NCT03414034). Preclinical studies further support
these efforts, demonstrating that Onvansertib syner-
gizes with abiraterone in vitro and in vivo to target
a subset of androgen-independent cancer cells[83].
Taken together, these findings position Onvansertib
as a promising therapeutic option to overcome ARSI
resistance in CRPC.

4. GSK461364

GSK461364, a selective ATP-competitive PLK1
inhibitor developed by GlaxoSmithKline, is a thio-
phene amide that effectively induces G2/M cell cy-
cle arrest and apoptosis in cancer cells[84]. With a
Ki*app of <0.5 + 0.1 nmol/L, GSK461364 exhibits
at least 1,000-fold selectivity for PLK1 compared to
other kinases, including PLK2 and PLK3. It inhib-
its cell growth in 89% of 74 tested cancer cell lines,
achieving a GI50 < 100 nmol/L after 72 hours of drug
exposure[84]. Preclinical studies have demonstrated
its antitumor activity, including tumor growth inhibi-
tion, prevention of brain metastases in breast cancer
models, and induction of mitotic arrest and apoptosis
in osteosarcoma[85-87]. Additionally, it suppresses
gastric cancer cell proliferation and induces cellular
senescence. In phase I clinical trials for solid tumors,
dose-limiting toxicities included venous thrombotic
emboli, neutropenia, and sepsis, leading to a recom-
mended phase II dose of 225 mg, combined with an-
ticoagulants to mitigate adverse effects[88].

In prostate cancer, GSK461364 has demonstrat-
ed potential in combination therapies. A study com-
bining GSK461364 with the BRD4 inhibitor JQI re-
vealed strong synergistic effects in CRPC cell lines
and xenograft models. This synergy is attributed to
two mechanisms: PLK1 inhibition elevates c-MYC
levels, which is directly counteracted by JQ1, and the
combined inhibition of PLK1 and BRD4 synergisti-
cally disrupts AR signaling[66]. These findings high-
light the promise of using GSK461364 in combina-
tion therapies for CRPC treatment.

Several other PLK1 inhibitors have been evaluat-
ed in clinical trials, including TAK-960, CFI-400945,
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Rigosertib (ON-01910), CYC140, and BAL0891, with
the latter three still undergoing active investigation.
Among these, the non-ATP-competitive inhibitor
Rigosertib has been extensively studied, with four
clinical trials reaching phase III for myelodysplastic
syndromes (MDS) and metastatic pancreatic cancer.
While research on these inhibitors in prostate cancer
is limited, the critical role of PLK1 in CRPC suggests
their potential utility, particularly as part of combi-
nation therapies. Further exploration of these agents
could offer promising new strategies for CRPC treat-
ment.

The FDA has granted orphan drug status and
breakthrough therapy to some PLK1 inhibitors, in-
cluding volasertib and onvansertib, also volasertib
and Rigosertib have reached phase III, however no
PLK1 inhibitor has yet been granted marketing ap-
proval by the FDA, indicating that challenges remain.
One of the primary challenges is the complexity of
selectively targeting PLK1 while minimizing off-tar-
get effects on other kinases, which can lead to tox-
icity. Despite the high specificity of some inhibitors,
dose-limiting toxicities such as neutropenia, throm-
bocytopenia, and venous thromboembolism fre-
quently occur in clinical trials[60-62, 70, 80]. Cancer
cells often develop resistance to PLK1 inhibitors, par-
ticularly through mutations at the ATP-binding re-
gion of the PLK1 kinase domain. This resistance can
significantly reduce the efficacy of these inhibitors in
clinical settings[67, 89]. Combination therapies in-
volving PLK1 inhibitors and other agents such as che-
motherapy or immunotherapy have shown superior
effects in preclinical models, promoting apoptosis,
disrupting the cell cycle, and overcoming resistance
compared to monotherapies[67]. While early clinical
trials have shown promise, some combinations have
failed to improve patient survival. This highlights
the need for further research to identify and validate
novel co-targets that can optimize PLK1-based com-
bination therapies.

Summary

PLK1 has emerged as a pivotal therapeutic target
in prostate cancer, particularly in addressing resis-
tance in CRPC. This review highlights PLK1’s multi-
faceted role in cell cycle regulation, genomic stability,
and its involvement in key pathways such as oxidative
stress response, lipid metabolism, and DNA damage
repair. Elevated PLK1 levels contribute to tumor ini-
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tiation following ionizing radiation and drive tumor
progression and therapeutic resistance, particularly
against ARSIs, PARP inhibitors, and taxane-based
chemotherapies like paclitaxel. Evidence under-
scores the therapeutic potential of PLK1 inhibitors,
especially when combined with existing treatments,
to improve outcomes in CRPC. This paper provides
comprehensive insights into PLK1’s mechanisms and
its promising role in future therapeutic strategies for
prostate cancer.

Conflict of Interest
No potential conflicts of interest were disclosed.
Financial support and sponsorship

The work was supported by NIH grants RO1
CA157429 (Liu X), ROI CA196634 (Liu X), RO1
CA256893 (Liu X), RO1 CA264652 (Liu X), ROl
CA272483 (Liu X). The work was also supported by
the DOD grant HT 9425-24-1-0442.

Uncategorized References

1. Siegel RL, Giaquinto AN, Jemal A: Cancer sta-
tistics, 2024. CA: a cancer journal for clinicians
2024, 74(1).

2. Cancer stat facts: Prostate cancer. 2024 [https://
seer.cancer.gov/statfacts/html/prost.html ]

3. Sharifi N, Gulley JL, Dahut WL: Androgen
deprivation therapy for prostate cancer. Jama
2005, 294(2):238-244.

4. Chandrasekar T, Yang JC, Gao AC, Evans CP:
Mechanisms of resistance in castration-resis-
tant prostate cancer (CRPC). Translational an-
drology and urology 2015, 4(3):365.

5. Kahn B, Collazo J, Kyprianou N: Androgen re-
ceptor as a driver of therapeutic resistance in
advanced prostate cancer. International journal
of biological sciences 2014, 10(6):588.

6. Bishr M, Saad F: Overview of the latest treat-
ments for castration-resistant prostate cancer.
Nature reviews Urology 2013, 10(9):522-528.

7. Jamroze A, Chatta G, Tang DG: Androgen recep-
tor (AR) heterogeneity in prostate cancer and
therapy resistance. Cancer letters 2021, 518:1-9.

8. ChenY, Zhou Q, Hankey W, Fang X, Yuan F: Sec-
ond generation androgen receptor antagonists
and challenges in prostate cancer treatment.
Cell Death & Disease 2022, 13(7):632.

10.

11.

12.

13.

14.

15.

16.

17.

Linja MJ, Savinainen KJ, Saramiaki OR, Tamme-
la TL, Vessella RL, Visakorpi T: Amplification
and overexpression of androgen receptor gene
in hormone-refractory prostate cancer. Cancer
Res 2001, 61(9):3550-3555.

Antonarakis ES, Lu C, Wang H, Luber B, Na-
kazawa M, Roeser JC, Chen Y, Mohammad TA,
Chen Y, Fedor HL et al: AR-V7 and resistance
to enzalutamide and abiraterone in prostate
cancer. N Engl ] Med 2014, 371(11):1028-1038.
doi:10.1056/NEJMoal1315815: PMC4201502.
Joseph JD, Lu N, Qian J, Sensintaffar ], Shao G,
Brigham D, Moon M, Maneval EC, Chen I, Dari-
mont B et al: A clinically relevant androgen
receptor mutation confers resistance to sec-
ond-generation antiandrogens enzalutamide
and ARN-509. Cancer Discov 2013, 3(9):1020-
1029. doi:10.1158/2159-8290.Cd-13-0226:
Zhang Z, Cheng L, Li ], Farah E, Atallah NM,
Pascuzzi PE, Gupta S, Liu X: Inhibition of the
Wnt/B-catenin pathway overcomes resistance
to enzalutamide in castration-resistant pros-
tate cancer. Cancer research 2018, 78(12):3147-
3162.

Chen X, Liu J, Cheng L, Li C, Zhang Z, Bai Y,
Wang R, Han T, Huang C, Kong Y: Inhibition
of noncanonical Wnt pathway overcomes en-
zalutamide resistance in castration-resistant
prostate cancer. The Prostate 2020, 80(3):256-
266.

Li C, Liu J, He D, Mao E, Rao X, Zhao Y, Lan-
man NA, Kazemian M, Farah E, Liu J: GSTM2
is a key molecular determinant of resistance to
SG-ARIs. Oncogene 2022, 41(40):4498-4511.
Farah E, Li C, Cheng L, Kong Y, Lanman NA,
Pascuzzi P, Lorenz GR, Zhang Y, Ahmad N, Li
L: NOTCH signaling is activated in and con-
tributes to resistance in enzalutamide-resistant
prostate cancer cells. Journal of Biological Chem-
istry 2019, 294(21):8543-8554.

Farah E, Zhang Z, Utturkar SM, Liu J, Ratliff TL,
Liu X: Targeting DNMTs to overcome enzalut-
amide resistance in prostate cancer. Molecular
cancer therapeutics 2022, 21(1):193-205.

Bai Y, Zhang Z, Cheng L, Wang R, Chen X, Kong
Y, Feng F, Ahmad N, Li L, Liu X: Inhibition of en-
hancer of zeste homolog 2 (EZH2) overcomes
enzalutamide resistance in castration-resistant
prostate cancer. Journal of Biological Chemistry
2019, 294(25):9911-9923.


https://seer.cancer.gov/statfacts/html/prost.html
https://seer.cancer.gov/statfacts/html/prost.html

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Liu J, Zhao Y, He D, Jones KM, Tang S, Alli-
son DB, Zhang Y, Chen ], Zhang Q, Wang X: A
kinome-wide CRISPR screen identifies CKla
as a target to overcome enzalutamide resis-
tance of prostate cancer. Cell Reports Medicine
2023, 4(4).

Kong Y, Cheng L, Mao F, Zhang Z, Zhang Y, Far-
ah E, Bosler ], Bai Y, Ahmad N, Kuang S: Inhi-
bition of cholesterol biosynthesis overcomes
enzalutamide resistance in castration-resistant
prostate cancer (CRPC). Journal of Biological
Chemistry 2018, 293(37):14328-14341.

Liu X: Targeting Polo-Like Kinases: A Prom-
ising Therapeutic Approach for Cancer Treat-
ment. Translational Oncology 2015, 8(3):185-195.
doi:https://doi.org/10.1016/j.tranon.2015.03.010:
Seki A, Coppinger JA, Jang C-Y, Yates JR, Fang
G: Bora and the kinase Aurora a cooperatively
activate the kinase Plk1 and control mitotic en-
try. Science 2008, 320(5883):1655-1658.
Petronczki M, Lénart P, Peters J-M: Polo on the
rise—from mitotic entry to cytokinesis with
PIk1. Developmental cell 2008, 14(5):646-659.
Santamaria A, Wang B, Elowe S, Malik R, Zhang
E Bauer M, Schmidt A, Sillje HH, Korner R, Nigg
EA: The Plkl-dependent phosphoproteome of
the early mitotic spindle. Molecular & Cellular
Proteomics 2011, 10(1).

Golsteyn RM, Mundt KE, Fry AM, Nigg EA: Cell
cycle regulation of the activity and subcellular
localization of Plkl, a human protein kinase
implicated in mitotic spindle function. The
Journal of cell biology 1995, 129(6):1617-1628.
Lane HA, Nigg EA: Antibody microinjection
reveals an essential role for human polo-like
kinase 1 (Plk1) in the functional maturation of
mitotic centrosomes. The Journal of cell biology
1996, 135(6):1701-1713.

Joukov V, De Nicolo A: Aurora-PLK1 cascades
as key signaling modules in the regulation of
mitosis. Science signaling2018, 11(543):eaar4195.
Joukov V, Walter JC, De Nicolo A: The
Cep192-organized aurora A-PIk1 cascade is es-
sential for centrosome cycle and bipolar spin-
dle assembly. Molecular cell 2014, 55(4):578-591.
Chase D, Serafinas C, Ashcroft N, Kosinski M, Lon-
go D, Ferris DK, Golden A: The polo-like kinase
PLK-1 is required for nuclear envelope break-
down and the completion of meiosis in Caenor-
habditis elegans. genesis 2000, 26(1):26-41.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

SERICAN JOURNAL OF MEDICINE 9

Linder MI, Kohler M, Boersema P, Weberruss
M, Wandke C, Marino J, Ashiono C, Picotti P,
Antonin W, Kutay U: Mitotic disassembly of
nuclear pore complexes involves CDK1-and
PLK1-mediated phosphorylation of key inter-
connecting nucleoporins. Developmental cell
2017, 43(2):141-156. e147.

Elowe S, Himmer S, Uldschmid A, Li X, Nigg
EA: Tension-sensitive Plk1 phosphorylation on
BubR1 regulates the stability of kinetochore-
microtubule interactions. Genes & development
2007, 21(17):2205-2219.

Liu D, Davydenko O, Lampson MA: Polo-like
kinase-1 regulates kinetochore-microtubule
dynamics and spindle checkpoint silencing.
Journal of Cell Biology 2012, 198(4):491-499.
Kang YH, Park J-E, Yu L-R, Soung N-K, Yun S-M,
Bang JK, Seong Y-S, Yu H, Garfield S, Veenstra
TD: Self-regulated Plk1 recruitment to kineto-
chores by the P1k1-PBIP1 interaction is critical
for proper chromosome segregation. Molecular
cell 2006, 24(3):409-422.

Kagami Y, Ono M, Yoshida K: Plkl phosphor-
ylation of CAP-H2 triggers chromosome con-
densation by condensin II at the early phase of
mitosis. Scientific Reports 2017, 7(1):5583.
Schmidt A, Duncan PI, Rauh NR, Sauer G, Fry
AM, Nigg EA, Mayer TU: Xenopus polo-like
kinase PIx1 regulates XErpl, a novel inhibitor
of APC/C activity. Genes & development 2005,
19(4):502-513.

Zhang S, Chang L, Alfieri C, Zhang Z, Yang
], Maslen S, Skehel M, Barford D: Molecular
mechanism of APC/C activation by mitotic
phosphorylation. Nature 2016, 533(7602):260-
264.

Neef Rd, Preisinger C, Sutcliffe ], Kopajtich R,
Nigg EA, Mayer TU, Barr FA: Phosphorylation
of mitotic kinesin-like protein 2 by polo-like
kinase 1 is required for cytokinesis. The Journal
of cell biology 2003, 162(5):863-876.

Huang B, Shang ZF, Li B, Wang Y, Liu XD, Zhang
SM, Guan H, Rang WQ, Hu JA, Zhou PK: DNA-
PKcs associates with PLK1 and is involved in
proper chromosome segregation and cyto-
kinesis. Journal of cellular biochemistry 2014,
115(6):1077-1088.

Strebhardt K: Multifaceted polo-like kinases:
drug targets and antitargets for cancer therapy.
Nature reviews Drug discovery 2010, 9(8):643-
660.


https://doi.org/10.1016/j.tranon.2015.03.010

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

J.PENGET AL.

Reda M, Ngamcherdtrakul W, Nelson MA, Siri-
won N, Wang R, Zaidan HY, Bejan DS, Reda §,
Hoang NH, Crumrine NA: Development of a
nanoparticle-based immunotherapy targeting
PD-L1 and PLK1 for lung cancer treatment.
Nature communications 2022, 13(1):4261.

Iliaki S, Beyaert R, Afonina IS: Polo-like kinase
1 (PLK1) signaling in cancer and beyond. Bio-
chemical pharmacology 2021, 193:114747.

Wang R, Liu X: Epigenetic regulation of pros-
tate cancer. Genes ¢ Diseases 2020, 7(4):606-
613.

Knudsen BS, Vasioukhin V: Mechanisms of
prostate cancer initiation and progression. Adv
Cancer Res 2010, 109:1-50. doi:10.1016/b978-0-
12-380890-5.00001-6:

Wu J, Ivanov Al Fisher PB, Fu Z: Polo-like ki-
nase 1 induces epithelial-to-mesenchymal
transition and promotes epithelial cell motility
by activating CRAF/ERK signaling. Elife 2016,
5. doi:10.7554/eLife.10734: PMC4811775.
Gheghiani L, Shang S, Fu Z: Targeting the PLK1-
FOXO1 pathway as a novel therapeutic ap-
proach for treating advanced prostate cancer.
Sci Rep 2020, 10(1):12327. doi:10.1038/s41598-
020-69338-8: PM(C7378169.

Zhang Y, Fong KW, Mao F, Wang R, Allison
DB, Napier D, He D, Liu J, Zhang Y, Chen ] et
al: Elevating PLK1 overcomes BETi resistance
in prostate cancer via triggering BRD4 phos-
phorylation-dependent degradation in mito-
sis. Cell Rep 2024, 43(7):114431. doi:10.1016/j.
celrep.2024.114431: PMC11334074.

Zhang Z, Cheng L, Zhang Q, Kong Y, He D, Li K,
Rea M, Wang J, Wang R, Liu ] et al: Co-Target-
ing Plkl1 and DNMT3a in Advanced Prostate
Cancer. Adv Sci (Weinh) 2021, 8(13):e2101458.
doi:10.1002/advs.202101458: PMC8261504.
Cristébal I, Rojo F, Madoz-Gurpide J, Garcia-Fon-
cillas J: Cross Talk between Wnt/p-Catenin
and CIP2A/PIkl Signaling in Prostate Can-
cer: Promising Therapeutic Implications. Mol
Cell Biol 2016, 36(12):1734-1739. doi:10.1128/
mcb.00130-16: PMC4907099.

Yue S, LiJ, Lee SY, Lee HJ, Shao T, Song B, Cheng
L, Masterson TA, Liu X, Ratliff TL et al: Cho-
lesteryl ester accumulation induced by PTEN
loss and PI3K/AKT activation underlies human
prostate cancer aggressiveness. Cell Metab 2014,
19(3):393-406. doi:10.1016/j.cmet.2014.01.019:
PMC3969850.

49.

50.

51.

52.

53.

54.

55.

56.

Liu XS, Song B, Elzey BD, Ratliff TL, Konieczny
SE Cheng L, Ahmad N, Liu X: Polo-like kinase
1 facilitates loss of Pten tumor suppressor-in-
duced prostate cancer formation. ] Biol Chem
2011, 286(41):35795-35800. doi:10.1074/jbc.
C111.269050: PM(C3195584.

LiZ,KongY, Song L, Luo Q, LiuJ, Shao C, Hou X,
Liu X: Plk1-Mediated Phosphorylation of TSC1
Enhances the Efficacy of Rapamycin. Cancer
Res 2018, 78(11):2864-2875. doi:10.1158/0008-
5472.Can-17-3046: PMC5984699.

Zhang Z, Hou X, Shao C, Li ], Cheng JX, Kuang
S, Ahmad N, Ratliff T, Liu X: Plkl inhibition
enhances the efficacy of androgen signal-
ing blockade in castration-resistant pros-
tate cancer. Cancer Res 2014, 74(22):6635-
6647. doi:10.1158/0008-5472.Can-14-1916:
PMC4233180.

Patterson JC, Varkaris A, Croucher PJP, Riding-
er M, Dalrymple S, Nouri M, Xie F Varmeh
S, Jonas O, Whitman MA et al: PlIkl Inhibi-
tors and Abiraterone Synergistically Disrupt
Mitosis and Kill Cancer Cells of Disparate
Origin Independently of Androgen Recep-
tor Signaling. Cancer Res 2023, 83(2):219-
238. doi:10.1158/0008-5472.Can-22-1533:
PMC9852064.

Shin SB, Woo SU, Yim H: Cotargeting Plk1 and
androgenreceptorenhancesthetherapeuticsen-
sitivity of paclitaxel-resistant prostate cancer.
Ther Adv Med Oncol 2019, 11:1758835919846375.
doi:10.1177/1758835919846375: PMC6515847.
Li Z, Liu J, Li ], Kong Y, Sandusky G, Rao X, Liu
Y, Wan J, Liu X: Polo-like kinase 1 (P1k1) over-
expression enhances ionizing radiation-in-
duced cancer formation in mice. J Biol Chem
2017, 292(42):17461-17472. doi:10.1074/jbc.
M117.810960: PMC5655521.

Li J, Wang R, Kong Y, Broman MM, Carlock C,
Chen L, Li Z, Farah E, Ratliff TL, Liu X: Targeting
PIk1 to Enhance Efficacy of Olaparib in Cas-
tration-Resistant Prostate Cancer. Mol Cancer
Ther 2017, 16(3):469-479. doi:10.1158/1535-
7163.Mct-16-0361: PM(C5337144.

Li H, Liu XS, Yang X, Wang Y, Wang Y, Turner
JR, Liu X: Phosphorylation of CLIP-170 by Plk1
and CK2 promotes timely formation of kineto-
chore-microtubule attachments. The EMBO
Journal 2010, 29(17):2953-2965. doi:https://doi.
0rg/10.1038/emboj.2010.174:



https://doi.org/10.1038/emboj.2010.174
https://doi.org/10.1038/emboj.2010.174

57.

58.

59.

60.

61.

62.

63.

Hou X, Li Z, Huang W, Li ], Staiger C, Kuang S,
Ratliff T, Liu X: Plkl-dependent microtubule
dynamics promotes androgen receptor sig-
naling in prostate cancer. The Prostate 2013,
73(12):1352-1363.

Lénart P, Petronczki M, Steegmaier M, Di Fiore B,
Lipp JJ, Hoffmann M, Rettig W], Kraut N, Peters
J-M: The small-molecule inhibitor BI 2536 re-
veals novel insights into mitotic roles of polo-like
kinase 1. Current biology 2007, 17(4):304-315.
Steegmaier M, Hoffmann M, Baum A, Lénart P,
Petronczki M, Kr$sak M, Giirtler U, Garin-Che-
sa P, Lieb S, Quant J: BI 2536, a potent and se-
lective inhibitor of polo-like kinase 1, inhibits
tumor growth in vivo. Current biology 2007,
17(4):316-322.

Mross K, Dittrich C, Aulitzky WE, Strumberg
D, Schutte J, Schmid RM, Hollerbach S, Merger
M, Munzert G, Fleischer F et al: A randomised
phase II trial of the Polo-like kinase inhibitor
BI 2536 in chemo-naive patients with unresect-
able exocrine adenocarcinoma of the pancreas
- a study within the Central European Society
Anticancer Drug Research (CESAR) collabora-
tive network. Br J Cancer 2012, 107(2):280-286.
d0i:10.1038/bjc.2012.257: PMC3394983.
Miiller-Tidow C, Bug G, Liibbert M, Kramer
A, Krauter ], Valent P, Nachbaur D, Berdel WE,
Ottmann OG, Fritsch H et al: A randomized,
open-label, phase I/II trial to investigate the
maximum tolerated dose of the Polo-like ki-
nase inhibitor BI 2536 in elderly patients with
refractory/relapsed acute myeloid leukaemia.
Br ] Haematol 2013,163(2):214-222. doi:10.1111/
bjh.12518

Sebastian M, Reck M, Waller CFE, Kortsik C, Frick-
hofen N, Schuler M, Fritsch H, Gaschler-Markef-
ski B, Hanft G, Munzert G et al: The Efficacy and
Safety of BI 2536, a Novel Plk-1 Inhibitor, in Pa-
tients with Stage IIIB/IV Non-small Cell Lung
Cancer Who Had Relapsed after, or Failed,
Chemotherapy: Results from an Open-La-
bel, Randomized Phase II Clinical Trial. Jour-
nal of Thoracic Oncology 2010, 5(7):1060-1067.
doi:10.1097/JT0.0b013e3181d95dd4:

Shao C, Ahmad N, Hodges K, Kuang S, Rat-
liff T, Liu X: Inhibition of polo-like kinase
1 (PIk1) enhances the antineoplastic activ-
ity of metformin in prostate cancer. / Biol
Chem 2015, 290(4):2024-2033. doi:10.1074/jbc.
M114.596817: PMC4303657.

64.

65.

66.

67.

68.

69.

70.

71.

72.

SERICAN JOURNAL OF MEDICINE 11

LiJ, Karki A, Hodges KB, Ahmad N, Zoubeidi A,
Strebhardt K, Ratliff TL, Konieczny SF, Liu X: Co-
targeting polo-like kinase 1 and the Wnt/f-cat-
enin signaling pathway in castration-resistant
prostate cancer. Molecular and cellular biology
2015.

Zhang Z, Chen L, Wang H, Ahmad N, Liu X: In-
hibition of PIkl represses androgen signaling
pathway in castration-resistant prostate can-
cer. Cell Cycle 2015, 14(13):2142-2148. d0i:10.10
80/15384101.2015.1041689: PM(C4612397.

Mao E Li ], Luo Q, Wang R, Kong Y, Carlock
C, Liu Z, Elzey BD, Liu X: PIkl Inhibition En-
hances the Efficacy of BET Epigenetic Read-
er Blockade in Castration-Resistant Prostate
Cancer. Mol Cancer Ther 2018, 17(7):1554-
1565. doi:10.1158/1535-7163.Mct-17-0945:
PMC6030429.

Su S, Chhabra G, Singh CK, Ndiaye MA, Ahmad
N: PLK1 inhibition-based combination thera-
pies for cancer management. Transl Oncol 2022,
16:101332.  doi:10.1016/j.tranon.2021.101332:
PMC8728518.

Rudolph D, Steegmaier M, Hoffmann M, Grauert
M, Baum A, Quant ], Haslinger C, Garin-Chesa
P, Adolf GnR: BI 6727, a Polo-like kinase inhib-
itor with improved pharmacokinetic profile
and broad antitumor activity. Clinical cancer
research 2009, 15(9):3094-3102.

de Braud F, Cascinu S, Spitaleri G, Pilz K, Clem-
enti L, Liu D, Sikken P, De Pas T: A phase I,
dose-escalation study of volasertib combined
with nintedanib in advanced solid tumors.
Annals of Oncology 2015, 26(11):2341-2346.
do0i:10.1093/annonc/mdv354:

Lin CC, Su WC, Yen CJ, Hsu CH, Su WP, Yeh
KH, Lu YS, Cheng AL, Huang DCL, Fritsch H et
al: A phase I study of two dosing schedules of
volasertib (BI 6727), an intravenous polo-like
kinase inhibitor, in patients with advanced sol-
id malignancies. British Journal of Cancer 2014,
110(10):2434-2440. doi:10.1038/bjc.2014.195:
Gjertsen BT, Schoffski P: Discovery and de-
velopment of the Polo-like kinase inhibitor
volasertib in cancer therapy. Leukemia 2015,
29(1):11-19.

Dohner H, Liibbert M, Fiedler W, Fouillard L,
Haaland A, Brandwein JM, Lepretre S, Reman
O, Turlure P, Ottmann OG: Randomized, phase
2 trial of low-dose cytarabine with or without
volasertib in AML patients not suitable



73.

74.

75.

76.

77.

78.

79.

80.

J.PENGET AL.

for induction therapy. Blood, The Journal
of the American Society of Hematology 2014,
124(9):1426-1433.

Machiels JP, Peeters M, Herremans C, Surmont V,
Specenier P, De Smet M, Pilz K, Strelkowa N, Liu
D, Rottey S: A phase I study of volasertib com-
bined with afatinib, in advanced solid tumors.
Cancer Chemother Pharmacol 2015, 76(4):843-
851. doi:10.1007/s00280-015-2860-2:

Zheng D-W, Xue Y-Q, Li Y, Di J-M, Qiu J-G,
Zhang W-J, Jiang Q-W, Yang Y, Chen Y, Wei
M-N: Volasertib suppresses the growth of hu-
man hepatocellular carcinoma in vitro and in
vivo. American Journal of Cancer Research 2016,
6(11):2476.

Pilling A, Kim SH, Hwang C: Androgen recep-
tor negatively regulates mitotic checkpoint
signaling to induce docetaxel resistance in cas-
tration-resistant prostate cancer. The Prostate
2022, 82(2):182-192.

Beria I, Ballinari D, Bertrand JA, Borghi D, Bossi
RT, Brasca MG, Cappella P, Caruso M, Ceccarelli
W, Ciavolella A: Identification of 4, 5-dihydro-1
H-pyrazolo [4, 3-h] quinazoline Derivatives as
a new class of orally and selective polo-like ki-
nase 1 inhibitors. Journal of medicinal chemistry
2010, 53(9):3532-3551.

Beria I, Bossi RT, Brasca MG, Caruso M, Cecca-
relli W, Fachin G, Fasolini M, Forte B, Fiorentini
E Pesenti E: NMS-P937, a 4, 5-dihydro-1H-pyr-
azolo [4, 3-h] quinazoline derivative as po-
tent and selective Polo-like kinase 1 inhibitor.
Bioorganic & medicinal chemistry letters 2011,
21(10):2969-2974.

Valsasina B, Beria I, Alli C, Alzani R, Avanzi N,
Ballinari D, Cappella P, Caruso M, Casolaro A,
Ciavolella A: NMS-P937, an orally available,
specific small-molecule polo-like kinase 1 in-
hibitor with antitumor activity in solid and he-
matologic malignancies. Molecular cancer ther-
apeutics 2012, 11(4):1006-1016.

Zeidan AM, Ridinger M, Lin TL, Becker PS,
Schiller GJ, Patel PA, Spira Al Tsai ML, Samuélsz
E, Silberman SL: A phase Ib study of onvansert-
ib, a novel oral PLK1 inhibitor, in combination
therapy for patients with relapsed or refracto-
ry acute myeloid leukemia. Clinical Cancer Re-
search 2020, 26(23):6132-6140.

Weiss GJ, Jameson G, Von Hoff DD, Valsasina
B, Davite C, Di Giulio C, Fiorentini F, Alzani R,
Carpinelli P, Di Sanzo A: Phase I dose escala-

81.

82.

83.

84.

85.

86.

87.

tion study of NMS-1286937, an orally available
Polo-Like Kinase 1 inhibitor, in patients with
advanced or metastatic solid tumors. Investiga-
tional New Drugs 2018, 36:85-95.

Ahn DH, Barzi A, Ridinger M, Samuélsz E, Sub-
ramanian RA, Croucher PJ, Smeal T, Kabbinavar
FE, Lenz H-J: Onvansertib in Combination with
FOLFIRI and Bevacizumab in Second-Line
Treatment of KRAS-Mutant Metastatic Col-
orectal Cancer: A Phase Ib Clinical Study. Clin-
ical Cancer Research 2024, 30(10):2039-2047.
Ahn DH, Ridinger M, Cannon TL, Mendel-
sohn L, Starr JS, Hubbard JM, Kasi A, Barzi A,
Samuélsz E, Karki A: Onvansertib in combina-
tion with chemotherapy and bevacizumab in
second-line treatment of KRAS-mutant meta-
static colorectal cancer: A single-arm, phase II
trial. Journal of Clinical Oncology 2024:JCO-24-
01266.

Patterson JC, Varkaris A, Croucher PJ, Ridinger
M, Dalrymple S, Nouri M, Xie E, Varmeh S, Jo-
nas O, Whitman MA: PIk1 inhibitors and abi-
raterone synergistically disrupt mitosis and kill
cancer cells of disparate origin independently
of androgen receptor signaling. Cancer research
2023, 83(2):219-238.

Gilmartin AG, Bleam MR, Richter MC, Erskine
SG, Kruger RG, Madden L, Hassler DF, Smith
GK, Gontarek RR, Courtney MP: Distinct con-
centration-dependent effects of the polo-like
kinase 1-specific inhibitor GSK461364A, in-
cluding differential effect on apoptosis. Cancer
research 2009, 69(17):6969-6977.

Qian Y, Hua E, Bisht K, Woditschka S, Skordos
KW, Liewehr D], Steinberg SM, Brogi E, Akram
MM, Killian JK: Inhibition of Polo-like kinase 1
prevents the growth of metastatic breast cancer
cells in the brain. Clinical ¢ experimental metas-
tasis 2011, 28:899-908.

Chou Y-S, Yen C-C, Chen W-M, Lin Y-C, Wen
Y-S, Ke W-T, Wang J-Y, Liu C-Y, Yang M-H,
Chen T-H: Cytotoxic mechanism of PLK1 in-
hibitor GSK461364 against osteosarcoma: mi-
totic arrest, apoptosis, cellular senescence, and
synergistic effect with paclitaxel. International
journal of oncology 2016, 48(3):1187-1194.
Ataseven D, Tastemur §, Yulak E Karabulut S,
Ergul M: GSK461364A suppresses proliferation
of gastric cancer cells and induces apoptosis.
Toxicology in Vitro 2023, 90:105610.



SERICAN JOURNAL OF MEDICINE 13

88. Olmos D, Barker D, Sharma R, Brunetto AT, 89. Lee KS, Burke TR, Jr., Park JE, Bang JK, Lee E:

Yap TA, Taegtmeyer AB, Barriuso J, Medani Recent Advances and New Strategies in Target-
H, Degenhardt YY, Allred AJ: Phase I study of ing Plk1 for Anticancer Therapy. Trends Phar-
GSK461364, a specific and competitive Po- macol Sci 2015, 36(12):858-877. doi:10.1016/].
lo-like kinase 1 inhibitor, in patients with ad- tips.2015.08.013: PMC4684765.

vanced solid malignancies. Clinical cancer re-
search 2011, 17(10):3420-3430.



