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Abstract: Ovarian cancer is a common and complex malignancy with poor prognostic out-
come. Most women with ovarian cancer are diagnosed with advanced stage disease due to a lack 
of effective detection strategies in the early stage. Traditional treatment with cytoreductive 
surgery and platinum-based combination chemotherapy has not significantly improved prognosis 
and 5-year survival rates are still extremely poor. Therefore, novel treatment strategies are 
needed to improve the treatment of ovarian cancer patients. Recent advances of next generation 
sequencing technologies have both confirmed previous known mutated genes and discovered 
novel candidate genes in ovarian cancer. In this review, we illustrate recent advances in 
identifying ovarian cancer gene mutations, including those of TP53, BRCA1/2, PIK3CA, and 
KRAS genes. In addition, we discuss advances in targeting therapies for ovarian cancer based on 
these mutated genes in ovarian cancer. Further, we associate between detection of mutation genes 
by liquid biopsy and the potential early diagnostic value in ovarian cancer. 
Keywords: ovarian cancer, gene mutation, TP53, PIK3CA, BRCA1/2, KRAS, targeted 
therapy, liquids biopsy

Introduction
Ovarian cancer (OC) is well recognized as the most lethal gynecologic malignancy, 
with an estimated 295,414 newly diagnosed cases, resulting in 184,799 deaths in 2018 
worldwide.1 Epithelial ovarian cancer is a heterogeneous disease comprising of five 
main subtypes including: high-grade serous ovarian carcinoma (HGSOC), low-grade 
serous ovarian carcinoma (LGSOC), endometrioid ovarian cancer (EnOC), ovarian 
clear cell carcinoma (OCCC), and mucinous. HGSOC is most commonly observed, 
accounting for approximately 70% among all cases.2 Sixty percent of patients with 
OC are diagnosed at an advanced stage because of asymptomatic status and limited 
screening marker, and the rate of 5-year overall survival is less than 30%.3 The 
commonly adopted strategy for OC primary treatment is surgical removal of the 
tumor, followed by consistent chemotherapy. It has been found that 20–30% of 
patients have no response to initial treatment or progress within 6 months after 
primary chemotherapy due to being insensitive to the chemotherapeutic drugs.4 

Therefore, there is a crucial need to develop newer and more effective therapeutic 
regimens to overcome chemoresistance in metastatic or recurrent ovarian cancer and 
to achieve durable clinical prognosis. Research has revealed that most advanced 
patients expressed different genetic abnormalities. Those gene mutations will guide 
treatment decisions and novel effective chemotherapeutic agents that target these 
aberrant genes, to improve the poor prognosis in OC.
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Liquid biopsy, based on minimally invasive and serial 
blood tests, has the advantage of following tumor evolu-
tion in real time, offering novel insights on precision 
medicine. The major components of liquid biopsy analysis 
involve circulating tumor cells (CTCs), circulating tumor 
DNA (ctDNA), circulating cell-free microRNAs 
(miRNAs), and circulating exosomes.5 As a biomarker, it 
has already been implemented in ovarian cancer diagnosis, 
prognosis, and response to treatment. The aim of this 
review is to discuss the recent advances of TP53, 
BRCA1/2, PIK3CA, and KRAS gene mutations in ovarian 
cancer. In addition, the potential functional targeted ther-
apy and the biomarker that might eventually be clinically 
actionable and applied in liquid biopsy are also reviewed.

Ovarian Cancer and Gene Mutation
Multiple studies have reported the significant association 
between gene mutations and clinical phenotype of cancers, 
implying the prospect to use the loci of gene mutations as 
prognosis and therapeutic targets.6–9 Four gene mutations 
are most commonly reported to be highly associated with 
epithelial OC, including: TP53, BRCA1/2, PIK3CA, and 
KRAS. The frequency of these mutations varies among 
different subtypes of epithelial OC (Table 1). The expres-
sion of P53 mutation is the most common mutation in 
HGSOC. The P53 mutation rate increases to 54.5% in 
HGSOC. BRCA1/2 genes are responsible for the majority 
of hereditary OC. The BRCA mutation rate increases to 
40% in recurrent HGSOC. PIK3CA mutations have a high 
frequency in OCCC and the EnOC in relation to endome-
triosis. The KRAS mutation plays a key role in the 
LGSOC and mucinous OC. The potential mechanisms 
between the mutations and OC are described as: loss of 
function of genes regulating tumor suppression, abnorm-
alities of DNA repair genes, apoptosis, gain in function of 
oncogenes, and epigenetic inactivation.10

Tumor Suppressor Gene TP53 in 
Ovarian Cancer
The TP53, located chromosome 17P13.1, is composed of 
19,198 nucleotides spanning 11 exons.11 TP53, as a “the 
guardian of the genome” or “cellular gatekeeper”,12,13 

plays an important roles in tumor suppression, by regulat-
ing the expression of downstream genes to induce a series 
of cellular responses, such as cell cycle arrest or apoptosis 
in different types of stress (eg, nutrient deprivation, telo-
mere erosion, hypoxia, DNA damage, ribosomal stress, 
and oncogene activation)6,14 (Figure 1). In general, protein 
levels of p53 keep low or undetectable owing to its nega-
tive regulator MDM2, which binds to the amino terminus 
of p53 and targets p53 for proteasome-mediated 
degradation.6 DNA damage and stresses disrupt P53- 
MDM2 binding to increase p53 levels.15 Loss of its apop-
tosis activity can cause tumor development and 
chemoresistance.16

P53 is a tetramer formed by four p53 molecules which 
self-assemble on two DNA half-sites. It contains three 
major functional domains, including N terminus contains 
a transactivation domain, C terminus consists of oligomer-
ization and regulatory domains. The core domain contains 
a sequence-specific DNA binding domain.17 The next gen-
eration sequencing (NGS) has revealed that approximately 
95% of the tumor-associated mutation is located in the 
core DNA-binding domain.18 P53 mutations lead to inac-
tivity of wild-type (WT) P53 function, at the same time it 
can produce a new protein with new functions, which is 
called gain-of-function (GOF). These GOF P53 mutations 
result in mutation P53 accumulating at high levels in cells, 
contributing to carcinogenesis, multidrug resistance, poor 
prognosis, and metastasis.19,20 P53 mutated tumor cells are 
the absence of a functional G1-checkpoint and depend 
completely on their G2-checkpoint for cell cycle arrest 
and DNA repair.21

Table 1 The Frequency of the Four Gene Mutations Among Epithelial Ovarian Cancer

Subtype Frequency of Genetic Alterations Ref.

TP53 BRCA1/2 PIK3CA KRAS

HGSOC 96% 22%~40% 2.9% 5.9% [23,143–145]
LGSOC 8.3 10% 12.5% 54% [7,61,146,147]

EnOC 5–54.5% 11.1% 31.4% 10.3% [61,97,120,148,149]

OCCC 10% 4.5% 51% 15% [61,93,99,121,150]
Mucinous 56.8% 0 13.5% 57.1~64.9% [120,126,151,152]

Abbreviations: HGSOC, high-grade serous ovarian carcinoma; LGSOC, low-grade serous ovarian carcinoma; EnOC, endometrioid ovarian carcinoma; OCCC, ovarian 
clear cell carcinoma.
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Figure 1 Mutational landscape of epithelial ovarian cancer. (A) Mutations in significantly mutated genes in epithelial ovarian cancer and selected known oncogenes and 
tumor suppressors. Genes mutations are shown in subtype of epithelial ovarian cancer. (B) Variants for P53, BRCA1/2, PIK3CA, and KRAS, color-coded by subtype of 
epithelial ovarian cancer. Splice site mutations are indicated as involving the acceptor site (exon – nucleotide position of mutation).
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In OC, a recently whole-genome sequencing of DNA 
found mainly P53 mutation is missense mutation. The 
missense mutation occurs predominantly in exons 
5–10.22 There have been some hotspots (R175, G245, 
R248, R249, R273, Y220 and R282) identified, and four 
(R273, R248, R175, and Y220) of those are the most 
frequent mutations. The most common codons of mutation 
are R273C, R273H, and R273L mutants.23 The R273 and 
R248 mutants seem more effective than the other mutants 
on the migration and invasion of OC14,24 (Figure 1B). In 
research on 245 primary OC patients, 68 revealed active 
function of p53 and 177 inactive function of p53, in all 
177 patients with P53 mutations, 128 harbored missense, 
30 frameshift, 11 nonsense, and only eight splice variants 
(Figure 1A). One hundred and thirty-four patients had p53 
splice variants in 245 ovarian cancers and the mutations 
expressions were associated with the functional p53 
status.25 Using NGS, more than 90% of HGSOC reveal 
expression of P53 mutation, which is associated with 
metastatic progression and resistance of chemotherapy.26 

More remarkably, there was a high prevalence of the P53 
mutations in stage 1 or 2 HGSOC.23 Interestingly, 
LGSOC, that have poor response to platinum-based che-
motherapy, is more typically WT- P53 than HGSOC.27 

However, the WT-P53 is found to be dysfunctional by 
indirectdegradation through several different mechanisms. 
Restoring the function of WT-P53 can inhibit tumor 
growth, but the effect of TP53 recovery on tumor growth 
seems to depend on the stage of cancer progression.18

Advances in New Strategies in 
Targeting P53 for Ovarian Cancer 
Treatment
Currently, most reports emphasize that mutations of P53 are 
associated with progression and prognosis of OC.23,28,29 

Mutated p53 protein is an effective target for tumor-specific 
therapies because of its absence on normal tissue. 
Consequently, we focus on reviewing the attempts which 
have been made to exploit P53 as a target to treat ovarian 
cancer.

Restoring Mutant P53 to WT-P53 Function
Firstly, restoring function of p53 protein could make efficient 
eradication of tumors in liver carcinomas, sarcomas, and 
OC.30 Several small molecules have been considered to be 
able to reverse the oncogenic function of mutant P53. P53 re- 
activation and induction of massive apoptosis (PRIMA-1, 

also known as APR-017) and PRIMA-1Met (also known as 
APR-246) are widely studied, and have been confirmed to 
induce apoptosis and inhibit tumor growth by refolding and 
restoring of WT P53 function31,32 (Figure 2). They can 
rescue P53 function by chemical modifications or ligand 
binding to stabilizing the active conformation. Meanwhile, 
in vitro, both APR-017 and APR-246 can inhibit the growth 
of mutant P53-expressing malignant cells. The WT-P53 
downstream target genes could be changed by APR-017 
and APR-246, including p21, Noxa, Puma, GAD45, specific 
caspases (caspase 2, 3 and 9), and MDM2. APR-246 is the 
only molecule that has been tested in clinical phase. It is also 
found to be well tolerated with little toxicity; the most com-
monly adverse effects were dizziness, headache, fatigue, and 
confusion. Currently, APR-246 is undergoing a Phase I/II 
clinical trial in recurrent HGSOC patients (Clinical-Trials. 
gov Identifier: NCT02098343). ReACP53, as a cell- 
penetrating peptide, has also been designed to inhibit p53 
amyloid formation and to rescue TP53 function. ReACP53 
can mask the segment 252–258 in mutant P53 aggregates, 
preventing further aggregation and shifting the equilibrium 
toward the WT-P53 function. In vitro and vivo, ReACP53 is 
effective in treating two of the three most common P53 
hotspot mutations in HGSOC (R175 and R248) because of 
the aggregation-prone mutations. Besides, some studies sug-
gested ReACP53 combined with carboplatin therapy may be 
a valuable therapeutic option for HGSOC.33 CDB3, a small 
molecules dived from p53-binding protein 2, transactivated 
P53 target genes MDM2 and P21 through restoring the 
transcriptional activity of R273H and R175H. There are 
many small molecules that have been revealed to reactivate 
and restore the activity of WT-P53, including CP-31398, 
WR-1065, and P53R3.6 Research has shown that suppression 
of P13K/mTOR signaling may activate and potentiate P53 
function through inducting apoptotic cell death. Therefore, 
either activation of P53 or inhibition of P13K/mTOR signal-
ing can be recognized as promising molecular-targeted 
therapies.34 Some other molecules have been indicated to 
reactivate WT-P53 in other tumor types, such as PK7088, 
MIRA-3, STIMA-1, CP31398, and SCH529074, which may 
also have potential applications in ovarian cancer.33

Blocking the Interaction of WT-P53 with 
MDM2/MDM4
Not all of tumors contain P53 mutations. In some 
tumors that retain WT-P53 function, the retained protein 
can lose function by interaction with MDM2/MDM4. So, 
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blocking the interaction of WT-P53 with MDM2/MDM4 is 
a worthy strategy for targeting P53. MDM2 and MDM4 
are major negative regulators of P53 and tightly control 
P53 activity.13 MDM2/MDM4, which are the downstream 
target genes, precisely block P53 degradation by prevent-
ing the binding of WT-P53. Especially MDM2, which is 
a transcriptional target and a negative regulator of P53,35 is 
phosphorylated and activated by AKT. The MDM2 inhi-
bitor can restore P53 function or activate the expression of 
P53-dependent DNA repair genes to lead to tumor growth 
inhibition and induct apoptosis.35,36 On the contrary, P53 
can stimulate expression of MDM2 and MDM4 mRNA. 
MDM2 and MDM4 can also inhibit P53 by inhibiting 
stability and activity and negating P53 transcriptional 
activity of P53, respectively. Remarkably, cancers often 
take advantage of this dual action of MDM2 and MDM4 
on P53 to stimulate their growth.37 Hence, targeting the 
P53-MDM2-MDM4 loop is an efficient strategy for ovar-
ian cancer therapy with mutation P53. Here are several 
small molecule compounds and stapled peptides which can 
inhibit the interaction between P53 and MDM2 or P53 and 
MDM4. Currently, the most widely investigated low 

molecular weight compounds are the nutlins. The nutlins 
are the cis-imidazoline group of molecules, its function of 
blocking the interaction between P53 and MDM2 is to 
mimicking the three critical amino acid residue (Phe19, 
Trp23, and Leu26) to involve in the connection of P53 to 
MDM2’s N-terminal end.38 Indeed, P53 can be replaced 
from MDM2 with nanomolar potencies by specific nutlins, 
such as nutlin3a.39 Nutlin-3, an analog of the nutlin series, 
acts as an activator of WT-P53 to induce P53 levels, 
activate P53 transcription activity, and sensitize WT-P53 
OC cell lines to cisplatin. RG7388 is a second-generation 
MDM2 inhibitor with superior potency to repress the 
MDM2-P53 interaction and activate the P53 pathway. 
Nutlin-3/RG7388 synergizes with cisplatin in OC cell 
lines with WT-P53.6,36 HLI98, MPD, and MEL23/24, 
small compounds, restrain the E3 ubiquitin ligase to pre-
vent P53 degradation.40,41 JNJ-26854165, TDP521252, 
TDP665759, PXN727, and PXN822, small molecules, 
inhibit the interaction of the MDM2-P53 complex to pre-
vent P53 degradation.42,43 Additionally, small stapled pep-
tides can prevent both MDM2 and MDM4 to interact with 
P53, such as SAH-P53-8, ATSP-704, and PMI. At present, 

Figure 2 Cellular functions of P53 in ovarian cancer. P53 is activated to regulate the expression downstream genes to induce a series of cellular responses, such as cell cycle 
arrest, apoptosis, senescence, autophagy, DNA repair, angiogenesis, migration and metabolism in different types of extracellular and intracellular stress (eg, nutrient 
deprivation, telomere erosion, hypoxia, DNA damage, ribosomal stress, and oncogene activation). The primary treatment strategy for patients with ovarian cancer with P53 
mutations is focused on restoring WT-P53 function to mutant P53, Blocking the interaction of WT P53 with MDM2/MDM4, and gene therapy with P53.
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stapled peptides targeting P53 have not been tested in 
clinical trials. However, MDM2/MDM4 antagonists may 
have some possible side-effects on inducing inappropriate 
apoptosis and cell death, because of accumulating WT P53 
in normal cells. Another further concern is that if mutant 
P53 is to appear in any premalignant lesions, stabilizing 
P53 may increase the possibility of progression to invasive 
cancer.

Gene Therapy with Wild-Type P53
The retroviral P53 expression vector which is the earliest 
strategy for P53 targeted therapy is gene therapy. Then, 
because retroviruses were integrated into the host genome 
and have been shown to induce malignancy, further trials 
with retrovirals were abandoned. With the advantage that 
they do not integrate into the host genome, replication- 
defective adenoviral vectors are broadly used in gene 
therapy with P53, especially adenovirus (AD) P53.38,44 

Recent studies have suggested that cross-reacting material 
197 (CRM197), a mutant form of the diphtheria toxin with 
weak toxicity, exerted an experimental antitumor effect on 
OC. In the OC research, a novel gene therapy of AD- 
mediated CRM197 (ADCRM197) demonstrated that 
A2780 cells (P53 wild-type cells) were sensitive to 
ADCRM197 and SKOV3 cells (P53 deletion cells) were 
resistant to it. But A2780 with knockdown P53 became 
resistant to ADCRM197 and SKOV3 with restoring P53 
became sensitive to ADCRM197. Excitingly, 
a combination of ADCRM197 and AD-P53 may effec-
tively overcome the resistance of P53-deficient OC.45 In 
addition, the research found that the expression of P53 
upregulated modulator of apoptosis (PUMA), a potent pro- 
apoptosis protein that was obviously repressed in the 
TAX(Taxol)-resistant ovarian cancer cell line SKOV3/ 
TAX. Nevertheless, AD-P53 infection upregulated and 
restored the expression of PUMA and re-sensitized the 
resistant ovarian cancer cells to TAX.46 The AD type 12 
E1B 55-kilodalton oncoprotein tightly associates with P53, 
and accelerates P53-mediated apoptosis response of OC to 
cisplatin.47

Recently, a novel gene-editing technology, commonly 
named CRISPR (Clustered Regularly Interspaced Short 
Palindromic Repeats)/Cas9, has been used to establish 
a cancer model.48 CRISPR/Cas9 leads to a rapid expansion 
of the biomedical field. CRISPR spacers direct the system to 
the target and Cas9 protein controls spacer acquisition and 
defense. This system can remove or correct gene 
mutations that promote the progression of cancer and can 

be confirmed as of great value in the therapy of genetic 
disorders through directly editing disease-related 
mutations.49 Several studies were really successful to use 
CRISPR/Cas9 to modulate disease-causing alleles in ani-
mal models and induced pluripotent stem cell, providing 
a new strategy for therapeutic genome editing in the 
clinics.50 A latest research using CRISPR/Cas9 gene editing 
generated sublines of ID8 (the most widely-used transplan-
table model of ovarian cancer) bearing loss-of-function of 
P53, and indicated that these changed tumor growth in the 
peritoneal cavity.51 Besides, they also suggested that the 
tumor microenvironment can be changed by single gene 
mutations. The loss of P53 greatly increases the expression 
of CCL2 and immunosuppressive myeloid populations 
within solid tumor and ascites. The expression of CCL2, 
a critical chemokine for attraction of monocyte populations, 
can be suppressed by wildtype P53 direct binding to the 
CCL2 5´UTR. On the whole, using the CRISPR/Csa9 gene 
editing tool, we can clearly understand the function of 
a single gene mutation or multiple gene mutation in OC to 
provide proof for developing an advanced therapeutic 
strategy.

The clinical trials targeting P53 are still in an early 
stage (Table 2). Many of the above-mentioned P53 target 
therapies were conducted in other tumors, and we should 
pay more attention to P53 of mutation as a top priority 
target for anticancer therapy in OC. Some of these drugs 
which are being tested will show significant efficacy.

BRCA1/2 Gene
BRCA1/2 genes locate on chromosomes 17 (17q21) and 
13 (13q12.3), as tumor suppressor genes, which play an 
important role in regulating the cell cycle and DNA repair 
system.52 BRCA1 is a pleiotropic DNA damage response 
protein with checkpoint activation, DNA repair, and is 
involved in pro-survival and apoptotic pathways. BRCA2 
is a mediator of the core mechanism of homologous 
recombination. Both BRCA genes have distinctive pri-
mary sequences. BRCA mutation leads to similar patho-
physiological effects and cancer spectra and to 
increased cancer predisposition.53,54 For large regions of 
the human genome, the mutation in different regions are 
associated with different types of malignancies. 
A previous study shows that the 3ʹ region mutation of 
BRCA1 is related to a lower risk of OC, while mutation 
in the 3ʹ region downstream is related to a higher risk.4,55

In recent years, studies of BRCA mutation have been 
carried out all over the world. Germline and somatic 
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BRCA mutations were detected in plasma ctDNA of OC 
by using NGS technology. The indels mutation is the most 
common in the BRCA genes in OCs (Figure 1A), patho-
genic germline variants of BRCA1/2 in patients of OC are 
described in Figure 1B. In a study of eastern England, 
approximately 8% of HGSOC and EnOC were identified 
with mutation in BRCA1/2, and the prevalence increased 
to 12% in patients diagnosed under the age of 70 years, but 
fell to 1% in those aged over 70 years.56 In a Scottish 
study, the prevalence of pathogenic BRCA1/2 mutation 
among non-mucinous epithelial OC fell from 13.1% to 
8.2% in patients diagnosed over the age of 70 years.57 In 
a study across the North West of England, the prevalence 
of BRCA1/2 mutation in epithelial OC by testing germline 
DNA exceeded 10%, and was consistently over 10% in 
patients diagnosed under the age of 60 years and over the 
age of 60 years with either breast and/or OC family 
history.58 In a Europe series approximately 20% of epithe-
lial OC were shown to a mutation of BRCA1/2, and the 
prevalence increased to 31.9% in women with a family 
history of breast or ovarian cancer, but fell to 10.6% in 
women diagnosed over 60 years old.59 So, the age at 
diagnosis, family history of breast and/or OC, breast can-
cer history or a Manchester BRCA Score of ≥15 points are 
related to a >10% prevalence of BRCA1/2 mutation in 
epithelial OC.58 Another newstudy assessed the frequency 
and predictors of BRCA1/2 mutation by using NGS in 
HGSOC in Serbia.60 Factors that predicted BRCA1/2 
mutations included breast and OC in the same patient, 
age of epithelial OC, menstrual status, and family history 
of cancer. Family history of breast or OC diagnosed <50 
years among first/second-degree relatives was the most 
significant factor associated with BRCA1/2 in HGSOC 
patients. Moreover, it indicated a negative family history 
will not safely exclude all germline BRCA1/2 mutations 
and that more than 10% of BRCA1/2 mutation carriers 
would not be identified. Using those to predict the appro-
priate risk, then BRCA mutation testing is important to 
assess the strategy of treatment and prognosis for epithelial 
OC patients.

A great number of studies reported that BRCA1 muta-
tion displayed lower BRCA1 and higher BRCA2 expres-
sion. Low BRCA1-expression showed a favorable overall 
survival in OC. The expression of BRCA2 was associated 
with poor tumor differentiation as it increases with tumor 
grade. In contrast to patients with no residual disease, the 
expression of BRCA2 is higher in patients with any resi-
dual disease. Low expression of BRCA1/2 in OC reduces 

DNA damage repair ability via homologous recombination 
to result in a better response to platinum-based chemother-
apy and Poly (ADP-ribose) polymerase (PARP) 
inhibition.61 The patients of OC with mutation of 
BRCA2 are particularly sensitive to platinum. Therefore, 
the platinum-based chemotherapeutic regimens are 
a widely recommended treatment in BRCA-related OC. 
However, other studies revealed that some BRCA-related 
OC with previous platinum-sensitivity can become plati-
num resistant, owing to a reversion of the BRCA mutation 
by secondary intragenic mediating.62,63 Currently, as an 
encouraging but complex research field in targeted therapy 
for OC, PARP inhibitors are in a variety of clinical testing 
as part of Phase I, II, or III study. The present opinions of 
PARP inhibitors are discussed later.

Finally, the prognosis of BRCA-related OC is optimis-
tic. BRCA mutated OC have a better prognostic outcome 
and higher chemotherapy sensitivity than those cancers 
without BRCA dysfunction.64 A retrospective study 
showed that OC patients with BRCA2 mutation appeared 
to have higher progression-free survival rates than ovarian 
cancer patients with a BCRA1 mutation or without BRCA- 
related dysfunction.65 But the controversial conclusion 
needs to be further explored.

Advances in BRCA1/2 
Gene-Targeted Therapy
The DNA repair system keeps the genetic stability, and its 
deficiency may lead to diseases generating, including can-
cer. PARP, a family of nuclear proteins, is a key pathway in 
DNA repair. In normal circumstances, single-strand breaks 
(SSBs) occur and repair with subsequent formation of dou-
ble-strand breaks (DSBs). Then the primary function of 
PARP is to detect SSBs, recruit DNA repair proteins, and 
promote the DNA repair system based on ADP- 
ribosylation, which typically requires the reaction with 
nicotinamide adenine dinucleotide (NAD+) and then 
release of nicotinamide.66 Inhibition of the PARP enzyme 
results in persistence of spontaneously occurring SSBs. The 
SSBs stall and collapse replication forks, which subse-
quently causes the formation of DSBs.67 In addition, 
PARP inhibitors (PARPi) can trap PAPR-1 and PARP-2 
enzymes on damaged DNA to form PARP-DNA 
complexes.68 Then, the DNA duplication may be disturbed 
by these newly-generated complexes, which could result 
from the loss of PARP activity and further promote sus-
tained DNA damage.68,69 Preclinical data suggested that the 
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trapped PARP-DNA complexes have stronger cytotoxicity 
than the unrepaired SSBs. On the other hand, DSBs can be 
repaired by an homologous recombination (HR) pathway or 
nonhomologous end joining (NHEJ) pathway.70 HR defi-
ciency could be induced by genetic abnormalities, such as 
BRCA1/2, PALB2, ATM/ATR, Fanconi anemia gene and so 
on.71 In the presence of a mutated BRCA gene, DSBs are 
repaired through a less effective, error-prone pathway such 
as single-strand annealing and/or non-homologous end 
joining, which can lead to genomic instability, cell cycle 
arrest, and subsequent apoptosis. The absence of PARP 
activity does not completely repair SSBs, leading to an 
increase in deleterious DSB, thereby preventing BRCA1/2 
mutations or HR cells from being effectively repaired. 
Therefore, loss of function in the repair genes BRCA1/2 
and PARP result in cell death, a concept called synthetic 
lethality72,73 (Figure 3).

The defective HR pathway in BRCA-mutated cells is 
associated with OC tumorigenesis, due to DNA DSBs 
failure to repair. So, previous study investigated PARPi, 
such as Olaparib (AZD2281) which induces synthetic 
lethality in homozygous BRCA-mutated cells, had anti- 
cancer activity in germline BRCA mutated cancer.74 

PARPi also have the same anticancer activity in HGSOC 
patients without germline BRCA1/2 mutations due to 
other DNA repair pathways that may be present. The 
NHEJ pathway, another DNA repair pathway and less 
accurate, plays a crucial role in DSBs repair when HR 
defected, which may lead to an increased risk of genetic 
instability.67,75

As an anticancer agent, there are already five different 
PARPi tested in OC patients or undergoing clinical testing, 
such as Olaparib (AZD2281), Veliparib (ABT-888), 
Niraparib (MK4827), Rucaparib (CO338, AG014699, 
and PF01367338), and BMN 673.67,76 Recently, the FDA 

Figure 3 The mechanisms of PARP inhibitors in BRCA-related ovarian cancer. PARP-1 mediates the repair of SSBs through the activation and recruitment of repair enzymes. 
Counterclockwise: activated PARP-1 detects damaged SSB in DNA and binds to adjacent DNA. Once bound, PARP-1 catalyzes the cleavage of the coenzyme nicotinamide 
adenine dinucleotide (NAD +) to nicotinamide and ADP-ribose to produce a highly charged branch of high poly (ADP-ribose) (PAR). Repair proteins are recruited to the 
site of injury to repair damaged DNA. After finishing repair, the PAR chain is degraded by PAR glycohydrolase (PARG). BRCA1/2 genes, located on chromosomes 17 (17q21) 
and 13 (13q12.3), play an important role in regulating cell cycle and the DNA repair system. The mutated BRCA gene loses its function of repairing DNA, and PARP inhibitors 
also inhibit the repair of DNA by PARP, thereby promoting tumor cell death.
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has approved Olaparib monotherapy for the treatment of 
BRCA-mutated advanced OC patients as maintenance for 
HGSOC with platinum-sensitivity.77,78 Recently, the pivo-
tal Phase III NOVA trial (NCT 01847274) indicated 
Niraparib had unprecedented results as maintenance ther-
apy for platinum-sensitive recurrent OC in with BRCA 
and non-BRCA.79 The Phase III ARIEL2 and ARIEL3 
trails suggested that Rucaparib monotherapy can be used 
for the treatment of BRCA-mutated advanced OC and 
maintenance treatment for recurrent OC after response to 
platinum therapy. The study has shown that Rucaparib 
maintenance treatment significantly improved progression- 
free survival in those patients.80

A large number of preclinical studies demonstrated the 
synthetic lethal theory, which is a phenomenon to combine 
PARPi with other biologic agents, such as anti-angiogenic 
agents and PI3-kinase (PI3K) inhibitors.81 Antigenic 
agents can lead to cell hypoxia, which can enhance 
PARPi sensitivity. The combined effect of anti- 
angiogenic agents and PARPi can downregulate the homo-
logous recombination repair protein.82 However, PARPi 
are regarded as a new class of targeted agents in OC 
treatment. There are still several challenges for the clinical 
development. PARPi are not only well tolerated, but also 
have some adverse events and acquired resistance. The 
adverse events include nausea, fatigue, vomiting, and ane-
mia. More than that, PARPi may lead to myelodysplastic 
syndrome and acute myeloid leukemia. The newresearch 
indicated a key resistance mechanism to PARPi in BRCA- 
mutant OC is the acquisition of BRCA reversion mutation 
detected by sequencing of cell-free DNA (cfDNA). BRCA 
reversion mutations are related to poor response to platin- 
based therapy and PARPi therapy.83,84 The BRCA rever-
sion mutations were also assessed by using targeted mas-
sively parallel sequencing in ctDNA samples of PARPi 
resistant and/or refractory ovarian cancers. Putative 
BRCA1 or BRCA2 somatic reversion mutations or intra-
genic deletions were detected in 21% of ctDNA samples 
from patients, and further confirmed these results using 
droplet digital PCR (ddPCR).85 Another potential mechan-
ism of PARPi and platinum resistance for BRCA1-mutant 
is an increased expression of a BRCA1-Δ11q splice var-
iant that lacks the majority of exon 11 but still has residual 
BRCA1 activity. Inhibition of the spliceosome reduces 
BRCA1-Δ11q levels and sensitizes exon 11–mutant cell 
lines to PARPi.86 This is a great challenge for when and 
how PAPRi agents should be incorporated in the 

management of OC. Further studies for a better under-
standing of the potential toxicity and drug interactions 
are warranted.

A study on BRCA mutated breast cancer of the mouse 
model showed that the combination of PARPi and 
BKM120 (an oral PI3K inhibitor) has a synergistic effect, 
resulting in delayed tumor cell doubling compared with 
either agent alone.87 As has been mentioned before, PI3/ 
AKT/mTOR pathway inhibitors combined with PARPi 
also have the synthetic lethal in the treatment of OC. 
Moreover, FDA trails combined PARPi and PI3K inhibi-
tors in OC patients are ongoing (including 
[NCT02338622] and [NCT01623349]) (Table 2).

PIK3CA Gene
The PIK3CA gene is located at the chromosomes 3 
(3q26.3) and encodes the p110α catalytic subunit of the 
PI3K. The PI3K pathway is a family of lipid kinases in the 
early stages of a signaling cascade, which is frequently 
altered in cancer.88,89 The overexpression of mutation 
PIK3CA activates its downstream effector AKT that 
leads to increased activity of mTOR, promoting cell sur-
vival, proliferation, oncogenic transformation, and sup-
pressing apoptosis.88,90,91 The PI3K/AKT plays a central 
role in glucose metabolism, and mTOR is a serine/threo-
nine kinase which acts as an effector in the PI3K/AKT 
pathway.89,92 The PIK3CA mutation clearly identified as 
mechanisms of inducing oncogenic PI3K signaling 
(Figure 4).

The PIK3CA gene results in somatic mutations in 
a majority of human cancer, including OC. The research 
evidence revealed that the PI3K/AKT signaling was 
deregulated in a significant fraction of OC and asso-
ciated with a poor survival rate. The NGS technology 
has revealed that most of the PIK3CA mutations were 
confined to exons 9 and 20.93,94 The most common 
codons of mutation are H1047R, E545G, E545GK, and 
E545A mutants (Figure 1B). Interestingly, PIK3CA 
mutations are much more prevalent in the rare subtypes 
of OC. The previous reports showed activating PIK3CA 
mutations was high frequency in OCCC and EnOC in 
relation to endometriosis95,96 (Table 1). A research sug-
gested 10 of 11 endometriosis-associated EnOC had 
PIK3CA mutations in exon 9 and eight of 10 OCCC 
in exon 20.97 Oncogenic mutations are rare, with only 
2.9% in HGSOC, while oncogenic amplifications in 
PIK3CA occur in 25% cases. The researcher examined 
the results of a multiplatform profiling panel, such as 
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DNA sequencing, immunohistochemistry, fluorescent or 
chromogenic in situ hybridization, and RNA fragment 
analysis, confirming that the PIK3CA/Akt/mTOR path-
way was altered in 61% OCCC.98 Whole-genome 
sequencing was performed in 55 Japanese women diag-
nosed with OCCC. Twenty-three cases had alteration in 
these genes, including mutations of PIK3CA (35%), 
PIK3R1 (7%), and PTEN (2%), and amplifications of 
PIK3R2 (5%), AKT1 (4%), and AKT2 (9%).99 These 
differences between OC subtypes suggested that sub-
type-specific treatment strategies might be needed to 
improve OC outcomes. Some studies suggested the 
mutation of PIK3CA was considered an early event in 
the transformation of endometriosis into OCCC.96 The 
higher frequent expression of PIK3CA mutation in 
OCCC is regarded as its specific biological behavior 
with foci of endometriosis.98,100–102

The PI3K/Akt pathway has been reported as 
a collaboration with other gene expression in tumorigen-
esis. A study showed that mutations of PIK3CA were 
detected in 40% (17/42) of OCCC and a majority (71%) 

of these were found in ARID1A-deficient (which encodes 
a member of the SWI/SNF family protein BAF250a) 
carcinomas.103 Remarkable, a study suggested that P53 
suppresses PIK3CA transcription through the direct junc-
tion with its promoter in ovarian surface epithelial cells. 
Intriguingly, this study revealed that cisplatin simulta-
neously attenuated PIK3CA expression and activated P53 
expression in sensitive tumors but not in the resistant 
tumors, which only expressed a low level of P53 activa-
tion. But the precise principle of P53-PIK3CA remains 
elusive at molecular level.90

Advances in PIK3CA Gene-Targeted 
Therapy
PI3K/AKT/mTOR signal pathway, an important signal-
ing pathway in cell proliferation and survival, is asso-
ciated with human tumorigenesis. The pathway 
inhibitors activity is observed in more than 70% of 
OCs.104 PIK3CA mutations have been shown to initiate 
in mice of OCs, and inhibition of the PI3K/AKT/mTOR 
pathway was found to delay tumor growth and prolong 

Figure 4 The mechanisms of PI3K/Akt/mTOR pathway and MAPK pathway, and inhibitors in ovarian cancer clinical development. Illustration the therapy strategy via 
inhibiting the PI3K/Akt/mTOR pathway (green) and MAPK pathway (amaranth) in ovarian cancer patients with PIK3CA and KRAS gene mutation. The orange represents 
a different inhibitory effect of repressing tumor growth by targeting different sites on the PI3K/Akt/mTOR pathway. For patients with PIK3CA gene mutation, clinical 
treatment drugs are mainly divided into PI3K inhibitor, AKT inhibitor, and mTOR inhibitor. The blue represents a different inhibitor target MAPK pathway in ovarian cancer 
patients with KRAS gene mutation. The therapy strategy includes restricting KRAS bound to GTP and targeting its downstream signaling pathway.
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survival. Targeting the PI3K/AKT/mTOR signaling path-
way has been widely utilized in clinical studies. A series 
number of clinical trials demonstrated that these pathway 
inhibitors were a candidate for OC 
therapeutics (including AKT inhibitor perifosine, 
mTORC1 inhibitor temsirolimus).105,106 OCCCs and the 
EnOCs are two of five classified subtypes, and approxi-
mately 20% in epithelial OC. The relatively high fre-
quency of PIK3CA mutations in OCCCs and the EnOCs 
hold promise for novel therapeutic strategies through 
targeting PI3K or the pathway including PI3K by some 
inhibitors (Figure 4).

Rapamycin and its analogs (temsirolimus, everolimus, 
and ridaforolimus) resulted in activation of proliferative 
and pro-survival effectors such as AKT by stopping 
a mTORC1-dependent negative feedback loop on PI3K 
signaling from the p70S6K to the PI3K signaling 
pathway.89 The mechanism of Rapamycin analogs is 
bound to the mTORC1 complex but does not affect 
mTORC2. The mTORC2 is a positive regulator of Akt, 
which could selectively inhibit mTORC1 results in Akt 
phosphorylation at serine. Dual mTORC1/mTORC2 inhi-
bitors, such as DS3078a, INK128, AZD8055, OSI027, and 
AZD2014, have been developed to completely eliminate 
the entire mTOR complex. This may achieve a powerful 
antitumor effect.107 Rapamycin, the first inhibitor of the 
pathway to enter the clinic, acts as a mTOR inhibitor and 
has been investigated as its activity in a variety of tumor 
types, including OC. Temsirolimus failed to meet the 
efficacy endpoint in a Phase II trial of OC treatment. The 
trial included only a few OCCCs (three of 54) and EnOCs 
(four of 54). The only one OCCC observed the objective 
partial response.108 Meanwhile, other encouraging data 
showed that one of five OCCCs observed objective 
response for 14 months and one stable disease.109 

Although the data could not draw a persuasive conclusion, 
it can provide a promising strategy for OCCCs targeting 
therapy.

Pictilisib (GDC0941) is a potent, selective inhibitor of 
class I PI3K, which has shown clinical activity in a Phase 
I trial of ovarian cancers. Besides, Pictilisib achieved 80% 
growth inhibition in PI3K pathway activated OC.110 A dose- 
escalation phase I trial of BKM120, another oral PI3K inhi-
bitor, has shown promising results with well-tolerated dosing 
and good tumor control. The BKM120 has been carried 
forward into phase II trials with endometrial cancer, non-
small-cell lung cancer (NSCLC), prostate cancer, breast 

cancer, thyroid cancers, and recurrent glioblastoma 
(NCT01953445, NCT01790932, NCT01339052).87

Similarly, other PI3K inhibitors, such as PX-866, 
copanlisib (BAY80-6946), and XL147 (SAR245408), are 
still ongoing clinical evaluation for different tumors 
including ovarian cancer. The combination of PI3K inhi-
bitor PX-866 and docetaxel in the treatment of OC was 
conducted. The combination plan was well tolerated and 
had no cumulative toxicity.111 The effect of PX-866 com-
bination with carboplatin to reduce proliferation and sur-
vival of OC cells was enhanced by Ca2+/calmodulin 
(CaM)-dependent protein kinase kinase2 (β)(CaMKK2) 
silencing.112 First-in-human phase I study of copanlisib, 
a novel, intravenous, potent, highly selective, pan-class 
I PI3K inhibitor, has demonstrated potent antitumor and 
pro-apoptotic activity in patients with advance solid tumor, 
including OC.113 Other PI3K inhibitors have not adopted 
in clinical trials of OC, but these promising outcomes in 
observed malignancies may indicate that the PI3K inhibi-
tors have the potential application in the treatment of OC 
patients with PIK3CA mutation.

BEZ235 is an imidazoquinoline derivative that sup-
presses expression of AKT and competes at its ATP- 
binding site to inhibit the four class I PI3K isoforms and 
the downstream effectors mTORC1/2. In breast cancer cell 
lines and mouse xenograft models, BEZ235 has shown 
activity. In addition, some trials indicated BEZ235 reduces 
tumor growth in OC, but the tumor sensitivity of BEZ235 
was independent of the PIK3CA mutation status in the 
subtype of OC.89 The GSK2141795 is a potent, oral, 
adenosine triphosphate–competitive pan-kinase inhibitor. 
The study found GSK2141795 inhibited expression of 
AKT to cause growth arrest as alone agent, enhanced 
cisplatin-induced apoptosis, and reduced tumor volume in 
combination with platinum in platinum-resistant OC with 
PIK3CA mutation.114 These agents may serve as an effec-
tive agent in further clinical trials of OC (Table 2).

KRAS Gene Mutations
KRAS locates on chromosome12p12 and encodes a 21- 
KD protein (p21RAS) which involves in MAP-kinase 
signal transduction pathway. As a member of the Ras 
gene family and an important oncogene, the KRAS gene 
plays an essential role in cellular proliferation, apoptosis, 
and carcinogenesis. KRAS mutations promote tumorigen-
esis and result in uncontrolled proliferation and differen-
tiation of cells by activating the MAPK/ERK pathway 
which is triggered by MEK, MAPK/ERK-kinase.7,8 The 
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KRAS mutations are the most common RAS isoforms, 
including KRas4A and KRas4B, which are encoded by 
alternative fourth exons and the common activating muta-
tions occur in exons 1 or 2.115,116 The inherited variant 
which is located in the 3ʹUTR of KRAS gene (rs61764370 
T > G) is associated with an increased risk of OC, breast 
cancer, and lung cancer.117

KRAS mutation plays a key role in LGSOC and muci-
nous OC subtypes. The sequencing analysis showed KRAS 
gene mutation was the most frequent in borderline serous 
tumor, LGSOC, and mucinous carcinomas. KRAS mutation 
rate was reported as 33~41%, 35~54%, and 57.1%, respec-
tively, in contrast with their low or absent expression in 
HGSOC (Table 1).7,118 The mutations of KRAS were even 
more than 70% in the recurrent LGSOC. The frequent 
occurrence of KRAS mutations in this subtype of tumors 
led to the presumption that the development of LGSOC 
begins in a stepwise mode from serous cystadenoma or 
adenofibroma, borderline serous tumor, and serous carci-
noma, and its carcinogenic processes are closely related to 
RAS signaling.7 KRAS mutation in borderline serous OC 
may be associated with peritoneal implant.119

In research of 142 patients of primary epithelial OC 
without borderline tumor detected KRAS in exon 2 and 3, 
9.9% KRAS mutations were observed, 13 mutations in 
exon 2 and only one in exon 3. In those mutations, six 
patients included both P53 and KRAS mutations, and all 
14 KRAS mutations were missense mutations to lead to an 
exchange of the coding amino-acid.120 Another recent 
study of 15 Korean patients with OCCC detected 20% 
KRAS mutations.121 In OCs, KRAS mutations occur 
mostly on codon 12, the most common being the G12V 
point mutation, followed by G12D and G12S. A study on 
63 Rome patients with OCCC also detected 13% KRAS 
mutations, and the results showed a higher incidence in 
codon 12 mutations (90%), G12V (43%), G12D (29%), 
G12S (14%), and G12A (14%), respectively. There is only 
one mutation at G13D of codon 1393 (Figure 1B).

Mucinous OCs begin in slow stepwise fashion: 
a mucinous adenoma progresses to mucinous borderline 
tumor to mucinous carcinoma.122 In mucinous OCs, KRAS 
mutations occur frequently, which is more frequently than 
non-mucinous OCs.123 Besides, the KARS mutations, as 
a tumorigenic, have been detected in adjacent mucinous 
cystadenoma and mucinous borderline tumor areas of muci-
nous carcinoma.124 This may lead to the formation of ovar-
ian borderline mucinous cystadenoma, but not advance the 
result to cystadenocarcinoma.125 The direct sequencing 

method was used to analyze the mutation of KRAS exon 
2, codons 11–14 in ovarian tissues. In normal ovarian tissue, 
there was no detected KRAS mutation. While, in mucinous 
neoplastic tissues, codon 12 mutations were detected about 
53.45%, codon 13 mutations were detected about 24.14%, 
and codon 14 mutations were detected about 3.45%. 
Besides, previous studies have indicated that codon 12 was 
the most ordinary KRAS mutation in mucinous borderline 
tumor and mucinous carcinoma, codon 13 was the most 
ordinary KRAS mutation in mucinous adenoma.123,126 In 
general, KRAS mutations were associated with better differ-
entiated carcinomas in all types and not related with the 
patient overall survival.120

Advances in KRAS Gene-Targeted 
Therapy
Currently, no therapies that directly target KRAS oncopro-
tein are available in the clinic because of the high affinity 
for GTP.127 Previously, KRAS has been known as difficult 
to target for cancer treatment. Recently, the detection of 
KRAS mutations in numerous tumors has led to the devel-
opment of new therapeutic agents that aimed to either 
directly inhibit mutated-KRAS, target its downstream sig-
naling pathway, or exploit synthetic lethality partners of 
mutant KRAS128,129 (Figure 4).

Targeting KRAS Mutations
In studies on direct inhibition of KRAS activity, strategies 
of directly restricting and binding KRAS to its functional 
domains have been proposed. ARS853 could specifically 
target combination to the G12C mutant of KRAS, signifi-
cantly restricting the binding of KRAS to GTP, then redu-
cing the phosphorylation level of KRAS and inhibiting the 
interaction between KRAS and downstream signaling 
molecules.130 Meanwhile, the exosomes secreted by nor-
mal fibroblast-like mesenchymal cells are engineered and 
encapsulated with siRNA or shRNA for delivery of KRAS 
G12D mutants. By targeting wild-type KRAS, the growth 
of lung cancer and colorectal cancer can be significantly 
inhibited. This provides a reliable method for direct target-
ing therapy of KRAS mutant tumors.131,132

Targeting Downstream Signaling Pathway 
of KRAS Gene
The KRAS related downstream signaling contains the 
RAF-MEK-MEK pathway. Besides, KRAS mutated 
tumor cells are often accompanied with other signaling 
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molecules mutations, such as PIK3CA, PTEN, P53, which 
play a key role in tumorigenesis. Selumetinib (AZD6244) 
is the second generation of MEK1/2 inhibitors, which can 
specifically inhibit the phosphorylation of ERK1/2, 
a direct substrate of MEK1/2, thereby inhibiting cell 
growth.133 A study of 15 patients with epithelial OC 
genotype-matched in phase I or II trials, including 14 
patients with KRAS mutation treatment in combination 
to selumetinib, suggested seven partial responses, seven 
with stable disease and one with disease progression.134 

Moreover, the higher sensitivity to MEK inhibitors was 
observed in the OC patients with KRAS mutation. A phase 
II trial of Selumetinib suggested that the response rate for 
recurrent low-grade serous cancer was 15%.135

Synthetic Lethal Strategy
Synthetic lethal strategy, which is raised to inhibit both 
downstream active pathway and feedback regulation path-
way of KRAS, so as to achieve the therapeutic effect of 
inhibiting tumor cell growth. Cyclin dependent kinase 1 
(CDK1), such as AZD5483, has a synthetic lethal effect on 
KRAS-mutated tumor by blocking cells at G0/G1 phase. 
The anticancer effect has been further confirmed in color-
ectal cancer and pancreatic cancer in vivo.136 Recently 
research reported that frequent mutation of KRAS have 
been observed in ovarian mucinous carcinomas. The 
results suggested that combined MEK inhibitor (pimaser-
tib) and PI3K/mTOR inhibitor (SAR245409, voxtalisib) 
exhibited synergistic anti-tumor effects in ovarian muci-
nous carcinomas with KRAS and/or PIK3CA mutation.137 

Recently, a great number of synthetic lethal sites have 
been identified, including serine/threonine kinase 33, 
PLK1 (polo like kinase 1), Bcl-xL (B-cell lymphoma- 
extra-large), AK1 (TGF-beta activated kinase 1), and 
GATA2 (GATA binding protein 2).138 All of these provide 
new strategies and options for the treatment of KRAS 
mutant tumors (Table 2).

Liquid Biopsy
A number of studies on ctDNA, representing a small per-
centage of cfDNA that is shed in circulation by tumor cells 
and carries tumor specific mutations, attempted to evaluate 
its clinical value in OC. The research demonstrated 44% of 
the OCs involved in the study had detected P53 mutations 
in tumor tissue.

In OCs with advanced disease, the rate of P53 mutation 
was 28.6%.20 P53 mutants were undetectable in plasma 
after surgery, but in one patient the P53 mutant again 

became detectable 16 months after surgery and the patient 
died 2 months later.5,139 The detection of mutant P53 in 
cfDNA might be an important strategy for future diagnosis 
and monitoring of the treatment efficacy. Another recent 
study attempted to evaluate somatic P53 mutations in 
patients with serous OC by ddPCR. The research has 
suggested that P53 mutations were investigated in serial 
ctDNA samples of HGSOC. Besides, the presence of P53 
mutation allele fractions in ctDNA, when compared to 
serum CA-125 levels, could indicate a much earlier 
response to chemotherapy.140

Using methylation specific PCR (MSP), the BRCA 
hypermethylation was detected in cfDNA of early stage 
(stage I, II) epithelial OC patients. The results showed that 
the consistency of tumor and plasma/serum DNA methy-
lation pattern in 82% of matched samples was observed. 
Detecting BRCA1/2 mutation in the patients with OC can 
provide valuable information in diagnostic, prognostic, 
and predictive disease progression.5 The reversion of 
BRCA1/2 mutations in ctDNA was investigated as an 
indicator of response to platinum-based and PARPi-based 
chemotherapy or following treatment with PARPi or pla-
tinum compounds after disease progression.141,142

PIK3CA mutation is frequent in OCCC, and 16.7% of 
those had detected in the plasma DNA. PIK3CA-H1047R 
is a hotspot and can be detected in most of the OCCC 
patients with PIK3CA mutation. KRAS-G12D can be 
detected in part of patients with KRAS mutation. 
Detection of PIK3CA-H1047R and KRAS-G12D in 
cfDNA by ddPCR would be useful for the early diagnosis 
of ovarian clear cell carcinoma, to monitor its response to 
the therapy, and for predicting its recurrence.9 Liquid 
biopsy, as a promising non-invasive diagnostic, prognos-
tic, and predictive strategy, provides an easily accessible 
source of DNA derived from the OC.

Conclusion
OC is a complex and polygenic mutation disease. Specific 
gene mutations have been revealed to drive OC pathogen-
esis and development. The usability of genome sequencing 
has provided exact data of gene mutations in ovarian 
carcinomas to develop some accurate treatment strategies. 
In a certain extent biologically targeted therapies and some 
targeted drugs combinations have improved prognosis. 
Recently, numerous gene mutation studies have offered 
some potential predictive biomarkers or therapeutics in 
OC. But few available effective therapies are currently 
used widely in the clinic. In this review, we highlight the 
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advance in P53, BRAC1/2, PIK3CA, and KRAS gene 
mutations in OC and summarize the potential targets for 
novel therapeutic strategies based on the above gene 
mutant. In the future, to improve OC targeting, we need 
a deeper delve to identify carcinogenesis and interactions 
of gene mutations. There is still future research to be done 
in order to prospect for gene therapy which can solve the 
treatment of OC. With development of whole gene sequen-
cing technology, liquid biopsy and gene-editing technolo-
gies will reveal a more complete genomic landscape which 
can detect OC in the early stage and establish novel 
treatments.
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