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Background: Ovarian cancer (OC) is the most lethal malignancy affecting the female reproductive tract. OC is a nonspecific
term that includes several types of cancer. Among them, high-grade serous ovarian carcinoma (HGSOC) is the most severe and
common form, with 225,000 new cases registered each year and a five-year survival rate of only 49.1%.

Objective: This review aims to first recapitulate basic knowledge of HGSOC, to then delve into diagnostic tools, current treat-
ments, major research models, and significant effective prospects in advancing HGSOC treatment. HGSOC’s poor survival
rate can be explained by the fact that HGSOC is a silent disease with a lack of specific symptoms, resulting in diagnosis at an
advanced stage (stage III or IV), when it has already metastasized throughout the abdomen. Although research has focused on
HGSOC for the past 50 years, overall survival has not improved since the 1980s. Several treatments exist, including surgery,
platinum-based chemotherapy, and targeted therapy. However, patients usually develop resistance and become refractory, mak-
ing them difficult to treat. This review addresses the current limitations in treatment and diagnosis.

Conclusion: Advancements in targeted gene therapy could lead to improved outcomes in those diagnosed with HGSOC, and

artificial intelligence tools are promising developments in early diagnosis.
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Introduction

In 2022, 324,603 new cases of ovarian cancer were reported
worldwide, and 206,956 women died from the disease. These
numbers rank ovarian cancer as the 8th leading cause of can-
cer-related death among women. Approximately, 90% of OC
are epithelial ovarian cancer [1]. Epithelial OC is a heteroge-
neous disease and has been divided into two subtypes based on
genotypic and phenotypic characteristics. In 1980, the Interna-
tional Federation of Gynecology and Obstetrics (FIGO) estab-
lished a staging system for ovarian cancer, later reassessed in
2014 to improve diagnostic accuracy [2]. Table 1 describes the
stages and substages established by FIGO. Mutational analy-
ses performed on EOC show that type I tumors carry somatic
mutations in Kirsten rat sarcoma virus oncogene homologue
(KRAS), B-raf serine/threonine-protein kinase (BRAF), phos-
phatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit
alpha (PIK3CA), phosphatase and tensin homolog (PTEN),
catenin beta-1 (CTNNBI1), and AT-rich interaction domain 1A

(ARID1A) genes. They also exhibit low genomic instability,
without genome-wide copy number changes. This group in-
cludes low-grade serous carcinoma, low-grade endometrioid
carcinoma, clear-cell carcinoma, and mucinous carcinoma.
In contrast, type II tumors are characterized by a high degree
of genomic instability, with frequent deoxyribonucleic acid
(DNA) copy number alterations and tumor protein 53 (TP53)
mutations. About 70% of type II tumors are high-grade serous
ovarian carcinoma HGSOC [3].

HGSOC represents about 50% of cases among all ovarian can-
cers and about 75% among all epithelial ovarian cancers. HG-
SOC is classified as an epithelial, non-mucinous, serous, high-
grade carcinoma, which means that it originates from epithelial
cells, does not produce mucus, resembles fallopian tube cells,
and is extremely aggressive with rapid growth and abnormal
morphology [4]. Figure 1 details the progression of malignant
ovarian cancer through the accumulation of mutations.

Copyright © All rights are reserved by Jung Manon, Charles Cao, John K Chan and Yihui Shi*

DOI: 10.46998/1JCMCR.2026.59.001457


https://dx.doi.org/10.46998/IJCMCR.2026.59.001457
https://dx.doi.org/10.46998/IJCMCR.2026.59.001457

ijclinmedcasereports.com

Volume 59- Issue 2

Table 1: The stages and substages of ovarian cancer are established by the International Federation of Gynecol-
ogy and Obstetrics (FIGO). These stages are useful in determining how far the disease has spread in the body,
guiding treatment plans, and predicting the future course of the disease [2].

Stage I: Tumor confined to ovaries in three categories

TIA Tumor 1s limited to one ovary; the capsule is intact with no tumor on the surface and negative washing (no
cancer cells are detected in the fluid collected from the abdominal cavity)

1B Tumor involves both ovaries, otherwise like TA

IC Tumor limited to one or both ovaries and divided into three groups

ICI Surgical spill, rupture of the tumor during the surgery
IC2 Capsule rupture before the surgery or tumor on ovarian surface
IC3 Malignant cells in the ascites

Stage II: One or both ovaries with pelvic extension or primary peritoneal cancer

ITA | Extension and/or implant on uterus and/or Fallopian tube

IIB | Extension to other pelvic intraperitoneal tissues

Stage III: One or both ovaries with cytologically or histologically confirmed spread to the peritoneum out-
side the pelvis and/or metastasis to the retroperitoneal lymph nodes

IITA | Positive retroperitoneal lymph nodes and/or microscopic metastasis beyond the pelvis

AT Positive retroperitoneal [ymph nodes only

1ITA2 Microscopic, extra pelvic peritoneal involvement with & positive retroperitoneal lymph nodes

extension to capsule of liver/spleen

IIIB | Macroscopic, extra pelvic, peritoneal metastasis <2 cm =+ positive retroperitoneal lymph nodes, includes

IIIC | Macroscopic, extra pelvic, peritoneal metastasis > 2 cm, otherwise like I1IB

Stage IV: Tumor with distant metastasis excluding peritoneal metastasis

IVA | Pleural effusion with effusion positive cytology

IVB | Hepatic and/or splenic parenchymal metastasis, metastasis to extra abdominal organs
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Figure 1: Progression of Ovarian Cancer. The accumulation of mutations, starting with the knockout of p53 tumor
suppressor gene function, leads to the development of ovarian cancer from secretory epithelial cells in the fallo-
pian tube, which has its location shown in the diagram of the female reproductive system [3].

Previous review papers and studies have focused on the origin
and biomarkers of HGSOC. Two competing theories suggest
that pro-inflammatory environments with reactive oxygen spe-
cies may result in DNA damage and resulting mutations but
differ in location. One theory purports that DNA damage on
the ovarian surface epithelium occurs during ovulation-in-
duced tissue rupture while the other theory purports that the
initial site is from secretory epithelial cells from the fallopian
tube migrate to the ovarian surface epithelium [5]. The im-
portant biomarkers for the mutations belong on Fanconi ane-
mia—BRCA pathway and play important roles in DNA repair.
Other research describes the features and molecular markers in

detecting HGSOC. Santoro, et al. further details the biomark-
ers found in HGSOC cases, but the paper does not thoroughly
detail the current and in development treatments for HGSOC.
The paper does differentiate the morphological features into
the classic pattern and SET (solid, pseudoendometrioid, and
transitional) pattern [6]. In Dinkins, et al., different therapies
for treating HGSOC are comprehensively detailed. The PARP
inhibitors (PARP1) are olaparib, niraparib, rucaparib, and other
newer PARPi. The review compiles recent phase III clinical
trials that evaluate the effectiveness of these PARPi. The mo-
lecular targets also include angiogenesis inhibitors, which in-
clude vascular endothelial growth factor (VEGF), and receptor
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tyrosine kinases, which include epidermal growth factor re-
ceptor (EGFR). While vaccines and altering lipid metabolism
offer potential therapeutic avenues for ovarian cancer and are
addressed, there is limited research into this avenue [7]. This
review delves deeper into the specific mutant genes that lead to
HGSOC. This review seeks to synthesize research on genetic
components, diagnostic tools, and research models to guide
current and future treatments.

Materials and Methods

An extensive literature search was conducted in these online
databases: ScienceDirect, PubMed, and ResearchGate. The
search utilized these keywords: “HGSOC,” “ovarian cancer,”
“epidemiology,” “methods,” and “diagnosis,” to capture a
broad range of relevant studies with a preference for studies
published after 2020. Titles and abstracts of the retrieved ar-
ticles were screened prior to inclusion in the review. Govern-
mental bodies and international organizations’ websites and
reports provided some epidemiological data and classification
criteria.

Epidemiology of high-grade serous ovarian carcinoma
HGSOC incidence is heterogencous across the world, with
most of ovarian cancer cases occurring in Asia, 51.8% in 2018
[8,9]. The geographic distribution of HGSOC incidence may
be associated with higher exposure to certain risk factors. Like
many cancers, age is a major risk factor. The median age at
diagnosis is around 63 years, and almost 50% of women are
diagnosed between ages 55 and 74 [10]. Age at menarche and
menopause can also influence risk: late menarche and early
menopause are associated with fewer lifetime ovulations and
therefore a lower risk, while the opposite increases the likeli-
hood of developing HGSOC [11].

Lifestyle-related factors are associated with a reduced risk of
HGSOC. A lower number of ovulations across the lifespan
appears protective, consistent with the “incessant ovulation”
hypothesis. For example, each childbirth reduces the risk by
10-20%. Breastfeeding is also protective [12]. Similarly, long-
term hormonal contraception use can reduce risk by up to 30%,
and the longer the use, the greater the reduction [12].

HGSOC is characterized by one of the lowest 5-year survival
rates among all ovarian cancers, mainly because of late diagno-
sis due to diverse and non-specific symptoms. Less than 35%
of patients with advanced stage (III or IV) HGSOC survive for
5 years after diagnosis [13]. HGSOC accounts for 70-80% of
ovarian cancer deaths [14]. Only 13% of serous ovarian can-
cers are detected at an early stage (I or II). General symptoms
include abdominal bloating or swelling, early satiety and re-
duced appetite, changes in bowel habits, back and pelvic pain,
an urgent need to urinate or increased frequency, abdominal
or stomach pain, and unexplained fatigue. If these symptoms
persist for more than two weeks, patients should see a phy-
sician. At advanced stages, respiratory symptoms may also
occur. Some patients can be asymptomatic, particularly after
relapse [11,15].

Genetic risk factors

Germline breast cancer gene 1/2 (BRCA1/2) mutations sig-
nificantly increase cancer risk, up to 44% and 27% by age
70, respectively [11]. More broadly, mutations in several
other genes—including Fanconi anemia complementation
group proteins (FANCA, FANCI, FANCL, FANCC); partner

and localizer of BRCA2 (PALB2; Ataxia-telangiectasia mu-
tated (ATM); Ataxia-telangiectasia and Rad3-related protein
(ATR); checkpoint kinase 1 (CHEK1), and checkpoint kinase
2 (CHEK2)—are found in approximately 50% of HGSOC pa-
tients with homologous recombination deficiency. As shown
in Figure 2, the Fanconi anemia complementation group pro-
teins (FANC) are important in repairing interstrand crosslinks
(ICLs), which are DNA irregularities where opposing DNA
strands are covalently linked. Mutations in the FANC family
of proteins lead to accumulation of these covalent linkages that
block replication and transcription processes [16]. CHEK1 and
CHEK?2 proteins are key signal transducers that halt the cell
cycle if it senses DNA damage or initiate apoptosis when DNA
damage is too severe. Thus, they are considered tumor suppres-
sor genes. DNA damage also induces ATM/ATR-dependent
phosphorylation of PALB2 which then with BRCA2, mediates
the formation of Rad51 nucleofilaments. This Rad51 protein
is crucial in homologous recombination (HR), a DNA repair
pathway that is significantly less error-prone than non-homol-
ogous end joining (NHEJ) because an undamaged homologous
sequence is utilized as a template to form the repaired DNA
[17]. Accumulation of mutations on these proteins leads to
chromosomal instability and resulting chromosomal defects.

Figure 2: DNA Interstrand Crosslink (ICL) Repair Pathway.
Fanconi anemia complementation group proteins (FANC)
are integral to interstrand crosslink (ICL) repair. FANCA,

FANCC, and FANCL form the FA core complex. FANCL, the

E3 ligase, is one of the catalytic subunits that transform the
1D complex that is comprised of FANCI and FANCD [16].
The ID complex stabilizes DNA to allow for Rad51 protein

to attach to DNA and begin homologous recombination
(HR) repair processes [17]. Checkpoint kinase 1 (CHEK]I)
and Ataxia-telangiectasia mutated (ATM) interaction and
checkpoint kinase 2 (CHEK?2) and Ataxia-telangiectasia and
Rad3-related protein (ATR) interaction activates a signal-
ing pathway. This pathway consists of breast cancer gene
1/2 (BRCA1/2) and the downstream partner and localizer of
BRCA2 (PALB2) the ultimately activate Rad51 [11].

Lynch syndrome, or hereditary non-polyposis colorectal cancer
(HNPCC), is another hereditary disorder caused by mutations
in DNA MutL protein homolog 1 (MLH1), MutS homolog 2
(MSH2), MutS homolog 2 (MSH6), postmeiotic segregation
increased 2 (PMS2), or epithelial cell adhesion molecule (EP-
CAM) [18]. As shown in Figure 3, two integral complexes,
one comprised of MSH2 and MSH6 and the other of PMS2
and MLHI1, are integral to DNA mismatch repair. Mutations
of these four genes and resulting proteins lead to a faulty DNA
repair mechanism and result in accumulation of errors in DNA
which increases the risk of developing OC [19]. EPCAM, de-
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spite not playmg a direct role in DNA repair processes, plays
a role in MSH2 expression. EPCAM deletions lead to down-
stream transcriptional changes through MSH2 promoter’s
DNA hypermethylation, resulting in loss of MSH2 expression
[20]. People with Lynch syndrome have a 75% risk of colorec-
tal cancer by age 70, and about a 15% risk of ovarian cancer
by age 70 [21].

EPCAM

TSR

MLH1

PMS2

Figure 3: Lynch Syndrome pathway proteins. Tiwo complexes,
one comprised of MutS homolog 2 (MSH?2) and MutS ho-
molog 2 (MSHG6) and the other of postmeiotic segregation
increased 2 (PMS2) and MutL protein homolog 1 (MLH]I),

are integral to DNA mismatch repair. Epithelial cell adhesion

molecule (EPCAM) indirectly affects this repair by interact-
ing with the promoter of MSH?2 [18].

Diagnostic Methods

Current diagnostic methods combine imaging techniques and
physical examinations. A pelvic exam is usually performed by
a primary care doctor or an obstetrician-gynecologist to detect
structural changes in the reproductive organs. The exam in-
cludes both visual inspection and physical palpation. Detection
of enlarged ovaries or the presence of abdominal fluid should
raise suspicion [22]. Ultrasound, either abdominal or trans-
vaginal, is used to detect abnormalities of the ovary, uterus,
or fallopian tubes. With this technique, clinicians can identify
enlarged ovaries, solid or cystic masses, papillary projections,
or loculated structures (ovarian masses divided into multiple
compartments) [23]. Its accuracy depends on the physician’s
expertise and the quality of the equipment. In addition, ovarian
size decreases after menopause, making detection more diffi-
cult in older patients [24].

Computed tomography (CT) uses X-rays to create cross-sec-
tional images. It is often used as a first diagnostic tool and may
also be performed before surgery to locate the tumor. CT can
assess tumor size and evaluate the extent of spread to organs
such as the kidneys, bladder, or lymph nodes. However, CT
has limited ability to detect small tumors, which may lead to
missed early-stage disease [25]. Magnetic resonance imaging
(MRI) provides excellent visualization of pelvic structures and
helps with tumor staging. It can detect cystic lesions with septa
> 3 mm, nodules, papillary projections > 4 cm, and necrosis
features suggestive of ovarian cancer. MRI demonstrates a
sensitivity of 91% and a specificity of 85% for ovarian cancer
diagnosis [26-28].

Positron emission tomography (PET) uses FDG as a tracer to
visualize metabolic activity. PET is mainly used to assess tu-
mor growth, staging, and metastasis, often before surgery and
sometimes in combination with ultrasound. Its sensitivity is
around 73% and specificity about 97% [27, 28]. Chest X-ray is
less commonly used for initial diagnosis but may help identify
metastasis in the lungs or pleural effusion [28].

None of these imaging methods alone can diagnose HGSOC;
they must be combined with other approaches. Diagnosis also

mvolves blood tests to detect tumor biomarkers and genetic
testing for mutations associated with ovarian cancer. To con-
firm HGSOC, a biopsy usually performed by laparoscopy, is
required to assess histological features [29].

Biomarkers

The most common biomarker used in OC is cancer antigen-125
(CA-125) [30], a glycoprotein secreted by the Miillerian epi-
thelium into the bloodstream. CA-125 is overexpressed in
80% of OC patients and promotes tumor growth and metas-
tasis. However, its accuracy is limited in early-stage disease:
it detects only about 50% of early cases, and 60% of patients
with high CA-125 levels are not diagnosed with OC. Despite
these limitations, it remains the most widely used biomarker
for OC and EOC. Another well-known biomarker is human
epididymis protein-4 (HE-4), a protease inhibitor involved in
the innate immune response of epithelial tissues. HE-4 is over-
expressed in OC tissue and shows a specificity of around 96%
and a sensitivity of 67% [31].

The limited sensitivity of these biomarkers has led research-
ers to combine several markers into multivariate index assays
(MIAs). Among the different MIAs developed, three have ob-
tained FDA approval: ovarian cancer multivariate index assay
(OVAL1), Overa, and the risk of ovarian malignancy algorithm
(ROMA) [32]. OVAI measures the levels of CA-125, trans-
thyretin, transferrin, beta-2 microglobulin, and apolipoprotein
A-1 in serum, and provides a score between 0.00 and 10.00.
The interpretation depends on whether the patient is premeno-
pausal or postmenopausal [31]. This assay has a high sensitiv-
ity (92%), greater than CA-125 or HE-4 alone, but a relatively
low specificity of around 42%. To improve this specificity, the
Overa test was developed as a second-generation MIA.

Overa also measures five biomarkers but replaces prealbumin
and beta-2 microglobulin with HE-4 and follicle-stimulating
hormone (FSH). These changes increase specificity to approxi-
mately 66% [30]. ROMA, approved by the FDA in 2010, com-
bines CA-125, HE-4, and menopausal status to calculate a Pre-
dictive Index (PI), which is then converted into a probability
score as depicted in the equations I, 11, and III.

) Pre-menopausal Predictive Index: —12.0 + (2.38 x
In[HE4]) + (0.0626 x In[CA 125])

1) Post-menopausal Predictive Index: —8.09 + (1.04 x
In[HE4]) + (0.732 x In[CA125])

111y Predicted Probability: eP1/[1 + ePI] x 100

ROMA is typically used after ultrasound detection of an ovar-
ian abnormality. ROMA shows a sensitivity between 76-86%
and a specificity between 74-95% [33], with generally higher
sensitivity in postmenopausal women [31].

Treatment Methods

One of the first-line treatments for HGSOC is surgery. It is
usually a debulking surgery performed by a gynecologic on-
cologist prior to chemotherapy and consists of the macroscopic
removal of all disseminated tumor masses within the perito-
neal cavity before starting the first round of chemotherapy. The
level of primary cytoreduction is one of the most important
prognostic factors for survival. It has been shown that removal
of metastatic tumors improves overall survival [11,34]. A de-
bulking surgery is considered successful when less than 1 mm
of residual tumor remains [35]. Surgery remains one of the best
options for patients with HGSOC, although it can be associated
with significant comorbidities [36]. Patients with BRCA1/2

4



ijclinmedcasereports.com

Volume 59- Issue 2

mutations, or more broadly with homologous recombination
defects, may choose to undergo a risk-reducing salpingo-oo-
phorectomy, which prevents the development of HGSOC in
85-90% of cases [11,37].

Neoadjuvant chemotherapy can be administered prior to sur-
gery to reduce tumor size. However, most commonly, chemo-
therapy is given after surgery to eliminate remaining cancer
cells. All HGSOC patients are recommended to receive chemo-
therapy regardless of stage. The most used agents are carbopla-
tin, cisplatin, and paclitaxel. The combination of carboplatin
and paclitaxel has been the standard of care for the past 20
years [11]. The typical regimen consists of cisplatin 75 mg/
m? infusion, plus paclitaxel 135 mg/m? infused over 24 hours,
every 3 weeks for a total of 6 cycles [11]. HGSOC is initially
platinum-sensitive, but approximately 80% of patients even-
tually relapse. Heated intraperitoneal cisplatin and paclitaxel
have been shown to increase drug penetration into the abdo-
men, but the clinical benefit of this technique remains unclear
and further trials are needed [37].

Poly (ADP-ribose) polymerase inhibitors (PARPi) are now
routinely used in combination with chemotherapy. The first
FDA approval for PARPi was granted in 2014 for Olaparib
as monotherapy in fourth-line treatment. Later, niraparib and
rucaparib were also approved in 2016 and 2017, respectively.
PARP enzymes are key sensors of DNA damage—both sin-
gle-strand (SSB) and double-strand breaks (DSB)—and play
crucial roles in DNA repair by catalyzing the addition of ADP-
ribose at damage sites. This promotes chromatin decompaction
and recruitment of proteins involved in base excision repair
(BER), NHEJ, or HR. PARP inhibitors exploit the concept of
synthetic lethality: two defects that are non-lethal individually
become lethal when combined. When PARP proteins are in-
hibited, unrepaired SSBs convert into DSBs. In the absence of
functional BRCA, HR-deficient cells accumulate lethal DSBs,
leading to mitotic catastrophe and cell death. Approximately
half of HGSOC tumors show features of homologous recom-
bination deficiency [35], but PARPi provide benefit in all pa-
tients. Unfortunately, resistance to PARPi can develop. Cancer
cells use several strategies to escape treatment, like HR resto-
ration through gene re-expression (e.g., BRCA1/2), epigenetic
modifications activation of alternative repair pathways, or re-
balancing HR/NHEJ replication fork protection, often via loss
of chromatin remodelers [38].

Currently, immune checkpoint inhibitors (ICI) are not part
of standard HGSOC treatment. This may be due to low pro-
grammed death-ligand 1 (PD-L1) expression, low mutation
burden, and weak immunogenicity. However, PARPi such as
olaparib can induce PD-L1 expression, potentially sensitizing
tumors to ICIs [39].

The MEDIOLA trial showed encouraging anti-tumor activity,
and several other trials are ongoing [39] that target growth fac-
tors, like VEGF. To target the tumor microenvironment (TME),
anti-VEGF therapies such as bevacizumab are also used in
combination with chemotherapy. Bevacizumab is a humanized
antibody targeting VEGF-A, a key driver of tumor angiogen-
esis [11]. In the International Collaboration on Ovarian Neo-
plasms 7 (ICON7) study, adding bevacizumab significantly
improved progression-free survival [40].

For women with platinum-resistant disease, mirvetuximab

soravtansine-gynx (MIRV) 1s another treatment option. It 1s an
antibody—drug conjugate targeting folate receptor alpha (FR-
a), expressed in ~80% of primary and recurrent EOC. After
internalization, the attached anti-tubulin toxin (DM4) disrupts
mitosis and induces apoptosis. Toxicity is relatively low due to
the specificity for FR-a—positive cells. In the MIRASOL study,
MIRV improved median PFS (5.6 vs 3.9 months) and OS (16.5
vs 12.8 months) in platinum-resistant patients. For platinum-
sensitive patients, MIRV may be combined with chemothera-
py, though more evidence is needed [41].

Many clinical trials are currently exploring new treatments
for HGSOC. The DENALI trial (NCT05128825) tests aze-
nosertib, a selective mitosis inhibitor protein kinase Weel
inhibitor, in platinum-resistant HGSOC [42]. The BEACON
trial (NCT03363867) evaluates bevacizumab + atezolizumab
+ cobimetinib in platinum-resistant patients [43].

Research models

To discover new drugs and their potential effects on the body,
research models are very helpful and essential. Since the be-
ginning of research on HGSOC, many of them have been elab-
orated, either in vitro or in vivo.

Commercial ovarian cancer cell lines are widely used in re-
search due to their ease of culture and relatively low cost. A
broad range of these cell lines is readily available from sup-
pliers, enabling a wide variety of experiments, from drug
screening and resistance studies to molecular profiling and
therapeutic development. Despite their many advantages, these
cell lines also have notable limitations. They have typically un-
dergone numerous passages, exposing them to strong selection
pressures. As a result, they tend to accumulate additional, of-
ten irrelevant mutations, which can compromise the biologi-
cal relevance of the model and potentially distort experimental
results.

A study analyzing the most used ovarian cancer cell lines,
primarily in the context of HGSOC research, has shown that
SKOV3 and A2780 do not accurately reflect the molecular
characteristics of HGSOC. Notably, these cell lines lack TP53
mutations, which are present in approximately 95% of HG-
SOC cases, and instead carry mutations in other genes such
as PI3K, BRAF, or PTEN. Furthermore, they exhibit very few
copy number alterations, which contrasts sharply with the high
genomic instatility typically observed in HGSOC.

Interestingly, the less commonly used cell lines, those with
few citations on PubMed, are the ones most closely resembling
high-grade serous ovarian carcinoma (HGSOC). Kuramochi,
human high-grade serous ovarian cancer (OVSAHO), and
Seoul National University-119 (SNU119) cell lines all carry
TP53 mutations and exhibit a high number of copy number
alterations. The selection of a particular cell line depends on
several factors, including the study’s objectives and the cul-
ture characteristics. For drug testing, considering the molecular
profile is particularly relevant, as a high degree of molecular
similarity to patient tumors may improve the predictive value
for treatment response [3, 44].

Xenografts are widely used as in vivo models in oncology re-
search. They involve the transplantation of human cells, tis-
sues, or organs into immunodeficient mice, enabling the study
of tumor growth and therapeutic responses in a living system.
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To prevent immune rejection of the graft, various strains of
immunocompromised mice are employed, including athymic
nude mice (which lack T lymphocytes), Severe Combined
Immunodeficiency (SCID) mice (deficient in both T and B
lymphocytes), and NOD scid gamma mouse (NSG) (NOD/
SCID/IL2Rynull) mice (which lack both adaptive immunity
and natural killer cells). These models allow for successful en-
graftment and development of human tumors in a murine host.
Two main approaches are used for tumor implantation. Sub-
cutaneous implantation offers a technically simple procedure
and easy monitoring of tumor growth. However, it does not
accurately recapitulate the tumor’s native microenvironment,
limiting its physiological relevance.

Orthotopic implantation, where tumor cells are engrafted into
their original anatomical site (e.g., human ovarian cancer cells
into the mouse ovarian bursa), provides a more faithful repre-
sentation of the tumor microenvironment. Despite the absence
of a functional immune system, these models retain some stro-
mal and tissue-specific characteristics that influence tumor be-
havior. In addition, it allows the study of peritoneal dissemina-
tion and ascites formation. Nevertheless, orthotopic models are
technically more demanding, particularly for internal organs,
and often require advanced imaging modalities such as biolu-
minescence to monitor tumor progression [3, 35]. This tech-
nique can be used as a model for preclinical development. For
instance, it has been used to show the capacity of monoclonal
antibodies against human VEGF to have a synergistic effect
in combination with paclitaxel on tumor growth and ascites
formation.

Patient-derived xenografts (PDX) are a particular type of xeno-
graft in which fresh tumor tissue, directly obtained from a pa-
tient, is implanted either subcutaneously or orthotopically into
immunodeficient mice. The original tumor tissue can originate
from a primary tumor, a metastatic site, or represent different
clinical stages, such as untreated or chemoresistant disease.
Among the available mouse models, NSG mice are commonly
used, as they provide higher engraftment success rates. Typi-
cally, it takes between 2 to 6 months for the tumor to grow
to the maximum authorized size. For example, in the case of
HGSOC, the engraftment success rate is approximately 77%.
The PDX model represents a major advancement in tumor
modeling, as it is capable of preserving key characteristics of
the original tumors, such as histology, mutational profile, and
DNA copy number. It is commonly used for pre-clinical drug
development and drug screening to help clinicians. However,
this model also presents several challenges. Over time, the hu-
man stromal components can be replaced by murine stroma,
which may alter the tumor microenvironment. Furthermore, it
is an expensive model that requires the use of animals, spe-
cialized equipment, and trained personnel to maintain the mice
under appropriate conditions. Additionally, setting up PDX
studies takes time due to the regulatory paperwork and organi-
zational complexity involved [3, 35].

In 2021, Iyer, Sonia et al. developed several syngeneic mod-
els of high-grade serous tubo-ovarian carcinomas (HGSC)
recapitulating the most common features of patients. A syn-
geneic model consists of implanting a cell line into mice with
the same genetic background (C57BL/6), allowing the growth
of a tumor in a microenvironment with a complete immune
system. The emergence of this kind of model is crucial to in-
vestigate the implication of the immune system in the tumor

microenvironment in HGSOC and assess the potential efficacy
of immune checkpoint blockade therapies already employed
in other cancer types. In this case, the transformed murine fal-
lopian tube epithelial (m-FTE) cell line was genetically engi-
neered to be HR-deficient, with a TP53 missense mutation and
knockout of BRCA1, PTEN, and neurofibromin (NF1), as well
as an overexpression of Myc, called BPPNM. In addition, they
created an m-FTE cell line with undetermined HR status called
PPNM, with the same mutations as the BPPNM model except
the PPBM cell line still has a wild-type BRCA1. They also cre-
ated three m-FTE HR-proficient models with a p53 mutation,
an overexpression of cyclin E1 (CCNE1) and protein kinase B
beta (AKT?2), and one of the following modifications: bromo-
domain-containing protein 4 (BRD4) overexpression (BPCA);
SWI/SNF-related, matrix-associated, actin-dependent regula-
tor of chromatin, subfamily A, member 4 (SMARCA4) over-
expression (SPCA); or KRASG12V, an oncogenic mutant form
of KRAS, (KPCA).

These models all harbor histopathological and clinical fea-
tures found in HGSC patients, such as ascites and peritoneal
metastasis, showing that they are robust models for HGSOC.
Moreover, after an analysis of the immune microenvironments,
they demonstrated that it differs according to genotype. The
BPPNM type showed more inflammation with a higher rate
of CD3-positive cells and more tumor-associated macrophages
than the KPCA or PPNM types. On the other hand, KPCA tu-
mors exhibited a tenfold higher rate of exhaustion markers than
BPPNM [3, 35, 45]. These exhaustion markers include pro-
grammed cell death protein 1 (PD-1), T-cell immunoglobulin
and mucin domain 3 (TIM-3), and T-cell immunoreceptor with
Ig and ITIM domains (TIGIT). These markers demonstrate T-
cell exhaustion and ensuing poor immunosuppressive efforts
against tumor cells.

Genetically engineered animal models include spontaneous
animal models. These spontaneous animal models consist of
introducing genetic mutations found in the cancer of interest
into an animal model to develop a spontaneous tumor. This
type of model offers several advantages, such as genetic simi-
larity to the target cancer and development in an animal with
a competent immune system. However, it usually takes a long
time for the tumor to appear and grow.

To introduce these mutations, various methods are used. Con-
nolly and colleagues developed a transgenic epithelial ovarian
cancer model closely resembling HGSC. They achieved this
by expressing the early region of Simian Virus 40 (SV40) un-
der the transcriptional control of the Miillerian inhibiting sub-
stance type II receptor (MISIIR) gene, which is expressed in
the ovary. In this model, 100% of female offspring develop
bilateral ovarian tumors after an average of 152 days, show-
ing features similar to HGSC, including peritoneal metastases
and ascites formation. This specific model has been used to
evaluate the efficacy of the mTOR inhibitor RAD0O1 in ovar-
ian neoplasms.

Kim and colleagues created a conditional model by deleting
endoribonuclease Dicer (DICER)—an essential gene for miR-
NA processing—and PTEN, using an anti-Miillerian hormone
receptor type 2-directed Cre (Amhr2-Cre) and locus of X-over
P1 (LoxP) system. Their model is show in Figure 4. These
Dicerflox/flox Ptenflox/flox Amhr2cre/+ tumors display ag-
gressive development, arising from the fallopian tube, spread-
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Figure 4: Murine models with deletion endoribonuclease
Dicer (DICER). Deletion of endoribonuclease Dicer (DIC-
ER) and phosphatase and tensin homolog (PTEN) genes in

murine models lead to development of tumors that aggressive
metastasize. The Amhr2-Cre murine model with the double
knock-out display high-grade serous carcinomas arise from
the fallopian tube like high-grade serous ovarian cancer
(HGSOC) [46].

ing to the ovaries, and metastasizing throughout the abdomen,
including the diaphragm, peritoneal membrane, omentum, and
even the pancreas. Primary tumors and metastases also show
histological similarities to HGSC, such as pleomorphic nuclei,
prominent nucleoli, and high mitotic activity. Despite the ab-
sence of TP53 mutations, the model appears accurate, as TP53
expression is low. It is possible that DICER deletion mimics
the effect of TP53 mutation, given the role of p53 upstream of
DICER [3,35,46].

Conclusion

Ovarian cancer, particularly HGSOC, remains a major global
health issue worldwide with 225,000 new cases registered each
year. This emphasizes the need to continue research on this do-
main. This review summarizes knowledge about HGSOC and
highlights some of the unmet needs in research. HGSOC still
lacks early detection tools.

The development of more sensitive and specific biomarkers
could help and improve the clinical outcome. In addition, novel
therapies are still necessary to treat the heterogeneity of patients
and especially the poor responder of classic treatment. With all
the new concepts emerging, new leads could be explored in the
tumor microenvironment and in immunotherapy. Finaly, the
necessity to develop new strategies to overcome treatment re-
sistance is increasing. Furthermore, recent advances in artifical
intelligence (AI) have shown promise in predicting platinum
response and could eventually guide physicians in patient care.
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