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Aims and Scope of the Series

The field of oncology has undergone extraordinary change and progress over the
past several decades. Today, information is evolving at a rapid rate, with standards
of management far different than standards of care applied during the training of
most practicing oncologists. Oncology practitioners in all disciplines must remain
current to optimize patient care. Basic and translational science remain critical

in developing process improvements for patient care. The closer we understand
the mechanism, the more we can improve targeted therapies and apply them to
patient care. The pace of information is moving faster than at any previous time

in history, and all oncology disciplines must remain current to provide excellent
service to patients. The modern oncologist must be fluent in using big data and the
volume of information generated in clinical trials. As we move closer to personal-
ized patient care based on genomics and molecular biomarkers, the modern oncol-
ogist has to be nimble in assessing all available information and how this would be
applied to each patient, balanced by the clinical status and medical co-morbidities
of each patient. Targeted therapies can bring new and different sequelae, and
oncology teams need to remain fluent in managing the consequences of therapy
and primary management. In this book series, we will present how modern care
has progressed in multiple disease areas and how modern oncology teams need

to adapt in order to manage the cancer patients of today successfully. Surgery,
radiation therapy, and medical oncology are practiced today with the support of
exceptional modern technology, and in this series, we will review how these im-
provements are applied to each disease site to maintain excellence in patient care.
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Preface

The management of gynecologic cancer has evolved tremendously in the last few years.
This book will focus on individualized treatment strategies for different gynecologic
malignancies.

Breast and Gynecological Cancers — New Perspectives and Applications in Their Treatment
represents a review of interesting and clinically important advances in the tumor
biology and treating breast and gynecologic malignancies. Major aspects of scientific
progress in the treatment of gynecologic malignancies with regard to new knowledge
due to advances in the understanding of tumor biology and innovative new medical
treatment options are covered. An interesting collection of innovative aspects in the
diagnosis and treatment of gynecological malignancies and opinions from specialists
who are relevant to this field are brought together in this book.

Uterine leiomyosarcoma (ULMS) is an uncommon gynecological cancer, and treat-
ments such as surgical debulking, chemotherapy, and radiotherapy have had limited
results. Identifying small molecules could essentially be utilized for personalized
treatment of leiomyosarcoma, especially with patients carrying the tp53 mutations.
The first chapter of the book will focus on the concept of personalized tumor therapy
for uterine leiomyosarcoma.

Ovarian cancer screening remains elusive despite tireless efforts. The challenges faced
include the prevalence of ovarian cancer and its impact on the positive predictive value
of screening tests. Effective screening is crucial, as this is the deadliest gynecological
cancer and often presents at a late stage. The diversity of the targeted population, low
and high risk, as well as the ambiguity in oncogenesis and shared origin by fallopian
tubes and peritoneum, are genuine obstacles in unifying a screening program for the
heterogeneous disease. The consensus does not recommend screening in low-risk
populations. Evaluating available screening tests in multiple trials did not prove a
reduction in mortality. There may be an increase in detection of early disease. However,
the impact on mortality and quality of life is questionable. The second chapter will
discuss these different aspects.

Endometrial cancer is the most common uterine malignancy in the U.S. and Europe
and a significant cause of morbidity and mortality in these countries. While there
was good agreement among pathologists in the diagnosis of low-grade (well and
moderately differentiated) endometrial carcinomas, the same could not be said for
all high-grade tumors. In 2013, a new, 4-tier molecular classification scheme for the
pathologic diagnosis of endometrial cancer was proposed with ground-breaking
implications, which will be evaluated in the third chapter.

Cervical cancer remains a significant health concern globally, particularly in low- and
middle-income countries. Accurate staging of cervical cancer is critical as it directly



influences treatment decisions and prognostic assessments. This chapter provides a
comprehensive overview of the staging methodologies used in cervical cancer, high-
lighting the International Federation of Gynecology and Obstetrics (FIGO) and the
Tumor, Node, Metastasis (TNM) staging systems. It delves into diagnostic methods,
including clinical examination, advanced imaging techniques, and pathological
evaluation, and discusses recent advancements such as molecular imaging, biomarkers,
and artificial intelligence. The fourth chapter also explores the clinical implications

of staging, including its role in treatment planning, prognostic evaluation, and
follow-up care.

Breast cancer is the second most common cancer and one of the most common
cancers in women worldwide. The risk factors of this cancer can be classified into two
categories: non-modifiable and modifiable. It has been shown that modifiable lifestyle
factors, such as diet, play an important role in cancer prevention. Recently, instead of
using specific foods as indicators of dietary intake and nutritional status, component
food group analysis has been used to determine dietary patterns. Although the find-
ings are insufficient to evaluate the relationship between diet and breast cancer risk,
areduction in breast cancer risk has been reported following an increase in fruit and
vegetable consumption. This is described in the fifth chapter.

Cancer stem cells are a crucial subpopulation in gynecological tumors, defined by
their self-renewal, differentiation potential, and resistance to conventional therapies.
These cells are central to tumor initiation, progression, metastasis, and recurrence,
making them key targets for innovative therapeutic strategies. The last chapter will
explore the molecular mechanisms that regulate cancer stem cells, focusing on signal-
ling pathways such as Wnt, Notch, and Hedgehog, which are critical for cancer stem
cell maintenance and survival. It will also examine emerging therapeutic approaches
aimed at eradicating cancer stem cells, including pathway inhibitors, immune-based
strategies, and combinatorial treatments. Further, this chapter delves into the chal-
lenges and future directions of translating cancer stem cell-targeted therapies into
clinical practice.

Michael Friedrich

Department of Obstetrics and Gynecology,
Helios Hospital,

Krefeld, Germany

XVI



Chapter1

Computational Methods for
Personalized Targeted Therapy in
Uterine Leiomyosacoma

Hoosdally Shakeel

Abstract

Uterine leiomyosarcoma (ULMS) is an uncommon gynecological cancer, and
treatments such as surgical debulking, chemotherapy, and radiotherapy have had
limited results. This investigation study is about a scenario of a 53- year-old woman,
whereby conventional protocol through combining doxetatacel, gemcitabine, pazo-
panib, pemetrexed, and doxorubicin with surgery and radiation did not avoid metas-
tasis, resulting in the death of the patient. A strategy of personalized tumor therapy
was used. Through the recommendation of a ctdna (circulating tumor DNA) next-
generation sequencing (NGS) using blood sample, the mutated tp53 c338y was identi-
fied. A built homology of the mutated TP 53 proteins with a drug library of 1133 FDA
approved drugs can be used in repurposing as part of the therapy regimen. Virtual
drug screening using molecular docking was performed with PyRx 0.8 and dockey
software. The top 10 drugs were found to bind to the target genes. Three from the top
10 were further refined with AutoDock 4.2.6. The identification of small molecules
could essentially be utilized for personalized leiomyosarcoma, specially with patients
carrying the tp53 mutations. This concept of personalized tumor therapy could be
effective not only for uterine leiomyosarcoma but for other tumors as well.

Keywords: repurposed drugs, virtual screening, homology model, uterine
leiomyosarcoma, molecular docking, computer software, personalized tumor
therapy, next generation sequencing (NGS)

1. Introduction

ULMS is a malignant mesenchymal form of neoplasm accounting for 10-20% of
newly diagnosed sarcoma [1, 2]. ULMS have a poor prognosis and aggressive biologi-
cal behavior with local and distant metastasis. Although most cases are sporadic, li
Fraumeni syndrome is a risk factor [3]. Patients have a high risk of relapse, and 80%
of relapse occurs within the first 2 years [4]. ULMS is a highly complex karyotype
with genomic instability. Patients with disseminated ULMS are usually incurable with
median survival of 1 year after development of distant metastasis [5].

Genomic molecular profiling of ULMS shows alterations and mutations or dele-
tions in tumor suppressor genes TP53, RB, ATRX, and PTEN [6]. Omics findings have
shown a high level of alternate lengthening of telemores and defects in Homologous
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Recombination (HR) and DNA repair pathway [7, 8]. ULMS exhibits low tumor
molecular burden (TMB) with 2-5 mutations per megabase. Genomic analysis has
identified homologous recombination DNA repair pathway HRD [8-12]. Additional
alternated genes identified are TP53, C-MYC/RET, CDK N2A/B, NF1, RB1, BRCA2,
and FGFR.

The current treatments of ULMS involve surgical debulking, radiotherapy, and
adjuvant chemotherapy. First-line settings with patients with advanced ULMS are
treated with doxorubicin or gemcitabine combined with docetaxel [13]. ULMS
appears to be sensitive to gemcitabine-docetaxel with a therapeutic rate of 35.8% and
Median Progression Free Survival (PFS) of 4.4 months [13]. Conventional treat-
ments including surgery radiation and combinational chemotherapy using doxetacel/
gemcitabine, maid protocol, and premetrexed did not improve the patient condition
and yielded no survival benefits [14]. Radiation destabilizes the DNA structure and
triggers protein kinase pathways, which blocks cell cycle progression. Tp53 is the key
effector in DNA damage-activated kinase pathways, and the key aim of Tp53 is to
promote cellular apoptosis [15]. Hence, the need arose performing genomic profiling
of a tumor before selecting cancer therapies.

Different recurrent alterations are observed in ULMS in different patients.
Advanced genomic profiling is needed to identify oncogene drivers, and the need for
personalized therapy for each patient is warranted. Many studies have shown that
gene mutations cause uncontrolled cell growth and resistance to conventional antitu-
mor treatment. Targeted oncology addresses this issue by using the genomic landscape
of the tumor to find gene alterations where targeted therapies can be implemented.
But there is scarcity of drugs to target these mutations. Targeted therapies have shown
increased rate of survival compared to classical chemotherapy protocols [14]. We
should also bear in mind that tumors have clonal and sub-clonal populations. The
greater the degree of heterogeneity, the less effective response from chemotherapy.

Drug repurposing is an interesting concept that uses already FDA- approved drugs
that were indicated for further diseases other than cancer [16]. These drugs have already
passed safety and toxicity phases in clinical trials. This concept is interesting from both
an economic and medical perspective as it takes around 15 years to bring a new drug on
the marketplace with a huge amount of money being invested. Repurposed drugs should
be encouraged in all cancer types. A classic example is metformin initially approved for
diabetes has shown activity against gastrointestinal tumors [17].

The present investigation is about a 53 -year-old female patient suffering from
ULMS. The clinical history of the condition was described, whereby genomic muta-
tional landscape was established by NGS. The identification of mutations from NGS
was mapped to conduct virtual screening using a database of 1123 FDA-approved
drugs to devise new treatment strategies for this uncurable disease. The above strat-
egy can be adopted in cases where personalized treatment of cancer patients runs out
of treatment protocol.

2. Case presentation

A 53-year-old woman living in Mauritius was treated in a New Cancer Centre
(NCC) established in Mauritius. She was initially diagnosed of ULMS in 2019 and
suffered from stage 4 lung metastasis. In April 2019, a CT scan revealed a significant
fibroid uterus, leading to a diagnosis of uterine leiomyosarcoma. Further in May 2019,
a mass of 210 mm in maximum dimension was extended into the deep endocervix.
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A complete hysterectomy was performed. Subsequently, she underwent treatment with
six cycles of doxetacel and gemcitabine from June 2019 to November 2019. In January
2020, she underwent external radiotherapy specifically targeting the uterine area. The
Position Emission Tomography (PET) scan result showed significant hypermetabolic
activity in pelvic lymph nodes. Hypermetabolic nodules and mass lesions were noted in
bilateral lungs, suggestive of metastasis. Fluorodeoxyglucose (FDG) uptake was seen in
pleural-based and parenchymal soft tissue density mass lesions and nodules in bilateral
lung parenchyma (largest in posterior and lateral basal segment of the left lower lobe
measuring 8.6 x 5.8 cm) SUV value of 28. Further, in May 2022, a regimen of six cycles
of docetaxel/gemcitabine was initiated. In December 2022, she began taking pazopanib
tablets, a tyrosine kinase inhibitor. Despite the above regimen, in January 2024, can-
nonball lung metastases were seen by PET-CT scan of the thorax with bilateral pleural
effusions and right pneumothorax. Diffusely scattered, heterogeneously enhancing
lobulated lesions of varying sizes containing internal areas of necrosis were seen in all
lobes of both lungs. In March 2024, her treating oncologist of NCC recommended the
mesna, doxorubicin, ifosfamide, and dacarbazine (MAID) protocol and premetrexed.
On 19-Mar-2024, an NGS analysis of blood CT DNA was performed to get a genomic
profile of the tumor and any actionable genes for molecular targeted therapies.

2.1 Test conducted
2.1.1 DNA sequence variant

The data from Table 1. was extracted from the Patient Report NGSS conducted at
a local clinic in Mauritius (Clinic Wellkin - Mauritius)

2.2 Materials and methods

Based on Table 1 and according to CLINVAR (https://www.ncbi.nlm.nih.gov/
clinvar/), the main drivers’ mutations are TP53C238Y and p. (Q331Hfs*6), which are
highly pathogenic. Furthermore, the PDGFAR is a benign variant and will not be
considered further for this study.

The tumor-suppressor protein TP53 has been involved in almost 60% of all human
cancer cases. It is crucial to scrutinize the structure and purpose of TP53 and how it
threatens cell reliability when mutations are formed [18]. On chromosome 17p 13.1,
the TP53 gene consists of 393 AA. The sequence-specific DNA-binding domain (AAs
102-292) is the core part of TP53. In tumors, TP53 missense mutations are thought to
be prevailing, specially influencing amino acids located near the DNA-binding surface
of the gene. According to the International Agency for Research on Cancer (IARC)
TP53 Mutation Database (28) lists, 95% of these oncogenic mutations are located in
the DNA-binding domain (DBD). Mutated TP53 was found to be resistant to several
conventional drugs that are used in therapy such as cisplatin, doxorubicin, cetux-
imab, and gemcitabine [19]. It is well known that stabilizing the destabilizing mutants
of TP53 is a prospectus to treat tumors. Till now the TP53 has been undruggable, but a
recent report by Pradhan et al. [20] has identified the S6-S7 pocket to be druggable.

2.3 Homology building model of the mutated TP53 c238 y

The main driver mutation for this patient was (TP53):c.713G > A
(p.Cys238Tyr). There has been a change in the amino acid residue at position 238
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in TP53 whereby cysterine was replaced by tyrosine. The P53 c238y mutated gene
3D crystallographic structure has not yet been annotated in the Protein Drug Bank
(PDB) database. Hence, the amino acid sequence of the mutated TP53, having
accession number (P04637), was retrieved from the Uniprot database (https://
www.uniprot.org/uniprotkb/P04637/entry#VAR_005967) in the FASTA format.
The model was built using the Swiss model server (https://swissmodel.expasy.org/
interactive) with a template of the new TP53 monomer structure PDB id (8F2I), as
illustrated in Figure 1.

The model structure of the target protein was refined using the high-resolution
protein structure refinement tool (ModRefiner) of the Zhang Lab online server
(https://zhanggroup.org/ModRefiner/) and GalaxyRefine (https://galaxy.seoklab.
org/). GalaxyRefine is a web server for protein structure prediction, refinement, and
related methods.

2.4 Validation of the model

The model of c238y was validated by the SAVES server (https://saves.mbi.ucla.
edu/). The tools of the SAVES server consist of the following: ERRAT, VERIFY3D, and
PROCHECK resulted as follows. PROCHECK analysis delivered a Ramachandran plot
for the given protein structures (Modeler-generated TP53 mutated c238y). The results
of PROCHECK’s Ramachandran plot for the given model are shown in Figure 2, and
their data are tabulated in Tables 2 and 3.

The mutated model generated was superimposed on the TP53(PDB ID:8F2I) as per
Figure 3. FATCAT is a server which is used for alignment of models. The RMSD value
obtained upon alignment is 1.23 angstrom (A), suggesting a very good model of the
mutated TP53. A value between 0.5 < TM-score < 1.00 is considered very good. The
TM score was 0.97248, and RMSD was 1.23 A. In general, an RMSD value of less than
2 A is considered a very good, validated model.

Figure 1.
TP53 monomer (PDB ID 8F2I).



Breast and Gynecological Cancers — New Perspectives and Applications in Their Treatment

PROCHECK

Ramachandran Plot

Psi (degrees)

0 45 90 135 180
Phi (degrees)
Plot statistics

s (ABLY
[abl.

Number
Mumber of proliae

Total samber of tesadcs 1w

Based om

saves Ol ps

Figure 2.
Ramachandran plot diagram.

Regions of the Ramachandran plot Mutant tp53

Allowed Regions:

percentage of residues in most favored region 92.3

Percentage of residues in additionally allowed regions 59

Percentage of residues in generously allowed region 12

Percentage of residues in disallowed region 0.6
Table 2.

Residues of the genevated mutant p53 models in the Ramachandyan plot showing the quality of the modeled
secondary structures.

2.5 Binding sites and molecular docking

The built homology 3D models were utilized for molecular docking, In the first
instance, the binding sites were found from the latest publication that recommended
anew druggable pocket in the DNA-binding region of the mutant TP53. This pocket
consists of the following amino acid residues: Argl74, glu 180, Glu192, his 193, Asp207,
Asp208, Arg209, Asn210, Thr211, Phe212, Arg213, and His214 [20]. The tertiary structure
of the protein was further predicted with the Prankweb server (https://prankweb.cz/) to
predict the active binding sites present in the TP53 mutated protein as shown in Figure 4.
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Functions Validation Mutated TP53 model (%)
ERRAT Overall Quality Factor 85.24
Verify3d Status Pass
Residues has averaged 3D-1D score > = 0.1 87.79
amino acids have scored > = 0.1 in the 3D/1D profile greater than 80%
Procheck Ramachandran Plot 923
Table 3.

Results of the structure validation by different functions of SAVES.

Figure 3.
Visualization of superposition of two proteins (Protein-1(PDB 8F1I) in blue and Protein-2 (T 53 mutated model
in red).
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Figure 4.
The two most probable binding sites with the highest probability is pocket 1 and 2 with a total of 24 residues.

2.6 Molecular docking

A library of FDA-approved drugs (1123 compounds) (https://enamine.net/
compound-libraries/bioactive-libraries/fda-approved-drugs-collection) was down-
loaded in SDF format and screened for initial virtual screening against the mutation
c238y. Virtual screening is a computational technique used to search libraries of small
molecules to distinguish those structures that have the highest probability to bind to
a drug. Structure-based virtual screening (SBVS), also known as target-based virtual
screening (TBVS), attempts to predict the best interaction between ligands against a
molecular target to form a complex.
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Prankweb binding-identified pockets were taken into consideration with the
above residues’ sites, which were used to confine the search space for virtual screen-
ing. Virtual screening was then performed on the mutated TP53 and 1123 FDA
approved drugs using Dockey SoftwarE and PyRX 0.8. Dockey (https://github.com/
Imdu/) is a novel tool to help in easing the accomplishment of molecular docking.
Dockey combines several external tools (autodock vina) to implement the complete
docking pipeline covering molecular sanitization, molecular preparation, interac-
tion, and visualities. PyRx 0.8 (https://pyrx.sourceforge.io/) is a virtual screening
tool for Computer-Aided Drug Discovery (CADD) that can be used to screen librar-
ies of compounds against potential drug targets. The binding affinity for each FDA
drug with the mutant TP53 with a more negative score of a compound signifies a
higher binding capability.

The first 10 compounds with the largest binding affinities were chosen for addi-
tional analysis. The top 10 docking poses are depicted in Tables 4 and 5.

The Autodock Vina tool predicts the binding affinities of the first conformations,
with zero RMSD values considered. No sets of controls were included in this study
as no drugs were found to bind to this specific mutation. Given that there was no
source point to make a comparison with the binding energy, drugs showing the low-
est binding energies were taken for further investigation. For enhanced refinement
in the in silico results, docking with Autodock 4.2.6 program (http: autodock.scripps.
edu) was performed for the top four compounds. Umbralisib was withdrawn by the
FDA from the market due to its toxicity. Hence, docking of the three compounds
with mutated TP53 238y was performed indigenously by docking one compound
at a time to the mutated TP53 manually using Autodock 4.2.6 incorporated in
AMDOCK. Autodock 4.2.6 was used to determine the lowest binding energies and
ranked according to their binding affinities. AMDock (Assisted Molecular Docking)
is an easy software for docking of protein-ligand complexes using AutoDock Vina
and AutoDock 4.2.6.

Ligand Affinity logKi LE Ki
Umbralisib_ -10.09 —-7.396 0.24 40.17nM
Ubrogepant -9.336 —6.843 0.233 14342 nM
Maraviroc -9.146 —6.704 0.247 19765 nM
Tolvaptan —-8.606 —6.308 0.269 491.72 nM
Tucatinib —8.678 —-6.361 0.241 435.45nM
Zafirlukast -8.33 —-6.106 0.203 783.48 nM
Zavegepant_ -9.737 —-7137 0.207 72.89 nM
Midostaurin -9.916 —7.269 0.231 53.89 nM
Paritaprevir_ —8.668 —6.354 0.188 442.87 nM
Atovastatin -9.763 —-7.156 0.349 69.76 nM
Table 4.

Top 10 compounds obtained from virtual screening.
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S/N Receptor Ligand Affinity IRMSD uRMSD  logKi LE Ki

1 MutC238Y Umbralisib -10.28 0 0 —-7.535 0.245 29.15nM
2 mutC238Y Midostaurin -9.947 0 0 -7.291 0.231 51.14 nM
3 mutEC238Y atovastatin -9.393 0 0 —6.885 0.335 130.27 nM
4 mutC238Y Zavegepant -9.594 0 0 -7.032  0.204 92.79 nM

Tables.
Top 4 compounds with the highest binding energy.

3. Validation of molecular docking

The RMSD is a good method of Validation of Molecular Docking to split the ligand
from its target and repeat docking in the same area, where the ligand was found
previously. As such, we can easily analyze if the ligand and the same docked ligand
are intersecting or not, through the value of parameter RMSD. Overall, 2 A RMSD
value for a conformation is considered a docking success.

3.1 Protein-ligand interaction profiler

PLIP (projects.biotec.tu-dresden.de/plip-web) is an internet-based server that
gives analysis of protein-ligand interactions. PLIP detects hydrogen bonds, hydropho-
bic contacts between ligands and targets. The main target is to locate interactions in
the dock complex. Hydrogen bonds and hydrophobic interactions play a vital role in
revealing the specificity of drug candidates, with the active site residues of the target
protein impacting the binding affinity and steadiness of the ligand—protein complex.

UCSF chimera (https://www.cgl.ucsf.edu/chimera) is a computer software for
interactive visualization and analysis of molecular structures and sequence align-
ment. The option matchmaker is used as a validation method to calculate RMSD
values of the three drugs: midostaurin, atorvastatin and zavegepant.

Gene Drug Docking Docking Binding RMSD RMSD(A)
program software affinity Ib./up
(kcal/mol)
tp53mutated  midostaurin Dockey virtual vina -9.94 0
screening
Pyrx virtual vina -9.92 0
Screening
Chimera 1.8 1824
Target Drug Docking Program Docking Binding KI Ligand
Software affinity efficiency (LE)
(kcal/mol)
AMDOCK Autock4.2.6 -9.52 183.52 Nm -0.23
Table 6.

Docking analysis of midostaurin.
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3.2 Results and validation of molecular docking

Docking techniques are usually a way to find out large libraries of compounds
such as drugs at a reasonable cost. The major limitations are the deficiency or limited
protein flexibility. A combination of various docking procedures were used to screen
drug database (Tables 6-8).

3.3 Interaction of the 3 ligands with mutated TP53

See Table 9.
Target Drug Docking Docking Binding RMSD RMSD(A)
program software affinity Ib./up
(kcal/mol)
Mutated atorvastatin dockey VS Vina -9.39 0
tp53
Pyrx virtual Vina —9.38 0
Screening
Chimera 1.8 128A
Target Drug Docking Docking Binding KI Ligand
Program Software affinity efficiency (LE)
(kcal /mol)
AMDOCK Autock4.2.6 -719 5.37 uM -0.22
Table7.
Docking analysis of atovastatin.
Target Drug Docking Docking Binding RMSD Ib./ RMSD(A)
program software affinity up
(kcal/mol)
tp53mutated  Zavegepant Dockey vina 9.59 0
virtual
screening
Pyrx virtual vina -9.59 0
Screening
Chimera1.8 1574
Target Drug Docking Docking Binding KI Ligand
Program Software affinity (kcal/ efficiency
mol) (LE)
AMDOCK Autock4.2.6 —9.93 52.63 Nm —-0.23
Table 8.

Docking analysis of zavegepant.
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Compound Interacting amino acid residues Number of hydrogen
bonds
Midostaurin 131A ASN, 373A LYS 2
Atovastatin 271A GLU, 373A LYS, 131A ASN 3
Zavegepant 111 A LEU, 351A LYS, 354A GLN, 359A PRO, 363A ARG, 371A 8

SER, 373ALYS

Tableg.
Interactions of ligands.

4. Discussion

As per this report above, the scenario of uterine leiomyosarcoma was described.
This histology signifies a very rare tumor type where the ideal treatment is not
available. Current antitumor protocols are not capable to cure patients with ULMS.
Conventional anticancer drugs were used for treatment of the patient. Mutation
of TP53, as occurs in ULMS, not only abrogates the P53 protein’s normal tumor-
suppressive function but also may disrupt cellular regulatory networks. At that time,
personal genomic profiling was not performed, but the patient pursued the conven-
tional route; hence, new treatment options are urgently needed. As at now, there are
no effective therapeutic means to target (mutated) TP53. A novel concept in personal-
ized oncology is tumor sequencing to discover patient-specific mutations that can be
tackled by targeted drugs. NGS sequencing information can be used to identify new
therapies for individual patients by using virtual screening method. The mutation
in a lelomyosarcoma patient has been used as an example that proved the viability of
this concept. The investigation was concentrated on examining FDA-approved drugs,
since repurposing of drugs initially approved for diseases other than cancer provided
interesting treatment options for many patients. The mutation obtained by genomic
profiling of the patient’s tumor has several consequences for treatment.

The sequencing of genomic profiling provides information on driver mutation.
Proper interpretation of the mutational analysis is desirable to make concise deci-
sions, to understand which mutations are most appropriate for virtual drug screening.
As aresult, it can be considered to search for drugs that have already been approved
for other diseases showing anti-cancer activity. This concept is commonly known as
drug repurposing and has proven to be a success.

NGS sequencing data were obtained from blood CTDNA to identify mutations.
The mutations are screened against already FDA-approved drugs that bound with
high affinity to mutated proteins in a ULMS patient. A database of 1123 FDA-
approved drugs was first screened by PyRX software and Dockey software. The
results obtained were further refined by molecular docking with AutoDock 4.2.6.
Virtual drug screening unraveled a panel of drugs that bound with high affinity to
TP53-mutated 238y, which is the main driver mutation. These drugs were from
various classes and had different pharmaco-dynamic and pharmaco-kinetic activi-
ties. The drugs identified by this virtual screening uncovered anti-lipid (atovastatin)
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umbrasilib used for rare forms of refractory lymphoma; midostaurin for high-risk
acute myeloid leukemia (AML), and zavegepant for acute treatment of migraine. The
issue was which drug would be more beneficial for this ULMS patient.

Umbralisib, a kinase inhibitor for PI3K-delta and casein kinase CK1-epsilon, has
been approved for the treatment of relapsing and refractory marginal cell lymphoma
and follicular lymphoma. Umbralisib was withdrawn from the market due to safety
concerns as the drug was associated with a possible increased risk of death. Therefore,
umbrasilib will not be considered for drug repurposing in this specific case.

Midostaurin (as Rydapt) is a multitarget kinase inhibitor that was initially char-
acterized as a potential broad-spectrum antineoplastic agent, with activity toward
diverse solid and hematopoietic tumors. It has shown to increase the overall survival
rate in patients with AML as an adjunct therapy along with chemotherapeutic
agents. It targets multiple WT and mutated kinases that, when activated, constitu-
tively stimulate aberrant signaling cascades that lead to malignancies such as AML.
Midostaurin is therapeutically beneficial as a combination therapy for patients under-
going chemotherapy. It potently inhibits multiple receptor tyrosine kinases VEGFR2,
KIT, and PDGFR and WT tyrosine kinases. The patient also had a PDGFRA mutation,
which can be targeted by midostaurin. PDGFRA is involved in tumor angiogenesis
and maintenance of the tumor microenvironment and is implicated in metastasis, as
well as playing a role in normal angiogenesis. Hence, midostaurin can be combined
with other drugs to target both mutated TP53 and PDGFRA.

Zavegepant is a calcitonin gene-related peptide (CGRP) receptor antagonist.
CGRP is released from sensory nerves and acts as a strong vasodilator. Zavegepant
is a third-generation CGRP receptor antagonist that is small and highly soluble.

Due to its pharmacological properties, it can be administered intranasally. In March
2023, the FDA approved the use of zavegepant nasal spray for the acute treatment
of migraine. This is a useful adjunct for this patient to take this drug intranasally to
target the lung metastasis.

Atorvastatin (Lipitor®) is a lipid-lowering drug included in the statin class of
medication statins and is considered standard practice for patients following any car-
diovascular event. Preclinical data from University of Kansas Cancer Center showed
that several statins, like atorvastatin, suppressed mutated Tp53 level and cell growth
selectively (PMID: 27775703). The trial tested whether atorvastatin can selectively
suppress the level of conformationally mutant p53 protein in subjects with resectable
tumors or previously treated acute myeloid leukemia (AML) at dose of 80 mg/day
orally for 1-4 weeks using a 141 gene NGS panel, including TP53 (Clinical trial iden-
tification: NCT03560882). At this juncture, this shows that computational methods
with in silico analysis can predict drugs for rare tumor treatment. When these results
were obtained, the leiomyosarcoma patient was already at a deteriorative state despite
aggressive treatments. Unfortunately, the patient died on 9 July 2024 before any rec-
ommendation of an individualized treatment with the above repurposed drugs could
be implemented. Hence, a final proof of the clinical success of this computational
method presented in this study could not be given. Nevertheless, the study represents
a preclinical viable approach to identify possible treatment candidates in cases that
lack therapeutic options, which is a scenario frequently occurring in clinical oncology.
Repurposing of approved FDA drugs may not deliver more drugs for the individual
treatment of cancer patients due to the multiplicity of tumor-related mutations. The
identified drugs may be used as a starting point for further drug development to
improve ULMS therapy in the future. The three drugs above can be combined safely
to increase survival and to block progression of the disease. Despite the attractiveness
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of the virtual drug screening approach based on tumor sequencing data, there are also
some limitations of this approach that have to be addressed. Virtual drug screening of
FDA-approved drug may result in the identification of a certain rate of false positive
candidates. Therefore, results from virtual drug screening should be validated by i
vitro or in vivo experiments and in clinical settings.

5. Conclusion

Genomic repurposing may expose drug candidates for the advance improvement
of personalized treatment in cancer. A combination of tumor genomic profiling and
virtual screening method can identify new repurpose drug. FDA-approved drugs can
aid in making appropriate compound predictions to inhibit mutated proteins and
to enhance cancer therapy for each patient. ULMS tumor entity is unresponsive to
standard chemotherapy and radiotherapy (which may exacerbate metastasis), and
effective treatment of the disease are scarce. At this juncture, a way to discover other
protocol of this rare tumor is warranted. For this reason, genomic sequencing of the
ULMS tumor was performed using NGS analysis. Using computational software,
three FDA-approved drugs, which are not routinely used for ULMS treatment, were
identified. These compounds could be useful in circumstances that the conventional
treatment have failed. The repurposing concept can be used for ULMS as well as for
other rare refractory resistant tumors. This concept is coined as targeted computa-
tional-guided drug repurposing method, signifying an original prospect for personal-
ized tumor therapy that warrants further research.
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Chapter?2

Ovarian Cancer Screening
Abubakr Mohamed Ali Nasr

Abstract

Ovarian cancer screening remains elusive in spite of the tireless efforts. The
challenges faced include the prevalence of ovarian cancer and its impact on the posi-
tive predictive value of screening tests. Effective screening is highly needed in view
of being the deadliest gynecological cancer with late presentation. The diversity of
targeted population, low and high risk as well as the ambiguity in oncogenesis and
shared origin by fallopian tubes and peritoneum are genuine obstacles in unifying a
screening program for the heterogenous disease. The consensus does not recommend
screening in low-risk populations. Evaluation of available screening tests in multiple
trials did not prove reduction in mortality. There may be an increase in detection of
early disease. However, the impact on mortality and quality of life is questionable.
The screening tests including pelvic sonography, tumor markers, proteoms, mRNA,
free DNA and symptom-based screening did not prove significant statistical power
in view of the risky diagnostic testing with laparoscopy and significant possibility of
false positive results. There is potential role for developments in the available tests and
future developments including Al

Keywords: ovarian cancer, screening, pelvic sonography, CA125, proteoms, mRNA,
symptom-based screening, ovary, oncogenesis, tumour makers, BRCA mutation

1. Introduction

Ovarian cancer screening programs have been an unbeatable challenge despite
great efforts using multiple pathways to achieve a successful, cost-effective, reproduc-
ible outcome model that can be implemented in clinical practice.

The classical screening model of ovarian cancer screening applied to current clini-
cal practice basically includes CA125 and transvaginal ultrasound (TVS) as screening
tools. Clinical symptoms, biomarkers, and genetic testing have been suggested as
screening tools as well.

The targeted screening population characteristics have been an area of debate as
the effectiveness of the tools is affected by the low incidence of the disease. So, target-
ing an asymptomatic population or those with risk factors or genetic predisposition is
unlikely to be tested with the same tools from a cost-efficacy point of view.

The processes of screening, early detection, and assessment of malignancy risk
in an incidental ovarian/adnexal mass are intersected domains. It is crucial that
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boundaries need to be clarified when addressing such scenarios in clinical practice.
The intersections are due to the similar tools used in assessment, which are TVS, CA
125, and biomarkers.

The current recommendation by most reputable bodies in gynecology does not
recommend screening for ovarian cancer in a normal population. There is some dis-
pute on high-risk groups. This recommendation is based on the finding that screening
did not prove to reduce mortality; moreover, the screened population is subjected to
significant hazards from interventions based on screening results.

2. Basic screening concepts

The concept of health overrides the clinical practice of disease treatment, aim-
ing for a better quality of care and life. The screening programs fitted widely in
health and medical practice. In gynecology, a successful model is cervical screening
programs.

Screening simply means seeing the unseen. The tools for detection need to be
sensitive and specific for the best efficacy of the intended screening program. This is
demonstrated by the iceberg phenomenon of disease.

The screening program as a whole is composed of screening tests and preven-
tive actions. It is crucial to discriminate between screening programs and screen-
ing tests. Screening programs may include disease prevention measures as well.
Screening tests are intended to pick a high-risk group for the screened condition
who will be subsequently subjected to a diagnostic test. An example of this sce-
nario is CA125 as a screening test and histopathology as a diagnostic test. The triad
of screening programs is screening tests, the disease tested for, and the preventive
measure taken or offered. The screening discriminatory power refers to the ability
of the test to accurately categorize groups of the tested population. The detection
rate of a screening test refers to the number of populations who tested positive
according to the screening test, irrespective of being affected or not. The screening
discriminatory power is related to the detection rate. The screening and diagnostic
tests are statistically correlated. Important terms to be clearly understood are true
positive, true negative, false positive, and false negative. These categories will
generate important statistical values in screening, which are positive predictive
and negative predictive values of screening tests. Positive predictive value is the
possibility of being affected “true positive” when tested positive according to the
screening test [1].

The basic concepts in statistical definitions of validity of screening/diagnostic
tests are mandatory for interpretation of screening tools to be discussed.

Table 1 explains the basic definition of screening/diagnostic test principles.

These include

Truth (gold standard)
Result Disease present Disease absent
Positive True Positive a False Positive b
Negative False Positive ¢ True Negative d

Table 1.
Statistic values of screening tests.
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* Sensitivity

* Specificity

* Positive predictive value

* Negative predictive value

¢ Prevalence = True Positives (a + c¢)
Total Population (a + b + ¢ + d)

* Sensitivity is the ability of a test to correctly classify an individual as dis-
eased = True Positive/True Positive + False Negative *100

o (a/a +c) *100

* Specificity is the ability of a test to correctly classify an individual as disease-
free = True Negative/ True negative + False Positive *100

o (d/b +d) *100

* Positive predictive value (PPV) refers to the ability of the screening test to pick
the truly affected.

* Negative predictive value (NPV) refers to the ability of the screening test to
exclude those who are not affected.

* The prevalence of the condition tested in a population affects PPV and NPV. The
PPV is positively related to prevalence, while the NPV is inversely related to the
prevalence of the condition tested.

* The Gold Standard Test is the definitive diagnostic test, such as histopathology in
ovarian cancer.

Performance of a screening program is measured in terms of discriminatory
power and predictive value. Those with positive screening results will have their risk
increased by the ratio of determined risk (sensitivity) over the false-positive rate
(specificity), a factor known as the likelihood ratio. Discriminatory power is not easy
to compute for progressive diseases such as gynecologic cancer. The preclinical state
and length of follow-up affect the detection rate [1].

The screening in a progressive disease is not synonymous with acute disease. In
the case of progressive disease, there are two possibilities. The ability to advance the
diagnosis is the best option. If not achievable, the second option is early detection of
the early stages of the disease. The central question is whether early diagnosis will
improve prognosis. The relationship between screening program efficacy and long
survival due to early diagnosis is subjected to two powerful biases. The first is lead
time bias, and the second is length bias. Financial costs and benefits of screening
programs are evaluated by calculating the unit cost of each component of the screen-
ing process. This depends on the statistical values discussed in the previous section.

19



Breast and Gynecological Cancers — New Perspectives and Applications in Their Treatment

Sensitivity analysis can be adjusted to determine what aspects of the screening
program are most price-sensitive. In medical practice, provision of care for diseased
is different from provision of screening for healthy and possibly diseased. Since
screening is a proactive intervention, those who are not true positives are subjected to
further unnecessary testing and interventions with possible significant hazards and
financial and psychological burdens. The health care providers of screening tests are
expected to provide adequate counseling to ensure that the one receiving screening
tests is fully informed and able to make sound choices. This needs counseling tools
more than the face-to-face traditional approach, such as infographics and video
materials [1].

Criteria for implementing a screening program for a specific disease include:

* The disease significantly impacts health.

* The disease has an intermediate to high probability of occurrence in a
population.

* A critical point for disease detection must exist.
* Medical care is available if the screening is positive.
* Patients are willing and able to undergo further evaluation and treatment.

The United States Preventive Services Task Force (USPSTF) recommends against
screening for ovarian cancer in asymptomatic women. This is based on the finding
that ovarian cancer screening in asymptomatic women did not reduce the risk of
ovarian cancer-related death in the screened population. The second point considered
in stating this recommendation is the excess risks and complications associated with
the false screening results. Those who tested positive will be subjected to surgical
intervention in the form of laparoscopy or laparotomy. These surgical procedures are
intended to confirm the diagnosis and treat the disease. The hazards associated with
the current screening for ovarian cancer using the currently adopted tools are con-
sidered moderate [2]. The analogy of screening programs in asymptomatic women
cannot be replicated in women with ovarian masses, genetic predisposition, or family
history of ovarian cancer. This needs to be addressed when discussing screening tests
in subsequent sections.

3. Magnitude of ovarian cancer

The lifetime risk of ovarian cancer is around 1.4%, which equals 1 in 71 according
to US statistics. Ovarian cancer is a deadly disease with a lifetime risk of death due to
invasive ovarian malignancy, approximately 1 in 95. Although ovarian cancer is not
common among women (3% among American women), its rank is the top gyneco-
logic cancer and the 5th top of all cancers leading to death in women. Most ovarian
cancer is reported in women above 55 years. Only one-third is below 55 years. Most
ovarian cancers are diagnosed with advanced disease (stage III or IV). Women with
advanced disease constitute two-thirds when diagnosed. Moreover, most women
present late with nonspecific symptoms. The delay in diagnosis and advance diagnosis
add to the poor outcome. There is evidence that early diagnosis of ovarian cancer is
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associated with a 90% 5-year survival rate. In case of advanced disease, the 5-year
survival rate drops to 33%. The extent of major surgery and its associated morbidity
in advanced disease compared to conservative surgery in early invite genuine efforts
for early detection. It is prudent to consider quality of life and fertility issues when
ovarian cancer is detected early, especially in young women [3].

3.1 Ovarian carcinogenesis

As mentioned in the previous section, components of screening include disease
testing and preventive action. Implementation of screening tests should address the
disease process in all aspects that affect the screening program.

Ovarian cancer is the most lethal gynecologic malignancy worldwide. The median
age of diagnosis is 63 years. The lifetime risk of ovarian cancer in the general population
is 1-2%. Approximately 90% of ovarian cancer develops from surface epithelial cells.

Historically, it was thought that high-grade ovarian cancer developed from the
ovarian surface epithelium due to error in cell replication associated with repair and
trauma caused by ovulation [4, 5].

There is compelling evidence that most high-grade serous carcinomas arise from
the distal fallopian tube and not from the ovary, from serous tubal intraepithelial
carcinoma [6].

Although ovarian cancer fits the criteria for screening, being a fatal disease, available
and possibly effective treatment in an early stage, features of ovary and ovarian cancer
development complicate the screening process, rendering its efficacy. The transition
between early stages and late stages is unclear. There is no precursor lesion to detect. The
presence of a precursor lesion at an accessible location will allow detection of early inva-
sive disease. The best example is cervical cancer screening. The disease may be of diffuse
origin as well, from multiple sites in the peritoneal cavity. The embryological development
of the ovary and the different cell lines, as well as the relationship of the peritoneum
to the epithelial covering of the ovary, need to be addressed in the conceptual frame to
understand the complicated oncogenesis process in epithelial ovarian cancer. Most of the
ovarian cancers occur in women above the age of 50 as sporadic cases, with 10% of cases
being related to genetic and familial risk factors. These issues need to be considered upon
implementing screening tests in order to achieve the statistical values that will enable a
cost-effective, safe program with a “positive predictive value of 10%” [3].

The correlation of the results of recent molecular genetic studies with clinical and
histopathologic findings pointed toward a new model for ovarian carcinogenesis.

The model for ovarian carcinogenesis proposed by R.J. Kurman suggests that ovar-
ian carcinogenesis can be divided into two groups. The model suggested categorizes
borderline tumors as type one. Type two refers to the rapidly growing aggressive type
of ovarian cancer. Borderline ovarian tumors are considered tumors of low malignant
potential. The histological subtypes include micropapillary serous, mucinous, endo-
metrioid, and clear cell carcinomas. From a genetic point of view, this group is geneti-
cally stable compared to the type II group. There may be mutations in a number of
genes. Type Il is characterized by genetic mutations in TP53. The histological subtype
of the type II model includes high-grade serous and mucinous carcinomas, carcino-
sarcomas, and undifferentiated carcinomas. Being so different hinders the application
of the same screening tool for both models. Precursor lesions may be identified in
type I, which is not the case in the type II model [7].

According to the above-mentioned features, the detection rate for screening tests
applied in type I is likely to be more successful compared to the type Il model. Since
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screening and early detection may not be feasible for the type II model, the next
checkpoint is the detection of low-volume disease. However, the prognostic value of
low volume detection on survival and quality of life is an area of dispute. In addition
to the two models’ form suggested and its impact on screening potentials, the origin,
spread, and transit time between early and late stages are factors to be considered.
These factors, in addition to anatomical differences, make the analogy between
ovarian and cervical cancers illogical. The transit time from precursor lesions to
invasive disease in ovarian cancer may be short compared to the scenario in cervical
cancer. The spread of high-grade ovarian cancer “type II model” may occur early

in the disease process. There is evidence supporting extra-ovarian origin in ovarian
cancer as well as multiple origins. The possible sites of extra-ovarian origin include
the fallopian tube and primary peritoneal cancers. Addressing prophylactic oopho-
rectomy in women with BRCA 1 and BRCA 2 mutations enables better understanding
the possibility of extra-ovarian origin of “ovarian” cancers. In reality, some ovarian
cancer cases are primary peritoneal or fallopian tube cancers. The study on prophy-
lactic salpingo-oophorectomy and the risk of ovarian, fallopian tube, and peritoneal
cancer in women with BRCA1 and BRCA2 mutations detected 32 cases of ovarian
cancer in intact ovaries. At the time of prophylactic surgery, 11 cancers were detected.
After prophylactic oophorectomy, seven cases were diagnosed. Over 20 years follow-
ing prophylactic oophorectomy, the cumulative risk of developing peritoneal cancer
is 4.3%. The risk reduction of ovarian cancer achieved with bilateral oophorectomy is
80%. This demonstrated that oophorectomy will not eliminate the risk of developing
“ovarian” cancer [7, 8].

The relationship between the fallopian tube fimbria and ovarian cancer has been
addressed extensively. Paul van Diest studied the fallopian tubes of women with
genetic predisposition to ovarian cancer, “BRCA1 and BRCA2.” An interesting finding
is the presence of dysplastic changes in the fallopian tubes studied. The histological
dysplastic changes were related to modifications in cell cycle, apoptosis, and related
proteins. This finding may invite innovative ideas to screen the fallopian tubes for
such dysplastic changes or the corresponding molecular and cellular changes. The
obstacle will be the anatomical site; however, development in hysteroscopy may allow
future access to the endosalpinx and fallopian tube fimbria [9].

DW Kindelberger studied the proposed origins of pelvic serous carcinoma, which
include the ovary, fallopian tube, and peritoneum. Fimbria has been identified as the
site of origin for early serous carcinoma. Cases positive for endosalpinx, including
fimbria, were classified as tubal, ovarian, or primary peritoneal in origin. Mutation
in p53 tested as well. Tubal intraepithelial carcinoma coexists in all forms of pelvic
serous carcinoma and is a plausible origin for many of these tumors [10].

The heterogeneity of ovarian cancer in behavior and origin claims different
approaches to detection and treatment. Innovations in screening tests for ovarian can-
cer and implementation of an effective ovarian cancer screening program mandate a
solid, scientific, and sound understanding of ovarian carcinogenesis. The conceptual
frame needs to address ovarian anatomy, genetics, and physiological processes.

4. Ovarian cancer screening obstacles

The current practice of serum assays of CA 125 and TVS as potential screening
tests for ovarian cancer is not recommended in the general population. Even in a high-
risk population, it has limited value. The screening test challenges include:
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* The failure to identify a histologic precursor lesion.
* The failure to identify a molecular event that precedes malignant transformation.
* Low prevalence in the general population.

* The surgical morbidity associated with a positive screening test. For a clinically
acceptable test, a positive predictive value of 10% is required; this means that for
one case detected, 10 will undergo surgical procedure to confirm the diagnosis.

* The small number of true early-stage high carcinomas detected.

The goal of ovarian cancer screening is to detect disease when confined to the
ovary. If ovarian cancer at its earliest recognizable stage is not confined to the ovary,
this goal will be elusive [7].

Ovarian cancer screening associated risks include:

* Surgical interventions
* Overdiagnosis
* Psychological stress
* Financial burden
4.1 Screening tools/tests

In clinical practice, there should be clear demarcation between diagnostic and
screening tests, as well as screening tests/tools and screening programs. In the case
of multiple tests, the gold standard test for confirmation of diagnosis is considered a
reference to give value for other tests. The gold standard test in ovarian cancer is the
histology report. The diagnostic and screening tests include TVS, tumor markers and
biomarkers, and index symptoms.

The improvement in detection rate of a specific test could be feasible due to
multiple factors such as technical improvements, artificial intelligence, learning
curve, and modification of algorithms adopted in test interpretation based on specific
criteria.

4.2 Tumor marker: Cancer antigen 125

CA125 stands for “Carbohydrate 125” or more recently to “cancer antigen 125” is
a mucinous glycoprotein on the surface of ovarian cancer cells. CA125 has been the
most popular tumor marker used for management of ovarian cancer for the last four
decades. The clinical uses of CA125 were mainly for risk assessment of malignancy
index and treatment follow-up. The role as a screening test did not prove statistical
significance to adopt as a screening test on its own. CA125 was first described by
Best et al. in 1981, when a murine monoclonal antibody (OC125) was developed to
react with each of six epithelial ovarian carcinoma cell lines [11]. CA125 expression
is not peculiar to ovarian cancer. CA125 expression has been associated with benign
and malignant conditions as well as non-oncologic conditions. The expression of
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CA 125 has been documented in tissues derived from both coelomic and Mullerian
epithelium. It is also expressed by epithelia of multiple internal organs, such as the
stomach, pancreas, and lungs. Non-ovarian malignancies and benign and physi-
ologic conditions such as pregnancy, menstruation, fibroids, and endometriosis were
associated with elevated CA125. From a prognostic point of view, no correlation was
found between expression of CA125 and tumor grade [12]. These findings reduce the
value of elevated CA125 in screening ovarian cancer due to the high false-positive
rate. The interventions built on a screening test with a high false-positive rate will
impose unjustified risks on the screened population. Following positive screening,
the algorithm will be directed toward diagnostic testing, which involves surgical
interventions. The screening positive predictive value of CA125 is less than 10%.
Such a positive predictive value is not accepted in clinical practice. In order to achieve
a positive predictive value of 10%, a screening test for ovarian cancer (even with
a100% sensitivity) would require a minimum specificity of 99.6%. The statistical
characteristics of CA125 as a screening test will not satisfy such criteria. CA125 is
increased in less than 50% of early-stage ovarian cancer, while 20% of epithelial ovar-
ian cancer may not express CA125. There may be a discrepancy between tissue and
blood levels of CA125. In clinical practice, the measured CA125 is blood level. A false-
negative result of serum CA125 has been clinically documented. This will reduce the
screening potential more as true positive cases may be missed. Normal serum CA125
in cases of ovarian cancer may be due to a lack of expression of the antigen by tumor
cells as well. The specificity of tissue CA125 to ovarian cancer is very high, as it may
be detected in many tissues and conditions, unlike blood level, which is more specific
to ovarian cancer with the mentioned limitations. It is crucial to differentiate between
interpretation of CA125 blood level as a screening test, predictive test for women with
masses, and prognostic test for follow-up of treatment in women with ovarian cancer.
The menopausal state is another criterion to be considered upon interpretation of the
CA125 test result. The statistical values are different in each category according to the
study population.

SE Kabawat studied CA125 antigenic distribution, including fetal tissue. An
interesting finding was that normal surface epithelial cells of fetal and adult ovaries
fail to express CA125, despite the presence of antigen in normal mesothelial cells
and in tumors that are thought to be derived from the ovarian surface epithelium.
This finding suggests that, during normal development, ovarian surface epithelium
acquires properties that are distinct from those of both mesothelium and Mullerian
epithelium [13].

Other biomarkers have been recommended to improve sensitivity, specificity, and
predictive values. CA125 remained the single best biomarker for epithelial ovarian
cancer, as demonstrated by testing a panel of biomarkers that included CA125, HEA4,
transthyretin, CA15.3, and CA72.4 in a randomized trial phase IT and III of PLCO [14].

In an attempt to improve the detection rate of CA125, combinations of other
markers such as HE4 (Human Epididymis 4) have been addressed. There is some
evidence that the dual marker combination of CA125 and HE4 will improve sensitiv-
ity and specificity in predicting malignancy in women with pelvic masses. This may
allow successful classification of patients into high- and low-risk groups [15]. Upon
interpretation of the CA125 test result, the menopause state needs to be considered as
the cutoff value affects the specificity and sensitivity of the test.

Cal125 blood level is measured as part of a prediction model for assessing
malignancy risk in women with pelvic mass. The statistical values for detection
rates will differ according to the level of CA125 used in the suggested risk index.
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CA125 achieves a sensitivity of 78.3% and a specificity of 82% at a level of 35 U/

mL. Increasing the cutoff level to 65 U/mL, the sensitivity decreased to 71.7% and

the specificity increased to 92.5%. The Risk of Malignancy Index (RMI) is the most
utilized algorithm for predicting malignancy in women with pelvic mass. The RMI
utilizes CA125, menopause status, and pelvic sonography as parameters for obtain-
ing a value. The calculated value will help decision-making for the clinical pathway.
The options will be a gynecology oncology center, a gynecology oncology unit, or a
general gynecology unit [16]. At a cutoff value of 200 for detection of epithelial ovar-
ian cancer, the RMI algorithm reported a sensitivity of 87.4%, a specificity of 56.8%, a
positive predictive value of 86.8%, and a negative predictive value of 58.1% [17].

To improve the sensitivity, specificity, and predictive values of CA124 in detecting
ovarian cancer, risk calculation with serial CA125 measurements was compared to
fixed CA125 measurements. Using serial measurements of CA125 improved the detec-
tion rate from 84 to 93%. This is a statistically significant improvement at the expense
of the higher cost of serial CA125 testing. Adopting serial annual measurement of
CA125 aiming for a PPV of 2% and specificity of 98%, preclinical detection sensitiv-
ity increases from 62 to 86%. To improve PPV, other tools, such as multiple levels of
pelvic ultrasound, are required. As mentioned above, PPV of less than 10% is not
clinically acceptable due to the unjustified hazards of screening-based interventions.
So, preclinical detection of ovarian cancer using serial CA125 levels interpreted with
the risk calculation significantly improves screening performance compared with a
fixed cutoff for CA125 [18].

The interpretation of serum CA125 as a screening tool in a low-risk population is
different from reading the value within a scenario of suspected ovarian malignancy.
The value of CA125 interpretation in case of suspected malignancy is triaging the
care provision under oncology center, unit, or general gynecology unit. CA125 can be
elevated in conditions other than epithelial ovarian cancer. On the other hand, CA125
serum level is not increased in 50% of early-stage epithelial ovarian cancer. Beyond
the scope of this chapter, CA125 plays an important role in monitoring patients with
epithelial ovarian cancer who underwent different modalities of treatment. Although
the same test is applied, the interpretation is different as the tested population is
different.

4.3 Pelvis sonography

The first efforts to identify ovarian tumors using ultrasound were reported by
Campbell et al. Interpretation of ovarian ultrasound mandates understanding basic
anatomy of the ovary. The normal ovary is an ovoid structure. The normal ovary
measures 3 cm x 2 cm x 2 cm, with an average volume of 10 cm’. The ovary normally
decreases in size after menopause as part of the changes taking place in the female
reproductive organs. In premenopausal women, an ovarian volume less than 20 cm’ is
considered normal. The ovary is composed of an outer cortex and an inner medulla.
The echogenicity of each layer is different. The position of the ovary is highly vari-
able as it is connected to the uterus via the utero-ovarian ligament and the lateral
pelvic wall via the infundibulopelvic ligament that carries the ovarian vessels and
nerves [19].

Pelvic sonography, being safe and easy to use and interpret, represented a poten-
tially promising screening tool for ovarian cancer. The screening potential increased
with the development of technology and the resolution of machines used. The pelvic
sonography can accurately give objective data about the structure and dimensions
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of the ovary and ovarian masses. Data about blood flow can be measured using
Doppler mode.

Transvaginal ultrasound (TVS) evaluation of the ovary in the context of ovarian
cancer screening has been addressed in four major trials. These include the Kentucky,
PLCO, UKCTCOCS, and SCSOCS trials. The Kentucky, UKCTCOCS, and SCSOCS
trials report a shift to early-stage detection. The Kentucky trial reports a survival ben-
efit. An inherent feature of pelvic sonography is the lack of ability to diagnose ovarian
cancer. It will merely describe the lesion detected. So, the benefits include detection
and risk scoring. Further interventions are needed to confirm the diagnosis. The
difficulty in risk scoring is more in early disease compared to late disease. A positive
predictive value of 1.5% was obtained upon testing pelvic sonography as a screening
test in 14,594 cases. Out of 67 cases tested positive, one proved to be primary ovarian
cancer [20].

Current practice switched to TVS with Doppler blood flow imaging as it is supe-
rior to the transabdominal approach. In TVS, the probe is near the ovary with no
airspace as in transabdominal approach.

The United Kingdom Collaborative Trial of Ovarian Cancer Screening
(UKCTOCS) addressed the effect of screening on mortality. The trial recruited
postmenopausal women (50-74 years). The participants were assigned to control,
multimodal screening (MMS) using CA125 with TVS as a second line test, and the
third group underwent annual TVS (USS). The results reported include surgical
intervention rate, which was similar in MMS and USS groups. A similar number of
primary ovarian and tubal cancers were detected. The invasive cancers detected were
stage I/I1, which is reasonably early detection. Comparison of the PPV, sensitivity,
and specificity of the two modalities demonstrated a statistically significant differ-
ence in specificity only [21].

Classification of ovarian morphology adopted in UKCTOCS normal morphol-
ogy, simple cyst, and complex morphology. Simple cyst criteria include a single,
thin-walled cyst with no septa or papillae. A complex cyst is one not fitting with
simple cyst criteria. The normal category is normal ovarian dimensions. The pelvic
sonography features that were recoded for statistical analysis included the number
and size of cysts, wall regularity, presence and thickness of septae, size of papillae,
and echogenicity of fluid contents. Classification of cysts and complex morphology
was based on International Ovarian Tumor Analysis (IOTA) classification. This clas-
sification categorizes cysts on different scales named B and M, given numerical values
with the letter. Visualization of the ovaries was confirmed by objective measurement
of the ovary and calculating its volume using the formula (d1xd2xd3x0.532). Inability
to visualize the ovary should be supported by obtaining a good view of iliac vessels.
Poor view due to obstruction by the bowel, fibroids, pelvic varicosities, or for other
reasons needs to be documented. Ascites was defined as a maximum vertical pool
measurement of greater than or equal to 10 mm. Cysts up to 60 cm’ are considered
within normal ovarian morphology. Abnormal ovarian morphology includes ascites,
complex morphology, or cysts larger than 60 cm® [21].

Complex morphology and ovarian cysts are assessed using IOTA classification
based on B and M features. B stands for predicting benign conditions, while M stands
for predicting malignancy. The M is classified into five groups, from M1 to M5. The
same applies to the B group, from B1 to B5. The structural descriptions include echo-
genic consistency, complexity, ascites, wall regularity, septation, papillae, and blood
flow. These sonographic findings are grouped for risk scoring to predict the possibility
of cancer prior to surgical intervention [22].
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Sonographic features suggestive of cancer in an ultrasound score in the Risk of
Malignancy Index (RMI) include multilocularity, solid areas, bilateral masses, and
evidence of metastasis [16].

The Ovarian Morphology Index (OMI) is based on three structural components:

* Ovarian Volume ranging from 10 to 500 cm® (0—4 score).

» Wall structure is either smooth or with papillary projections with a cutoff thick-
ness of 3 mm.

* Septal structure ranging from no septa, thin septa, thick septa, and solid mass.

OMI was developed at the University of Kentucky for use in the Ovarian Cancer
Screening Project. A score of 0-4 was assigned for each of the three structural
components. Statistical evaluation of OMI scores revealed a sensitivity of 89% and
a positive predictive value of 46%. The use of OMI is an effective and cost-efficient
method of increasing the positive predictive value of TVS screening for ovarian
cancer [23].

The PLCO trial recruited 78,216 participants (55-74 years old) over the period
from November 1993 to July 2001. Participants were randomized to the annual
screening group (39105) and usual care group (39111). The main outcome measure
was mortality from ovarian cancer. The intervention group was subjected to annual
screening with CA125 for 6 years and TVS for 4 years. Participants were followed for
13 years. The screening program did not reduce ovarian cancer mortality. Moreover,
out of the 3285 who tested false positive, 1080 underwent surgical follow-up, of
whom 163 (15%) experienced at least one serious complication [24].

The Shizuoka Cohort Study of Ovarian Cancer Screening (SCSOCS) random-
ized control trial recruited 41,688 (intervention group) and 40,799 (control group)
participants during 1985-1999 with a follow-up mean of 9.2 years. The interventions
offered were sequential ultrasound and serum CA125 measurement. With successive
screenings, the detection rate increased. Detection of early disease stage I ovarian
cancer was higher in the screen group compared to the control group; however, the
difference did not reach statistical significance [25].

Pelvic sonography as a screening tool for ovarian cancer in the general popula-
tion has statistical values and criteria different from those in women with pelvic
masses. There is room for improvement in the detection rate and characterization of
pathological findings with the development of machine resolution, use of 3D and 4D
machines, contrast-enhanced ultrasound, application of artificial intelligence (AI)
and machine learning to improve interpretation, and elastography to assess tissue
stiffness. Pelvic sonography is more likely to be utilized as a secondary screening
tool. Cases picked with primary tools that are not expensive, feasible, or do not need
skilled personnel can be screened with pelvic sonography.

4.4 High-risk population screening

The concept of screening in a normal population is different from a high-risk
population. Women at high risk of ovarian cancer by virtue of known predisposing
germ line mutation or strong family history of ovarian or other associated cancers are
at increased risk of developing ovarian cancer as well as other types of cancers. This
category is offered prophylactic salpingoophorectomy as a risk-reducing intervention.
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This intervention will reduce the risk of primary ovarian cancer by up to 80%. Since
the risk is not eliminated, the need for screening persists. This risk-reducing “not
preventive” procedure when carried out in premenopausal women is associated with
the health hazards of surgical menopause. Delaying the procedure after menopause
makes the need for ovarian cancer screening justified. Unlike bilateral salpingo-
oophorectomy, it has been hoped that screening may permit detection at a point in the
disease’s natural history where cure is still possible. The UK Familial Ovarian Cancer
Screening Study (UKFOCSS) recruited more than 5000 women at high risk of ovar-
ian cancer between 2002 and 2009 [26].

4.5 Cost-effectiveness analysis

Cost-Effectiveness of Screening postmenopausal women in the UK using multi-
modal screening (MMS) in UKCTOCS published by Kearns et al. demonstrated that
screening for ovarian cancer with MMS is both more effective and more expensive
than not screening [27]. MMS was more costly but more effective, with an incremen-
tal cost-effectiveness ratio (ICER) of £8864 per quality adjusted life year (QALY).
Adopting a two-step screening model with annual CA125, if tested positive, pelvic
sonography is performed, yielding an ICER of $88,993 per year of life saved. The
estimated mortality reduction is 13%. The expected detection rate of stage I disease is
34%, compared to 18% in no screening model [28].

4.6 Symptom-based screening

Retrospective analysis of symptoms associated significantly with epithelial ovar-
ian cancer has been suggested as a potential tool for symptom-based screening. The
symptoms to be addressed include:

* Pelvic/abdominal pain, which is dull aching of chronic nature.

* Urinary urgency/frequency is the least important symptom related to the devel-
opment of epithelial ovarian cancer.

* Increased abdominal size/bloating due to gaseous distension or ascites.
* Difficulty eating/feeling full as part of fullness of loss of appetite.

These symptoms are present for less than a year and occur more than 12 days
per month.

A total of 149 women with confirmed epithelial ovarian cancer completed a survey
of the above symptoms. A case-control study compared symptoms type, frequency,
severity, and duration between confirmatory and exploratory groups. Statistical
analysis using a logistic regression model confirmed the significance of abdominal-
pelvic pain, increased abdominal size with or without bloating, and difficulty eating
with a feeling of fullness as possible predictors of the diagnosis of ovarian cancer. A
symptoms index (SI) was considered positive if any of these six symptoms occurred
more than 12 days per month for less than 1 year.

The sensitivity of SI ranges from 56.7% in early disease to 79.5% for advanced
disease. The specificity of SI is affected by age. Depression was significantly more
common in women who had cancer compared with other groups. Evaluation of the
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symptoms index in the general population at a primary care clinic revealed that

2.6% of participants tested positive. Compared to CA125, the statistical values of

SI are almost similar for different disease stages. The cost of symptom index is less
compared to CA125 measurement [29]. Retrospective studies of women with ovarian
cancer documented missed opportunities if SI was adopted. Prior to the confirmed
diagnosis of ovarian cancer, women are more likely to have visits the above symptoms
to health facilities [30].

Ovarian cancer being nominated as a silent killer due to late presentation. Delay in
diagnosis has been attributed in part to physicians and health care providers. Women
with a significant symptom index are directed to primary care, not to gynecology
departments. Moreover, screening with these symptoms is not technically feasible
in view of the busy primary care clinics. Use of artificial intelligence programs may
prove to be valuable, as a scoring system for index symptoms may detect women who
are candidates for diagnostic testing.

A retrospective study of SI in women with high-risk early-stage ovarian cancer
enrolled in a clinical trial showed that more than 70% of patients with high-risk
early-stage epithelial ovarian cancer presented with one or more symptoms before the
confirmation of cancer diagnosis. The most common being abdominal/pelvic pain.
The analysis of results confirmed a relationship between tumor size and symptom
index frequency [31].

Using shopping data to improve the diagnosis of ovarian cancer was studied using
computational analysis of a web-based survey. Key knowledge about health care
purchases collected by a web-based survey was analyzed to link purchases to symp-
toms related to presentation to health care and timing of diagnosis. The analysis of
the web-based survey showed the potential predictive value of shopping purchases.
Analysis addressed the role of health care provider advice, which did not address the
possibility of ovarian cancer as a potential cause for the symptoms-related purchases.
The purchases were directed by the health care provider. The findings are consistent
with the symptom index model, as the shopping data target abdominal pain symp-
toms in the majority of cases. Women’s shopping data could be potentially useful for
early ovarian cancer detection [32].

Symptom-based ovarian cancer screening using the modified Goff Symptom
Index (GSI) was tested in a case-control study in an Indian population. The sensitiv-
ity of modified GSI was 71.6%. The addition of two symptoms (loss of appetite and
weight) improved the sensitivity to 77% without compromising specificity (88.5%).
The modified GSI addresses 10 symptoms given a scale of 1-5 according to presence,
severity, frequency, and duration. The symptom index is considered positive for
ovarian cancer screening if the frequency of symptoms is at least 12 times per month
for less than 1 year. Analysis of symptom cluster did not prove statistical significance
of increased urinary frequency/urgency. This is not the case for abdominal/pelvic
pain, bloating/increased abdominal size, and difficulty in eating/feeling full. These
symptoms proved to be statistically significant when tested in a case-control study.
Validation of urinary symptoms may be required before incorporation in a symptom-
based screening model. Symptom-based screening suggested by Goff included six
symptoms. All were gastrointestinal. This could explain the reason behind the delay
in initiating measures to reach the diagnosis. The patient will seek advice from a
specialist other than a gynecologist, whose ovary is out of his scope of thinking as the
reason behind the gastrointestinal symptoms. The six symptoms were clustered into
three groups. Urinary symptoms were suggested later by Kim upon validation of GSI
in a Korean population [33, 34]. Screening ovarian cancer with a symptoms index isa
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promising model with a fascinating future in the coming era of artificial intelligence
(AI). Friendly software to be used by women can be implemented. This will improve
efficacy and reduce costs, in addition to reducing the utilization of health facilities.
Validation of symptom index screening in different populations is challenging. The
criteria need to be scrutinized and validated to achieve the maximum sensitivity
without compromising specificity.

Combining the symptoms index with CA125 as predictors of ovarian cancer
improved the sensitivity from 65.5 to 85.3% at the expense of a specificity drop to
59.5%. Positive predictive value may increase with the addition of TVS as a secondary
tool for screening [34].

The sensitivity and specificity of the symptoms index vary with stage of ovarian
cancer and age of women. The sensitivity of the symptom index for stage I/II disease
is 44.8%, compared to 72.9% for stage III/IV. In the case of adopting 50 years as a
cutoff, sensitivity and specificity vary with age. Before the age of 50 years, a sensitiv-
ity of 81.9% was reported for a specificity of 58.5%. Women above 50 years demon-
strated a sensitivity of 69.3% for a specificity of 89% [34].

4.7 MicroRNAs

MicroRNAs such as miR-200 and miR-214 are potential biomarkers for ovarian
cancer. Detection and pattern may give valuable information about ovarian cancer
and the progression of the disease. MicroRNAs, being noncoding RNAs, are involved
in carcinogenesis as well as other aspects of cellular mechanisms such as cell cycle,
apoptosis, proliferation, invasion, and metastasis. MicroRNAs may play a potential
therapeutic role. MicroRNAs regulate 60% of human genes. MicroRNAs can be
upregulated or downregulated with different impacts on oncogenesis. There is emerg-
ing evidence that circulating microRNAs, unlike cellular forms, are stable as they are
not degraded by the RNase enzyme [35].

4.8 Proteomes

Multiple studies reported characterization of biomarkers that may potentially
prove effective screening tools. Monocyte chemoattractant protein-1 (MCP-1) and
Interleucin-8 (IL-8) obtained from ovarian fluid cysts significantly correlate with
ovarian malignancy [36].

Urinary micro-peptides characterized in women with ovarian cancer include cata-
lase, a1 acid glycoprotein, and peroxiredoxin. These urinary micro-peptides prove a
significance correlation higher than CA125 [37].

Intrauterine lavage (IUL) has been studied based on the concept of tubal origin
of ovarian cancer. The tubal cells may be detected by uterine washings as the malig-
nant cell may travel down. The levels of CA125 and HE4 in IUL were measured. The
concept in this modality is to assess tissue biomarkers, not serum levels. Results are
promising as the. IUL has detected mutations in TP53 as well [38].

The potential role of circulating DNA (ctDNA) is promising. Invasive tumors
release mutant DNA in the circulation. Testing for ctDNA may improve the sensitivity
of ovarian cancer screening [39].

Contrast-enhanced TVS has been suggested as a tool that will improve detection
of neovascularity in the ovary. This can be incorporated in the TVS arm as a screening
tool. Detection of neovascularity may help discriminate benign from possible malig-
nant ovarian neoplasm [40].
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5. Conclusion

Ovarian cancer screening is not currently recommended. This recommendation
is based on the statistical characteristics of the screening tests available. There is an
overwhelming need for a successful ovarian cancer screening program, as ovarian
cancer is the second leading cause of malignancy in women. The obstacles include the
anatomical site of the ovary, the lack of precursor lesions, the low positive predictive
value of screening tools, the significant hazards of interventions based on screening
results currently practiced, and the lack of positive impact on mortality with the
screening tools currently available. There are great potentials for future developments
using Al, circulating DNA, mRNA, proteoms, and micro-peptides that may yield
sound statistical value with successful cost-effective and safe ovarian cancer screen-
ing that improves quality of life and reduces mortality.
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Chapter 3

Molecular Characterization of
Endometrial Cancers
and Therapeutic Implications

Tamara Kalir

Abstract

Endometrial cancer is the most common uterine malignancy in the U.S.
and Europe; a significant cause of morbidity and mortality in these countries.
Endometrial cancer historically was classified into two groups, termed Type I and
Type II as described by JV Bokhman in 1983. Over time, it was recognized thata
major challenge existed in the realm of histopathologic diagnosis of endometrial
cancers. While there was good agreement among pathologists in the diagnosis of
low-grade (well and moderately differentiated) endometrial carcinomas, the same
could not be said for all high-grade tumors. In 2013 a new, 4-tier molecular classifica-
tion scheme for the pathologic diagnosis of endometrial cancer was proposed by DA
Levine and The Cancer Genome Atlas Research Network, and this scheme has had
ground-breaking implications. The then-newly proposed scheme has been validated
by various investigators and has resulted in a revised, 2023 FIGO staging for endome-
trial cancers. The 4-tier scheme has enabled: (i) better prognostication, (ii) improved
reproducibility in the pathologic diagnosis of high-grade endometrial cancers, (iii)
improved stratification of patients for targeted therapy and clinical trials, (iv) better
patient management, i.e., less over- and under-treatments administered, and (v)
identification of women at greater risk for having Lynch syndrome.

Keywords: molecular, serous, endometrioid, carcinoma, p53, mutation, DNA,
mismatch, repair, deficiency, FIGO, 2023, stage, immunotherapy, target, HER2

1. Introduction

Endometrial cancer is the most common uterine corpus malignancy in the United
States and Europe. The American Cancer Society [1] estimates for the year 2024
endometrial cancer will afflict 67,880 women and cause 13,250 deaths. Medical
scientists are continuing their search for better ways to help endometrial cancer
patients. Management of endometrial cancer has long relied on the histopathologic
diagnosis, as this has contributed both to endometrial cancer staging as well as played
arole in post-operative management. Hence the importance of histopathological
classification of this cancer. The classification of endometrial cancer has in the past
been based on a dualistic model, as published in a landmark paper by JV Bokhman
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in 1983. In his paper, Bokhman [2] detailed the characteristics of his studies of 366
patients over a period of 20 years, from which he concluded that there are two main
types of endometrial carcinomas, which he termed Type I and Type II. The Type I
cancers comprised roughly 65% of all endometrial cancers in his study group. Type
I cancers appeared to be estrogen-driven, typically occurring in obese, nulliparous
patients who may have had other elements of metabolic syndrome such as hyper-
cholesterolemia, diabetes and hypertension. Endometrial hyperplasia was common
in these women. Almost 80% of the patients in this group had low grade (FIGO G1
or G2) cancers while only 20% had high grade (G3) tumors. In contrast, the type II
cancer patients comprised roughly 35% of all endometrial cancer cases in his study.
These patients lacked metabolic syndrome and tended to have high grade tumors in
65.7% of cases. The type II tumors tended to be deeply invasive into the myometrium
compared to a minority of type I tumors (only 30.4% in his study). Pelvic lymph node
metastases were significantly more prevalent in type II cancers as compared with type
I tumors (27.8 versus 9.4%). Women with type I tumors had better 5 year survival
(85.6%) compared with those in the type II group (58.8%); for which metastases and
recurrence occurred within the first few years following treatment.

Subsequent series studies supported Bokhman’s clinical associations. Wang et al.
[3] compared risk factors, prognosis and clinical factors for type I and II endometrial
cancers in 606 patients. They found that compared with type I cases, the type II
cancer patients tended to be older, their cancers were higher stage, associated with
greater incidence of myometrial invasion, cervical involvement and metastases
to lymph nodes, with poorer overall survival and progression free survival. And
stimulated by Bokhman’s work, other authors searched to better understand the
pathogenesis of endometrial cancers. In 1995 Sherman et al. [4] postulated that,
based on the differences in the clinical, histologic and prognostic features of the
type I and II carcinomas, the pathogenesis of these tumors should also differ. To
test their hypothesis, they performed immunohistochemical studies on the expres-
sion of p53 protein in ninety-five specimens, including forty-eight hysterectomies
and forty-seven endometrial biopsy samples, which encompassed 45 endometrioid
carcinomas, 28 serous carcinomas, 10 carcinosarcomas, 6 mixed endometrioid/
serous carcinomas, and 2 clear cell carcinomas. Eight cases exhibited endometrial
hyperplasia in association with endometrioid carcinoma. Twenty eight cases exhib-
ited intraepithelial carcinoma; most of these in association with serous carcinoma.
On the basis of p53 immunostaining, they were able to stratify the endometrial
cancers into cases that did not exhibit abnormal p53 expression, and cases that did
exhibit p53 abnormal expression (mostly overexpression but some cases with absent
expression). Putative precursor lesions (endometrial hyperplasia and endometrial
intraepithelial carcinoma, respectively) showed similar staining to their invasive
endometrioid adenocarcinoma and serous carcinoma counterparts. Benign endo-
metrial samples and atypical endometrial hyperplasia samples were nonreactive as
were 80% of endometrioid carcinomas. In eighty-six percent of serous carcinomas
containing endometrial intraepithelial carcinoma (EIC), both components showed
abnormal p53 expression. Immunoreactivity for p53 was also found in 100% of
clear cell carcinomas, 83% of mixed endometrioid/serous carcinomas, and 70% of
carcinosarcomas. On the basis of these findings, the authors were able to stratify
endometrial cancers into two groups: the endometrial hyperplasia — endometrioid
carcinoma group which generally tended not to exhibit p53 overexpression, and the
endometrial intraepithelial carcinoma (EIC)/serous carcinoma groups which tended
to show p53 overexpression. They postulated that a p53 mutational pathway was
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unrelated to the estrogen-stimulated hyperplasia/carcinoma pathway; in support

of the dualistic model of endometrial carcinogenesis. The hyperplasia-to-cancer
hypothesis was supported in 2003 when Lukanova et al. [5], performed a multi-
center, international prospective, case-control study of 124 postmenopausal women
with endometrial cancer. They measured pre-diagnostic blood concentrations of
androstenedione, estrone, estradiol, testosterone, sex hormone binding globulin and
dehydroepiandrosterone. Two controls per case were matched for age and recruit-
ment date. Patients using hormone replacement therapy were excluded. The authors
found a strong and direct association between circulating sex steroid hormones with
endometrial cancer, and an inverse association of sex hormone binding globulin
levels. They felt that the androstenedione and testosterone effects were mediated

via their conversion to estrogens. These and other studies supported the dualistic
categorization of endometrial cancer; with endometrioid carcinomas and serous
carcinomas comprising the most common histotypes of Bokhman’s type I and type II
carcinomas, respectively.

2. Problems in the pathologic diagnosis of endometrial cancers

A major challenge existed in the realm of histopathologic categorization of endo-
metrial cancers. While there was good agreement among pathologists in the diagnosis
of low-grade (well and moderately differentiated) endometrial carcinomas, the same
could not be said for all high-grade tumors. Figures 1 and 2 illustrate the similarity of
two high-grade endometrial cancers of different histotype, for demonstration purposes.
While architecturally similar, a very subtle difference between the tumors can be seen
in the presence of ever-so-slightly larger, somewhat more eosinophilic nucleoli in the
serous carcinoma (Figure 1) compared to the slightly smaller, more basophilic nucleoli
in the endometrioid carcinoma (Figure 2). In their 2013 study, Gilks et al. [6] collected
fifty-six cases of high-grade endometrial carcinoma from the Vancouver General
Hospital surgical pathology archives. Each case was reviewed in its entirety by three
pathologists who independently diagnosed subtype and in the case of mixed carci-
nomas, designated a percentage of each subtype. They found that all three reviewers

Figure 1.
Serous carcinoma, hematoxylin-and-eosin stain.

39



Breast and Gynecological Cancers — New Perspectives and Applications in Their Treatment

e N g et TR e® e

- X r-‘ PO ‘b‘ - - .-'q &4‘_;: -3 gl x
it POl ol S LIR U s AT B y
3 A et iy, T el 4-‘)&‘-93:'\’};5:5.'0' 3

Figure 2.
Endometrioid carcinoma, hematoxylin-and-eosin stain.

agreed in 62.5%, or 35 of the 56 cases; specifically of the subtype in pure cases and the
major high-grade subtype in mixed tumors. The reviewers had major disagreement

in seventeen of the fifty six, or 35.8% of the cases and, in 17 of these cases (30.4%)
there was no consensus about the major subtype diagnosis. In an additional fraction of
cases, there was minor disagreement about the minor high-grade component subtype
in a mixed tumor in 4 of the 56 cases, or 7.1% of cases. In 3, or 5.4% of cases, there was
disagreement about whether a component of high-grade endometrial carcinoma was
present. The most common areas for disagreement were serous or clear cell carcinoma
(7 cases), and serous or high-grade (grade 3) endometrioid carcinoma (6 cases). For
the cases in which there was disagreement about whether the tumor was serous or
endometrioid, a 5-marker immunohistochemical panel was constructed for markers:
pl6, PTEN, p53, ER and PR, for purposes of adjudication. For the six disagreed-upon
cases of serous versus high-grade endometrioid carcinoma, the immuno-panel showed
that four of the cases were serous carcinomas and two of the cases were endometrioid
carcinomas. The authors also conducted pairwise comparisons between reviewers

for the 20 cases which showed major disagreement. They found that paired reviewers
(comparing reviewers 1 and 2, comparing reviewers 2 and 3, and comparing reviewers 1
and 3) showed agreements in respectively: 5/20, cases, 8/20 cases, and 7/20 cases. These
roughly similar numbers suggested that disagreement was not likely to be a result of
systematic bias on any one reviewer’s part (i.e., a result of a single reviewer having out-
lier opinions). Overall the authors concluded that there was rather poor reproducibility
among pathologists in diagnosing high-grade endometrial carcinoma subtypes, and
utilization of molecular tools would aid in accuracy and reproducibility in the diagnosis.

3. Molecular classification of endometrial cancers

Concurrently or perhaps serendipitously in 2013, a proposal for a new molecular
classification scheme for endometrial cancer was published by DA Levine & The
Cancer Genome Atlas (TCGA) Research Network [7], stratifying endometrial
cancers into four groups, rather than the historical two groups, based on their study
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of 373 endometrial cancers. Using microarray- and sequencing-based technologies
for genomic, transcriptomic and proteomic analysis, they identified four molecular
categories: (i) tumors which harbored pathogenic mutations in the exonuclease
domain of the polymerase-epsilon (POL-e) gene, designated as POLE-ultramutated,
(ii) microsatellite instability hypermutated tumors, most of which exhibited MLH1
promoter methylation, (iii) tumors that were mostly microsatellite stable and showed
low mutational frequency, designated as no specific molecular profile (NSMP), and
(iv) tumors which harbored pathogenic mutations in the TP53 gene and also showed
extensive somatic copy number alterations. There were some correlations of the
molecular groups with the histologic groups. For example, microsatellite instability
was seen in 40% of their endometrioid (type I) tumors and only 2% of serous (type
IT) tumors, and serous-like tumors had fewer PTEN mutations (11%) compared to
endometrioid tumors (84%). They found that tumors in the serous-like group had
worse progression-free survival compared with tumors in the endometrioid groups.
However, the groups did not correlate completely with histologic types in that serous
tumors, mixed carcinoma tumors and 12% of their endometrioid tumors which
included 24% grade 3 and 5% grade 1 or 2 tumors, clustered into the fourth (serous-
like) group. Tumors in this group also exhibited amplifications in MYC, ERBB2 and
CCNE1 oncogenes and FGFR3 and SX17 in addition to frequent TP53 mutations.
The POLE ultramutated group showed an increased Cytosine-to-Adenine transver-
sion frequency occurring in the exonuclease domain of the gene. POLE, referring to
the catalytic subunit of DNA polymerase epsilon, is important in DNA replication
and repair. They found hotspot mutations at Pro286Arg and Val411.Leu in 76% of
the ultramutated samples. Other genes which were mutated in this subset included:
PTEN, PIK3R1, PIK3CA, KRAS and FBXWY7. POLE ultramutated tumors showed
the best progression-free survival among the four groups; the TP53 mutated group
exhibited the worst prognosis, and the other two groups showed intermediate prog-
nosis. In the microsatellite instability group, tumors showed roughly tenfold greater
mutational frequency than the microsatellite stable endometrioid carcinomas, few
somatic copy number alterations, KRAS mutations, and a few mutations in FBXW?7,
CTNNB1, PPP2R1A and TP53. In the microsatellite stable group, authors found a high
frequency of CTNNB1 mutations (52%). In one case, a serous carcinoma was found to
lack TP53 mutation and extensive somatic copy number alterations, and had a KRAS
mutation. Upon re-review of the histological section, this case was re-classified as a
grade 3 endometrioid tumor, demonstrating how molecular testing may be helpful in
tumoral classification and thereby significantly impact decisions regarding treatment.
Because the TCGA classification lacked the statistical power to prove clinical rel-
evance, other groups worked to confirm the results. The Vancouver group [8] devel-
oped ProMisE (Proactive Molecular Risk Classifier for Endometrial Cancer), based on
the TCGA genomic subgroups. This proposed molecular classification system assessed
DNA mismatch repair, POLE mutation, and p53 mutational status in 319 endometrial
cancer samples. They utilized immunohistochemistry (IHC) for assessing DNA
mismatch repair protein (MMR) expression; considering deficient or loss of expres-
sion as mismatch repair deficient (MMR-D). Figure 3 shows an immunohistochemi-
cal view of an endometrial cancer with loss of expression of MLH1 DNA mismatch
repair protein (MLH1 is shown and PMS?2 loss also occurred but is not shown), while
Figure 4 shows normal expression for MSH6 protein (both MSH2 and MSH6 showed
retained expression and only MSH6 is shown). They also assessed for POLE-mutation
via DNA sequencing for polymerase-epsilon exonuclease domain mutation (POLE
EDMs) and p53 mutation via IHC (wild-type expression or null/missense mutations,
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Figure 3.
Loss of MLH1 immunoexpression.

Figure 4.
Retained MSH6 immunoexpression.

Figure .
Normal (wild-type) p53 immunoexpression.
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termed p53 wt and p53 abn, respectively). Figure 5 shows normal (termed wild-type)
expression of the p53 protein in an endometrioid adenocarcinoma. Figure 6 shows
over-expression (mutant expression) in a serous carcinoma. Figure 7 shows loss of
expression (termed null phenotype) of p53 protein in another serous carcinoma.
Authors in the Vancouver group were able to categorize all the endometrial cancer
cases into the 4 prognostic subgroups; each with its own distinct disease-specific and
progression-free survival, with statistical significance of p < 0.001. Overall, tumors
with POLE EDMs had the most favorable prognosis, while the prognosis for tumors
with pathogenic p53 mutations (p53 abn) was the worst. The other two molecular
groups (DNA mismatch repair deficient group and the no specific molecular profile
group) had comparatively intermediate prognosis. The authors next compared their
ProMisE classifier system with the then-existing risk-stratification system of the
European Society of Medical Oncology (ESMO). They found that while the ESMO
system did not find survival differences between their low-risk and intermediate-risk

Figure 6.
P53 over-expression (mutant) by immunohistochemistry.
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Figure 7.
Loss of p53 immunoexpression (null phenotype).
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groups, the ProMisE system showed greater discriminating ability for outcomes.
While there was overlap (89%) among the ProMisE p53 abn and the ESMO high-risk
subgroups, there were otherwise no predictable associations between the molecular
and ESMO risk groups. Thus the molecular classification system appeared to be not
only prognostically different, but also showed differing therapeutic responses that
were not evaluable using the then-existing classification.

4. Staging and prognostication of endometrial cancers

At the time of the new molecular proposal, the International Federation of
Gynecology and Obstetrics (FIGO) 2009 staging system was in existence. Guidelines
for endometrial cancer management were based on this staging scheme and are nicely
summarized in the Colombo et al. paper [9]. Recurrence risk was based on histologi-
cal subtype and tumor stage, and included the following data: high-grade (grade 3)
histology, deep myometrial invasion (greater than or equal to 50% distinguishing
stage 1A less than 50%, from stage 1B equal to or greater than 50%), presence of
lymphovascular space invasion, lymph node metastases, and tumor size greater than
2 cm. Table 1 summarizes the recurrence risk features used at that time. In addition,
surgery and post-surgical management decisions were based on the FIGO 2009 stag-
ing system which incorporated data on tumor type and grade and stage as summarized

Low risk Low-grade histology (G1, G2), Endometrioid subtype, Low stage (1A)
Intermediate Risk High-grade histology (G3), Endometrioid subtype, Low stage (1A)
High Risk Low-grade histology (G1, G2), Endometrioid subtype, Higher stage (1B)

High-grade histology (G3), Endometrioid subtype, Higher stage (1B)

Non-endometrioid subtype, All stages

Table 1.
Recurrence risk categories for endometrial cancer in 2013.

FIGO 2009 Histology Surgical management
Stage I 1A, G1-2 endometrioid carcinoma TH/BSO

1A,G3 TH/BSO +/— bilateral PPLND

1B, all grades (1,2,3) endometrioid TH/BSO +/- bilateral PPLND
Stage II All grades endometrioid RH/BSO + bilateral PPLND
Stage III All grades endometrioid Maximal surgical cytoreduction
Stage IV IVA endometrioid Complete pelvic exenteration

IVB endometrioid Systemic therapy + palliative surgery
All stages Non-endometrioid subtypes (serous, clear cell) TH/BSO, PPLND, omentectomy,

appendectomy, peritoneal biopsies
Platinum-based adjuvant chemotherapy

Abbreviations: TH/BSO - total hysterectomy, bilateral salpingooophorectomy, PPLND = pelvic and para-aortic
lymphadenectomy, RH = radical hysterectomy.

Table 2.
Surgical management of endometrial cancer in 2013.
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figo 2009 stage Histology Post surgical management
Stage I 1A, grades Observation or vaginal BT
1,2 With (—) prognostic factors (age, LVSI, high tumor volume), pelvic RT
IA, grade 3 +/— chemotherapy may be considered
IB, grades Observation or vaginal BT
1,2 With (—) prognostic factors, pelvic RT +/— chemotherapy may be
considered
IB, grade 3 Pelvic RT
With (—) prognostic factors, pelvic RT +/— chemotherapy may be
considered
Stage II Pelvic RT and vaginal BT

If grade 1 or 2 tumor, myometrial invasions <50%, no LVSI and complete
staging, BT only
If (—) prognostic factor, chemotherapy +/— radiation

Stage III, IV

Chemotherapy
If positive LN, sequential radiotherapy
If metastatic disease, chemotherapy-RT for palliative management

Abbreviations: BT = brachytherapy, RT = radiation thevapy, LVSI = lymphovascular space invasion, LN = lymph node.

Table 3.
Post-surgical management of endometrial cancer in 2013, using the FIGO 2009 staging criteria.

FIGO Histologic type Tumor features Post surgical management
2023
stage
IA1 Endometrioid, low-grade No myometrial Observation
(G1,R2) invasion
1A2 <50% myoinvasion Observation
1B > =50% Intravaginal radiation therapy (IVRT)
IC High-grade endometrioid, No residual tumor Observation
serous, clear cell, MMT, ) .
IC dedifferentiated No m}]ometrlal IVRT, consider chemotherapy
invasion
11C Myometrial invasion IVRT, chemotherapy
11c
1A External beam radiation therapy
(EBRT)
1B LVSI >5 vessels
II1A1 Ovary, fallopian tube Chemotherapy* +/— RT
involvement *Paclitaxel + Carboplatin +
. pembrolizumab, or paclitaxel,
II1A2 't
,U erine serosa carboplatin + dostarlimab for MMRd
involved s .
Her?2 positive serous tumors consider
adding trastuzumab to carboplatin and
paclitaxel
11IB1 Vaginal involvement Neoadjuvant chemotherapy, surgery,
— Parametrial then EBRT after chemotherapy
involvement
111B2 Pelvic peritoneal
involvement
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FIGO Histologic type Tumor features Post surgical management
2023
stage
IIC1 Endometrioid, clear cell Pelvic lymph node Chemotherapy +/— IVRT
carcinomas involvement Consider immunotherapy, hormone
— Para-aortic lymph :her:cf)}; ;)art sther targeted therapy if
node involvement pprop
IIIC1 Serous, MMT, Pelvic lymph nodes Chemotherapy
Dedifferentiated involved Consider Immunotherapy, hormone
— Para-aortic lymph therapy ?f ttutrnor :ells express
nodes involved appropriate targets
IVA Bladder / intestinal Chemotherapy +/— EBRT
mucosal invasion Consider immunotherapy, hormone
therapy or other targeted therapy if
appropriate
IVB Abdominal / Primary cytoreduction vs.
peritoneal metastases neoadjuvant chemotherapy Consider
beyond pelvis immunotherapy, hormone therapy or
other targeted therapy if appropriate
IvVC Distant metastasis Chemotherapy

(extra abdominal
sites) +/— lymph
nodes

Consider immunotherapy, hormone
therapy or other targeted therapy if
appropriate

LVSI = lymphovascular space invasion, MMT = mixed mullerian tumor, carcinosarcoma, RT = radiation therapy.

Table 4.

Post surgical management of endometrial cancers using the FIGO 2023 re-staging.

in Tables 2 and 3. Staging of endometrial cancer by the International Federation of
Gynecology and Obstetrics (FIGO) has undergone modifications with the advent of

the new pathologic classification scheme, depicted in Table 4 below, which also sum-
marizes our thoughts on proposed management of the various stages, after discussion
within our group. Note the enhanced stratification of tumor types enabled by the
4-tier pathologic classification system, and the greater precision in treating the differ-
ent tumor types and stages, compared with the 2009 FIGO staging system.

The greater stratification of tumors within their stages using the 4-tier molecular
classification system allows for: (i) improved reproducibility in pathologic diagno-
sis of high-grade endometrial cancers, (ii) improved stratification of patients for
targeted therapy, clinical trials, (iii) better patient management, i.e., less over- and
under-treatments administered, and (iv) identification of women at greater risk for
having Lynch syndrome.

5. Targeted therapy

Around the time of the molecular classification proposal, immunotherapy was
emerging as an FDA-approved method for the treatment of malignancy. This thera-
peutic modality has become a promising approach for patients who have targetable
protein-expressing tumors. For example, for patients whose tumors exhibit DNA
mismatch repair deficiency (MMR-D), Pembrolizumab is an immunoglobulin G4
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(IgG4) kappa monoclonal antibody that binds to and inhibits T cell protein pro-
grammed death-1 (PD-1) receptor. PD-1 is found on the surface of T cells, natural
killer cells and B cells. Tumor cells which express a programmed death ligand 1
(PD-L1) are able to bind to the PD-1 receptor on T cells and other immune surveil-
lance cells. This interaction results in a negative regulatory signal which causes
deactivation and downregulation of T cell effector activity; ultimately enabling
PD-L1-expressing tumor cells to ‘hide’ from and avoid elimination by immune cells.
By binding to and ‘covering’ the PD-1 receptors on T cells, pembrolizumab prevents
the ability of PD-L1-expressing tumor cells to avoid immune surveillance, and
thereby enables the normal T cell/immune cell pathway of elimination of tumor
cells to occur [10, 11].

In cancers with a pathogenetic TP53 gene mutation, the loss of tumor suppressor
gene function allows for unchecked cell division and proliferation. Mutation of the
TP53 gene may be detected via p53 protein immunohistochemistry as was shown
above in Figures 5-7. TP53 gene-mutated endometrial cancers may also exhibit
over-expression of the HER2/neu (c-erbB-2) protein. This protein is considered to be
an oncogene and is a plasma membrane tyrosine kinase which, when activated plays
an important role in cell proliferation, anti-apoptosis, and differentiation capabili-
ties. When overexpressed, HER2 promotes rapid cancer cell growth and spread and
as such, is another targetable protein in immune therapy. HER2 can be detected via
HER?2 immunostaining. Figure 8 illustrates a HER2-expressing endometrial serous
carcinoma. Note the strong, dark brown staining outlining the tumor cell plasma
membranes. Criteria have been developed to guide pathologists in interpretation
of the staining patterns to qualify a patient’s tumor as clinically-relevant HER2-
overexpressing. In doubtful cases, HER2 gene overexpression can be investigated by
the use of fluorescence in situ hybridization (FISH).

Herceptin (trastuzumab) is a monoclonal antibody that specifically targets the
HER?2 receptor, binding to it and blocking the receptor’ signaling pathway, which
prevents further cell proliferation and marks the cancer cells for destruction by the
immune system. It works by inhibiting AKT phosphorylation and arresting the cell
cycle through AKT inhibition [12]. Additionally, patients in this group could be
eligible for a newer, promising antibody-drug conjugate.

Figure 8.
HER?2 immunostained serous carcinoma.
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POLE mutated tumors generally have a positive prognosis due to their ultra
mutated nature, which allows the immune system to detect them with greater ease
[13]. Patients with POLE ultramutated tumors typically do not require aggressive
therapeutic approaches such as chemotherapy or radiation. Instead, following up to
monitor for any signs of recurrence or spread is felt to suffice. Patients with tumors
without a specific mutational profile (NSMP) are more difficult to classify for precise
treatment. These patients will typically follow the standard of care for treatments.
While currently this cohort lacks the same targeted therapy recommendations, ongo-
ing research will undoubtedly lend new insights into improved strategies.

6. Conclusion

In summary, the 4-tier molecular classification scheme for endometrial cancers
has allowed for more accurate pathologic subtyping of these tumors, which in turn
has enabled more detailed staging and management guidelines for endometrial cancer

patients. We are a step closer to the ideal of precision medicine, wherein the treatment
plan is tailored to the individual patient’s tumor and unique clinical scenario.
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Chapter 4

Staging in Cervical Cancer

Merve Konal

Abstract

Cervical cancer remains a significant health concern globally, particularly in
low- and middle-income countries. Accurate staging of cervical cancer is critical as it
directly influences treatment decisions and prognostic assessments. This chapter pro-
vides a comprehensive overview of the staging methodologies used in cervical cancer,
highlighting the International Federation of Gynecology and Obstetrics (FIGO) and
the Tumor, Node, Metastasis (TNM) staging systems. It delves into diagnostic meth-
ods, including clinical examination, advanced imaging techniques, and pathological
evaluation, and discusses recent advancements such as molecular imaging, biomark-
ers, and artificial intelligence. The chapter also explores the clinical implications of
staging, including its role in treatment planning, prognostic evaluation, and follow-up
care. Additionally, it addresses the challenges and future directions in cervical cancer
staging, emphasizing the importance of emerging technologies and personalized
medicine approaches. By enhancing the accuracy of staging, these advancements aim
to improve patient outcomes and quality of life for those affected by cervical cancer.

Keywords: cervical cancer, staging, FIGO, TNM, imaging techniques, biopsy,
biomarkers, artificial intelligence, personalized medicine, global health

1. Introduction

Cervical cancer remains one of the most common malignancies affecting women
worldwide, particularly in low- and middle-income countries [1]. Accurate staging of
cervical cancer is crucial as it directly influences treatment decisions and prognostic
assessments [2]. The staging process involves a thorough evaluation of the tumor’s
size, depth of invasion, and spread to adjacent tissues or distant organs. This intro-
ductory section aims to provide a comprehensive overview of the staging methodolo-
gies used in cervical cancer, underscoring the importance of each stage in guiding
clinical management [3].

The staging of cervical cancer has evolved significantly over the years, with
advances in imaging techniques and pathological assessments enhancing the precision
of diagnosis [4]. The most widely adopted system for staging cervical cancer is the
International Federation of Gynecology and Obstetrics (FIGO) staging system, which
has undergone several revisions to incorporate new clinical insights and technological
advancements [5]. Understanding the nuances of this staging system is essential for
both clinicians and researchers involved in the field of gynecologic oncology.

Historically, cervical cancer staging was primarily based on clinical examination
findings, which often led to inaccuracies due to limitations in detecting the extent of
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the disease. However, with the advent of modern imaging techniques such as mag-
netic resonance imaging (MRI), computed tomography (CT), and positron emission
tomography (PET), the ability to accurately stage cervical cancer has improved mark-
edly [6, 7]. These imaging modalities allow for a more detailed assessment of tumor
size, lymph node involvement, and distant metastases, thereby facilitating more
precise staging and better-informed treatment decisions [8].

Another critical aspect of cervical cancer staging is the pathological evaluation
of biopsy samples. Pathological staging provides definitive information about the
tumor’s histological type, grade, and the presence of lymphovascular space inva-
sion, which are all crucial for accurate staging and treatment planning [9]. Biopsy
samples from the cervix, as well as from suspicious lymph nodes, help determine the
extent of disease spread and inform decisions regarding surgical or radiotherapeutic
interventions [10].

In addition to traditional clinical and pathological staging methods, recent
advances in molecular biology have introduced new biomarkers that may improve
the precision of cervical cancer staging. Biomarkers such as HPV DNA, pl6INK4a,
and Ki-67 have shown promise in providing additional prognostic information and
may eventually be integrated into standard staging protocols [11]. These molecular
markers can help identify high-risk patients who may benefit from more aggressive
treatment strategies, thereby potentially improving outcomes.

The introduction of artificial intelligence (AI) and machine learning techniques in
imaging and pathology is also revolutionizing cervical cancer staging. Al algorithms
can analyze imaging data and histopathological slides with high accuracy, potentially
identifying subtle features that may be overlooked by human observers [12]. These
technologies have the potential to enhance staging accuracy and consistency, ulti-
mately leading to more personalized and effective treatment plans [13].

Despite these advancements, several challenges remain in the staging of cervical
cancer. Discrepancies between clinical and pathological staging, variations in imaging
interpretation, and the need for standardized protocols across different healthcare
settings can complicate the staging process. Moreover, access to advanced imaging
and molecular diagnostic tools may be limited in resource-poor settings, highlighting
the need for globally applicable and cost-effective staging methods [14].

In conclusion, accurate staging of cervical cancer is fundamental to effective clini-
cal management and improved patient outcomes. The ongoing evolution of staging
methodologies, driven by technological advancements and molecular insights, holds
great promise for the future of cervical cancer care. This chapter will delve into the
various staging systems, diagnostic methods, and emerging technologies that are
shaping the field of cervical cancer staging, providing a comprehensive guide for
clinicians and researchers alike.

2. Staging systems for cervical cancer
2.1 International federation of gynecology and obstetrics (FIGO) staging system

The FIGO staging system is the most widely used classification for cervical cancer
staging. It provides a standardized approach to evaluate the extent of disease, helping
to guide treatment decisions and predict patient outcomes [2]. The FIGO system cat-
egorizes cervical cancer into stages I through IV, with further subdivisions to reflect
the progressive severity and spread of the disease (Table 1) [3].
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Parameter GnRH agonists GnRH antagonists
Initial hormone surge Present Absent
Time to suppression Delayed Immediate
Menopausal symptoms Common Less common
Bone density loss Significant Moderate
Efficacy in pain reduction High High

Table 1.

Comparison of side effects and efficacy between GnRH agonists and antagonists.

Stage I represents cancer confined to the cervix, whereas Stage II indicates exten-
sion beyond the cervix but not to the pelvic wall or lower third of the vagina. Stage III
involves spread to the pelvic wall and/or the lower third of the vagina, and Stage IV
indicates invasion into the bladder or rectum, or distant metastasis [4]. Each stage is
further divided into subcategories (e.g., IA, IB, and IIA) based on specific criteria
such as tumor size and involvement of specific tissues [5].

Historically, FIGO staging relied heavily on clinical examination, which included
inspection, palpation, colposcopy, endocervical curettage, and radiographic examina-
tions [6]. However, advancements in imaging techniques have been incorporated into
the staging process, improving the accuracy of the FIGO system [7]. For instance,
MRI is now frequently used to assess tumor size and local extension, while CT and
PET scans help evaluate lymph node involvement and distant metastases [10].

2.2 TNM staging system

The Tumor, Node, Metastasis (TNM) staging system, developed by the American
Joint Committee on Cancer (AJCC), is another widely used classification method
(Table 2). This system considers the size and local extent of the primary tumor (T),
the involvement of regional lymph nodes (N), and the presence of distant metastasis
(M) [2]. The TNM system provides a detailed framework for assessing the anatomical
spread of cervical cancer and is often used in conjunction with the FIGO system to
provide a more comprehensive assessment of the disease [7].

In the TNM system, the primary tumor (T) is classified from T1 to T4, based on its
size and extent of local invasion. Regional lymph nodes (N) are categorized from NO
(no regional lymph node involvement) to N3 (extensive regional lymph node involve-
ment). Distant metastasis (M) is classified as either MO (no distant metastasis) or M1
(presence of distant metastasis) [15].

Drug Efficacy in pain Reduction in Common sside effects
reduction (%) lesion size (%)
Medroxyprogesterone acetate 70 60 Weight gain, mood changes
Norethindrone acetate 75 65 Breakthrough bleeding
Dienogest 80 70 Headache, breast tenderness
Ulipristal acetate 85 75 Nausea, abdominal pain
Table 2.

Clinical outcomes of different progestins and SPRMs in the treatment of endometriosis.
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One of the advantages of the TNM system is its ability to incorporate findings
from modern imaging techniques and pathological examinations, providing a more
nuanced understanding of disease spread [15]. For instance, sentinel lymph node
biopsy and advanced imaging modalities such as PET/CT scans can provide detailed
information about lymph node involvement and distant metastases, enhancing the
accuracy of TNM staging [10].

Both the FIGO and TNM staging systems are essential tools in the clinical
management of cervical cancer. They provide a common language for health-
care professionals to describe the extent of disease, guide treatment decisions,
and predict patient outcomes. Understanding the strengths and limitations of
each system is crucial for optimizing patient care and improving prognostic
assessments [16].

3. Diagnostic methods for staging
3.1 Clinical examination

Clinical examination remains a fundamental component of cervical cancer
staging. It involves a thorough pelvic examination to assess the size and spread of the
tumor, as well as the potential involvement of adjacent structures [3]. The examina-
tion typically includes inspection, palpation, and the use of a speculum to visualize
the cervix. Despite its limitations in detecting microscopic disease and accurately
assessing tumor size, clinical examination is essential for initial staging and guiding
further diagnostic procedures [17].

3.2 Imaging techniques

Advancements in imaging techniques have significantly improved the accuracy
of cervical cancer staging. Various imaging modalities provide detailed information
about the tumor and its spread, enhancing the precision of staging.

3.2.1 Magnetic resonance imaging (MRI)

MRI is particularly valuable for assessing tumor size and local invasion. It provides
high-resolution images of soft tissues, allowing for detailed evaluation of the cervical
tumor and its relationship to surrounding structures. MRI is considered the imaging
modality of choice for local staging of cervical cancer due to its superior contrast
resolution compared to other techniques. MRI can also detect parametrical invasion
and involvement of adjacent organs, which are critical factors in staging and treat-
ment planning [8].

3.2.2 Computed tomography (CT) scans

CT scans are used to detect lymph node involvement and distant metastases.
They provide cross-sectional images of the body, which can help identify enlarged
lymph nodes and potential sites of metastatic spread [7]. Although CT is less effective
than MRI in assessing local tumor extent, it is useful for evaluating distant disease.
CT scans are often used in combination with other imaging modalities to provide a
comprehensive assessment of disease spread [10].
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3.2.3 Positron emission tomography (PET) scans

PET scans provide functional imaging to identify the metabolic activity of cancer
cells. By detecting areas of increased glucose metabolism, PET can reveal both pri-
mary and metastatic tumor sites that may not be visible on other imaging modalities
[11]. PET/CT, a combination of PET and CT, is often used for comprehensive staging
and restaging of cervical cancer. This combined approach improves the accuracy
of detecting lymph node involvement and distant metastases, providing valuable
information for treatment planning [10].

3.2.4 Ultrasonography

Ultrasonography is a non-invasive imaging technique that can be used to evalu-
ate the pelvic organs. Transvaginal ultrasonography is particularly useful for initial
assessment of cervical tumors and for guiding biopsies [8]. Although less detailed
than MRI or CT, ultrasonography is a valuable tool in resource-limited settings due to
its accessibility and cost-effectiveness [14].

3.3 Pathological evaluation
3.3.1 Biopsy

Biopsy is the gold standard for diagnosing cervical cancer and provides crucial
information for staging. Tissue samples obtained through biopsy are examined histo-
logically to determine the type and grade of the tumor [18]. Pathological evaluation also
helps identify the presence of lymphovascular space invasion, which is an important
prognostic factor [15]. Different biopsy techniques, such as punch biopsy, cone biopsy,
and endocervical curettage, may be used depending on the clinical scenario [16].

3.3.2 Lymph node assessment

Assessment of lymph node involvement is critical for accurate staging and treat-
ment planning. Sentinel lymph node biopsy and pelvic lymphadenectomy are com-
mon procedures used to evaluate regional lymph nodes [17]. The presence of cancer
cells in the lymph nodes often indicates a more advanced stage and may necessitate
additional treatments such as chemotherapy or radiotherapy [19]. Recent advances in
imaging techniques, such as PET/CT, have enhanced the ability to detect lymph node
metastases non-invasively, improving the accuracy of staging [10].

These diagnostic methods collectively contribute to a more accurate and compre-
hensive staging of cervical cancer. The integration of clinical examination, advanced
imaging techniques, and pathological evaluation provides a robust framework for
staging, guiding treatment decisions, and improving patient outcomes [20].

4. Advances in staging techniques

4.1 Molecular imaging

Molecular imaging techniques, such as PET with novel tracers, are being explored
to improve the sensitivity and specificity of cervical cancer staging. These advanced
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Pain management Type Effectiveness in pain Common side effects
strategy reduction (%)
NSAIDs Pharmacological 70 Gl issues
Opioids Pharmacological 80 Dependency
Neuromodulators Pharmacological 75 Drowsiness
Acupuncture Non-pharmacological 60 None
Physical therapy Non-pharmacological 65 Muscle soreness
Table 3.

Overview of pharmacological and non-pharmacological pain management strategies.

imaging methods can detect molecular and cellular changes associated with cancer,
providing earlier and more accurate staging information [21]. Molecular imaging has
the potential to identify occult metastases and guide targeted therapies, enhancing
personalized treatment approaches [22].

4.2 Biomarkers in staging

Biomarkers, including HPV DNA, p16INK4a, and Ki-67, have shown potential in
enhancing the staging of cervical cancer (Table 3). These biomarkers can provide
additional prognostic information and help identify high-risk patients who may
benefit from more aggressive treatment strategies. Integration of biomarker analysis
into routine clinical practice may improve the accuracy of staging and tailor treatment
to individual patient profiles [23].

4.3 Artificial intelligence in imaging

Artificial intelligence (AI) and machine learning are increasingly being applied to
medical imaging for cervical cancer staging. Al algorithms can analyze imaging data
and histopathological slides with high accuracy, potentially identifying subtle features
that may be overlooked by human observers. These technologies have the potential to
enhance staging accuracy and consistency, leading to more personalized and effective
treatment plans.

Al can also assist in the standardization of imaging interpretation, reducing inter-
observer variability and ensuring consistent application of staging criteria across
different healthcare settings. The integration of Al into clinical workflows represents
a significant advancement in the field of cervical cancer staging and has the potential
to improve patient outcomes.

These advances in staging techniques are reshaping the landscape of cervical
cancer diagnosis and management. By incorporating molecular imaging, biomarkers,
and artificial intelligence, clinicians can achieve more accurate staging, leading to
better-informed treatment decisions and improved prognostic assessments [24].

5. Clinical implications of staging
5.1 Treatment planning

Accurate staging is essential for effective treatment planning in cervical cancer.
The stage of the disease determines the choice of treatment modalities, which may
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Stage Treatment modality
Stage I Surgery (e.g., radical hysterectomy)
Stage II Combination of surgery and radiotherapy or chemoradiotherapy
Stage I1I Chemoradiotherapy
Stage IV Palliative care, chemotherapy, targeted therapy
Table 4.

Treatment modalities based on cervical cancer staging.

include surgery, radiotherapy, chemotherapy, or a combination of these approaches.
For instance, early-stage cervical cancer (Stage I) is often treated with surgery alone,
such as a radical hysterectomy. In contrast, locally advanced stages (Stages II-III)
may require a combination of radiotherapy and chemotherapy to control the disease.
In advanced stages (Stage IV), palliative treatments are often employed to alleviate
symptoms and improve quality of life (Table 4).

The integration of accurate staging information allows oncologists to tailor treat-
ment plans to the individual patient, maximizing therapeutic efficacy while minimiz-
ing unnecessary side effects. For example, the identification of lymph node metastasis
through advanced imaging techniques can prompt the use of adjuvant chemoradio-
therapy, which has been shown to improve survival outcomes [15].

5.2 Prognostic value

Staging provides critical prognostic information, helping to predict patient
outcomes and guide follow-up care. Higher stages of cervical cancer are associated
with poorer prognosis and increased risk of recurrence, emphasizing the impor-
tance of accurate staging in clinical practice. For example, patients with Stage I
disease have a significantly higher 5-year survival rate compared to those with
Stage IV disease.

Prognostic factors such as tumor size, lymph node involvement, and depth of
invasion are integral components of staging systems and provide valuable insights
into disease progression. Accurate staging enables clinicians to stratify patients based
on their risk profiles and implement appropriate surveillance strategies [25].

5.3 Follow-up and surveillance

Accurate staging also informs follow-up and surveillance strategies. Patients
with early-stage disease may require less intensive follow-up compared to those with
advanced-stage disease, who may need more frequent monitoring for recurrence and
metastasis. Follow-up protocols typically include regular clinical examinations, imag-
ing studies, and cytological assessments to detect any signs of disease recurrence.

For patients with advanced-stage disease or those who have received multimodal
treatments, follow-up care may involve more frequent visits and comprehensive
evaluations, including PET/CT scans and biomarker analyses. These measures help in
early detection of recurrence, allowing for timely intervention and improved man-
agement of the disease.

The clinical implications of staging extend beyond initial treatment and include
long-term management and survivorship care. By understanding the stage-specific
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risks and potential complications, healthcare providers can deliver personalized
follow-up care, ultimately enhancing patient outcomes and quality of life [26].

6. Challenges and future directions
6.1 Limitations of current staging systems

Despite advancements in staging techniques, current staging systems have several
limitations. One major challenge is the discrepancy between clinical and pathological
staging, which can lead to inconsistencies in treatment planning. Clinical staging,
which relies heavily on physical examination and basic imaging, may underestimate
the extent of disease compared to pathological staging, which includes detailed
histological evaluation.

Variations in imaging interpretation also pose challenges, as different radiologists
may provide different assessments of tumor size and spread based on the same set of
images. This inter-observer variability can affect the accuracy of staging and, con-
sequently, the treatment approach. Additionally, the lack of standardized protocols
across different healthcare settings can lead to variability in staging practices and
outcomes [27].

6.2 Emerging technologies

Emerging technologies hold promise for overcoming some of the limitations of
current staging systems. Next-generation sequencing (NGS) and liquid biopsy tech-
niques are being explored to provide more detailed genetic and molecular profiles of
tumors. These advanced diagnostic tools can detect circulating tumor DNA (ctDNA)
and other biomarkers in the blood, offering non-invasive methods for staging and
monitoring disease progression.

Liquid biopsy, in particular, has the potential to detect microscopic metastases and
minimal residual disease that are not visible on conventional imaging. This technol-
ogy could revolutionize cervical cancer staging by providing real-time insights into
tumor dynamics and treatment response, enabling more precise and personalized
therapeutic strategies [28].

6.3 Personalized medicine approaches

The future of cervical cancer staging lies in personalized medicine approaches,
where staging and treatment are tailored to the individual patient based on genetic,
molecular, and clinical factors. Personalized medicine aims to move beyond the
traditional one-size-fits-all approach and considers the unique characteristics of each
patient’s cancer.

For example, molecular subtyping of cervical cancer based on gene expression
profiles can identify distinct subgroups with different prognoses and treatment
responses. This information can guide the selection of targeted therapies and immu-
notherapies, improving treatment efficacy and reducing unnecessary toxicity.

Artificial intelligence and machine learning algorithms can also play a crucial role
in personalized medicine by analyzing large datasets and identifying patterns that are
not apparent to human observers. These technologies can integrate genomic, imaging,
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and clinical data to develop predictive models for treatment response and disease
progression, supporting more informed clinical decision-making [29].

6.4 Global Health considerations

Addressing global health disparities is a critical challenge in cervical cancer stag-
ing. Access to advanced imaging and molecular diagnostic tools is often limited in
low- and middle-income countries, where the burden of cervical cancer is the highest.
Efforts to improve global health equity should focus on increasing access to essential
diagnostic and staging tools, as well as implementing cost-effective and scalable
solutions.

Training and capacity-building initiatives are also essential to ensure that health-
care providers in resource-limited settings can effectively utilize available technolo-
gies and adhere to standardized staging protocols. International collaborations and
partnerships can facilitate the sharing of knowledge, resources, and best practices,
ultimately improving cervical cancer care worldwide.

In conclusion, while significant progress has been made in cervical cancer staging,
ongoing challenges and emerging opportunities highlight the need for continued
innovation and collaboration. By embracing new technologies and personalized
medicine approaches, and addressing global health disparities, we can improve the
accuracy of staging and outcomes for patients with cervical cancer [30].

7. Conclusion

Accurate staging of cervical cancer is a cornerstone of effective clinical manage-
ment, guiding treatment decisions and providing critical prognostic information.
Over the years, the staging of cervical cancer has evolved significantly, with advance-
ments in imaging techniques, pathological assessments, and molecular diagnostics
enhancing the precision of staging.

The International Federation of Gynecology and Obstetrics (FIGO) and the
Tumor, Node, Metastasis (TNM) staging systems remain the primary frameworks
for classifying the extent of cervical cancer. These systems, complemented by clini-
cal examination and advanced imaging modalities such as MRI, CT, and PET scans,
provide a comprehensive assessment of the disease. Pathological evaluation, includ-
ing biopsy and lymph node assessment, further refines the staging process, offering
crucial insights into tumor characteristics and spread.

Emerging technologies, such as molecular imaging, biomarkers, and artificial
intelligence, are poised to revolutionize cervical cancer staging. These innovations
promise to improve staging accuracy, personalize treatment strategies, and ultimately
enhance patient outcomes. Molecular imaging techniques and biomarkers offer
new avenues for detecting occult metastases and tailoring therapies to individual
patient profiles, while Al and machine learning algorithms provide powerful tools for
integrating and analyzing complex datasets.

Despite these advancements, challenges remain. Discrepancies between clinical
and pathological staging, variability in imaging interpretation, and the need for
standardized protocols across different healthcare settings can complicate the staging
process. Addressing these challenges requires continued innovation, collaboration,
and efforts to improve global health equity. Ensuring that healthcare providers in
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resource-limited settings have access to essential diagnostic tools and training is
crucial for advancing cervical cancer care worldwide.

In conclusion, the ongoing evolution of cervical cancer staging methodologies,
driven by technological advancements and molecular insights, holds great promise
for the future. By embracing new technologies, personalized medicine approaches,
and addressing global health disparities, we can improve the accuracy of staging and
outcomes for patients with cervical cancer. This comprehensive approach will enable
clinicians and researchers to better understand the disease, develop more effective
treatments, and ultimately improve the quality of life for patients affected by cervical
cancer.
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Abstract

Breast cancer is the second most common cancer and one of the most common
cancers in women worldwide. Breast cancer is known as a multifactorial disease in
which several factors play a role in its occurrence. The risk factors of this cancer can
be classified into two categories, non-modifiable and modifiable. It has been shown
that modifiable lifestyle factors, such as diet, play an important role in cancer pre-
vention. Recently, instead of using specific foods as indicators of dietary intake and
nutritional status, component food group analysis has been used to determine dietary
patterns. Although the findings are insufficient to evaluate the relationship between
diet and breast cancer risk, a reduction in breast cancer risk has been reported follow-
ing an increase in fruit and vegetable consumption. Adherence to vegetarian dietary
patterns is associated with an increase in the consumption of plant-based foods and a
decrease in the consumption of red meat and processed meat. It seems that vegetar-
ian diets may have a potential role in alleviating the development and progression of
breast cancer through their several anticancer properties. However, more studies are
suggested to investigate the clear and comprehensive mechanism by comparing the
effect of a vegetarian diet and a nonvegetarian diet on breast cancer risk in premeno-
pausal and postmenopausal women.

Keywords: vegetarian dietary patterns, vegetarian diet, food patterns, breast cancer,
breast neoplasms

1. Introduction

Breast cancer is known as the abnormal growth of breast cells, which means that
the development of these cells goes out of control and turns into a tumor. This tumor
can be benign and is often not life-threatening, or it can be malignant, which causes
these cells to spread to breast tissue, lymph nodes, and other organs, leading to an
increased risk of fatality through metastasis [1].

Common classifications used for invasive breast cancer include estrogen
receptor (ER), progesterone receptor (PR), and human epidermal growth factor
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receptor 2 (HER2). These classifications are based on various factors such as etiology,
clinical presentation, molecular characteristics, and response to treatment [2].

Although the recent attention on molecular classifications of breast cancer has
been due to the very elegant, prognostic, and predictive nature of molecular and
genetic tests, it is extensive and not yet widely available. Additionally, despite the
diagnostic information obtained from molecular testing, reports of assay results pro-
vide little specific guidance on the response to targeted and proven therapy. However,
the immunohistochemistry (IHC) classification and therapeutic and prognostic
information are inexpensive and readily available [3].

2. Prevalence of breast cancer

Breast cancer is the second most common cancer [2] and one of the most com-
mon cancers in women worldwide, and its incidence is increasing in all regions of the
world. However, the highest incidence is reported in industrialized countries [4]. As
much as half of the cases are in developed countries [4]. This increase in incidence is
attributed to the Western lifestyle, which is related to poor diet, excessive stress, and
little physical activity [4].

In 2012, approximately 1.67 million people were reported to have been diagnosed
with breast cancer, accounting for 25% of all cancers [2]. Approximately 2.089 mil-
lion women with breast cancer were reported in 2018 [4]. The incidence rate of breast
cancer ranges from 27 per 100,000 in Middle Africa and East Asia to 92 per 100,000
in North America [2].

An estimated incidence rate of 3.2 million people by 2050 has also been proposed
[2, 5]. Since the population of elderly people is increasing in developed countries, it
has been shown that the incidence rate of cancer in elderly people is increasing [2, 5].
According to reports in 2017, there were approximately 252,710 new cases of invasive
breast cancer and 6341 cases of breast cancer in situ in the United States [2]. About
24% of breast cancer cases are reported in the Asia Pacific region with the highest
incidence in Japan, China, and Indonesia [2, 6, 7]. The incidence rate of breast cancer
(age-standardized rate per 100,000) in different regions of the world, such as more
developed regions, less developed regions, Western Europe, Northern America,
Northern Europe, Australia/New Zealand, South-Central Asia, and Eastern Asia, was
reported to be 74.1, 31.3, 96, 91.6, 89.4, 85.8, 28.2, and 27, respectively [2].

According to evidence, 16,967 new cases of breast cancer and 4810 deaths related
to breast cancer were reported in Iran in 2020 [8, 9]. Iran’s cancer registry data from
2008 to 2016 has reported that the incidence of breast cancer in women will increase
by 63% by 2025 [8, 10].

3. Breast cancer risk factors

Breast cancer is known as a multifactorial disease in which several factors play
arole in its occurrence [2]. Population structure, lifestyle, genetic factors, and the
environment are all known influencing factors [2, 5]. Variations in disease risk factors
increase its prevalence, which is growing daily [2]. In general, disease risk factors are
divided into inherent and extrinsic categories [11]. Age, race, and genetics are con-
sidered intrinsic risk factors, while lifestyle and diet are extrinsic risk factors [11]. In
another classification, risk factors are classified into non-modifiable and modifiable
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categories [12]. In this way, older age (more than 65 versus less than 65 years old),
genetic predisposition including deoxyribonucleic acid (DNA) mutation and breast
cancer family history, early menarche (less than 12 years old), late menopause (more
than 55 years old), age at first pregnancy over 30 years, infertility and childlessness,
use of contraceptives, hormonal treatment after menopause, and no history of breast-
feeding are included in the category of non-modifiable risk factors [12, 13]. Lifestyle,
including food choices and being obese or overweight, is also included in the category
of modifiable risk factors [12, 14, 15].

4. Nutritional aspects of breast cancer

It has been shown that modifiable lifestyle factors, such as diet, play an important
role in cancer prevention [16]. As mentioned, diet is known as a modifiable factor
among cancer risk factors [17]. Findings obtained from assessing the relationship
between various single foods and nutrients and breast cancer have reported that
dietary changes prevent about one-third of breast cancer cases [17]. Therefore,
adherence to a healthier diet pattern that is nutrient-dense and has fewer energy-
dense foods has been emphasized [17, 18]. In this view, the relationship between the
consumption of a poor nutrient diet and energy-dense foods with the risk of breast
cancer has been shown [16, 19].

The World Cancer Research Fund (WCRF) also emphasizes adherence to this
healthy eating pattern, which has been suggested as a way to prevent various cancers,
including breast cancer [17]. On the other hand, high energy intake is significantly
related to breast risk, so adherence to healthier dietary patterns seems to affect disease
risk [17]. Moreover, high consumption of red meat, animal fat, and refined carbohy-
drates leads to an increased risk of breast cancer [17, 20]. In contrast, adhering to a
healthy dietary pattern, including increasing the consumption of fruits, vegetables,
whole grains, and dietary fiber, is associated with a reduction in the risk of breast can-
cer [17, 21-23]. Since the results obtained from studies based on the measurement of
the relationship between specific foods and nutrients are inconsistent, the analysis of
food patterns as a common ancillary method to investigate the relationship between
diet and disease risk has received much attention from researchers [24, 25].

Only a few studies have evaluated the relationship between dietary patterns and
breast cancer [26-29]. According to epidemiological findings, both Western and
prudent dietary patterns are related to the prognosis of breast cancer [26, 27].

The findings obtained from two recent systematic review studies have shown
that adherence to a prudent or healthy dietary pattern is related to reducing the risk
of breast cancer [21, 24, 30]. In addition, Zhang et al. reported that a dietary pat-
tern rich in fruits, vegetables, and soybeans leads to a reduction in the risk of breast
cancer [31].

Recently, instead of using specific foods as indicators of dietary intake and
nutritional status, component food group analysis has been used to determine dietary
patterns [32]. According to the findings, adherence to a dietary pattern with a higher
content of plant-based diet and less content of animal-based foods is associated
with reducing the risk of chronic disorders and ultimately mortality [32]. However,
the general public’s adherence to the vegetarian or vegan diet due to the restrictions
may not be accurate and comprehensive. While there may be more adherence to the
pro-vegetarian dietary pattern (PDP) due to the reduction of restrictions, includ-
ing reducing the consumption of animal-based foods instead of eliminating animal
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products [32]. However, little evidence of the relationship between a plant-based diet
and breast cancer incidence has been reported [32-34].

According to recent findings, adherence to a healthy plant-based diet has been
associated with a reduction in the incidence of breast cancer, especially for tumors
that become aggressive [33]. In a large prospective cohort study on 10,812 women in
the Seguimiento Universidad de Navarra (SUN) project, which is a Spanish study,
Romanos-Nonclares et al. in 2020 showed that moderate adherence to a vegetarian
diet may reduce the risk of breast cancer [34]. In a population-based case-control
study on women aged >30 years in Isfahan, Iran, between July 2013 and July 2015 con-
ducted by Rigi et al., it has been shown that in Iranian women, greater adherence to
an overall plant-based diet and a healthy plant-based diet is associated with a decrease
in the risk of breast cancer, while more adherence to an unhealthy plant-based diet is
associated with an increase in the risk of breast cancer [35]. In the study by Rigi et al.
[35], the overall plant-based diet index (PDI) based on the algorithm developed by
Martinez-Gonzalez et al. [36] and two versions of the healthy plant-based diet index
(hPDI) and unhealthy plant-based diet index (uPDI) proposed by Satija et al. [37]
have been evaluated.

Category of healthy plant food groups includes whole grains, fruits, vegetables,
nuts, legumes, and vegetable oil, and less healthy plant food groups include fruit
juice, sugar-sweetened beverages, refined grains, and potatoes, as well as animal food
groups, which include a wide range of animal fats, dairy, eggs, fish/seafood, red meat,
poultry, and miscellaneous animal-based foods [35, 38-43]. In another case-control
study in Iranian women, it was also shown that adherence to the PDP is associated
with a decreased chance of developing breast cancer [32]. In this study, to calculate
PDP, two categories of plant-based food groups including vegetables, fruits, cereals,
legumes, potatoes, olive oil, and nuts, as well as animal-based food groups including
animal fats, fish, dairy products, eggs, and meat products, were evaluated [32]. The
overall score of PDP is determined between 12 (minimum adherence) and 60 (maxi-
mum adherence) [32].

In the PDI and hPDI, scores of 10 and 1 correspond to the highest and lowest
consumption of plant foods and healthy plant foods, respectively. Also, in uPDI,
scores of 10 and 1 are attributed to the maximum and minimum consumption of
unhealthy plant foods, respectively. To determine each of the PDI, hPDI, and uPDI
indices, the scores are finally added up and a total score is obtained in the range of 18
to 180, where a higher score is associated with greater adherence to the dietary pattern
(228-230).

5. Vegetarian diet and breast cancer

Although, the findings are insufficient to evaluate the relationship between diet
and breast cancer risk [44], a reduction in breast cancer risk has been reported fol-
lowing an increase in fruit and vegetable consumption [21, 44-47]. In this regard, this
effect has been investigated for postmenopausal and premenopausal breast cancer, as
well as particular hormone receptor variants of breast cancer [44]. Since postmeno-
pausal breast cancer is more influenced by lifestyle and environmental factors, this
relationship was considered stronger for this group of patients [44]. Meanwhile, a
strong relationship between adherence to a prudent diet pattern and premenopausal
breast cancer has also been reported [44]. Additionally, a protective effect of higher
fruit and vegetable consumption has also been shown for ER breast cancer risk [44].
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Rizzo et al. [48] and Orlich et al. [49] have reported that vegans have more physi-
cal activity, consume fewer energy-dense nutrients, less sodium, and dairy and
animal proteins. They also have a higher consumption of fiber-rich foods, vitamins,
and vegetable proteins such as fruits and vegetables, whole grains, nuts, and soy-
beans. Additionally, they have a history of consuming less alcohol [44]. In this regard,
Catsburg et al. [50] showed that individuals who follow all recommendations have a
31% lower risk of breast cancer than those who follow only one of them.

In a case-control study on 134 women with breast cancer and 265 without can-
cer (control) who were chosen from the two referral hospitals (Imam Hossein and
Shohadaye Tajrish hospitals) in Tehran City (convenient sampling from September
2015 to February 2016), Hosseini et al. reported that greater adherence to the PDP in
Iranian women is associated with a lower chance of developing breast cancer [32]. In
addition, they showed that a diet rich in plant-based foods and poor in dairy products
is associated with reducing the risk of breast cancer, especially in postmenopausal
women [32]. Similarly, in the case-control study on 233 breast cancer patients and 236
age-matched controls in the surgical department of Taipei Tzu Chi Hospital, Chang
et al. have emphasized the protective role of a vegetarian diet as an example of a plant-
based diet against the risk of breast cancer [51]. Other studies have also indicated an
inverse relationship between a higher score for greater adherence to a plant-based diet
and a reduction in the risk of breast cancer [32, 33, 35, 51-53].

The term “vegetarian diet” is used to describe a special dietary pattern that avoids
the consumption of meat fat and processed meat [51]. As dos Santos et al. showed in
a population-based case-control study among South Asian migrant women from the
Indian subcontinent resident in England, lifelong vegetarianism may have a protective
effect against breast cancer due to its higher content of vegetables and pulses [54]. In
another study on 69,120 participants of the Adventist Health Study-2, Tantamango-
Bartley et al. reported that a lower risk of breast cancer in vegans is possible [55].
Cade et al. also showed in the United Kingdom Women’s Cohort Study (UKWCS) on
35,372 women aged between 35 to 69 years, who were recruited from 1995 to 1998,
that adherence to a vegetarian diet pattern is associated with a 12% reduction in the
risk of breast cancer, although this relationship was not statistically significant [56].

Comprehensive and complete information is not available to explain the inverse
relationship between the vegetarian dietary pattern and breast cancer [51]. However,
adherence to vegetarian and vegan dietary patterns is associated with an increase in
the consumption of plant-based foods and a decrease in the consumption of red meat
and processed meat, which helps to reach an ideal weight [51]. Evidence for compar-
ing vegetarian and nonvegetarian groups is limited [51]. However, it has been shown
that vegans have a lower body mass index (BMI) than nonvegetarians, but no signifi-
cant difference was observed in their functional immunocompetence [51]. Moreover,
there was no significant difference between the levels of estradiol and testosterone
between the two vegetarian and nonvegetarian groups [51]. However, Chang et al.
reported that vegetarians have a higher daily intake of soy isoflavones than nonvege-
tarians [51]. The relationship between soy isoflavone consumption and reduced breast
cancer risk has also been shown [51, 57]. Thus, the protective role of soy isoflavone
consumption against breast cancer has been suggested [51].

Isoflavones are the major phytoestrogens found in soybean products that interact
with alpha and beta ERs and may act as estrogen mimics and regulate estrogen levels
[51]. Isoflavones act as weak estrogens when the level of estrogen in the body is
low, and when the level of estrogen in the body is high, they inhibit the function of
estrogen [51]. In this view, vegetarians and vegans who regularly consume soy have
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higher serum isoflavone levels [51, 58]. Therefore, these findings support the pos-
sible chemo-preventive role of isoflavones [51]. Additionally, the antiproliferative,
proapoptotic, antiangiogenic, antioxidant, and anti-inflammatory properties of soy
have also been proposed [44, 59]. Among other possible protective mechanisms of
the vegetarian dietary pattern against cancer, it can be mentioned an increase in the
consumption of fruits and vegetables [51].

In general, it has been shown that the relationship between a plant-based diet
and breast cancer risk may be related to a higher intake of healthy plant products,
including fruits, vegetables, legumes, and whole grains, along with a higher intake
of fiber and micronutrients such as vitamin C, vitamin E, folate, carotenoids, and
trace minerals including selenium, zinc, copper, and manganese. Additionally,
many non-nutrients such as phytoestrogens, phenolic acid, lignan, and carotenoids
affect cellular differentiation and apoptosis [35]. Dietary folate affects the expres-
sion of critical tumor suppressors and proto-oncogenes due to its role in DNA
methylation [35].

Dietary fiber also has estrogen-modulatory effects, as well as removing damaged
cells from the digestive tract, and bile acids, and, as a result, reducing cell prolifera-
tion and the possibility of mutations. It also reduces N-nitroso compounds, increases
immunity, and produces anti-inflammatory cytokines involved in the initiation and
progression of mammary cell growth [35]. It may have a protective effect against the
risk of cancer through these properties [35].

The anticancer properties of phytoestrogens, phenolic acid, and lignan have also
been suggested due to their modulating effect on the hormonal pathway through
antioxidant, antiproliferative, antiangiogenic, and apoptotic properties [35, 60].
Among other features of the vegan diet, a higher intake of nonessential amino acids
has been mentioned, which has led to regulation of the insulin-glucagon axis [44,
61-63], resulting in greater tissue sensitivity to insulin and a decrease in liver produc-
tion and serum levels of insulin-like growth factor 1 (IGF-1) [44]. The relationship
between the increased level of IGF-1 and the progression of several cancers as well as
its mitogenic, antiapoptotic, and angiogenic effects have been shown, especially in
mammary cell lines [35, 64, 65].

6. Conclusions

In sum, based on these findings, it seems that vegetarian diets may have a potential
role in alleviating the development and progression of breast cancer through their
several anticancer properties. However, more studies are suggested to investigate the
clear and comprehensive mechanism by comparing the effect of a vegetarian diet and
a nonvegetarian diet on breast cancer risk in premenopausal and postmenopausal
women.
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Abstract

Cancer stem cells (CSCs) are a crucial subpopulation in gynecological tumors,
defined by their self-renewal, differentiation potential, and resistance to conventional
therapies. These cells are central to tumor initiation, progression, metastasis, and
recurrence, making them key targets for innovative therapeutic strategies. This chap-
ter will explore the molecular mechanisms that regulate CSCs, focusing on signaling
pathways such as Wnt, Notch, and Hedgehog, which are critical for CSC maintenance
and survival. It will also examine emerging therapeutic approaches aimed at eradicat-
ing CSCs, including pathway inhibitors, immune-based strategies, and combinatorial
treatments. By targeting CSCs, these approaches hold the promise of overcoming
resistance and achieving more reliable clinical responses in gynecological cancers.
Further, this chapter delves into the challenges and future directions of translating
CSC-targeted therapies into clinical practice.

Keywords: cancer stem cells (CSCs), gynecological malignancies, tumorigenesis,
therapeutic resistance, targeted therapy, immunotherapy, tumor recurrence

1. Introduction

Introduction to cancer stem cells (CSCs): cancer stem cells (CSCs) are a unique
subset of cells within tumors that possess the ability to self-renew and differentiate
into diverse cell types, thereby sustaining tumor growth and heterogeneity [1]. First
identified in hematological malignancies, the concept of CSCs has since expanded to
encompass a variety of cancers, including gynecological malignancies. Unlike their
differentiated counterparts, CSCs are capable of initiating tumor formation, leading
to the hypothesis that these cells are responsible for tumor initiation, metastasis,
and relapse after treatment. Their identification has reshaped our understanding of
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cancer biology, shifting the focus from a purely cellular perspective to a more nuanced
view that considers the hierarchical organization of tumors [2].

1.1 Characteristics of CSCs

One of the defining features of CSCs is their self-renewal capability, which enables
them to undergo numerous rounds of division while maintaining the undifferentiated
state. This property is critical for the long-term persistence of the tumor, as CSCs can
replenish the tumor cell population even after aggressive treatments that target bulk
tumor cells. Additionally, CSCs demonstrate significant differentiation potential,
allowing them to give rise to a heterogeneous population of tumor cells, which may
exhibit varying degrees of sensitivity to therapies. This heterogeneity complicates treat-
ment strategies and contributes to the challenges of eradicating tumors completely [3].

Another hallmark of CSCs is their inherent resistance to conventional therapies, such
as chemotherapy and radiation. This resistance is attributed to several factors, including
the expression of drug efflux pumps, enhanced DNA repair mechanisms, and the ability
to enter a quiescent state, making them less susceptible to treatments designed to target
rapidly dividing cells. Consequently, the presence of CSCs in tumors is often linked to
treatment failure and disease recurrence, emphasizing their role as a critical target for
innovative therapeutic approaches [4].

Furthermore, CSCs are characterized by specific surface markers that distinguish
them from non-stem cancer cells. Markers such as CD44, CD133, and ALDH1 are
commonly used to identify and isolate CSCs, facilitating research into their biology
and therapeutic targeting. Understanding the molecular pathways and signaling
networks that regulate these cells, such as the Wnt, Notch, and Hedgehog pathways,
is crucial for developing effective strategies aimed at eliminating CSCs and improv-
ing treatment outcomes in gynecological cancers. As research continues to uncover
the complexities of CSCs, it becomes increasingly clear that targeting these cells is
essential for achieving lasting remission and improving patient survival rates [5].

1.2 Role of CSCs in gynecological tumors

CSCs play a pivotal role in the biology of gynecological tumors, significantly
influencing tumor initiation, progression, and metastasis. In cancers such as ovar-
ian, endometrial, and cervical cancers, CSCs are often implicated in the early stages
of tumor development. Their ability to self-renew and differentiate contributes to
the establishment of a diverse tumor microenvironment, which can promote tumor
aggressiveness and heterogeneity. This diversity is critical as it enables the tumor to
adapt to therapeutic pressures and evade treatment, resulting in relapses and metasta-
sis. CSCs’ presence often correlates with poor prognostic outcomes, making them key
targets for therapeutic intervention [6].

Moreover, CSCs in gynecological tumors exhibit unique molecular signatures and
signaling pathways that differentiate them from non-stem cancer cells. For instance,
alterations in the Wnt, Notch, and Hedgehog signaling pathways have been shown to
regulate the maintenance and proliferation of CSCs, contributing to tumor survival
and resistance to therapies. These pathways not only enhance the self-renewal capa-
bilities of CSCs but also influence their differentiation potential, thereby affecting the
overall tumor behavior. Additionally, CSCs can secrete factors that create a favorable
niche for tumor growth and support the recruitment of stromal cells, further compli-
cating the treatment landscape [7].
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The role of CSCs extends beyond tumor biology; they are also integral to
the mechanisms of metastasis in gynecological cancers. CSCs possess enhanced
migratory and invasive properties, facilitating the spread of cancer to distant sites.
Their ability to survive in the bloodstream and adapt to the foreign microenviron-
ment is crucial for successful metastasis. Understanding the multifaceted role of
CSCs in gynecological tumors is essential for developing targeted therapies that can
effectively eliminate these cells, thereby improving patient outcomes and reducing
the likelihood of recurrence. Addressing the challenges posed by CSCs will be key in
advancing treatment strategies and enhancing the efficacy of current interventions in
gynecological oncology [8].

2. Molecular mechanisms regulating CSCs
2.1 Overview of key signaling pathways

The regulation of CSCs is intricately controlled by various molecular signaling
pathways that govern their self-renewal, differentiation, and survival. Among these,
the Wnt, Notch, and Hedgehog pathways are pivotal in maintaining CSC proper-
ties and driving tumor progression. These pathways interact with each other and
with the tumor microenvironment, forming a complex network that influences
CSC behavior. Disruptions or aberrations in these signaling cascades can lead to the
activation of CSCs, contributing to tumor heterogeneity and resistance to conven-
tional therapies. Understanding these pathways is essential for devising targeted
therapies aimed at eradicating CSCs and improving patient outcomes in gynecologi-
cal malignancies [9].

2.1.1 Wnt pathway

The Wnt signaling pathway is critically involved in the regulation of CSCs,
particularly in gynecological tumors. This pathway is activated by the binding of
Wnt proteins to Frizzled receptors, leading to the stabilization and accumulation of
p-catenin in the cytoplasm and its subsequent translocation to the nucleus. Once in
the nucleus, p-catenin forms a complex with TCF/LEF transcription factors, activat-
ing the transcription of target genes that promote cell proliferation, self-renewal,
and pluripotency. In CSCs, the Wnt pathway is often upregulated, supporting their
capacity for self-renewal and contributing to tumorigenicity [10].

In gynecological cancers, aberrant activation of the Wnt pathway has been
linked to poor prognosis and treatment resistance. For instance, studies have
shown that high levels of B-catenin are associated with aggressive tumor phe-
notypes and increased CSC populations in ovarian and endometrial cancers.
Targeting the Wnt signaling pathway holds promise for therapeutic strategies
aimed at reducing the CSC pool, thereby enhancing the efficacy of existing treat-
ments. Inhibitors of Wnt signaling are currently being investigated in preclinical
and clinical settings, emphasizing the need for further exploration of this path-
way's role in the maintenance of CSCs and its potential as a therapeutic target in
gynecological malignancies [11].

Agents like IWP-2 and XAV939 are being tested in preclinical studies for their
ability to reduce CSC populations in ovarian cancer. While specific clinical trials are
limited, combining Wnt inhibitors with chemotherapy shows potential [12].
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2.1.2 Notch pathway

The Notch signaling pathway plays a crucial role in regulating CSCs, influencing
their self-renewal, differentiation, and tumorigenic potential. Notch signaling is initi-
ated when Notch receptors on the surface of a cell bind to ligands presented by adjacent
cells, leading to the cleavage of the Notch receptor and the release of the Notch intra-
cellular domain (NICD). This NICD then translocates to the nucleus, where it interacts
with transcriptional coactivators to modulate the expression of target genes involved in
cell fate determination. In the context of CSCs, Notch signaling promotes the mainte-
nance of stem-like properties, thus sustaining the CSC pool within tumors [13].

In gynecological cancers, such as ovarian and cervical tumors, the activation of
the Notch pathway has been implicated in enhancing the aggressiveness of tumors
and their resistance to conventional therapies. High levels of Notch signaling activ-
ity are often associated with increased CSC populations, leading to enhanced tumor
growth and metastasis. Furthermore, Notch signaling has been shown to interact with
other pathways, such as Wnt and Hedgehog, creating a complex regulatory network
that further supports CSC survival and proliferation [14].

Targeting the Notch pathway presents a promising strategy for CSC-directed ther-
apies in gynecological malignancies. Various approaches, including small molecule
inhibitors and monoclonal antibodies targeting Notch receptors or ligands, are under
investigation. By inhibiting Notch signaling, it may be possible to reduce the CSC
population, enhance the effectiveness of existing treatments, and ultimately improve
clinical outcomes for patients. The continued exploration of the Notch pathway’s role
in CSC biology is essential for the development of innovative therapeutic strategies
that address the challenges posed by these resilient cells [15].

y-Secretase inhibitors such as LY411575 and DAPT are under investigation, demon-
strating efficacy in reducing tumor growth in early-phase trials. Ongoing studies are
exploring their use alongside standard treatments in recurrent ovarian cancer [16].

2.1.3 Hedgehog pathway

The Hedgehog (Hh) signaling pathway is a critical regulator of cell growth, differen-
tiation, and tissue patterning during embryonic development. In the context of cancer,
particularly in gynecological malignancies, the Hedgehog pathway has been shown
to play a significant role in the maintenance and function of CSCs. Activation of this
pathway occurs when Hedgehog ligands bind to Patched (Ptch) receptors, relieving the
inhibition on Smoothened (Smo), a key transducer of the signal. This leads to the activa-
tion of downstream transcription factors, including Gli proteins, which promote the
expression of target genes involved in cell proliferation, survival, and self-renewal [17].

In gynecological tumors, aberrant activation of the Hedgehog pathway has been
associated with tumor progression and metastasis. Research has demonstrated that
CSCs in ovarian and endometrial cancers exhibit heightened Hedgehog signaling
activity, which contributes to their stem-like properties and resistance to chemother-
apy. This pathway not only supports the CSC population but also enhances the tumor’s
ability to invade surrounding tissues and establish secondary growths. Additionally,
the interaction of Hedgehog signaling with other pathways, such as Wnt and Notch,
further complicates the regulatory networks that govern CSC behavior [18].

Targeting the Hedgehog pathway offers a promising therapeutic strategy for
combating CSCs in gynecological cancers. Inhibitors of the Hedgehog signaling
cascade, such as vismodegib and sonidegib, are being explored in clinical trials,
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demonstrating potential in reducing tumor growth and improving patient outcomes.
By effectively disrupting Hedgehog signaling, it may be possible to decrease the CSC
population, enhance sensitivity to conventional therapies, and ultimately lead to
more durable responses in gynecological cancer treatment. Continued research into
the mechanisms of Hedgehog signaling in CSCs is essential for developing innovative
approaches to target these resilient cells and improve therapeutic efficacy [19].

Vismodegib and sonidegib, initially developed for basal cell carcinoma, are being
tested in gynecological cancers. Clinical trials have shown they can reduce tumor size
and improve responses, particularly in ovarian and endometrial cancers [20].

2.2 Interactions between pathways and CSC maintenance

The maintenance of CSCs is not solely governed by individual signaling pathways
but is significantly influenced by the intricate interactions among various pathways,
such as Wnt, Notch, and Hedgehog. These pathways often converge to regulate key
aspects of CSC biology, including self-renewal, differentiation, and tumorigenicity.
For instance, cross-talk between the Wnt and Notch pathways has been observed,
where the activation of one can enhance the signaling of the other, creating a sup-
portive microenvironment for CSCs. This synergy can lead to a more aggressive
tumor phenotype and contribute to therapeutic resistance, as CSCs leverage multiple
signaling networks to adapt to treatment pressures [21].

Furthermore, the Hedgehog pathway also interacts with Wnt and Notch signal-
ing, providing a multifaceted regulatory framework that sustains CSC populations
in gynecological cancers. Research indicates that Hedgehog signaling can upregulate
Notch activity, promoting the maintenance of stem-like characteristics within
tumors. This interconnected signaling not only supports the survival and self-renewal
of CSCs but also facilitates their capacity for differentiation into various tumor cell
types, thereby enhancing tumor heterogeneity. Such plasticity is a hallmark of CSCs,
making them particularly challenging targets for conventional therapies [22].

Understanding the interactions between these pathways is crucial for develop-
ing effective therapeutic strategies aimed at eradicating CSCs. By targeting multiple
signaling networks simultaneously, it may be possible to disrupt the intricate support
system that sustains CSCs, leading to improved treatment responses. Investigational
therapies that incorporate inhibitors of Wnt, Notch, and Hedgehog pathways are
being studied, with the goal of overcoming the resistance mechanisms that CSCs
employ. Continued research into the complex interplay of these pathways will be
essential for advancing personalized treatment approaches and improving outcomes
for patients with gynecological malignancies [20].

3. Emerging therapeutic approaches
3.1 Pathway inhibitors

Targeting Wnt, Notch, and Hedgehog: The development of targeted therapies that
inhibit key signaling pathways—namely Wnt, Notch, and Hedgehog—has emerged
as a promising strategy for addressing the challenges posed by CSCs in gynecological
malignancies. These pathways are critically involved in the maintenance and prolifer-
ation of CSCs, and their dysregulation is often associated with tumor progression and
treatment resistance. By inhibiting these pathways, therapeutic agents aim to reduce
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the CSC population, enhance the efficacy of existing treatments, and ultimately
improve patient outcomes [23].

Wnt pathway inhibitors, such as ICG-001 and LGK974, have shown potential in
preclinical studies by disrupting the Wnt signaling cascade that is often hyperacti-
vated in various cancers, including ovarian and endometrial tumors. By targeting
p-catenin, a central player in the Wnt pathway, these inhibitors can hinder CSC
self-renewal and promote differentiation of these cells into more mature, nontumori-
genic cell types. Similarly, Notch inhibitors like gamma-secretase inhibitors (GSIs)
have been explored for their ability to block Notch signaling, thereby disrupting the
maintenance of CSCs and enhancing sensitivity to conventional therapies. This is par-
ticularly relevant in gynecological cancers, where Notch signaling has been implicated
in tumor aggressiveness and recurrence [24].

Clinical trials exploring combinations of y-secretase inhibitors (e.g., DAPT)
with Wnt inhibitors like XAV939 show promise in reducing tumor growth and CSC
populations in ovarian cancer.

The Hedgehog signaling pathway also presents a critical target for CSC-directed
therapies. Inhibitors such as vismodegib and sonidegib have been developed to block
Smoothened (Smo), a key component of the Hedgehog pathway. These agents have
demonstrated efficacy in preclinical models, leading to decreased CSC populations
and reduced tumor growth. The combinatorial use of pathway inhibitors alongside
traditional therapies may hold significant promise, as it can potentially overcome the
adaptive resistance mechanisms employed by CSCs. Continued research into these
emerging therapeutic approaches is essential for optimizing treatment regimens that
specifically target the unique biology of CSCs, ultimately contributing to more effec-
tive management of gynecological cancers [25].

Vismodegib is being investigated alongside Wnt pathway inhibitors, demonstrat-
ing potential in enhancing therapeutic responses and overcoming resistance in
endometrial cancer models.

Triple pathway inhibition: Ongoing trials are assessing the safety and efficacy
of combined therapies targeting Wnt, Notch, and Hedgehog pathways, aiming to
improve patient outcomes by tackling CSCs from multiple angles [26].

3.2 Immune-based strategies

Cancer vaccines and immune checkpoint inhibitors: Emerging immune-based strat-
egies have gained significant traction in the fight against gynecological malignancies,
particularly those targeting CSCs. Cancer vaccines are designed to stimulate the immune
system to recognize and attack tumor-associated antigens, including those expressed by
CSCs. These vaccines can be peptide-based, dendritic cell-based, or whole-cell for-
mulations, and their efficacy lies in their ability to generate a robust immune response
specifically targeting CSC populations. For instance, personalized cancer vaccines that
incorporate neoantigens—unique mutations found in an individual’s tumor—show
promise in enhancing the specificity of the immune response against CSCs, potentially
leading to improved clinical outcomes and reduced recurrence rates [27].

In addition to cancer vaccines, immune checkpoint inhibitors represent another
innovative approach to enhance the antitumor immune response. Agents such as
pembrolizumab and nivolumab, which block programmed cell death protein 1 (PD-1)
and its ligand PD-L1, have demonstrated significant efficacy in various cancers
by reinvigorating T cell activity against tumor cells, including CSCs. Preclinical
studies suggest that immune checkpoint inhibitors can effectively target the
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immunosuppressive microenvironment often associated with CSCs, overcoming their
ability to evade immune surveillance. By enhancing T cell infiltration and promoting
a more aggressive immune response against CSCs, these inhibitors hold the potential
to complement existing therapies, potentially leading to more durable and effective
treatment outcomes [28].

Combining cancer vaccines and immune checkpoint inhibitors could further aug-
ment therapeutic efficacy. Such combinatorial approaches can synergistically enhance
the immune response by both priming the immune system through vaccination and
removing inhibitory signals via checkpoint blockade. This multifaceted strategy
aims to not only target the bulk tumor but also specifically eradicate CSCs, which are
often responsible for treatment resistance and tumor relapse. Continued exploration
of these immune-based strategies in clinical trials is essential for determining their
effectiveness and optimizing their use in the context of gynecological cancers, paving
the way for more effective and personalized therapeutic regimens [29].

3.3 Combinatorial treatments

Synergistic approaches to enhance efficacy: The complexity of cancer, particularly
in gynecological malignancies, necessitates innovative treatment strategies that har-
ness the strengths of multiple therapeutic modalities. Combinatorial treatments that
integrate pathway inhibitors, immune-based therapies, and traditional chemothera-
pies are emerging as a powerful approach to enhance therapeutic efficacy and target
CSCs. By strategically combining therapies, clinicians aim to exploit potential syner-
gies, overcoming the inherent resistance mechanisms that CSCs often employ [30].

One promising avenue is the combination of immune checkpoint inhibitors with
targeted therapies aimed at CSC pathways, such as Wnt or Notch signaling (Figure 1).
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Figure 1.
Emerging therapeutic approaches in gynecological malignancies.
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For example, using a Notch inhibitor alongside PD-1 blockade could simultaneously
disrupt the survival pathways of CSCs while reinvigorating T cell responses against
the tumor. This dual approach not only aims to reduce the CSC population but also
enhances the overall immune response, potentially leading to more significant tumor
regression and improved patient outcomes. Preclinical studies have shown that such
combinations can lead to enhanced apoptosis in CSCs, thereby addressing one of the
key challenges in treating gynecological cancers [31].

Furthermore, integrating chemotherapy with targeted therapies can create a
robust treatment strategy that maximizes the impact on both the bulk tumor and
the CSCs. For instance, chemotherapeutic agents can sensitize CSCs to pathway
inhibitors, making them more vulnerable to treatment. By concurrently adminis-
tering these therapies, oncologists can exploit the weaknesses in CSCs’ protective
mechanisms and promote more effective tumor eradication. The challenge lies in
carefully designing treatment regimens that balance efficacy with potential toxicity,
as the combined effects can lead to heightened side effects. Nonetheless, ongoing
clinical trials are essential to elucidate the optimal combinations and sequences that
will yield the best outcomes for patients with gynecological malignancies, marking a
significant advancement in precision medicine approaches in oncology [32].

4. Clinical implications of targeting CSCs
4.1 Overcoming resistance to conventional therapies

Targeting CSCs presents a transformative opportunity to address one of the most
pressing challenges in gynecological malignancies: the resistance to conventional
therapies. CSCs are often responsible for tumor initiation, progression, and recur-
rence due to their unique properties, including self-renewal and differentiation
potential. Traditional treatments, such as chemotherapy and radiation, primarily
target rapidly dividing cells and may not effectively eradicate CSCs, which often exist
in a quiescent state. This resistance can lead to treatment failure and relapse, under-
scoring the need for strategies that specifically target CSCs [33].

Emerging therapeutic approaches that focus on CSCs have the potential to enhance
clinical outcomes by disrupting the pathways that confer their survival advantages.
For instance, combining conventional therapies with agents that inhibit key signaling
pathways—such as Wnt, Notch, and Hedgehog—can render CSCs more susceptible
to cytotoxic effects. Studies have shown that when CSCs are simultaneously targeted
alongside bulk tumor cells, there is a significant reduction in tumor recurrence and
metastasis. This dual approach not only aims to eliminate existing tumors but also
prevents the regeneration of the tumor from residual CSC populations, ultimately
improving long-term patient survival rates [34].

Furthermore, targeting CSCs may facilitate the development of personalized
treatment regimens tailored to the unique characteristics of an individual’s tumor. By
utilizing biomarkers to identify CSC populations and their specific vulnerabilities,
oncologists can design targeted therapies that are more effective and less toxic than tra-
ditional approaches. This precision medicine strategy holds the promise of improving
patient outcomes while minimizing adverse effects associated with conventional treat-
ments. As research progresses, the integration of CSC-targeted therapies into clinical
practice will be crucial for enhancing therapeutic efficacy, reducing recurrence rates,
and ultimately transforming the landscape of treatment for gynecological cancers [23].
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4.2 Enhancing clinical responses in gynecological cancers

Enhancing clinical responses in gynecological cancers requires a multifaceted
approach that integrates innovative therapeutic strategies targeting the unique biol-
ogy of these malignancies. One of the central tenets in this effort is the recognition of
CSCs as pivotal players in tumor initiation, progression, and resistance to therapies.
By focusing on the specific pathways that regulate CSCs—such as Wnt, Notch, and
Hedgehog—researchers are developing targeted therapies that aim to eliminate these
resilient cell populations. The efficacy of these approaches is further bolstered when
combined with traditional treatments, leading to a more comprehensive attack on
both the bulk tumor and its CSC component [35].

Clinical trials exploring the combination of CSC-targeting therapies with
conventional chemotherapy and immunotherapy have shown promising results.
For instance, the incorporation of immune checkpoint inhibitors alongside agents
that inhibit CSC pathways has demonstrated enhanced antitumor immunity while
directly targeting the CSCs responsible for relapse. This combinatorial approach not
only improves initial clinical responses but also significantly reduces the likelihood
of tumor recurrence, thereby enhancing overall survival rates. Such strategies
emphasize the importance of personalized medicine, where treatment regimens
are tailored based on the individual characteristics of the tumor and its CSC
population.

Moreover, ongoing research into the molecular mechanisms governing CSC
behavior is crucial for developing next-generation therapies that improve clini-
cal outcomes in gynecological cancers. The identification of specific biomarkers
associated with CSCs allows for more precise stratification of patients, enabling
targeted interventions that are more effective and less toxic. As these innovative
strategies are translated into clinical practice, they hold the potential to revolu-
tionize the management of gynecological cancers, leading to improved patient
outcomes and quality of life through a more effective and personalized treatment
landscape [36].

4.2.1 Cancer vaccines

Personalized cancer vaccines: Trials are ongoing with neoantigen-based vaccines,
such as the NeoVax platform, showing promise in eliciting strong immune responses
specifically targeting CSCs in ovarian cancer patients.

Dendritic cell vaccines: Vaccines like sipuleucel-T are under investigation for cervi-
cal cancer, aiming to enhance T cell recognition of tumor-associated antigens.

4.2.2 Immune checkpoint inhibitors

Pembrolizumab and nivolumab: These PD-1 inhibitors have demonstrated efficacy
in clinical settings, with ongoing studies assessing their impact on CSC populations in
endometrial and ovarian cancers.

4.2.3 Combination therapies

Clinical trials are exploring the combination of checkpoint inhibitors with cancer
vaccines, aiming to improve overall survival rates and minimize recurrence by target-
ing both the tumor and CSCs.

83



Breast and Gynecological Cancers — New Perspectives and Applications in Their Treatment

5. Challenges in translating CSC-targeted therapies to clinical practice
5.11dentifying and isolating CSCs

Translating CSC-targeted therapies into clinical practice presents significant
challenges, particularly in the identification and isolation of CSCs. CSCs are a rare
subpopulation within tumors, and their unique properties—such as self-renewal, dif-
ferentiation potential, and resistance to conventional therapies—make them difficult
to characterize. Currently, there is no universally accepted marker or set of markers
for accurately identifying CSCs across different gynecological malignancies. This lack
of standardization complicates the isolation of these cells for research and therapeutic
purposes, hindering the development of targeted therapies that effectively address
their contributions to tumorigenesis and treatment resistance.

Moreover, the heterogeneity of CSCs within tumors poses additional challenges in
accurately isolating and studying these cells. CSC populations can vary significantly
between patients and even within the same tumor, reflecting a dynamic equilibrium
influenced by the tumor microenvironment. This variability makes it difficult to establish
consistent models for studying CSC biology and assessing the efficacy of targeted thera-
pies. Additionally, the methodologies used for isolating CSCs—such as flow cytometry,
magnetic-activated cell sorting, and sphere formation assays—can yield different results
based on the techniques and markers employed. Therefore, there is an urgent need for
innovative approaches and standardized protocols to better identify and isolate CSCs,
ensuring that therapeutic strategies can be effectively translated from bench to bedside.

To address these challenges, collaborative efforts across disciplines are essential.
Integrating insights from genomics, proteomics, and single-cell analysis can enhance
our understanding of CSC characteristics and behaviors. Furthermore, the develop-
ment of novel biomarkers that reliably distinguish CSCs from their differentiated
counterparts will facilitate more accurate isolation and characterization. As research-
ers refine their ability to identify and isolate CSCs, the pathway to implementing
effective CSC-targeted therapies in clinical practice will become clearer, ultimately
leading to improved outcomes for patients with gynecological cancers.

5.1.1 Biomarker development

Research is ongoing to identify reliable biomarkers for CSCs, such as CD133 and
ALDH]1, although none are universally accepted across gynecological cancers. Clinical
trials are testing these markers for efficacy in identifying CSC populations [37].

5.2 Isolation techniques

Innovative methodologies, like single-cell RNA sequencing and microfluidics,
are being explored to enhance the precision of isolating CSCs. These approaches aim
to overcome limitations of traditional methods like flow cytometry, which can yield
inconsistent results.

5.2.1 Collaborative research efforts

Multidisciplinary studies are integrating genomics and proteomics to improve
CSC characterization. For example, ongoing collaborations are focusing on refining
protocols for isolating CSCs to facilitate the development of targeted therapies.
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5.2.1.1 Developing effective delivery systems

The development of effective delivery systems for CSC-targeted therapies is
critical for enhancing the therapeutic efficacy and specificity of treatment in gyne-
cological cancers. Given the unique characteristics of CSCs, which often exhibit
resistance to conventional therapies, traditional drug delivery methods may not
adequately address the challenges posed by this cell population. Innovative delivery
systems must be designed to effectively target CSCs while minimizing off-target
effects on normal cells. One promising approach involves the use of nanotechnol-
ogy, where nanoparticles can be engineered to encapsulate therapeutic agents
specifically aimed at eradicating CSCs. These nanoparticles can be functionalized
with ligands that bind to specific markers expressed on CSCs, thereby enhancing
the precision of drug delivery and increasing the concentration of the therapeutic
agent at the site of action.

Additionally, the choice of delivery route plays a crucial role in the effectiveness
of CSC-targeted therapies. For instance, systemic delivery methods may require
advanced formulations that ensure sustained release and controlled distribution of
the drug, improving the chances of reaching CSCs in various tissue compartments.
Alternatively, localized delivery systems—such as injectable hydrogels or implant-
able devices—offer the potential to deliver high concentrations of therapeutic agents
directly to tumor sites, thereby reducing systemic toxicity and enhancing local
efficacy. Combining these innovative delivery methods with CSC-targeted therapies
can significantly improve patient outcomes by overcoming resistance mechanisms
and achieving more reliable therapeutic responses.

The development of effective delivery systems also necessitates rigorous preclini-
cal and clinical testing to evaluate their safety, efficacy, and optimal dosing regimens.
Comprehensive studies examining the pharmacokinetics and biodistribution of these
novel formulations will provide essential insights into their performance in vivo.
Furthermore, collaboration among researchers, clinicians, and pharmaceutical devel-
opers is essential to facilitate the translation of these delivery systems from laboratory
research to clinical applications. By prioritizing the development of targeted and
effective delivery systems, the field can make significant strides toward overcoming
the challenges associated with treating gynecological cancers, ultimately improving
survival rates and quality of life for affected patients [38].

5.2.1.1.1 Nanoparticle-based delivery

Clinical trials are exploring liposomal formulations of chemotherapeutics like
doxorubicin targeting CSCs in ovarian cancer. These formulations enhance drug
accumulation at tumor sites.

5.2.1.1.2 Targeted nanocarriers

Research on functionalized nanoparticles that target CSC markers, such as CD133,
is underway, aiming to improve specificity and reduce off-target effects.

5.2.1.1.3 Localized delivery systems

Injectable hydrogels are being tested for delivering immunotherapeutics directly to
tumor sites, improving local drug concentration while minimizing systemic toxicity.

85



Breast and Gynecological Cancers — New Perspectives and Applications in Their Treatment

5.3 Addressing heterogeneity within tumors

Tumor heterogeneity is a significant challenge in effectively targeting CSCs in
gynecological malignancies. This heterogeneity arises from a variety of factors,
including genetic mutations, epigenetic modifications, and differential expression of
surface markers, resulting in a diverse population of cells within a single tumor. As a
result, CSCs can vary not only in their biological properties but also in their responses
to therapies, making it difficult to develop universally effective treatment strategies.
Understanding and addressing this heterogeneity are crucial for optimizing CSC-
targeted therapies and improving clinical outcomes.

To tackle tumor heterogeneity, researchers are exploring multifaceted approaches
that combine various therapeutic modalities. For instance, utilizing combination
therapies that target multiple pathways simultaneously can help address the adap-
tive mechanisms employed by CSCs to evade treatment (Figure 2). This may involve
integrating traditional chemotherapeutic agents with novel targeted therapies or
immunotherapies specifically designed to eliminate CSCs. Additionally, personal-
ized medicine approaches, which tailor treatments based on the unique genetic and
molecular profile of an individual patient’s tumor, hold great promise. By profiling
tumors to identify specific mutations and CSC markers, clinicians can select the most
appropriate and effective treatment strategies, thereby enhancing the likelihood of
achieving meaningful clinical responses.

Furthermore, advances in imaging technologies and single-cell analysis are pro-
viding deeper insights into the spatial and temporal dynamics of tumor heterogeneity.
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Figure 2.
Challenges in translating cancer stem cell (CSC)-targeted therapies to clinical practice.

86



Targeting Cancer Stem Cells in Gynecological Malignancies: Emerging Advanced Therapeutic...
DOI: http://dx.doi.org/10.5772/intechopen.1007910

Techniques such as single-cell RNA sequencing allow for the characterization of CSC
populations at an unprecedented resolution, revealing insights into their developmen-
tal pathways and interactions with the tumor microenvironment. These technologies
can guide the identification of novel biomarkers for CSCs and inform the design of
therapies that are more likely to target the most aggressive and treatment-resistant
cell populations within tumors. By addressing tumor heterogeneity, researchers and
clinicians can improve the precision of CSC-targeted therapies, ultimately leading to
better treatment outcomes for patients with gynecological cancers [39].

6. Future directions in CSC research and therapy
6.1 Innovations in targeting CSCs

As research into CSCs progresses, several innovative strategies are emerging to
enhance the targeting and eradication of CSCs in gynecological cancers. One promis-
ing direction involves the integration of advanced genomic and proteomic technolo-
gies that facilitate a deeper understanding of the molecular signatures associated
with CSCs. By employing high-throughput sequencing and mass spectrometry,
researchers can identify novel biomarkers that distinguish CSCs from non-stem
cancer cells, enabling the development of targeted therapies that specifically disrupt
CSC pathways. This precision approach not only enhances the likelihood of effec-
tive treatment but also minimizes the impact on normal cells, thereby reducing side
effects.

Additionally, the application of CRISPR/Cas9 gene-editing technology is poised to
revolutionize CSC research. This powerful tool allows for the precise modification of
genes associated with CSC maintenance and drug resistance. By selectively knocking
out genes that promote CSC properties or overexpressing tumor-suppressive genes,
researchers can potentially convert aggressive CSCs into less malignant cell types or
make them more susceptible to existing therapies. Furthermore, the development
of engineered CAR-T cells specifically designed to target CSC markers represents a
cutting-edge strategy in immunotherapy, harnessing the body’s immune system to
selectively attack and eliminate CSC populations.

Another exciting avenue involves the exploration of the tumor microenviron-
ment (TME) and its role in supporting CSC survival. Emerging research is focusing
on how cellular interactions within the TME, such as those with immune cells,
fibroblasts, and extracellular matrix components, contribute to CSC characteristics
and therapeutic resistance. By developing therapies that disrupt these supportive
interactions—either through targeted agents or by reprogramming the immune
response—researchers aim to enhance the efficacy of CSC-targeted treatments. As
these innovative strategies continue to evolve, they hold the potential to transform
the landscape of cancer therapy, leading to more effective and durable treatments for
patients with gynecological malignancies [40].

6.2 Potential for personalized medicine in gynecological oncology

Personalized medicine is revolutionizing the field of gynecological oncology by
tailoring treatment strategies to the individual characteristics of each patient’s cancer.
This approach relies on understanding the unique genetic, epigenetic, and molecular
profiles of a patient’s tumor, which can reveal specific vulnerabilities and inform the
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selection of targeted therapies. For instance, genomic profiling can identify mutations
in critical genes associated with drug resistance or aberrant signaling pathways that
drive tumor growth. By utilizing this information, clinicians can choose therapies that
are more likely to be effective for a particular patient, potentially improving response
rates and minimizing unnecessary side effects.
In addition to targeted therapies, personalized medicine in gynecological oncology
encompasses immunotherapy and the use of CSC-targeted treatments. By profiling
the immune landscape of tumors, clinicians can assess the likelihood of a patient’s
response to immune checkpoint inhibitors or cancer vaccines. Furthermore, the iden-
tification of specific CSC markers allows for the development of therapies designed
to selectively eliminate these resistant cell populations. Combining these strategies
not only enhances treatment efficacy but also supports the concept of “precision

Therapy/approach ~ Mechanism/target  Example Clinical trial status Reference
Targeted therapy Targets CSC Anti-CD44 monoclonal  In trials for ovarian Scott et al.
(monoclonal markers like CD44,  antibodies for ovarian cancer (e.g., [41]
antibodies) ALDH cancer NCT03091166)

Pathway inhibitors Inhibits Wnt, Whnt inhibitor Wnt (NCT01351103), Kotipalli
Notch, Hedgehog (LGK974), Notch Notch etal. [42]
pathways inhibitor (RO4929097) (NCT01158158)

Immunotherapy Enhances immune Pembrolizumab (PD-1 NCT02834013 Patel et al.
response against inhibitor), MUC1 (ovarian cancer), [43] Kumar
CSCs vaccine NCT02019524 etal. [44]

(MUCI1 vaccine)

CAR-T cells Genetically CAR-T cells targeting In preclinical stages Miller and
engineered T cells CD44 for CSC-specific Maus [45]
targeting CSC CAR-T cells
markers

Nanoparticles Precision delivery Anti-CD44 Anti-CD44 Garcia and
to CSCs via ligand- nanocarriers, nanoparticles in trials Patel [46]
functionalized PEGylated liposomal for ovarian cancer Kumar
particles doxorubicin (NCT01208345) etal. [47];

Maurya
et al. [48]

CRISPR/Cas9 gene Gene editing to CRISPR targeting drug- Preclinical studies Brown etal.

editing knock out CSC resistant genes in CSCs targeting CSC- [49]
properties associated genes

Tumor Disrupts TME Drugs targeting Ongoing research Nguyen

microenvironment to weaken CSC fibroblasts, immune on CSC and TME etal. [50]

(TME) disruption support cells within TME interactions in cancer

models

Personalized Tailors treatment Genomic and Clinical trials focused Lee and

medicine based on molecular  proteomic profiling for on tailored therapies Wong [51]
profiles individualized therapy in gynecological

cancers

Artificial Al-guided analysis Al-based predictive Being integrated Johnson

intelligence in CSC of treatment models for personalized  into clinical etal. [52]

research outcomes therapy selection decision-making

Table 1.

Overview of current and emerging CSC-targeted therapies in gynecological cancers with clinical trial status.
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oncology,” where therapy is tailored not only to the cancer type but also to the indi-
vidual patient’s biological profile.

As the field advances, the integration of artificial intelligence and machine
learning is expected to play a pivotal role in personalizing cancer care. These tech-
nologies can analyze vast amounts of clinical and genomic data to identify patterns
and predict treatment outcomes, guiding clinicians in making more informed deci-
sions. Moreover, ongoing clinical trials focused on personalized approaches will help
validate the efficacy of tailored therapies in diverse patient populations. By harness-
ing the potential of personalized medicine, gynecological oncology is moving toward
a future where treatment is not only more effective but also more aligned with the
unique biology of each patient’s cancer (Table1).

Current therapies targeting CSCs in gynecological cancers focus on several innova-
tive approaches. Targeted therapies using monoclonal antibodies, such as those against
CSC markers like CD44 and ALDH, are being explored, particularly in ovarian cancer.
Pathway inhibitors that disrupt critical signaling pathways, such as Wnt, Notch, and
Hedgehog, are in clinical trials, with examples like LGK974 (Wnt inhibitor) and
R0O4929097 (Notch inhibitor) showing potential. Inmunotherapy, including immune
checkpoint inhibitors like pembrolizumab, is being tested in gynecological cancers,
with trials such as NCT02834013 for ovarian cancer, alongside the development
of CAR-T cells engineered to target CSC-specific markers. Nanotechnology-based
therapies are also progressing, with nanoparticles such as anti-CD44 nanocarriers and
PEGylated liposomal doxorubicin being trialed for precise CSC targeting and enhanced
drug delivery. These novel therapies are undergoing clinical evaluation, aiming to
improve treatment efficacy and overcome resistance in gynecological cancers [53].

7. Conclusion

This chapter has highlighted the critical role of CSCs in the initiation, progres-
sion, and recurrence of gynecological malignancies. CSCs, with their unique
capabilities for self-renewal and differentiation, contribute significantly to tumor
heterogeneity, metastasis, and resistance to conventional treatments. As a result,
they represent a pivotal target in the quest to improve therapeutic outcomes in
gynecological cancers.

Advances in understanding the molecular pathways regulating CSC behavior,
particularly the Wnt, Notch, and Hedgehog signaling pathways, have opened the
door to innovative therapies. Pathway inhibitors, immune-based strategies, and com-
binatorial treatments are showing promise in preclinical models, with the potential to
reduce drug resistance and relapse rates by targeting the root of tumor persistence.

Moreover, integrating CSC-targeted therapies with conventional treatments like
chemotherapy and immunotherapy is an exciting development. Such approaches can
disrupt the survival mechanisms of CSCs, enhancing treatment efficacy and durabil-
ity. The future of CSC-targeted strategies will likely align with personalized medicine,
tailoring treatments to each patient’s unique tumor profile for more precise, effective,
and lasting results.

Despite challenges such as CSC heterogeneity and the need for optimized drug
delivery systems, the promise of targeting CSCs is transformative. By focusing on
eradicating this resilient cell population, oncology is moving closer to achieving
more durable and personalized therapies that can significantly improve outcomes for
patients with gynecological cancers.

89



Breast and Gynecological Cancers — New Perspectives and Applications in Their Treatment

Author details

Rama Satya Sri Kotipallil*, Mani Sharma’, Nemala Siva Kumar?, Abhiram Kumar’,
Chhavi Dhiman®, Mohini Rawat”, Piyush Khandelia® and Kumar Pranav Narayan®

1 CSIR-Indian Institute of Chemical Technology, Hyderabad, Telangana, India

2 Sri Vasavi Institute of Pharmaceutical Sciences, Pedatadepalli, Andhra Pradesh,
India

3 Birla Institute of Technology and Science Pilani, Hyderabad Campus,
Hyderabad, Telangana, India

4 Himalayan Institute of Pharmacy and Research, Dehradun, Uttarakhand, India

*Address all correspondence to: satyasri.15247@csiriict.in
and pranav@hyderabad.bits-pilani.ac.in

IntechOpen

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

90



Targeting Cancer Stem Cells in Gynecological Malignancies: Emerging Advanced Therapeutic...

DOI: http://dx.doi.org/10.5772/intechopen.1007910

References

[1] Eun K, Ham SW, Kim H. Cancer
stem cell heterogeneity: Origin and new
perspectives on CSC targeting. BMB
Reports. 2017;50(3):117

[2] Vincent MD. Cancer: Beyond
speciation. Advances in Cancer Research.
2011;112:283-350

[3] Ramén y Cajal S, Sesé M, Capdevila C,
Aasen T, De Mattos-Arruda L,

Diaz-Cano S, et al. Clinical implications
of intratumor heterogeneity: Challenges
and opportunities. Journal of Molecular
Medicine. 2020;98:161-177

[4] Meher ]G, Dixit S, Pathan DK, Singh,
Chandasana H, Pawar VK, et al. Paclitaxel-
loaded TPGS enriched self-emulsifying
carrier causes apoptosis by modulating
survivin expression and inhibits tumour
growth in syngeneic mammary tumours.
Artificial Cells, Nanomedicine, and
Biotechnology. 2018;46 (Suppl 3):344-358

[5] Aramini B, Masciale V, Arienti C,
Dominici M, Stella F, Martinelli G, et al.
Cancer stem cells (CSCs), circulating
tumor cells (CTCs) and their interplay
with cancer associated fibroblasts
(CAFs): A new world of targets and
treatments. Cancers. 2022;14(10):2408

[6] Marzagalli M, Fontana F,
Raimondi M, Limonta P. Cancer stem
cells—Key players in tumor relapse.
Cancers. 2021;13(3):376

[7] Papaccio F, Paino F, Regad T,

Papaccio G, Desiderio V, Tirino V. Concise
review: Cancer cells, cancer stem

cells, and mesenchymal stem cells:
Influence in cancer development.

Stem Cells Translational Medicine.
2017;6(12):2115-2125

[8] Sharma M, Ambadipudi SS,
Chouhan NK, Nayak VL, Pabbaraja S,

91

Andugulapati SB, et al. Design, synthesis
and biological evaluation of novel
cationic liposomes loaded with
melphalan for the treatment of cancer.
Bioorganic & Medicinal Chemistry
Letters. 2024;97:129549

[9] Shibata M, Hoque MO. Targeting
cancer stem cells: A strategy for
effective eradication of cancer. Cancers.
2019;11(5):732

[10] Mohammed MK, Shao C,

Wang J, Wei Q, Wang X, Collier Z, et al.
Wnt/f-catenin signaling plays an
ever-expanding role in stem cell self-
renewal, tumorigenesis and cancer
chemoresistance. Genes & Diseases.
2016;3(1):11-40

[11] Sharma M, Chouhan NK,

Vaidya S, Talati MN. Lipids, peptides,
and polymers as targeted drug delivery
vectors in cancer therapy. In: Handbook
of Research on Advancements in
Cancer Therapeutics. IGI Global; 2021.
pp- 255-275

[12] Zong X, Nephew KP. Ovarian
cancer stem cells: Role in metastasis and

opportunity for therapeutic targeting.
Cancers. 2019;11(7):934

[13] Meisel CT, Porcheri C, Mitsiadis TA.
Cancer stem cells, quo vadis? The Notch
signaling pathway in tumor initiation
and progression. Cells. 2020;9(8):1879

[14] Takebe N, Miele L, Harris PJ,
Jeong W, Bando H, Kahn M, et al.
Targeting Notch, Hedgehog, and Wnt
pathways in cancer stem cells: Clinical

update. Nature Reviews Clinical
Oncology. 2015;12(8):445-464

[15] Agliano A, Calvo A, Box C. The
challenge of targeting cancer stem cells



Breast and Gynecological Cancers — New Perspectives and Applications in Their Treatment

to halt metastasis. Seminars in Cancer
Biology. 2017;44:25-42. DOI: 10.1016/j.
semcancer.2017.03.003. Epub 2017 Mar 18

[16] Arcaroli JJ, Dasari A, Messersmith WA,
Jimeno A. y-Secretase inhibitors in solid
tumor malignancies. Drugs of the Future.
2011;36(9):677

[17] Sabol M, Trnski D, Musani V,
Ozretié P, Levanat S. Role of GLI
transcription factors in pathogenesis and
their potential as new therapeutic targets.

International Journal of Molecular
Sciences. 2018;19(9):2562

(18] Cochrane CR, Szczepny A,

Watkins DN, Cain JE. Hedgehog
signaling in the maintenance of cancer
stem cells. Cancers. 2015;7(3):1554-1585

[19] Justilien V, Fields AP. Molecular
pathways: Novel approaches for
improved therapeutic targeting of
hedgehog signaling in cancer stem
cells. Clinical Cancer Research.
2015;21(3):505-513

[20] Wang Q, Peng H, Qi X, Wu M,

Zhao X. Targeted therapies in
gynecological cancers: A comprehensive
review of clinical evidence. Signal
Transduction and Targeted Therapy.
2020;5(1):137

[21] Marquardt S, Solanki M, Spitschak A,
Vera ], Puetzer BM. Emerging functional
markers for cancer stem cell-based
therapies: Understanding signaling
networks for targeting metastasis.
Seminars in Cancer Biology.
2018;53:90-109. DOI: 10.1016/j.
semcancer.2018.06.006. Epub 2018 Jun 30

[22] Hass R, von der Ohe]J,
Ungefroren H. Impact of the tumor
microenvironment on tumor
heterogeneity and consequences for

cancer cell plasticity and stemness.
Cancers. 2020;12(12):3716

92

[23] Kharkar PS. Cancer stem cell (CSC)
inhibitors in oncology—A promise for
a better therapeutic outcome: State

of the art and future perspectives.
Journal of Medicinal Chemistry.
2020;63(24):15279-15307

[24] Akbarzadeh M, Akbarzadeh S,
Majidinia M. Targeting notch signaling
pathway as an effective strategy in
overcoming drug resistance in ovarian

cancer. Pathology, Research and Practice.
2020;216(11):153158

[25] Aguilar-Gallardo C, Rutledge EC,
Martinez-Arroyo AM, Hidalgo J],
Domingo S, Simén C. Overcoming
challenges of ovarian cancer stem cells:
Novel therapeutic approaches. Stem Cell
Reviews and Reports. 2012;8:994-1010

[26] Borlongan MC, Wang H. Profiling
and targeting cancer stem cell signaling
pathways for cancer therapeutics.
Frontiers in Cell and Developmental
Biology. 2023;11:1125174

[27] Zhang D, Tang DG, Rycaj K. Cancer
stem cells: Regulation programs,
immunological properties and
immunotherapy. Seminars in Cancer
Biology. 2018;52 (Pt 2):94-106.

DOI: 10.1016/j.semcancer.2018.05.001.
Epub 2018 May 9

[28] Ruiu R, Tarone L, Rolih V,

Barutello G, Bolli E, Riccardo F, et al.
Cancer stem cell immunology and
immunotherapy: Harnessing the immune
system against cancer’s source. Progress

in Molecular Biology and Translational
Science. 2019;164:119-188

[29] Garg P, Ramisetty SK,
Subbalakshmi AR, Krishna M, Pareek S,
Mohanty A, et al. Gynecological cancer
tumor microenvironment: Unveiling
cellular complexity and therapeutic
potential. Biochemical Pharmacology.
2024;229:116498



Targeting Cancer Stem Cells in Gynecological Malignancies: Emerging Advanced Therapeutic...

DOI: http://dx.doi.org/10.5772/intechopen.1007910

[30] De Francesco EM, Sotgia F,
Lisanti MP. Cancer stem cells (CSCs):
Metabolic strategies for their identification

and eradication. Biochemical Journal.
2018;475(9):1611-1634

[31] Keyvani V, Riahi E, Yousefi M,
Esmaeili SA, Shafabakhsh R, Moradi
Hasan-Abad A, et al. Gynecologic cancer,
cancer stem cells, and possible targeted

therapies. Frontiers in Pharmacology.
2022;13:823572

[32] Diamandis M, White NM,
Yousef GM. Personalized medicine:
Marking a new epoch in cancer patient

management. Molecular Cancer
Research. 2010;8(9):1175-1187

[33] Sharma M, Kotipalli RSS, Kumar NS,
Kumar A, Rawat M, Dhiman C, Kumar M.
Innovations in Drug Delivery Strategies
for Breast Cancer. IntechOpen; 2024

[34] Sistigu A, Musella M, Galassi C,
Vitale I, De Maria R. Tuning cancer fate:
Tumor microenvironment's role in cancer
stem cell quiescence and reawakening.
Frontiers in Immunology. 2020;11:2166

[35] Spencer DA, Auffinger BM,
Murphy JP, Muroski EM, Qiao J,
Gorind Y, et al. Hitting a moving target:
Glioma stem cells demand new
approaches in glioblastoma therapy.
Current Cancer Drug Targets.
2017;17(3):236-254

[36] Zubor P, Dankova Z, Kolkova Z,
Holubekova V, Brany D, Mersakova S,

et al. Rho GTPases in gynecologic
cancers: In-depth analysis toward

the paradigm change from reactive to
predictive, preventive, and personalized
medical approach benefiting the patient
and healthcare. Cancers. 2020;12(5):1292

[37] Muralikrishnan V, Hurley TD,
Nephew KP. Targeting aldehyde
dehydrogenases to eliminate cancer

93

stem cells in gynecologic malignancies.
Cancers. 2020;12(4):961

[38] Sharma M, Joshi J, Chouhan NK,
Talati MN, Vaidya S, Kumar A.
Liposome-A comprehensive approach for

researchers. In: Molecular Pharmacology.
IntechOpen; 2020

(39] Das S, Das MK, Chakraborty T.
Cancer stem cell targeting for anticancer
therapy: Strategies and challenges.

In: Topics in Anti-Cancer

Research. Vol. 8. Bentham Science
Publisher; 2019. pp. 97-156.

DOI: 10.2174/9789811404382119080007

[40] Sharma M, Kansal S. A
comprehensive study of multi-drug
resistance in tuberculosis: Help desk for
researchers, doctors, and patients. In:
Contemporary Issues in Global Medicine
and Moving Toward International
Healthcare Equity. IGI Global; 2022.

pp. 317-347

[41] Scott EC, Baines AC, Gong Y, Moore
R Jr, Pamuk GE, Saber H, et al. Trends
in the approval of cancer therapies by
the FDA in the twenty-first century.

Nature Reviews Drug Discovery.
2023;22(8):625-640

[42] Kotipalli RSS, Patnaik SS, Kumar JM,
Ramakrishna S, Muralidharan K.
Biochanin-A attenuates DHEA-

induced polycystic ovary syndrome

via upregulation of GDF9 and BMP15
signaling in vivo. Life Sciences.
2023;326:121795

[43] Patel DM, Mateen R, Qaddour N,
Carrillo A, Verschraegen C,

YangV, et al. A comprehensive review
of immunotherapy clinical trials

for metastatic urothelial carcinoma:
Immune checkpoint inhibitors alone

or in combination, novel antibodies,
cellular therapies, and vaccines. Cancers.
2024;16(2):335



Breast and Gynecological Cancers — New Perspectives and Applications in Their Treatment

[44] Kumar A, Sakhare K,
Bhattacharya D, Chattopadhyay R,
Parikh P, Narayan KP, et al.
Communication in non-communicable
diseases (NCDs) and role of
immunomodulatory nutraceuticals

in their management. Frontiers in
Nutrition. 2022;9:966152

[45] Miller BC, Maus MV. CD19-
targeted CAR T cells: A new tool in
the fight against B cell malignancies.

Oncology Research and Treatment.
2015;38(12):683-690

[46] Patnaik SS, Kotipalli R, Jerald MK,
Muralidharan K. Combination treatment
of recombinant growth differentiation
factor-9 and Cetrorelix improves
gestational origin of the polycystic
ovarian syndrome in female rats. Life

Sciences. 2023;321:121638. DOI: 10.1016/j.

1£5.2023.121638. Epub 2023 Mar 29

[47] Kumar A, Rana R, Saklani R,
Kumar M, Yadav PK, Tiwari A, et al.
Technology transfer of a validated
RP-HPLC method for the simultaneous
estimation of andrographolide

and paclitaxel in application to
pharmaceutical nanoformulation.

Journal of Chromatographic Science.
2024;62(4):356-363

(48] Maurya P, Saklani R, Singh S,

Nisha R, Mishra N, Singh P, et al.
Effective uptake of folate-functionalized
ethionamide-loaded hybrid system:
Targeting alveolar macrophages.
Nanomedicine. 2022;17(24):1819-1831

[49] Brown EA, Eikenbary SR,

Landis WG. Bayesian network-based
risk assessment of synthetic biology:
Simulating CRISPR-Cas9 gene drive

dynamics in invasive rodent management.

Risk Analysis. 2022;42(12):2835-2846

[50] Nguyen TM, Ngoc DTM,
Choi JH, Lee CH. Unveiling the neural

94

environment in cancer: Exploring

the role of neural circuit players and
potential therapeutic strategies. Cells.
2023;12(15):1996

[51] Syn NL, Yong WP, Goh BC, Lee SC.
Evolving landscape of tumor molecular
profiling for personalized cancer therapy:
A comprehensive review. Expert Opinion
on Drug Metabolism & Toxicology.
2016;12(8):911-922

[52] Johnson KB, Wei WQ, Weeraratne D,
Frisse ME, Misulis K, Rhee K, et al.
Precision medicine, Al, and the future
of personalized health care. Clinical and
Translational Science. 2021;14(1):86-93

[53] Dianat-Moghadam H,

Heidarifard M, Jahanban-Esfahlan R,
PanahiY, Hamishehkar H, PouremamaliF,
et al. Cancer stem cells-emanated
therapy resistance: Implications for
liposomal drug delivery systems. Journal
of Controlled Release. 2018;288:62-83






Edited by Michael Friedrich

Breast and Gynecological Cancers - New Perspectives and Applications in Their Treatment
reviews interesting and clinically important advances in the tumor biology and
treatment of gynecological cancer. The book covers significant aspects of scientific
progress in treating gynecological malignancies, focusing on new knowledge due to
advances in molecular techniques, understanding of tumor biology, and innovative
new treatment options. This book brings together an interesting collection of
innovations in treating gynecological cancer and expert opinions worldwide.

Thomas ]. FitzGerald, Oncology Series Editor

ISSN 3049-8864
ISBN 978-1-83634-006-5

Published in London, UK ||| | ||| |

© 2025 IntechOpen ||
© Jezperklauzen / iStock InteChOpen 97781836"340065




	Breast and Gynecological Cancers - New Perspectives and Applications in Their Treatment
	Contents
	Preface
	Chapter1
Computational Methods for Personalized Targeted Therapy in Uterine Leiomyosacoma
	Chapter2
Ovarian Cancer Screening
	Chapter3
Molecular Characterization of Endometrial Cancers and Therapeutic Implications
	Chapter4
Staging in Cervical Cancer
	Chapter5
DoVegetarian Dietary Patterns Affect the Risk of Breast Cancer?
	Chapter6
Targeting Cancer Stem Cells in Gynecological Malignancies: Emerging Advanced Therapeutic Approaches



