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Abstract: Cervical cancer remains a significant global health concern, making it essen-
tial to investigate new treatment options continuously. This page provides an overview
of the latest advancements and best practices in detection and intervention, including
Pap smears, colposcopy, biopsy, immunotherapy, targeted therapies, chemotherapy, radi-
ation therapy, and surgery. Surgical techniques such as radical hysterectomy and mini-
mally invasive procedures have advanced to enhance patient outcomes and quality of
life. Simultaneously, radiation therapy methods have been refined to maximize tumour
control while reducing adverse effects. Chemotherapy remains vital, with new drugs and
combination regimens demonstrating improved tolerance and efficacy. Immunotherapy,
por: notably immune checkpoint inhibitors, has shown promise in advanced stages of cervi-
10.2174/0109298673337745241123054840 ca] cancer. Additionally, targeted therapies that focus on specific biochemical pathways

offer the potential for personalized treatment approaches. This review critically assesses

ongoing research, evaluates existing data, and emphasizes the opportunities and chal-

lenges of each therapeutic approach. Ultimately, integrating these diverse treatment
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strategies is the key to enhancing patient outcomes.
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1. INTRODUCTION

The ongoing, unchecked multiplication of cancer
cells is the basic defect that leads to the development
of cancer. Cancer cells proliferate and divide uncontrol-
lably, infecting healthy tissues and organs, and eventu-
ally spreading throughout the body. They do this in-
stead of adequately reacting to the signals that regulate
normal cell behavior [1]. As a result of accumulating
aberrations in numerous cell regulatory systems, can-
cer cells demonstrate a generalized loss of growth con-
trol that is reflected in several behaviors that set them
apart from normal cells [2].

One of the most often diagnosed gynecologic malig-
nant neoplasms in women worldwide is cervical cancer
[3]. Despite significant advancements in preventive
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measures like the Human Papillomavirus (HPV) vacci-
nation, cervical cancer remains the fourth most com-
mon malignancy, causing 342,000 deaths annually [4].
This sobering fact highlights the continuous require-
ment for a multifaceted strategy that includes efficient
screening, precise diagnosis, and customized treatment
plans [5].

Cancer that originates in the cervix or any layer of
the cervix wall is referred to as cervical cancer. It re-
sults from the aberrant proliferation of cells that can in-
filtrate or spread to different areas of the body as
shown in Fig. (1). After breast cancer, cervical cancer
is the second most common malignancy-related cause
of death in women. This cancer develops very slowly
[6]. Human papillomavirus (HPV) infection is a re-
quired cause of cervical cancer [7]. It is spread by sexu-
al contact, involves infection with several types of
viruses, and is dependent on personal hygiene [8].
Most invasive cervical cancers are linked to chronic in-
fections with high-risk HPV strains (such as HPV 16,
18, 31, 33, 52, and 58). However, not all infected wom-
en develop cancer, suggesting that environmental and
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Fig. (1). Anatomy and Tumour Visualisation to Help Understand Cervical Cancer. (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).

lifestyle factors, along with genetic predispositions, cervical malignancies. The HPV comes in a variety of
contribute to persistent infections, failure to clear the forms. While some HPV types might cause genital or
virus, and tumor development [4]. HPV, a common skin warts, others can alter your cervix over time and
virus that can be transmitted from one person to increase your risk of developing cervical cancer [9].

another during intercourse, is the cause of almost all Since HPV is so widespread, most people will contract
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it at some point in their lives. HPV typically has no
symptoms; therefore, you are unable to detect your in-
fection. The majority of people will get rid of HPV on
their own, but if not, there's a potential that it could
eventually lead to cervical cancer [3]. The risk of devel-
oping infection from high-risk HPV types is higher in
women with HIV [10]. In rural Uganda, nearly 18% of
women are affected by high-risk genital HPV infec-
tions, which significantly increases their chances of de-
veloping cervical cancer. Due to Uganda's low uptake
of HPV vaccinations, screening remains a key strategy
in combating cervical cancer. Traditional chemothera-
py drugs often lack specificity, causing damage to both
cancerous and healthy cells. In contrast, targeted thera-
py represents a shift in approach by focusing on specif-
ic molecular changes in cancer cells. In cervical can-
cer, these changes may include mutations in genes criti-
cal for cell growth and proliferation, such as EGFR
and HER2 [11]. According to Tewari KS ef al, Beva-
cizumab is an instance of a targeted treatment medica-
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tion that specifically targets the vascular endothelial
growth factor (VEGF) pathway. Tumour growth and
spread are inhibited by bevacizumab, which interferes
with the process of VEGF-promoting blood vessel crea-
tion that supplies nutrients to tumours [12]. Compared
to conventional chemotherapy, this personalized ap-
proach may result in fewer side effects while enhanc-
ing treatment efficacy. Another promising treatment av-
enue for cervical cancer is immunotherapy, which
works by activating the body’s immune system to tar-
get and destroy cancer cells. One of the most effective
strategies in immunotherapy is immune checkpoint in-
hibition. These drugs block the proteins that usually
prevent the immune system from attacking healthy
cells, thereby allowing a strong anti-tumour immune re-
sponse by bypassing these immune checkpoints [13].

2. STAGES OF CERVICAL CANCER

There are 3 stages of cervical cancer: early, locally
advanced, and metastatic, as mentioned in Fig. (2).

MICROSCOPIC INVASIVE CARCINOMA<SMM DEPTH OF INVASION
IA LALSTROMAL INVASION DEPTH (F<3 MM
LA STROMLAL INVASION DEPTH OF >3 <5 MM
TEVASIVE CARCTXOMACONFINED TO CERVIX,>-SA0 DEPTHOF TXVASION
IB TR STROMAL TNVASION DEFTHOF =SMM AN TUMOR SIZE <20M
[B2TUNMOR SIZE >=1 <40M
1k TUAOR SIZE>=4CM
] CARCINOMA LIMITED TO UPPER TWO THIRDS OF VAGINAWITHOUT PARAMMETERIALINVOLVEMENT
S 1A ILAL:TUMOR SIZE<4CM
— IALTUMOR SIZE ==4CM
T IR CARCINOMA LIMITED TO UPPER TWO THIRD OF VAGINA WITH PARAMETRIAL
INVOLVEMENT (BUT NOT UP TO PELVIC WALL)
A 1A CARCINOMA EXTENDS TO THE LOWER THIRD OF VAGINA & DOES NOT EXTEND TO
L . PELVIC WALL
G 1B CARCINOMA EXTENDS TO PELVIC WALL &/or causes hydronephrosis or nonfunctioning
E kidney that is not result of another cause
] LYMPHNODE INNGOLVEMENT, REGARDLESS OF TUMOR 5I7E & EXTENT
e HICEPELVIC LY MPH NODES
S HICEPARA ~ACHTIC LY MPH NOLES
VA CARCINOMA HAS SPREAD TO ADJACENT PELVIC ORGANS
IVE CARCINOMA HAS SPREAD TO DISTANT ORGANS

Fig. (2). According to the FIGO classification, cervical cancer progresses from microscopic to advanced stages. One often
used classification scheme for cervical cancer stage is the FIGO classification system. From IA, the earliest stage in which the
cancer is only microscopically invasive, to IVB, the most advanced stage in which the cancer has spread to distant organs,
there are other stages in between. (4 higher resolution / colour version of this figure is available in the electronic copy of the

article).
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2.1. Stage 1

Two substages of stage I illness exist, both limited
to the cervix. Stage IA is also known as microinvasive
illness, meaning that it is not detectable on an MRI,
while stage IB is a quantifiable disease that may show
up on an MRI [14, 15].

2.1.1. Stage 1A: Microinvasive Disease with the Deep-
est Invasion Less than or Equal to 5Smm

Both a transverse dimension and the depth of inva-
sion were used to characterize stage [A illness. Due to
the possibility of artifactual mistakes, the transverse di-
mension is no longer used [15]. Diseases with a depth
of 3 mm or less are classified as stage [A1, while those
with a depth greater than 3 mm but not exceeding 5
mm are classified as stage IA2. As tumours at this
stage are not visible on MRI scans, stage IA disease
can only be determined through histopathological ex-
amination [ 16]Notwithstanding the extremely low prob-
ability of nodal disease at this stage, pelvic MRI is nev-
ertheless carried out upon confirmation of invasive or
microinvasive disease to make sure lesions have not
been overestimated and to evaluate for skip lesions and
nodal metastases. Preinvasive illness, which needs
treatment but does not require a pelvic MRI, is de-
scribed as malignant cells that do not affect the
subepithelial layers [17, 18].

2.1.2. Stage IB: Disease Confined to the Cervix with
the Deepest Invasion greater than Smm

At this stage, the disease depth exceeds 5 mm. The
stage IB disease subgroup is classified based on the tu-
mour's maximum diameter. Tumours classified as IB1
are suitable for trachelectomy (a fertility-preserving
procedure involving cervical excision and uterovaginal
anastomosis), provided no other contraindications are
present, whereas IB2 tumours typically are not. These
new subgroups within stage 1B offer more detailed
treatment guidelines. According to Matsuo et al., the
survival rate for patients with tumours smaller than 2
cm is twice as high as for those with tumours measur-
ing between 2 and 4 cm [19, 20].

2.2. Stage 11

When a disease reaches the uterus but does not af-
fect the pelvic sidewall or the lower third of the vagi-
na, it is diagnosed as stage II. Along with the iliac ar-
teries, pelvic ureters, and lateral lymph nodes, the
pelvic sidewall is made up of the obturator internus
and piriformis muscles.
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2.2.1. Stage I1A: Upper Two-Thirds of the Vagina

Tumours less than or equal to 4 cm in maximum di-
ameter (stage [IA1) and those greater than 4 cm (stage
IIA2) comprise the two subgroups that make up this
stage. Once more, prognostic factors are used to differ-
entiate between tumours that are 4 cm or greater. Tu-
mours less than 4 cm are less likely to recur and to de-
velop nodal metastases than masses bigger than 4 cm.
A rim of high T2-weighted signal intensity encircling a
tumour that extends from the cervix into the vagina but
does not invade it increases the radiologist's confi-
dence that the vagina is not involved. However, in addi-
tion to muscle invasion, high T2-weighted signal inten-
sity fluid or inflammation may be present, therefore
the vaginal wall should be represented completely in at
least two orthogonal planes. It can be difficult to deter-
mine if the top two-thirds of the vagina are involved,
and MRI results frequently overstate involvement, es-
pecially in the vaginal fornices says Otero-Garcia MM
[21]. Nonetheless, anaesthesia-assisted examination
provides a reliable diagnosis of upper vaginal involve-
ment, and vaginal gel can help with MRI assessment
[22].

2.2.2. Stage IIB: Parametrial Invasion

Between the uterus's body and the pelvic sidewall
above the ureters, the parametrium is made up of fat,
lymphatics, and vessels [23]. On MRI, the normal cer-
vical stroma exhibits low signal intensity on T2-weight-
ed images. Disruption of the cervical stromal ring,
whether focal or diffuse and extending through the full
thickness with tissue infiltrating the parametrial fat, is
a highly sensitive indicator of parametrial invasion.
However, if the cervical stroma is completely disrupt-
ed but no tumour is visible in the parametrial tissues,
the parametrial invasion may still be absent. Nonethe-
less, MRI cannot entirely rule out the possibility of mi-
croscopic disease extension [16].

2.3. Stage 111

The tumour's volume and direction of dissemina-
tion determine stage II, and stages IIIA and IIIB exhib-
it no alterations.

2.3.1. Stage 11IA: Lower One-Third of the Vagina

According to an MRI assessment, the lower third of
the vagina consists of vaginal tissue that is below the
base of the bladder [24]. A sagittal sequence is best
suited for evaluating stage IIIA illness, which affects
the lower part of the vagina. At T2-weighted imaging,
the tumour exhibits restricted diffusion and intermedi-
ate signal intensity [25].
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2.3.2. Stage IIIB: Pelvic Sidewall Involvement

A kidney that is not working or hydronephrosis
may also be seen in stage IIIB illness, which is de-
scribed as an expansion to the pelvic wall [14]. When
the tumour is less than 3 mm from the pelvic wall,
imaging can be used to identify invasion of the pelvic
sidewall. Hydroureter or hydronephrosis resulting
from ureteric invasion serves as an additional marker
for stage I11B illness [26].

2.3.3. Stages I1IC1 and ITIIC2: Pelvic and Para-aortic
Lymph Node Involvement

Patients with stage IIIC1 disease appear to have a
higher 5-year survival rate than those with stage II can-
cer. The IIIC1 subgroup's local illness heterogeneity is
reflected in this increase [27]. Para-aortic nodal in-
volvement can be independently predicted by parame-
trial invasion and pelvic nodal disease, according to a
study by Ayhan et al. [28] In addition, although being
prognostically unfavourable, nodal involvement extend-
ing to the para-aortic chain has been found to have a su-
perior survival rate when compared to other extra
pelvic metastases like supraclavicular nodes or me-
tastatic disease (i.e., stage IVB disease) [29].

2.4. Stage IV

Stage IV refers to sickness that has spread to other
organs or locations outside of the actual pelvis. This
classification is still in effect. Pulmonary, bone and
other visceral metastases are among the mucosal in-
volvement in the bladder and rectal regions, as well as
the inguinal and supraclavicular lymph nodes.

2.4.1. Stage IVA

Stage IVA cervical cancer occurs when the tumour
spreads into the mucosa and lumen, involving the en-
tire thickness of the bladder wall in front or the rectal
wall behind. However, it is not classified as stage IVA
if the fat layer separating the cervix from the bladder
or rectum is lost, or if the tumour crosses the normal
low T2-weighted signal of the bladder or bowel serosa
without invading the lumen. Still, this surface-level in-
volvement should be communicated to the clinical
team for accurate patient counselling. T2-weighted
sagittal and axial oblique imaging are the best methods
to interpret these results [30].

2.4.2. Stage IVB

This stage delineates metastases to distant organs,
which can occur via lymphatic dissemination to far-
ther-reaching lymph node groups, such as the supra-
clavicular and inguinal areas, or, less frequently,

Current Medicinal Chemistry, XXXX, Vol. XX, No. XX 5

through hematogenous dissemination to the lungs and
bones. AIDS-causing viruses, such as HIV, or other ill-
nesses that impair the immune system's ability to fight
off illnesses and tobacco use are some factors that can
raise your risk of cervical cancer being infected with
HIV [31].

3. TYPES OF CERVICAL CANCER

Cervical adenocarcinomas arise within the endo-
cervix's glandular cells whereas squamous cell carcino-
ma develops from the cells in the ectocervix. An un-
common kind of cervical adenocarcinoma is known as
clear-cell adenocarcinoma, sometimes known as clear
cell carcinoma or mesonephroma [32, 33]. Adenosqua-
mous Carcinoma appears that adenosquamous carcino-
mas are a diverse group of tumours. Since 2014, the
World Health Organization has classified adenosqua-
mous carcinoma as a malignant epithelial tumour that
combines invasive adenocarcinoma and squamous cell
carcinoma [34, 35].

Glassy cell carcinoma of the uterine cervix is an ex-
tremely rare condition, contributing to approximately
1-2% of all cervical carcinomas as shown in Table 1
[36]. Glassy cell carcinoma (GCC) is characterized by
cytoplasm with a finely granular or ground-glass ap-
pearance, distinct cell walls that stain with eosin and
periodic acid-Schiff, and large nuclei with prominent
nucleoli. The median age of patients diagnosed with
cervical GCC is 46 years, with an age range of 33 to
69 years. The most common clinical symptoms include
abnormal vaginal bleeding and postcoital bleeding [36,
37]. A militant histological variety of cervical cancer,
neuroendocrine carcinoma of the cervix accounts for
about 1-1.5% of all cervical malignancies [38]. These
are of a rare type and are disunited into neuroendocrine
tumours and neuroendocrine carcinoma. The clinical
implications of NETs and NECs are comparable to
those of other cervical malignancies, such as vaginal
bleeding, discharge, and cervical masses, but their
prognoses can vary [39].

Table 1. Cervical cancer types with percentages repre-
senting the total contribution to all carcinomas.

Sr. No. Type of Carcinoma Percent (%)
1 Squamous cell carcinoma 90-95
2 Adenocarcinoma 20-30
3 Adenosquamous carcinoma 5-10
4 Glassy cell carcinoma 1-2
5 Neuroendocrine carcinoma 1-1.5
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4. PATHOGENESIS

The cervix uteri, the lower part of the uterus, con-
sists of two sections: the endocervix (inner portion)
and the ectocervix (outer portion). These areas meet at
the transformation zone, which is particularly suscepti-
ble to pre-cancerous lesions caused by HPV. In this
zone, the thin, flat squamous cells of the ectocervix
come into contact with the columnar glandular cells of
the endocervix. In 90% of cases, low-grade squamous
intraepithelial lesions (LSIL), also known as cervical
intraepithelial neoplasia stage 1 (CIN1), clear up on
their own without treatment [40]. In most circums-
tances, re-infection can happen more than once with-
out resulting in the development of cancer. Genetic di-
versity may be essential in resolving infection and lim-
iting progression to invasive disease since only a tiny
percentage of women who have HPV infection go on
to acquire invasive cervical cancer [41]. Cervical in-
traepithelial neoplasia stages 2 and 3 (CIN2 and CIN3)
and high-grade squamous intraepithelial lesions (H-
SIL) are linked to a persistent HPV infection over
time, progressive worsening of the lesions, viral load,
tissue composition at the site of viral integration, and
multiple reinfections (CIS) [42]. Together, these phas-
es are referred to as high-grade dysplasia, and they
have the potential to develop into invasive cervical can-
cer or carcinoma.

HPV16, the most common anogenital HPV type, is
also the most dangerous. The pathogenicity of the dif-
ferent lineages of HPV16, HPV33, or HPV45 appears
to be modulated by variations within the viral genome
[43-45]. While the exact mechanisms causing the vary-
ing pathogenicity of distinct lineages are not fully un-
derstood, they could have to do with either variant
splicing of viral oncogenes or differential expression
levels [40]. Around 12% of squamous cell carcinoma
and 37% of cervical adenocarcinomas globally are
caused by HPV18, the second most carcinogenic HPV
strain [41]. In invasive carcinoma or cervical in-
traepithelial neoplasia grade 3 (CIN3), HPV18 appears
to fully integrate, while HPV16 can either fully inte-
grate or persist as episomes [46]. Possible mechanisms
include differences in promoter methylation, which
have also been reported in HPV positive versus nega-
tive lesions, direct disruption of genes, or activation of
retroelements [47-50]. The early genes E6 and E7,
among others, are expressed when the viral DNA repli-
cates inside the host cell. The well-characterized tu-
mour suppressor p53 is known to bind to and be de-
graded by the E6 protein. This prevents apoptosis and
builds up DNA damage inside the cells, which can
cause unchecked cell division. The retinoblastoma (R-
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b) protein, which would normally sequester the tran-
scription factor E2F, is bound by the E7 protein and
rendered inactive. Moreover, cyclin-dependent kinase
inhibitor 1A (p21 or CDKN1A), a tumour suppressor
protein, and the p53 effector are muted by E7 [51, 52].
E2F causes uncontrolled cell growth by lifting the cell
cycle checkpoint inhibition following Rb inactivation.
Cyclin-dependent kinase inhibitor 2A (p16INK4A, or
CDKN2A) expression is upregulated by E7 via E2F
and serves as a predictive biomarker for cervical can-
cer. After that, CDKN2A becomes hypermethylated;
nevertheless, since Rb is inhibited and p53 is damaged,
CDKN2A inhibition is ineffective in stopping the cell
cycle [53, 54].

Furthermore, this interferon-mediated response is
rendered ineffective as soon as the HPV integrates
within the cells. Although cytokines are expressed by
keratinocytes and are essential for the activation of T-
cells, macrophages, and Langerhans cells, it has been
demonstrated that HPV episomes downregulate IL-103
and IL-6 [55]. Mutagenesis can occur in the host cell
as a result of HPV-induced p53 inactivation, un-
planned replication, and uncontrollably growing cells.
As in the case of all malignancies, the accumulation of
somatic mutations and epigenetic modifications con-
fers a selection advantage to the host genome [56].
Large-scale sequencing initiatives like the BioRAIDs
and The Cancer Genome Atlas (TCGA) consortia have
recently identified important genes and pathways for
cervical cancer [46, 57]. Although it hasn't been well
studied, some of them probably have differential regu-
lation that affects the genetic predisposition to cervical
cancer risk.

5. BIOMARKERS

Biomarkers are measurable biological indicators
that play a crucial role in the management of cervical
cancer, particularly in the context of surgical advance-
ments, immunotherapy, targeted and conventional ther-
apies, biopsy, colposcopy, and Pap smear integration.
In surgical advancements, biomarkers help guide deci-
sions about the extent of resection, tumour margins,
and lymph node involvement, improving patient out-
comes by tailoring surgical interventions to the individ-
ual’s disease characteristics. In immunotherapy, bio-
markers, such as PD-L1 expression, help identify pa-
tients most likely to benefit from immune checkpoint
inhibitors, which enhance the body’s ability to recog-
nize and attack cancer cells. Similarly, in targeted ther-
apies, specific biomarkers, such as HPV DNA and
PIK3CA mutations, allow for the personalization of
treatment by targeting molecular pathways that drive
cervical cancer growth, leading to more precise inter-
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ventions with fewer side effects than conventional che-
motherapy. In conventional therapies like chemothera-
py and radiation, biomarkers provide prognostic infor-
mation and predict response to treatment, enabling on-
cologists to optimize therapeutic regimens and mini-
mize unnecessary toxicity. Biopsies serve as the pri-
mary method for obtaining tissue samples to test for th-
ese biomarkers, allowing for molecular and histologi-
cal analysis to determine tumour type, grade, and bio-
marker expression, which informs subsequent treat-
ment plans. Colposcopy, often used following abnor-
mal Pap smear results, allows for the visualization of
the cervix and targeted biopsy collection, aiding in the
detection of precancerous lesions and the identification
of high-risk HPV strains. The Pap smear itself, while
primarily a screening tool for early detection of cervi-
cal abnormalities, integrates biomarker analysis
through the detection of HPV infection, a key etiologi-
cal factor in cervical cancer development, thereby guid-
ing further diagnostic and therapeutic measures. To-
gether, the integration of biomarker testing across th-
ese diagnostic and therapeutic modalities facilitates a
more personalized and effective management approach
to cervical cancer, improving early detection, treat-
ment response, and overall patient survival.

5.1. Biomarkers: For Detection of Cervical Cancer

The expression of the host's cervical cell cycle regu-
lating proteins is altered by HPV infection. Such host
proteins and nucleic acids with variable expression
could serve as a “biomarker” for dysplastic cells. Ex-
amining such biomarkers could also lead to the discov-
ery of novel pathways in the pathophysiology of cervi-
cal dyskaryosis caused by HPV.

5.1.1. P16 Biomarker

Tumour suppressor gene INK 4a encodes P16,
which is a member of the class of cyclin-dependent ki-
nase Cdk4/6 inhibitors. An essential function of the
gene INK4a is to regulate the Cdk-Rb-E2F pathway
[58]. In order to screen for cases of low-grade squa-
mous intraepithelial lesion (LSIL), atypical squamous
cells of unknown significance (ASC-US), and pap
smear negative results, the p16 protein can be utilized
as an additional supplement [59]. In HPV-induced cer-
vical lesions, pRb is inactivated through interaction
with the viral oncoprotein E7. Consequently, the Cd-
k-Rb-E2F regulatory pathway is thrown off balance, al-
lowing inactivated pRb to effortlessly cross the G1/S
cell cycle checkpoint. There is an overexpression of
p16 in the reaction. In turn, the p16INK4a protein can
be a marker of premalignant and malignant cervical
epithelial cells [60].
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5.1.2. Ki-67

The protein Ki-67, which is expressed during the
G1, S, G2, and M phases of the cell cycle shown in Ta-
bles 2 and 3 and is found in the nuclei of developing
cells, is linked to cell division. Ki-67 antigen can react
with its monoclonal antibodyMIB-1 and therefore
Ki-67/MIB-1 is known as a predictive factor for tu-
mour development and its expression shows a correla-
tion with poor prognosis in several types of cancer
[61].

According to some research, both low and high
grades of intraepithelial lesions exhibit increased prolif-
eration as evidenced by Ki-67 immunohistochemical
positivity. In others, the analysis's findings support the
notion that Ki-67 and p16 have a significant correla-
tion when it comes to identifying pre-invasive cervical
lesions linked to HPV [58].

5.1.3. E Cadherin

E Cadherin is one of the essential adhesion
molecules that determines the keratinocytes' develop-
ment and architecture in that epithelium. Changes in th-
ese molecules' expression have been reported in in-
tra-epithelial cervical carcinoma [62]. Adverse cervical
lesions were linked to the reduction of E-cadherin pro-
tein. It may be possible to distinguish between precan-
cerous and cancerous lesions more easily by using e--
cadherin as a diagnostic biomarker [63]. The down-reg-
ulation is assumed to decrease cells' ability to adhere
to one another and to aid in the shutdown of original tu-
mors and metastases. As a result, the drop in E-cad-
herin expression appears to be a helpful indicator of
cervical cancer's propensity to become malignant.

5.1.4. E6/E7

E6 and E7 are RNA-based biomarkers, for identify-
ing mRNA transcripts in cervical swabs to identify cer-
vical precancerous lesions. Significant increases in
HPV E6 and E7 mRNA and protein expression identi-
fy HPV infections that progress from transitory to
transformative [64].

6. MARKETED FORMULATIONS

6.1. Diagnosis

Every woman was screened for cervical cancer us-
ing a Pap smear. The smear was collected with an
Ayre spatula, spread on a glass slide, and then pre-
served in 95% ethyl alcohol for cytopathological analy-
sis. All data was recorded using a pre-designed pro for-
ma. The Pap smear is a simple, non-invasive, afford-
able, and effective method for detecting precancerous
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Table 2. Biomarkers for cervical cancer.
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Sr. (Biomarker|Type of Biomarker| Cell Cycle Role
No. Phase
1. P16 Diagnostic marker Gl This protein can be used as a biomarker that can add significant diagnostic precision in
the assessment of Cervical Intra-epithelial Neoplasia lesions.
2. Ki67 Prognostic marker | G1, S, G2, | This protein has a function of growth in human tumours, and expression of its marker

could suggest the degree of malignancy.

3. | E cadherin | Diagnostic marker Gl

A reduction in E-cadherin expression is a strong predictor of aggressive clinical be-
haviour and may indicate the need for adjuvant therapy in the early stages of cervical
cancer patients. It also has a substantial impact on overall survival and disease-free sur-

vival.

4. E6/E7 | Prognostic marker G1, S

To detect mRNA transcripts in cervical swabs to detect precancerous lesions in the cer-

vical region.

Table 3. Marketed formulation available used in the treatment of cervical cancer.

Brand Name Active Drug Dosage Form Side Effect References
Alymsys Bevacizumab Injection | Hives, difficulty breathing, lightheadedness, wheezing, cough- [65]
ing up blood
Avastin Bevacizumab Injection Rectal bleeding, nosebleeds, protein in urine, inflammation of [66]
the nose
Bleomycin sulfate in- Bleomycin Injection Stomatitis, interstitial pneumonia, hair loss, loss of appetite [67]
jection
Hycamtin Topotecan Hydrochloride Tablet Tiredness, nausea, weakness, abdominal pain, indigestion -
Keytruda Pembrolizumab Injection Musculoskeletal pain, rash, fatigue, stomach pain [68]
Tivdak Tisotumab Vedotin - tftv| Injection | Hb level decreased, lymphocytes decreased, alopecia, epistaxis [69]

lesions in gynaecological patients [70]. Colposcopy is
a key diagnostic tool for women's health care, the col-
poscopy is especially important for the early diagnosis
and prevention of cervical cancer. In this operation, the
cervix, vagina, and vulva are closely examined using a
specialized tool called a colposcope [71]. Using a
speculum, a medical professional gently opens the vagi-
na to inspect the cervix during a colposcopy. To help
draw attention to any anomalies, the cervix is treated
with an acetic acid solution says Valls J et al. [72] Col-
poscopy gives medical practitioners an enlarged view
of these regions, making it possible to detect and as-
sess problems that might not be apparent to the unaid-
ed eye. A colposcopy should be performed on women
who have abnormal Pap tests, and a biopsy should be
recommended for those who have abnormal colpos-
copy results says Sachan PL ef al. [70] Biopsy is a pro-
cess when a pathologist removes a sample of tissue
from the cervix to examine under a microscope for indi-
cations of malignancy. Cervical cancer is detected by
the following kinds of biopsies.

In the treatment of pre-invasive cervical cancer, a
punch biopsy is a common office procedure usually
performed alongside a colposcopy. It has an 88.8% pos-

itive predictive value for diagnosing cervical cancer.
However, insufficient sampling can occur due to poor
tissue preparation and transportation, non-representa-
tive biopsies, persistent bleeding, or severe tissue ne-
crosis. In low-resource settings, gynaecological oncolo-
gists must consider the use of punch biopsies, clinical
staging, and radiological assessments, especially for
women who cannot afford or have renal complications
(obstructive uropathy) that prevent examination under
anaesthesia (EUA) [73]. When a patient has high-
grade cytology, has received treatment for known or
suspected cervical precancer in the past, is contemplat-
ing the observation of cervical intraepithelial neoplasia
grade 2, or when the squamocolumnar junction is not
entirely visible during a colposcopy, endocervical
curettage is advised [74]. EC is a process that uses a
curette, a spoon-shaped tool, to remove tissue or cells
from the cervical canal. For any patient over 40, endo-
cervical curettage is the recommended procedure. For
all non-pregnant patients undergoing colposcopy, endo-
cervical curettage is acceptable; however, it may be
skipped in cases where an excisional procedure is
planned later when the endocervical canal is not wide
enough to accommodate a sampling device, or in nulli-
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parous patients under the age of thirty. In these cases,
the cytology report may indicate low-grade squamous
intraepithelial lesions or atypical squamous cells of un-
known significance, regardless of whether the squamo-
columnar junction is fully visualized [75]. One com-
mon excisional technique for the diagnosis and man-
agement of CIN3 is the loop electrosurgical excision
procedure, or - Loop Electrosurgical Excision Proce-
dure (LEEP). However, up to 10% of patients have
been documented to experience problems such as
bleeding, infection, and perforation. The lesion may ex-
pand from the cervix's surface into the cervical canal,
so it is crucial to remove enough of the cervix's trans-
formation zone during the - LEEP in addition to excis-
ing the lesion [76]. A gynaecologic oncologist adminis-
tered general anaesthesia during an in-patient LEEP
with CC procedure. Using a 3.8-MHz radiosurgery
equipment, -LEEP created a right-angled, triangular
loop in a single pass. After the excision, a cold coagula-
tor (120 °C) was administered to the cone bed for 10 to
20 seconds to stop the bleeding and destroy any remain-
ing lesions. To identify cervical lesions, 5% acetic acid
was applied to the cervix for one to two minutes before
the surgery. After - Loop Electrosurgical Excision Pro-
cedure (LEEP, haemostatic treatments (such as fibrin
sealant or Monsel's solution) were not used [77].

Cervical conization is a diagnostic procedure used
to assess the tumour’s characteristics and determine
the extent of surgical treatment, helping to rule out in-
vasion. It is also used to remove precancerous lesions
or early-stage cancer. Conization is typically recom-
mended when there is uncertainty about the most ap-
propriate treatment approach [78]. The larger, cone-
shaped tissue fragment that was removed from the
cervix and cervical canal is being surgically removed
[79]. It has become a crucial technique for minimally
invasive surgery since it lowers the possibility of the tu-
mour and abdominal cavity coming into touch during
the procedure [80].

7. TESTS USED FOR CERVICAL CANCER
STAGING INCLUDE

Clinical staging is used to assess key prognostic fac-
tors such as tumour size, parametrial invasion, endocer-
vical extension, pelvic side wall or adjacent/distal or-
gan involvement, and lymph node status. Cross-section-
al imaging modalities such as computed tomography
(CT), magnetic resonance imaging (MRI), and
positron emission tomography-CT (PET-CT) are in-
creasingly used in the study of cervical cancer. In addi-
tion, monitoring cervical cancer, assessing how well a
tumour responds to therapy, and choosing the right pa-
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tients for less invasive procedures such as radical trach-
electomy to preserve fertility are also considered imag-
ing indications. While CT is similarly useful for assess-
ing the extrauterine spread of the illness, MRI is the re-
commended imaging modality for evaluating local cer-
vical cancer. When it comes to identifying metasta-
sized lymph nodes and tumour recurrence, PET-CT
performs quite well diagnostically says Bourgioti C et
al. [81] In a Visual examination of the cervix, the
cervix is exposed to 5% acetic acid during this test.
The aberrant areas with enhanced nuclear material and
protein are dehydrated by acetic acid. While the nor-
mal cells that carry glycogen stay normal, the aberrant
portions become acetowhite. Another option is to use
Schiller's iodine (VILI, or visual inspection with Lu-
gol's iodine). Glycogen-containing healthy cells in
VILI absorb iodine and turn mahogany brown, while
aberrant regions do not. A biopsy can then be per-
formed on these suspicious spots. Sharp white plaques
with thick margins are classified as HSIL (high-grade
squamous intraepithelial lesion), while dull white
plaques with fuzzy borders are classified as LSIL
(low-grade squamous intraepithelial lesion). Even with
its limited specificity, it has a very low false-negative
rate. Therefore, in an environment with limited re-
sources where pap screening is not available, via may
prove to be a useful substitute [82].

7.1. Treatments

Surgery to remove the cervix is called a trachelecto-
my. The cervix, vaginal margins, and parametria are re-
moved all at once during a radical trachelectomy, leav-
ing the uterine body and fundus in place. Radical trach-
electomy for fertility-preserving treatment of cervical
cancer is widely reported in the literature as shown in
Fig. (3) [83]. A hysterectomy, which involves the remo-
val of the cervix and uterus, is a common treatment for
early-stage cervical cancer. The standard treatment for
early-stage cases (IA2 to IIA) is a radical hysterectomy
combined with pelvic lymphadenectomy. This surgery
can be performed either through laparotomy (open
surgery) or laparoscopy (minimally invasive surgery
using conventional or robotic techniques). During a
radical hysterectomy, the womb, fallopian tubes, upper
part of the vagina, and tissues surrounding the cervix
are removed, and sometimes the ovaries are also resect-
ed. Retrospective studies, including those by Ramirez
PT et al., show that laparoscopic radical hysterectomy
is associated with less blood loss during surgery, a
shorter hospital stay, and fewer postoperative complica-
tions compared to open abdominal surgery in early-s-
tage cervical cancer patients [84].
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Fig. (3). Excision of the cervix, upper vagina, and lymph nodes during a radical trachelectomy for cervical cancer. (4 higher re-
solution / colour version of this figure is available in the electronic copy of the article).

One of the most popular forms of treatment for cer-
vical cancer is radiotherapy using high-energy x-rays,
which includes brachytherapy and external beam radia-
tion. With the use of SEER*Stat software (Surveil-
lance, Epidemiology, and End Results [SEER] Pro-
gramme), cervical cancer cases were obtained from the
SEER database. Differential proportional hazards age,
TNM stage, tumor size, first surgery, and various radia-
tion modalities were all assessed for their prognostic
significance using the Cox model. According to the
study, radiation therapy is beneficial in patients who
did not undergo primary surgery, diagnosed at an older
age (>45 years old), at advanced TNM stages (I1I/1V),
or with larger tumour size (>3cm) [85].

Chemotherapy is an essential component of the
standard treatment plan for cervical cancer and is usual-
ly given in addition to radiotherapy as an adjuvant ther-
apy after surgery when poor prognostic tumor features
raise the likelihood of recurring illness says Chao Ji et
al. The recommended course of treatment for cervical
cancer in stage IVB is chemoradiotherapy. Cancer pa-
tients' body composition indicators, such as visceral
obesity, have been the subject of much research about
their prognostic consequences. Patients with stage [VB
cervical carcinoma have an improved prognosis if they
are viscerally obese before chemoradiation therapy. Pa-
tients with stage IVB cervical carcinoma have an im-
proved prognosis if they are viscerally obese before
chemoradiation therapy [86].

Chemotherapy with immunotherapy: A tumor mi-
croenvironment that is immunosuppressive in situ is
present in treatment-naive cervical cancer. Both regula-
tory T cells and indoleamine 2,3-dioxygenase positive

(IDO") cells can be effectively reduced by neoadjuvant
chemotherapy (NACT). NACT is known to improve
antigen presentation in responders and facilitate the in-
filtration of effector T cells. NACT based on platinum
can dramatically lower Tregs and improve responders'
antigen presentation, which in turn encourages the inva-
sion of CD8" and CD4" T cells. According to Xue
Feng et.al., this gives a theoretical foundation for the
timing of immunotherapy; that is, patients may benefit
more from immunotherapy administered after che-
motherapy [87].

Chemotherapy with '’I brachytherapy was suggest-
ed by Zhimei Huang et al, patients receiving che-
motherapy alone versus those receiving chemotherapy
and "I brachytherapy together underwent a compara-
tive analysis. Kaplan-Meier curves, log-rank tests, Cox
proportional hazard regression, and propensity score
matching (PSM) (1:1) were used to evaluate overall
survival (OS) and progression-free survival (PFS). The
study suggested that the combination of '*’I brachyther-
apy and chemotherapy results in better therapeutic out-
comes [88].

7.2. Chimeric Antigen Receptor T-cell (CAR-T)

Chimeric Antigen Receptor T-cell (CAR-T) thera-
py is a breakthrough technique within the area of im-
munotherapy, bringing renewed hope to patients with
cervical cancer. This revolutionary cellular therapy in-
volves the genetic alteration of a patient's T cells to ex-
press a CAR that selectively targets tumour-associated
antigens. Once modified, these T cells are reinfused in-
to the patient, where they can recognize and destroy



Surgical Advancements, Inmunotherapy, Targeted and Conventional

cancer cells more efficiently. The method begins with
the isolation of T cells from the patient’s blood. These
cells are then changed in the laboratory to integrate a
CAR, which is designed to bind to specific proteins
produced on the surface of cervical cancer cells, such
as E6 and E7 proteins generated from human papillo-
mavirus (HPV). This focused method boosts the T
cells' ability to locate and eradicate cancer cells while
protecting healthy tissues, lowering potential adverse
effects compared to standard medicines. Recent trials
have demonstrated promising results for CAR-T thera-
py in cervical cancer, particularly in instances that are
recurring or resistant to traditional treatments. For ins-
tance, clinical trials have revealed that CAR-T cells
can lead to considerable tumour regression in patients,
showing its promise as a viable therapy option. More-
over, improvements in CAR-T technology, including
the production of dual-targeted CAR-T cells and the
insertion of safety switches, aim to improve efficacy
and decrease unwanted effects. Researchers are now re-
searching combinations of CAR-T therapy with other
treatment modalities, such as immune checkpoint in-
hibitors, to further optimize therapeutic effects. CAR-
T therapy stands out as a promising frontier in cervical
cancer immunotherapy, displaying its ability to harness
the power of the immune system in a tailored manner.
As research improves, it holds the potential to alter
therapy paradigms and improve the prognosis for peo-
ple battling this tough malignancy.

7.3. Targeted Therapy

Targeted treatments are made particularly to block
substances, usually proteins, that are expressed only by
cancer cells and that are in charge of limiting the devel-
opment, multiplication, and dissemination of cancer
[89]. Targeted therapies are designed to be more selec-
tive for cancer cells than normal cells, making them po-
tentially more effective and less likely to cause side ef-
fects compared to current chemotherapies. As research-
ers gain a deeper understanding of the molecular mech-
anisms behind cervical cancer, they have identified
oncogenic pathways that can be targeted for treatment.
This has been especially important for patients with
poor prognoses due to metastatic or recurrent cervical
cancer, offering new hope for more effective interven-
tions [89]. An FDA-approved frontline nano-formula-
tion for the treatment of advanced metastatic tumours
is paclitaxel (PTX) encapsulated in albumin. Converse-
ly, difluorinated curcumin is a powerful and new syn-
thetic curcumin analog that is being tested for many
cancers. PTX and difluorinated curcumin were encap-
sulated in folic acid-decorated bovine serum albumin
nanoparticles, namely FA-BSA-PTX and FA-B-
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SA-CDF, respectively to increase the bioavailability
and targeting ability. Both formulations produced ho-
mogenous nano-sized particles with smooth surface
morphology, negative surface potential, and high drug-
loading efficiency. Combination regimens are becom-
ing conventional weapons in the fight against several
lethal malignancies due to the heterogeneity and com-
plexity of various cancers. According to Gawde et. al.,
the study shows that the synergistic anticancer effect
provided by FA-BSA-CDF and FA-BSA-PTX was en-
hanced via folate receptor-mediated targeted uptake
and apoptosis induction [90]. According to Ma-
halingam Mahalakshmi et al, phloroglucinol, a bioac-
tive natural chemical, is conjugated with gold nanopar-
ticles to target the mitochondrial transmembrane poten-
tial of HeLa cancer cells. Their sharp features enhance
surface plasmon resonance, shape, surface charge, and
stability. The results showed that combining gold with
nanoparticles scavenges free radicals and induces cell
death in HeLa cancer cells. Additionally, fluorescence
microscopy studies demonstrated that gold-nano conju-
gates trigger apoptosis by promoting the penetration of
the mitochondrial membrane [91]. The combined che-
mo-photothermal properties of nanocomposites may
make them more potent tumor-fighting agents, accord-
ing to Jia et al. Gemcitabine (GEM) for targeted can-
cer therapy was delivered using polydopamine (P-
DA)-loaded with polyethylene glycol and folic acid
(FA). When FA modification boosted intracellular ab-
sorption of nanoparticles, HeLa cells' capacity to recov-
er was significantly diminished, and cancer cells under-
went apoptosis [92].

Orlistat's (ORL) formulation and clinical applica-
tion are limited by its low oral bioavailability and poor
water solubility Figs. (4 and 5). To improve the intrin-
sic solubility and therapeutic effects of Orlistat, additio-
nal strategies must be considered. In a study by Nasci-
mento et al., Orlistat was encapsulated in polymeric
aqueous nanocapsules to evaluate its in vitro cytotoxic
activity in HeLa cervical cancer cells. Poly(ge-caprolac-
tone) was used to prepare the nanocapsules containing
Orlistat (NC-ORL) through the interfacial deposition
of a preformed polymer. Nanoencapsulation signifi-
cantly enhanced Orlistat’s cytotoxic effect compared
to its non-encapsulated form. This novel nanoformula-
tion presents a promising alternative to current treat-
ments for cervical cancer, a major global health issue
for women, by improving Orlistat’s solubility and en-
abling the development of localized drug delivery sys-
tems [93]. The process of a tumour growing, encroach-
ing, and metastasizing depends critically on angiogene-
sis and the angiogenic agents produced. As they carry
nutrients and oxygen while eliminating catabolites,
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new vessels encourage growth. The so-called “angio-
genic switch” is essentially a growth mechanism that
all tumours undergo when they move from an avascu-
lar to a vascular phase shown in Fig. (6). An overex-
pression of a positive regulator of angiogenesis is
caused by an oncogene in certain tumours. It has been
demonstrated that inhibiting proangiogenic factors is a
successful method of limiting the growth of CC tu-
mours [94]. Sunitinib malate is an oral medication that
inhibits angiogenesis and cell division by targeting mul-
tiple receptors, including FLT3, ¢-KIT (stem cell fac-
tor receptor), PDGFR-a, PDGFR-B, VEGF-2, and
VEGF-3. It is approved for treating renal cancer and
gastrointestinal stromal tumours resistant to imatinib.

However, in a Phase 11 trial, sunitinib did not show any
objective responses in pretreated patients with locally
advanced or metastatic cervical cancer (CC). Addition-
ally, a higher rate of fistula formation (26%) was ob-
served compared to other biologics studied in similar
Phase II trials [95]. A multitargeted receptor TKI of
VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-a, PDGFR-
B, and c-kit, pazopanib is taken orally. Approved for
the treatment of kidney cancer, it inhibits angiogenesis
and prevents tumour growth.104% of Patients with pre-
viously treated advanced cancer of the kidney were en-
rolled in randomized Phase II research to compare pa-
zopanib, lapatinib, or both. Based on the extended PFS
and advantageous toxicity profile, this research proved
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the efficacy of pazopanib. Diarrhea, nausea, hyperten-
sion, and anorexia were the most frequently reported
toxicities associated with pazopanib [96]. Brivanib
alaninate is a tiny chemical that can be taken orally
and selectively inhibits the fibroblast growth factor re-
ceptor (FGFR) and VEFGR. Brivanib's principal target
is the VEGFR because it is a first-generation FGFR in-
hibitor. Through VEGFR inhibition, it has antiangio-
genic and anticancer properties. FGFR can act as a
compensating signal for VEGFR and is also involved
in basic FGF-mediated angiogenesis and tumour cell
proliferation. Consequently, the first-generation inhibi-
tor's inhibition of FGFR may lessen FGFR's ability to
compensate for VEGFR, leading to stronger antitumor
effects [97]. C-kit, PDGFR, and tyrosine kinase are spe-
cifically inhibited by imatinib, a 2-phenylaminopyrimi-
dine derivative. Malignant gastrointestinal stromal tu-
mours and chronic myeloid leukaemia patients have
shown it to have outstanding clinical efficacy [98]. A
pilot trial by Candelaria et al. assessed imatinib mesy-
late as a potential second-line treatment for PDGFR-a--
expressing cancer that recurs or spreads [99, 100].

7.4. Immunotherapy

A novel cervical cancer treatment called im-
munotherapy that targets HPV oncoproteins has re-
ceived a lot of attention and appears to have a lot of po-
tential. This treatment has the benefit of selectively tar-
geting malignant and dysplastic precancerous cervical
epithelial cells that express HPV oncoproteins [101,
102]. This strategy has gained popularity and produced
several laboratory and clinical advancements, such as
the creation of vaccines, inhibitors or checkpoint block-
ers, and adoptive T cell treatment for cervical cancer.
Many of these immunotherapies are in clinical trials
and have variable success rates [101, 103].

A clinical experiment including a therapeutic
HPV-16 specific vaccination shown its ability to target
preinvasive dysplastic lesions, leading to a 79% re-
sponse rate in cases with HPV-positive grade 3 vulvar
intraepithelial neoplasia says Kenter GG et al. [104]
Additional vaccinations that target the oncoproteins E6
and E7 of HPV-16 and -18 can be peptide- and pro-
tein-based, or live-vector based, utilizing bacterial and
viral vectors, and are summarized in Table 4 [105].
PD-1, its ligands PD-L1 and PD-L2, and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) are im-
mune-suppressive brakes that are released when im-
mune-suppressive mediators such as ICIs are activated
[101, 106]. It has been proposed that PD-L1, which is
expressed on the surface of TILs and antigen-present-
ing cells, contributes to the onset and duration of HPV
infections by suppressing T cell function. Even when it
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is close to CIN or cancer cells, it is uncommon to find
it in normal cervical tissue. Owing to the strong correla-
tion between HPV infection and cervical cancer, block-
ing PD-1 or its ligands can potentially disrupt the in-
hibitory PD-1/PD-L]1 relationship and reinstate T cell--
mediated death [107-109]. FDA-approved IClIs that tar-
get PD-1/PD-L1 include nivolumab, which is used to
treat metastatic and recurrent cervical cancer, and pem-
brolizumab, which is useful in treating solid tumors
from PD-L1 positive cervical cancer [110-112]. T cell
activation is negatively regulated by the checkpoint
protein receptor CTLA-4, which suppresses the im-
mune system by preventing T cells from responding to
cancer cells and demonstrating antitumor immunity
[113, 114]. Unsurprisingly, it has been demonstrated
that CTLA-4 inhibition helps the body overcome the
immunological suppression linked to HPV-driven ma-
lignancies. It is true that ipilimumab, a humanized mon-
oclonal antibody that targets CTLA-4, significantly ac-
tivated the immune system in peripheral blood, al-
though not significantly increase the tumour response
in patients with cervical cancer [115]. In recurrent or
metastatic cervical cancer, the combination of PD-1
and CTLA-4 receptor inhibitors, such as nivolumab
and ipilimumab, has demonstrated long-lasting thera-
peutic effectiveness, independent of PD-L1 status. The
side effects associated with this combination were un-
der control and consistent with earlier reports of combi-
nation therapy including nivolumab and ipilimumab
[116]. Nevertheless, ipilimumab treatment following
chemotherapy and radiation therapy alone improved
the anti-tumour response to cervical cancer, indicating
that this possible combination may give patients at
high risk of disease recurrence a desired immune sys-
tem boost [117].

Although the phase Il experiment is still underway
and further studies must be conducted, LN-145 TIL, an
ACT, has demonstrated an 89% disease control rate
and a 44% objective response rate [103]. The potential
of using LN-145 TIL followed by interleukin-2 (IL-2)
for the treatment of patients with recurrent, metastatic
cervical carcinoma who have undergone non-
myeloablative lymphodepletion is being investigated
in an early phase I study, which is based on the tenta-
tive trial results [118]. Before immunotherapy, lym-
phodepletion is a technique used to reduce lymphocyte
and T cell activity since host immunosuppressive T
cells may impede the total removal of cancers that
have already progressed [119]. According to Wrzesins-
ki C et al, gaining more exposure to activating cy-
tokines, recognizing low-affinity antigens more readi-
ly, and being less vulnerable to regulatory elements' re-
pression are some benefits of lymphodepletion [120].
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Table 4. Immunotherapies for cervical cancer.
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Immunotherapy | Specific Target Authors Therapeutic | CIN/Cervical Cancer Outcomes
Agent Stage
Significant clinical activity with ob-
. HPV-16 E7 fusion ADXS11-001 [Advanced/persistent/ re- served p rolongedisprv%val, tumour re-
Vaccines . Basu P et al. . sponses, and stabilization of recurrent
protein (bacterial) [123] current .
disease compared to a current che-
motherapeutic agent, cisplatin.
Well tolerated with vaccination-induc-
Borysiewicz ing HPV-specific cytotoxic T lympho-
HPV-16 E6 and E7 | LK et al. and | TA-HPV (viral) Progressive cytes in 13.8-37.5% of patients, and
peptide Kaufmann [124, 125] & 27.6-37.5% of patients developed HPV-
AM et al. specific responses with likely therapeu-
tic benefit.
Roman LD et SGN-00101 [126] High-grade CIN Induced lespn regression which corre-
al. lated with immune response

HPV-16 E7 HLA-

suggesting enhanced immunogenicity.
Well-tolerated in all patients and pro-

A2 restricted peptide Garcia F et al.| ZYC101a [127] High-grade CIN moted resolution of CIN 2/3 in women
younger than 25 years.
Plasmid targeting First therapeutic vaccine to show effica-
Trimble CL et CIN2/3 associated with |  cy against CIN2/3 associated with
HP V'16]/3178 E6 and al. VGX-3100 1281 ™ ypy_16/HPV-18 | HPV-16 and -18. Erythema is signifi-

cantly more common in the

Immune check-

Browne I et

VGX-3100 group (7814%) compared

3 0
point inhibitors (I- PD-1/PD-L1 al. and Frenel Pembrolizumab PD-L1 positive tumours .to'the cont?ol group (57.1 A))'. .
[110,111] Exhibits effective antitumour activity
Cls) IS et al . -
and improved toxicity profile.
Naumann RW Warrants further investigation as no
ot al Nivolumab [112] | Advanced/recurrent [new safety signals were identified in the
: patients investigated.
Demonstrated clinical benefit and a safe-
S . ty profile comparable to that observed
RISCIE? Det Cenfllglglinab Recurrent/metastatic | with other PD-1 inhibitors for platinum
’ and taxane doublet-resistant/intolerant
patients.
O'Malley DM Balstilimab [130]| Recurrent/metastatic Result.ed in mez_imngful and durable clin-
et al. ical activity and manageable
. safety.
CTLA4 Finja S et al. | Tpilimumab [4] | Metastatic/locally ad- 1 poy oo ie o sionificant patient tu-
vanced/recurrent
mour response.
Expression of the PD-1 significantly in-
Following chemo- creased on T-cell subsets following
Da Silva DM owing Metastatic/locally ad- |CRT and was sustained or increased fol-
radiation (CRT): A .
etal Inili vanced/recurrent  [lowing ipilimumab treatment. This treat-
pilimumab [117] .
ment significantly expanded central and
effector memory T-cell populations.
Acceptable safety and efficacy profile,
e
Adoptive T cell | Tumour-infiltrating [ Edwards RP LN-145 TIL Recurrent/persistent/ and resultsom 44/0 objective response
therapy (ACT) [ lymphocytes (TILs) etal [103] metastatic rate and 89% disease control rate in pa-
Py ymphocy ’ tients previously treated for cervical can-
cer.
Mauricio D et| LN-145 TIL + | Recurrent/persistent/ No results vet
al. IL-2[118] metastatic yet.
Objective tumour responses in 3/9 pa-
Metastatic squamous |tients with durable complete regression.
Langhan MM cell HPV reactivity of infused T cells corre-
etal. Young TIL [121] carcinoma and adeno- | lated positively with clinical responses
carcinoma and remained significant even 1 month

after treatment.
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Since ACT is a highly customized treatment, it may
avoid the use of chemotherapy and its associated draw-
backs in cases of cervical cancer, although more re-
search is needed [121]. In order to achieve higher re-
sponse rates, there is a general shift towards using a
combination approach to immunotherapies, either with
other immunotherapies or with currently available
medicines [122].

7.5. Clinical Trial Status for Cervical Cancer Ther-
apy

Clinical trials play a crucial role in advancing cervi-
cal cancer treatment by evaluating the efficacy and
safety of new therapeutic strategies. Table 5 sum-
marizes various clinical trials, including Phase 1, 2,
and 3 studies of drugs such as Celecoxib, Taxotere (Do-
cetaxel), and Gemcitabine in combination with radio-
therapy and chemotherapy, highlighting both complet-
ed and ongoing trials that continue to shape the lands-
cape of cervical cancer therapy.

8. LIMITATIONS AND SIDE EFFECTS

Over the past decade, cervical cancer treatments
have evolved significantly with new therapeutic modal-
ities aimed at improving patient outcomes and minimiz-

Table 5. Clinical trial status of drugs for cervical cancer.
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ing side effects. Surgical advancements, such as mini-
mally invasive procedures and robotic surgeries, have
led to faster recoveries and less blood loss, though th-
ese techniques are limited to early-stage cancers. Che-
motherapy, a staple in cervical cancer treatment, has
seen the introduction of novel drug combinations that
enhance tolerance and efficacy, but it remains non-spe-
cific, damaging healthy cells and sometimes leading to
resistance. Radiation therapy has also progressed, par-
ticularly with brachytherapy, which targets cancer
more precisely. Despite this, it carries risks like skin ir-
ritation and potential tissue damage. Immunotherapy,
especially immune checkpoint inhibitors such as
PD-1/PD-L1 inhibitors, offers promising results for ad-
vanced cases but can trigger autoimmune reactions and
is costly. Moreover, these therapies only benefit select
patient groups. Targeted therapies have been devel-
oped to attack molecular pathways like EGFR and
VEGFR, offering more personalized approaches. How-
ever, their effectiveness is limited by resistance and the
need for tumours to express these targets. Nanoparti-
cle-based delivery systems, which enhance drug bioa-
vailability and targeting precision, are emerging as a
revolutionary approach with fewer systemic side ef-
fects, although they are still in the experimental phase
and have unknown long-term effects (Table 6).

Sr. No. Drug CT No. Condition CT Phase|Current Status
1. Celecoxib NCT00152828| Cervix neoplasms | Phase 2 Completed
2. Taxotere (Docetaxel) with concurrent radiotherapy NCT00178269| Cervix neoplasm | Phase 2 Completed
3. Nelfinavir+ Cisplatin chemotherapy+ pelvic radiation NCT02363829|Uterine cervix cancer| Phase 1 Completed
4. Cetuximab, cisplatin and radiotherapy NCT02363829| Cancer of the cervix | Phase 2 |Unknown status
5. Radiotherapy + Metronidazole NCT01937650[ Cervix carcinoma | Phase 3 Completed
6. Cisplatin + radiation + sorafenib NCT00510250| Cancer of the cervix | Phase 2 Completed
7. Gemcitabine, cisplatin and radiation vs cisplatin and radiation |[NCT00191100| Cancer of the cervix | Phase 3 Completed
Table 6. Advancements in therapeutic modalities, side effects, and limitations.
Therapeutic Modality Advancements Side Effects Limitations
Suree Minimally invasive techniques, robotic | Lower blood loss, faster recov- | Not suitable for advanced stages of
gery surgeries, fertility-sparing options ery cancer
New drug combinations improving tol- | Nausea, hair loss, risk of infec- | Non-specific, affecting healthy
Chemotherapy ' f :
erance and efficacy tion cells, potential for resistance
Radiation Therapy Targeted radiation, brachytherapy Skin irritation, fatigue, tissue da-| Risk of seg:ondary cancers, limited
mage use 1n metastatic cases
Immune checkpoint inhibitors (e.g., . . . High cost, works for select patient
Immunotherapy PD-1/PD-L1 inhibitors) Autoimmune reactions, fatigue groups
Tareeted Thera Focus on molecular targets like EGFR, | Hypertension, proteinuria, fa- | Resistance development, limited to
g Py VEGFR tigue tumours expressing targets
N . . Increased bioavailability and precision | Minimal systemic side effects |Still experimental, long-term effects
anoparticle-Based Delivery . . P
in drug targeting compared to traditional methods unknown
I . Enhanced tumour control with reduced | Dependent on patient-specific | Risk of cumulative toxicity, higher
Combination Therapies -
side effects factors treatment cost
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9. FUTURE TRENDS

There will likely be major developments in the diag-
nosis and treatment of cervical cancer in the future. Ar-
tificial intelligence and liquid biopsies are examples of
emerging technology that could lead to less intrusive
and more precise diagnostic procedures. Furthermore,
it is anticipated that customized therapeutic modalities,
such as immunotherapy and targeted medicines, will
enhance results while reducing adverse effects. In the
upcoming years, the care of cervical cancer may under-
go a revolution if these technologies are incorporated
into clinical practice.

CONCLUSION

In summary, although improvements in detection
and therapy present a bright future, cervical cancer still
poses a serious threat to public health. For the best pos-
sible patient outcomes, early detection via enhanced
screening techniques and a multimodality treatment
plan customized for each patient is essential. There is
still room to reduce the incidence of cervical cancer by
further investigating non-invasive diagnostics, person-
alized medicine, and innovative treatments like im-
munotherapy. For the provision of equitable health-
care, it is also imperative to address differences in ac-
cess to screening and treatment.
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