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Abstract

Cervical cancer, which is largely preventable, is one of the most prevalent cancers among women,
especially in low- and middle-income countries. The implementation of successful national screening
programs, which use cytology based Papanicolaou smears to detect precancerous Ochanges, has
significantly reduced the concern of mortality rates of this disease.

However, because of high costs and the need for well-established healthcare systems, these programs have
not been initiated or maintained in many low- and middle-income countries, resulting in high incidence
and mortality rates. This disparity in the burden of cervical cancer highlights the impact of unequal
healthcare access.

Fortunately, alternative strategies for preventing cervical cancer have been extensively researched and
evaluated. The recent availability of two commercially produced vaccines against the human
papillomavirus (HPV) provides an opportunity for primary prevention of cervical cancer.

Despite its preventability, in 2020, cervical cancer was reported in 604,127 women worldwide, and
341,831 women died from the disease. Cervical cancer primarily affects the cervix, the lower part of a
woman’s uterus.

In India, there has been a significant decrease in the age-standardized rates of incidence and mortality of
cervical cancer from 1990 to 2019. However, cervical cancer continues to be a major public health issue
in the country.
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Introduction

Cervical cancer still a pressing global public health concern, especially in low- and middle-income
countries (LMICs) where limited healthcare infrastructure hinders the implementation of organized
screening and treatment programs. Despite most new cases and deaths occurring in LMICs, Cervical
cancer is predominantly caused by persistent infection with specific strains of human papillomavirus
(HPV). [1]

Cervical cancer begins in the cervix, the narrow opening connecting the uterus to the vagina, and is
comprised of two main regions: the ectocervix and the endocervix. The ectocervix is lined with stratified
squamous epithelial cells, while the endocervix is composed of simple columnar epithelial cells. At the
junction of these regions lies the "transformation zone," where metaplastic epi thelium replaces the
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columnar lining. This area is particularly prone to the development of cervical cancer due to its frequent
exposure to persistent HPV infection.[2] CC has two primary histological subtypes: squamous cell
carcinoma (SCC) and adenocarcinoma. SCC arises from squamous cells in the ectocervix and constitutes
approximately 75% of cervical cancer cases. Adenocarcinoma originates from glandular cells in the
endocervix that produce mucus. Given that SCC is the predominant subtype of the cancer.[3]

Pathogenesis

HPYV infection

Human papillomavirus (HPV), family, the Papovaviridae. HPV is a compact DNA virus that lacks an
envelope and typically infects either skin or mucosal cells. Its genome, a circular double-stranded DNA,
spans around 8 kilobases in size. This genetic material codes for six early proteins that facilitate virus
replication, along with two late proteins, L1 and L2, which serve as the viral structural components.
especially strains like HPV-16/18, stands out as the primary culprit behind cervical cancer. Factors like
engaging in sexual activity with multiple partners or having weakened immune responses to HPV
infection, as seen in individuals with immunodeficiency disorders, heighten the risk of developing cervical
cancer. The review aims to delve into the mechanisms underlying the disease's development and evolution

[4]

Genetics

Carcinogenesis in cervical cancer involves the buildup of genetic and epigenetic changes. These
alterations can include mutations, deletions, copy-number variations, and chromosomal rearrangements.
Such genetic modifications can lead to either loss or gain of function, playing an important role in the
development of cervical cancer.[5]

Loss of heterozygosity (LOH)

Loss of heterozygosity (LOH) plays an important role in tumorigenesis and is seen as a predictive factor
in various malignant tumours. Numerous chromosomal regions have been linked to LOH [6]. The loss of
function in tumour suppressor genes due to LOH contributes to the development of cancer. For example,
LOH in the retinoblastoma gene (Rb) at intron 1 and/or 17 has been reported in 63% of cervical cancer
(CC) patients. [7] The region 3p21 has been identified as a target for LOH in CC, with a high number of
allelic deletions, indicating the potential presence of tumour suppressor genes in this region. The Ras
effector gene RASSFI, located at 3p21.3, may also function as a tumour suppressor gene [8]. The
simultaneous presence of RASSF1A hypermethylation and LOH at 3p21 in approximately 67% of CC
samples suggests that both hypermethylation and LOH are involved in the inactivation of the tumour
suppressor gene. [9]

Oxidative stress

Oxidative stress, which is known to play a role in the development of cervical cancer (CC), arises from an
imbalance between oxidants and antioxidants. This imbalance leads to the overproduction of free radicals,
specifically reactive oxygen species (ROS), which cause lipid peroxidation and damage to DNA, RNA,
and proteins [10] These damages can lead to mutations that accumulate over time and contribute to the
transformation of normal cells into malignant ones [11]. It’s common to observe increased ROS
production in cancer cells. ROS not only have mutagenic effects that can lead to carcinogenesis, but they
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also have pro-apoptotic, pro-survival, and mitogenic effects. The oxidative modification of transcription
factors and genes involved in cell proliferation and apoptosis by ROS promotes cell division. ROS have
been reported to activate the PI3K and hypoxia-inducible factor (HIF) pathways, as well as metabolic
adaptations. These activations play a role in cellular proliferation and survival, thereby contributing to
tumorigenesis [12].

Oxidative stress, high-risk HPV (hrHPV), and chronic inflammation may work together to cause cervical
cancer. The integration of the hrHPV viral genome into the host genome is facilitated by oxidative stress
and inflammation, leading to an increase in HPV oncoproteins E6 and E7. These oncoproteins can interact
with tumour suppressors like p53 and pRb, ultimately contributing to the development of cervical cancer.
[13]

HPV infection triggers inflammatory responses, which disrupt the balance between the production and
removal of reactive oxygen species (ROS). An excess of ROS can cause cell damage. Additionally, E6*,
a shorter version of the oncoprotein E6, leads to a decrease in the expression of superoxide dismutase
isoform 2 and glutathione peroxidase. This results in increased ROS levels, which enhance oxidative DNA
damage [14].

The reduced expression of tumour suppressor miR-34a, caused by E6, decreases the expression of TrxR2,
an antioxidant, promoting cancer development. The Nuclear factor erythroid 2-related factor 2 (NRF2) is
a part of the antioxidant system of the cervical epithelial tissue. It is bound to the Kelch-like ECH-
associated protein 1 (Keapl), which mediates the degradation of factors involved in cell survival and
apoptosis via the ubiquitin-proteasome pathway. NRF2 is usually expressed at low levels due to the
activity of Keapl. [15]

However, exposure to stress causes the modification of cysteine residues on Keapl, leading to the nuclear
translocation of NRF2. NRF2 then binds to the antioxidant-responsive elements (AREs), inducing the
transcription of antioxidant enzymes and reducing oxidative stress. Overexpression of NRF2 due to the
loss of function of the tumour suppressor Keapl is associated with the development and progression of
cancer, as NRF2 promotes proliferation and inhibits programmed cell death. Elevated levels of NRF2 have
been reported in SiHa and C33A cervical cell lines.[16]

Hormonal dysregulation

Oestrogen

The steroid hormone oestrogen plays a crucial role in the reproductive, musculoskeletal, cardiovascular,
and central nervous systems in both men and women. It’s implicated in various cancers, including breast,
endometrial, and colon cancer. Oestrogen and its receptor ERa may also play a role in the development,
persistence, and progression of cervical cancer, as suggested by HPV transgenic mouse models.[17]

In human models, the role of oestrogen has been hypothesized based on the increased risk of cervical
cancer with prolonged use of oral contraceptives containing oestrogen, with or without progesterone, and
the higher risk of cervical cancer with an increased number of pregnancies. In contrast to oestrogen,
progesterone has been suggested to inhibit cervical carcinogenesis, as evidenced by the decreased risk of
cervical cancer in HPV-infected women who used the synthetic progesterone, medroxyprogesterone
acetate (MPA).[18]

During the normal physiological process of the menstrual cycle, the epithelial cells in the uterine cervix
proliferate and differentiate in response to oestrogen levels, leading to epithelial hyperplasia. ERa is
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crucial in mediating the carcinogenic activities of oestrogen, as demonstrated by the failure of HPV
transgenic mice deficient in ERa to develop cervical hyperplasia when administered with oestrogen.[19]
The binding of oestrogen to its cytosolic receptors induces homo- or hetero-dimerization of ERs. The
translocation of the oestrogen-bound ERs to the nucleus then results in the activation or repression of the
genes of interest through classical and non-classical pathways. Cervical dysplasia may progress to cervical
cancer if left untreated.[20]

Infection by the high-risk subtypes of HPV promotes the abnormal squamous differentiation of cells in
the cervical transformation zone, leading to atypical squamous metaplasia, which then progresses to
cervical intraepithelial neoplasia (CIN) and ultimately cervical cancer. Alterations of the cervical cancer
microenvironment by high-risk HPV oncogenes, with or without oestrogen, can also contribute to cervical
carcinogenesis.[21]

Testosterone

Testosterone, an androgen formulated in the ovaries, plays an important role in the female reproductive,
cardiovascular, and musculoskeletal systems. There is a positive correlation between testosterone levels
and female sexual function, and testosterone may be used to treat sexual dysfunction in women.[22]

A prospective study has indicated a link between invasive cervical carcinoma and free testosterone in
premenopausal women, and total testosterone in postmenopausal women. This suggests that testosterone
could take part in prognosis of cervical cancer.[23]

The role of testosterone in occurrence of cervical cancer may also be connected to oestrogen, as both
testosterone and oestrogen are biochemically closely related. In fact, testosterone serves as the biosynthetic
precursor of oestradiol. This close relationship could potentially influence the development and
progression of cervical cancer.[24]

Insulin

Insulin-like growth factor 1 (IGF-1) has been linked to the development and progression of cervical cancer
(CC) by promoting cell proliferation. It has been found that IGF-1 receptors mostly expressed in CC cells
compared to normal epithelial cells. Insulin, which is secreted by the B cells of the pancreatic islets of
Langerhans, plays a role in regulating blood glucose levels by facilitating glucose uptake into cells from
the bloodstream and managing the metabolism of carbohydrates, lipids, and proteins.[25]

Type 2 diabetes, characterized by insulin resistance and relative insulin deficiency, is a well-known risk
factor for cancer and plays a role in tumour development and progression. Hyperglycaemia and
hyperinsulinemia encourage cell proliferation and decrease programmed cell death without changing the
cell cycle. The binding of endogenous or exogenous insulin to both insulin and IGF-1 receptors leads to
glucose uptake into cancer cells and promotes cell proliferation, metastasis, and invasion. A recent
systematic review and meta-analysis by Chen et al also reported that diabetes is associated with a worse
prognosis for CC [26]

Cortisol

Cortisol, a steroid hormone synthesized in the zona fasciculata layer of the adrenal cortex, is often referred
to as the stress hormone. It plays a role in managing stress responses, regulating metabolism,
inflammation, and immune responses. When the hypothalamus-pituitary-adrenal (HPA) axis is activated
due to stress, cortisol is released from the adrenal cortex, helping the body maintain an alert state.[27]

IUJFMR260169218 Volume 8, Issue 1, January-February 2026 4



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

During periods of chronic stress, elevated glucocorticoid secretion can disrupt cell-mediated immunity by
upsetting the balance between type 1 T-helper (Th1) cells and Th2 cells. This favours the humoral immune
response mediated by Th2 cells and suppresses the cell-mediated immunity mediated by Th1 cells, which
is crucial for clearing high-risk HPV (hrHPV). This can lead to persistent hrHPV infection and contribute
to the development of cervical cancer.[28]

A recent study reported that both chronic stress and diurnal cortisol levels are associated with baseline
hrHPV positivity and HPV-mediated cervical carcinogenesis.

Mutation

Mutations affecting tumor suppressor genes like p53, Rb, PTEN, and LKBI1, as well as oncogenes such
as PIK3CA, KRAS, EGFR, and ERBB2, have been identified in cervical cancer (CC). While p53 and Rb
mutations are relatively rare in early-stage CC compared to other cancers, they play significant roles in
tumorigenesis. Mutations in the p53 gene, particularly in its central DNA-binding domain, result in gene
repression due to impaired protein-DNA binding, with single base-pair substitutions being the most
common.[29]

PTEN mutations are less frequent in CC but may contribute to its progression and prognosis. LKBI
mutations are implicated in CC progression, with single nucleotide substitutions or microdeletions
observed in a substantial proportion of cases.

Among the frequently mutated genes in CC, PIK3CA ranks highest, encoding the p110a protein, a key
component of the PI3K pathway involved in various cellular processes.

PIK3CA mutations are found in a significant percentage of CC cases. KRAS mutations, affecting a
GTPase involved in cell differentiation, proliferation, and survival, are also prevalent in CC. ERBB2
mutations have been associated with poorer prognosis in CC compared to wild-type or PIK3CA-mutated
cases.[30]

Microbiome

The local microbiota in the female genital tract plays a significant role in both persistent HPV infection
and the progression of cancer. A healthy microbiome in the female genital tract is primarily composed of
Lactobacillus species, which create an environment with low pH that protects against exogenous bacteria
and viruses. However, an imbalance in the microbiome, known as dysbiosis, can occur due to various
factors such as hormonal fluctuations, hygiene practices, and sexually transmitted diseases (STDs).
Dysbiosis may lead to an overgrowth of certain bacteria, affecting overall health and potentially
contributing to oncogenesis.

Changes in the composition of the vaginal microbiome, characterized by a decrease in Lactobacillus
species and an increase in anaerobic bacteria and dominance of Lactobacillus iners, have been linked to
preinvasive disease and increased severity and invasiveness of disease in patients with cervical
intraepithelial neoplasia (CIN). Lactobacillus crispatus, which produces lactic acid and protective
proteins, is associated with a healthy vaginal microbiome, while dominance of Lactobacillus iners, found
in CIN patients, produces lower amounts of lactic acid and lacks protective peptide production.

Bacterial vaginosis (BV), which shares similar vaginal microbiome alterations with CIN, such as reduced
Lactobacillus abundance and increased anaerobe predominance, may be involved in the development of
cervical cancer. BV-related complications, including bacterial, mucosal, and immune changes, may
increase susceptibility to HPV infection, HPV persistence, and CIN. Dysbiosis weakens defence
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mechanisms, increasing susceptibility to viral infections, and elevated production of enzymes associated
with BV may facilitate HPV infection. Depletion of lactic acid and decreased anti-inflammatory effects
may increase the risk of HIV infection related to cervicovaginal inflammation. While vaginal dysbiosis
and gut dysbiosis are associated with cancer development through alterations in normal host responses,
further studies are needed to establish their specific roles in cervical carcinogenesis.[31]

Smoking

Smoking is a significant behavioural risk factor for persistent infection by high-risk HPV (hrHPV) and
the development of cervical intraepithelial neoplasia (CIN) and eventual cervical cancer (CC), along with
other risk factors. While both squamous cell carcinoma (SCC) and adenocarcinoma of the cervix share
common risk factors such as increased sexual partners, younger age at first sexual encounter, and
prolonged use of oral contraceptives, smoking specifically increases the risk for SCC but not
adenocarcinoma

Several mechanisms have been proposed to explain how cigarette smoking contributes to cervical
carcinogenesis. These include exposure of cervical epithelial cells to carcinogenic components of tobacco
smoke, such as nicotine, cotinine, polycyclic hydrocarbons, and aromatic amines. Interaction between
carcinogens in cigarette smoke, such as benzopyrene (BaP), and HPV may enhance HPV persistence and
promote carcinogenesis. Carcinogens in cigarette smoke may also induce changes in the immune system,
such as altered T lymphocyte levels and activity, decreased levels of circulating immunoglobulins (except
IgE), and increased risk of acquiring or persisting HPV infection.[32]

Diet

The association between food intake and the occurrence of various cancers, including cervical cancer
(CC), has been studied, but significant validation remains limited due to hormonal dysregulation, which
is a major factor in many women's health disparities. Seven important hormones regulate women's overall
health, and they are significantly associated with certain categories or groups of foods.

Studies have examined the relationship between dietary patterns and CC from different perspectives. For
example, a higher risk of cervical intraepithelial neoplasia (CIN) has been observed in individuals with
maximum consumption of a semi-western diet, characterized by a higher intake of bread, dairy products,
eggs, soft drinks, and fats. Unhealthy dietary patterns, characterized by higher intakes of snacks, fatty
dairy products, French fries, mayonnaise, soft drinks, sugars, refined grains, solid oils, nuts, and boiled
potatoes, have been significantly associated with HPV infection and CC.

These diets, high in saturated fatty acids, n-6 polyunsaturated fatty acids, and simple carbohydrates, are
associated with inflammation, which act as an important role in cervical carcinogenesis. Patients with CC
often exhibit markedly elevated levels of inflammatory markers such as sSTREM-1, TNFa, IFNJ, IL-1p,
and IL-6 compared to healthy controls. Conversely, the consumption of fruits, vegetables, and green tea
has been found to provide protective effects against cervical carcinogenesis. Antioxidants, vitamins, and
carotenoids found in these foods act as preventive and reductive factors for CC. [33]

Epidemiology

The study aimed to estimate the five-year survival rates of cervical cancer recorded cases between 2012
and 2015 in India using data from Population Based Cancer Registries (PBCRs). A total of 5,591 single
primary incidence cases were followed up until June 30, 2021, through various methods including hospital
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visits, telephone calls, home or field visits, and public databases.

The five-year Observed Survival (OS) and Age Standardised Relative Survival (ASRS) were calculated.
The overall five-year ASRS for cervical cancer was 51.7% (95% CI: 50.2%—-53.3%). Among the PBCRs,
Ahmedabad urban had the highest survival rate at 61.5% (95% CI: 57.4%65.4%), followed by
Thiruvananthapuram at 58.8% (95% CI: 53.1%—-64.3%) and Kollam at 56.1% (95% CI: 50.7%—61.3%)).
In contrast, Tripura had the lowest overall survival rate at 31.6% (95% CI: 27.2%-36.1%) [34]
Furthermore, the five-year OS percentages for pooled PBCRs were 65.9%, 53.5%, and 18.0% for
localised, regional, and distant metastasis cases, respectively. This data provides valuable insights into the
survival outcomes of cervical cancer patients in India and highlights regional variations in survival rates,
underscoring the importance of targeted interventions for improved outcomes. [35]

Screening and early detections

Screening is done for the possible early detection of the cancer hence the credibility of the infection is
known therefore according to that the further treatment is prescribed. The various methods of screening
of the cervical cancer are listed below,

Pap smear

Pap screening is recommended beginning at age 21, at age 30, HPV testing starts in conjunction with Pap
smear cytology. Screening is recommended every 3 years for women with continued negative screening
results and those at low risk for cervical cancer. For women older than 30 years, cytology can be done
every 5 years with HPV testing, for women with low-risk status and consistently negative screenings is
discontinuing cervical cytology and HPV testing at age 65. Women who have had a total abdominal
hysterectomy, including removal of the cervix for benign disease, do not require subsequent screening.[36]
During pap examination, patient laid on the examination table, knees bended and supported to the end of
the table. The pathologist uses a speculum for opening of vagina to see the cervix. A soft, narrow brush
or tiny spatula is used to collect a small sample of cells from cervix.

Computer aided detection techniques

The traditional methods of screening of cervical cancer i.e. pap smear examination which focuses on the
microscopic examinations of cervical cells.

Hence this method is not sensitive as compared to modern methods of detection techniques the problem
arises in this traditional method is that it fails to detect precancerous lesions, leading to false negative
results and delayed diagnosis, hence the foundation laid to give emphasis on the computer detection
technologies to enhance cervical cancer screening, the effectiveness and reliability of the CAD system is
still being evaluated.[37]

Machine learning algorithm imaging system

Early CAD system uses image processing techniques in this process digital images are processed and
analysed further; new CAD technologies include Machine learning (ML) algorithms used in the field of
cervical cancer detection technologies allowing more accurate analysis of the microscopic images, hence
sensitivity and specificity increase from traditional methos.[38]
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Colposcopic imaging system

A clinical trial assesses a quantitative colposcopic imaging system intended for early cervical cancer
detection. This system utilizes living human cervixes to examine the kinetics of the acetowhitening
process, offering diagnostic insights. The imaging method relies on 3D active stereo vision and motion
tracking. A diagnostic algorithm allows for distinguishing between normal and HPV-infected tissues, as
well as low-grade and high-grade cervical cancer lesions, achieving a sensitivity of 91% and a specificity
of 90%. These findings suggest that the quantitative colposcopic imaging system could offer unbiased
screening and diagnostic information for early detection of cervical cancer.[39]

Positron emission tomography (PET)/computed tomography (CT)

A PET scan employs a mildly radioactive sugar variant, FDG, which is introduced into the bloodstream
and primarily accumulates in cancer cells. Frequently, a PET scan is performed concurrently with a CT
scan using a specialized machine capable of both procedures. This dual approach allows physicians to
compare regions of heightened radioactivity, offering both anatomical and functional insights about body
cells and tissues in one imaging session.

In discussion of locally advanced cervical cancer, use of 18 F-fluorodeoxyglucose (FDG) PET/CT has
become crucial in the early analysis of disease progression. It surpasses other imaging techniques in
evaluating lymph node status and distant metastasis, Consequently, PET scanning can aid in determining
the extent of cervical cancer involvement, identifying the spread ofcervical cancer to nearby lymph nodes
and other organs like the lungs or liver, and contributing to a more precise or accurate diagnosis.[40]

Treatment

Most cervical cell alterations caused by HPV are temporary, with 90% naturally resolving within 12 to 36
months as the immune system eradicates the virus. The initial immune response to HPV infection is a cell-
mediated reaction triggered at local lymph nodes. Although a humoral immune response also forms, the
local concentrations of HPV-specific IgG and IgA in the tissue do not align with the clearance of the virus
[41].

The surgical method of treatment also follows for treatment of the cervical cancer, but it depends upon
numerous factors such as size, stage, histological features lymph node condition these procedures also
involved post-surgical complications associated with them.[42]

The common surgical procedures associated with the treatment of cervical cancer are as follows

Cryotherapy
In cryotherapy, the abnormal tissue and an additional 5 mm surrounding it are frozen using an extremely
cold probe. Typically, a single freeze is insufficient to cause cell death, so the area is permitted to thaw
before being frozen again. Cryotherapy had an advantage that the wound heals faster and with less tissue
distortion [43]

Cervical conization

Cervical conization is generally recommended for patients diagnosed with Carcinoma in Situ (CIS) or
stage IA1 invasive cervical cancer. This procedure involves the use of a scalpel or laser to perform a cold
knife cone (CKC) excision, which removes the transformation zone of the cervix and a part of the cervix
itself, ensuring a margin of at least 3 mm.
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The examination of the margins for pathological changes and the determination of the presence or absence
of lymphovascular invasion (LVI) are crucial. If there is a positive margin or LVI, are -excision or a more
invasive surgical procedure may be necessary.

In the absence of LVI in the specimen, the likelihood of lymph node involvement is extremely low, making
nodal evaluation unnecessary. Patients with no adverse pathological findings can be monitored. While
recurrence rates are typically less than 10%, patients need to be closely followed with regular colposcopy
and cytology. The five-year survival rates are over 95%. Potential complications include bleeding,
infection, cervical insufficiency, cervical stenosis, and infertility, with the complication rate varying
between 2% and 12% [44]

Radical trachelectomy

Patients with more adverse pathologic conditions as well as desire of future fertility

Undergo this type of surgery.

The procedure involves the removal of a significant portion of the cervix, resection of the parametria, and
mobilization of the ureters, bladder, and rectum. A 5-mm segment of the cervix is retained for cerclage
placement, facilitating future pregnancies. Given the heightened risk of nodal involvement, a lymph node
assessment typically accompanies a radical trachelectomy [45]

Extrafascial hysterectomy

Extrafascial hysterectomy, also referred to as a Type A radical hysterectomy, is typically indicated for a
limited set of clinical conditions. This surgical procedure is generally recommended for patients diagnosed
with stage [A1 disease who do not wish to retain their fertility. It involves the complete removal of the
cervix and uterus. Since the removal of the ovaries is optional, ovarian function can be maintained. The
procedure does not involve the resection of the parametria.[46]

Radiation oncology
Radiation therapies are important considered in treatment of cervical cancer. Radiotherapy treatment
depends upon the stage of the cervical cancer.

Early stage of cervical cancer

Radiotherapy can be employed as the primary treatment method for early-stage cervical cancer External
beam radiotherapy (EBRT) combined with a brachytherapy (BT) boost results in less morbidity and has
comparable 5- and 20-year overall survival rates (83% and 75%, respectively) when compared to radical
hysterectomy.[47]

Advanced cervical stage

Diseases that are locally aggressive and/or have positive nodes are usually managed with definitive
concurrent platinum-based chemoradiotherapy, followed by a boost from brachytherapy (BT). The
integration of chemotherapy with definitive radiotherapy has led to a significant enhancement in overall
survival compared to using radiotherapy alone.[48]

Cervical cancer algorithm. Abbreviations: BT = brachytherapy; EBRT = external beam radiation therapy;
IMRT = intensity modulated radiation therapy; LND = lymph node dissection; RT = radiation therapy.
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Hpv vaccines

The HPV vaccine provides enduring and dependable protection against the most common types of HPV
infections associated with cancer. HPV 16 and HPV 18 are strains known to carry a high risk of causing
cancer.

The incidence of cervical precancers in young women has decreased because of HPV vaccination. Early
vaccination is a practical and safe strategy to prevent HPV. Vaccines stimulate cell-mediated immunity.
The vaccine is more effective when administered at a younger age. It’s important to note that while it can
prevent cervical cancer, it cannot treat it.

The primary demographic for HPV vaccination is young women aged 15 to 26, hence it’s recommended
to get vaccinated within this age range. However, it’s not advised for pregnant women to receive these
vaccines. The HPV vaccine works by prompting the body to produce antibodies that, upon future
encounters with HPV, bind to the virus and prevent it from infecting cells. Vaccination can prevent
approximately 70% to 90% of all HPV-related cancers. Women between the ages of 25 and 65 are advised
to undergo screening. There are several HPV vaccines available in the market, including Gardasil 9
nonvalent vaccine, Cevarix bivalent vaccine, and the Gardasil quadrivalent vaccine. The Gardasil vaccine,
which is available on the market, is administered in three doses that do not need to be repeated in one’s
lifetime. The recommended dosing schedule is two months between the first and second doses (with a
minimum of four weeks), six months between the first and third doses (with a minimum of 24 weeks), and
a minimum of 12 weeks between the second and third doses.[49]

Mechanism of action HPV vaccines

HPV vaccines are known to stimulate both B-cell and T-cell responses, but they are believed to work
primarily, if not solely, by triggering the production of antibodies that attach to the virions, thereby
preventing the initial infection.[50]

The systemic antibodies, predominantly immunoglobulin (Ig)G, which are induced by intramuscular
injection, can reach the sites of cervicovaginal infection through two mechanisms. One is the transudation
of IgG across the epithelial barrier into mucosal secretions via the neonatal Fc receptor, a process that is
particularly noticeable at the cervix.[51]

The second mechanism involves the direct exudation of serum and interstitial antibodies at trauma sites,
which allows virion binding to the basement membrane, a step that seems crucial for initiating the infection
process. [52]

Types of hpv vaccines

Quadrivalent HPV Vaccine:

e The quadrivalent HPV vaccine targets four different types of HPV: HPV 6, 11, 16, and 18.

e HPV 6 and 11 are known to cause about 90% of genital warts cases.

e HPV 16 and 18 are responsible for approximately 70% of cervical cancers and a significant portion of
other HPV-related cancers, such as cancers of the anus, vagina, vulva, and oropharynx.

e The vaccine is typically administered in a series of three doses over six months.

e Gardasil™, manufactured by Merck, is an example of a quadrivalent HPV vaccine.

1. Bivalent HPV Vaccine:

e The bivalent HPV vaccine targets two HPV types: HPV 16 and 18.

e These two HPV types are responsible for a large majority of cervical cancer cases worldwide.
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e The vaccine is also administered in a series of three doses over six months.

e Cervarix™, produced by GlaxoSmithKline, is an example of a bivalent HPV vaccine.

Both types of HPV vaccines are based on similar technology and are designed to trigger the immune
system to produce antibodies against the targeted HPV types. By inducing immunity, these vaccines help
prevent HPV infection and reduce the risk of HPV-related diseases, including cervical cancer, genital
warts, and other cancers caused by HPV. It's important to note that while these vaccines are highly
effective, they do not provide protection against all HPV types, nor do they treat existing HPV infections
or related diseases. Therefore, routine screening for HPV and cervical cancer remains important, even for
individuals who have been vaccinated.[53]

Efficacy of vaccines

The efficacy of HPV vaccines refers to their ability to prevent HPV infection and associated diseases, such

as cervical cancer, genital warts, and other HPV-related cancers. Here's an elaboration on the efficacy of

HPV vaccines:

Prevention of HPV Infection:

HPV vaccines are highly effective in preventing infection with specific HPV types targeted by the vac-

cines. For example, the quadrivalent HPV vaccine provides protection against HPV types 6, 11, 16, and

18, while the bivalent vaccine targets HPV types 16 and 18.

¢ Clinical trials have demonstrated that HPV vaccines can significantly reduce the risk of acquiring HPV
infections caused by the targeted HPV types. Reduction in HPV-Related Diseases.

e HPV vaccines have been shown to substantially reduce the incidence of HPV-related diseases, includ-
ing cervical precancerous lesions (CIN), cervical cancer, genital warts, and other HPV-associated can-
cers.

e Studies have found that HPV vaccination can significantly decrease the prevalence of high-grade cer-
vical lesions (CIN2/3) and cervical cancer in vaccinated populations.

e In addition to providing protection against the specific HPV types included in the vaccines, some HPV
vaccines have demonstrated cross-protection against closely related HPV types not covered by the
vaccines. This means that vaccinated individuals may also have reduced risks of infection with certain
non-vaccine HPV types.

e Long-term follow-up studies have shown that HPV vaccines provide durable protection against HPV
infection and related diseases. The vaccines have demonstrated sustained efficacy for up to several
years after vaccination.

e While the duration of protection provided by HPV vaccines is still being studied, current evidence
suggests that vaccinated individuals maintain high levels of immunity against HPV for an extended
period.

Overall, HPV vaccines have proven to be highly effective in preventing HPV infection and reducing the

burden of HPV-related diseases. Wide-scale vaccination programs have the potential to significantly

decrease the incidence of cervical cancer and other HPV-associated conditions, leading to improved public
health outcomes.[54]

Dosage and schedule
The vaccine is administered as a 0.5 mL dose via an intramuscular injection, in the deltoid muscle or the
thigh. It comes as a sterile suspension for injection, available in single shot container or already finned
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syringe. Before use, the vaccine must be thoroughly shaken. It’s important to adhere to the manufacturer’s
guidelines for storing and administering the vaccine.[55]

The recommended age for initiating HPV vaccination ranges from 9 to 12 years old, with the option for
catch-up vaccination until the age of 26. Both Gardasil™ and Cervarix™ are typically administered in a
series of three doses. Gardasil™ doses are spaced at 0, 2, and 6 months, while Cervarix™ doses are given
at 0, 1, and 6 months. The intervals between doses should be at least 4 weeks between the first and second
doses, 12 weeks between the second and third doses, and 24 weeks between the first and third doses. HPV
vaccines can be administered concurrently with other vaccines like Hepatitis B and Tdap. Currently,
there's no available evidence supporting the necessity of booster doses [56].

Side effects of vaccines

The HPV vaccine often results in minor side effects mild - moderate pain in 83% of recipients, swelling
with redness in 25%, extra side effect like fever in 4% of those vaccinated. No finding of serious adverse
events related to the vaccine. Currently, the HPV vaccine is not approved for use in females under 9 years
or over 26 years of age, or in males. It’s not recommended for individuals with a known immediate allergic
reaction to component of the vaccine. it's recommended to postpone vaccination. The vaccine can be
administered while the patient is seated or lying down, and it's advised to monitor them for 15 minutes
post-vaccination to watch for signs of fainting [57].

It is not recommended for expectant mothers due to insufficient data, even though there’s no established
connection to negative effects on pregnancy. Any instance of the vaccine being administered during
pregnancy should be reported immediately. Nonetheless, nursing mothers and women with compromised
immune systems are still eligible to receive the vaccine, although the effectiveness and immune response
might be diminished in those with weakened immunity [58]

Future approach for the HPV vaccination programme

Although advancements in the development of the HPV vaccine are encouraging, it might take ten years
or max to the vaccine becomes globally available and economically viable. Hence, regular screening
remains crucial to diagnose and provide measures of treatment who were infected before administration
of vaccines or with whole virus which was not targeted by the vaccine.[59]

There’s a need for additional research to understand various facets of HPV vaccines, such as how long
they provide protection, whether booster doses are necessary, their effect on the occurrence and prevalence
of HPV types targeted by the vaccine, and their safety for pregnant women. Further studies are also
required to evaluate the concern and effects when HPV vaccines are given with other vaccines. It’s
important to determine the effectiveness of these vaccines in women over 26 years old and in men, and to
explore the potential benefits of routine HPV vaccination in men for preventing genital warts and the
emergence of less common HPV types after the prevalent ones are controlled. Moreover, the effect of
HPYV vaccines on cervical cancer detection techniques, safe sexual behaviours, and further socio-economic
audits are crucial areas for future research. The typical target group for vaccination is pre-pubertal girls
aged 9—10 years, which brings up social and cultural considerations. Particularly in India, there’s an urgent
need for epidemiological studies to assess the long-term effectiveness, logistical hurdles, and economic
consequences of implementing universal HPV vaccination programs for eligible females.[60]
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Conclusion

Cervical cancer continues to be a significant health concern in developing countries, with a broad range
of incidence and mortality rates across different regions worldwide. Persistent infection with the sexually
transmitted Human Papillomavirus (HPV) is the primary cause of cervical cancer. Consequently, factors
linked to acquiring HPV infection or having a weakened immune response to HPV infection heighten the
risk of cervical cancer. Elements such as genetics, epigenetics, microbiota, environmental factors, and
hormonal influences play a role in the onset and progression of cervical cancer. With a deeper
understanding of the disease’s pathogenesis, we can establish effective prevention strategies and treatment
options to reduce the impact of cervical cancer.

References

1. Fokom-Defo, V., Dille, 1., & Fokom-Domgue, J. (2024). Single dose HPV vaccine in achieving global
cervical cancer elimination. The Lancet Global Health, 12(3), e360-e361.

2. Burmeister, C. A., Khan, S. F., Schifer, G., Mbatani, N., Adams, T., Moodley, J., & Prince, S. (2022).
Cervical cancer therapies: Current challenges and future perspectives. Tumour Virus Research, 13,
200238.

3. Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, L., Jemal, A., & Bray, F. (2021).
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA: a cancer journal for clinicians, 71(3), 209-249.

4. Cohen, P. A., Jhingran, A., Oaknin, A., & Denny, L. (2019). Cervical cancer. The Lancet, 393(10167),
169-182.

5. Buskwofie, A., David-West, G., & Clare, C. A. (2020). A review of cervical cancer: incidence and
disparities. Journal of the National Medical Association, 112(2), 229-232.

6. Kozlowski, L., Filipowski, T., Rucinska, M., Pepinski, W., Janica, J., Skawronska, M., ... &
Wojtukiewicz, M. Z. (2006). Loss of heterozygosity on chromosomes 2p, 3p, 18q21. 3 and 11p15. 5
as a poor prognostic factor in stage II and III (FIGO) cervical cancer treated by radiotherapy.
Neoplasma, 53(5), 440-443.

7. Cheung, T. H., Lo, K. W. K., Yim, S. F., Poon, C. S., Cheung, A. Y. K., Chung, T. K. H., & Wong,
Y. F. (2005). Clinicopathologic significance of loss of heterozygosity on chromosome 1 in cervical
cancer. Gynecologic oncology, 96(2), 510-515.

8. Yu, M. Y, Tong, J. H., Chan, P. K., Lee, T. L., Chan, M. W., Chan, A. W., ... & To, K. F. (2003).
Hypermethylation of the tumor suppressor gene RASSFIA and frequent concomitant loss of
heterozygosity at 3p21 in cervical cancers. International journal of cancer, 105(2), 204-209.

9. Eltahir, H. A., Elhassan, A. M., & Ibrahim, M. E. (2012). Contribution of retinoblastoma LOH and the
p53 Arg/Pro polymorphism to cervical cancer. Molecular Medicine Reports, 6(3), 473-476

10. Zahra, K., Patel, S., Dey, T., Pandey, U., & Mishra, S. P. (2021). A study of oxidative stress in cervical
cancer-an institutional study. Biochemistry and biophysics reports, 25, 100881.

11. Tan, L. F., Rajagopal, M., & Selvaraja, M. (2023). An Overview on the Pathogenesis of Cervical
Cancer. Current Trends in Biotechnology and Pharmacy, 17(1), 717-734.

12. De Marco, F. (2013). Oxidative stress and HPV carcinogenesis. Viruses, 5(2), 708-731.

13. illiams, V. M., Filippova, M., Filippov, V., Payne, K. J., & Duerksen-Hughes, P. (2014). Human
papillomavirus type 16 E6* induces oxidative stress and DNA damage. Journal of virology, 88(12),
6751-6761.

IUJFMR260169218 Volume 8, Issue 1, January-February 2026 13



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

14. Foppoli, C., De Marco, F., Cini, C., & Perluigi, M. (2015). Redox control of viral carcinogenesis: The
human papillomavirus paradigm. Biochimica et Biophysica Acta (BBA)-General Subjects, 1850(8),
1622-1632.

15. Ma, J. Q., Tuersun, H., Jiao, S. J., Zheng, J. H., Xiao, J. B., & Hasim, A. (2015). Functional role of
NRF2 in cervical carcinogenesis. PloS one, 10(8), e0133876.

16. Kontostathi, G., Zoidakis, J., Makridakis, M., Lygirou, V., Mermelekas, G., Papadopoulos, T., ... &
Pappa, K. I. (2017). Cervical cancer cell line secretome highlights the roles of transforming growth
factor-beta-induced protein ig-h3, peroxiredoxin-2, and NRF2 on cervical carcinogenesis. BioMed
research international, 2017.

17. Brake, T., & Lambert, P. F. (2005). Estrogen contributes to the onset, persistence, and malignant
progression of cervical cancer in a human papillomavirus-transgenic mouse model. Proceedings of the
National Academy of Sciences, 102(7), 2490-2495.

18. Li, X., Hu, S. Y., He, Y., Hernandez Donoso, L., Qu, K. Q., Van Kriekinge, G., & Zhao, F. H. (2018).
Systematic literature review of risk factors for cervical cancer in the Chinese population. Women's
Health, 14, 1745506518816599.

19. Asthana, S., Busa, V., & Labani, S. (2020). Oral contraceptives use and risk of cervical cancer—A
systematic review & meta-analysis. European Journal of Obstetrics & Gynecology and Reproductive
Biology, 247, 163-175.

20. Baik, S., Mehta, F. F., & Chung, S. H. (2019). Medroxyprogesterone acetate prevention of cervical
cancer through progesterone receptor in a human papillomavirus transgenic mouse model. The
American Journal of Pathology, 189(12), 2459-2468

21. Chung, S. H., Franceschi, S., & Lambert, P. F. (2010). Estrogen and ERa:: Culprits in cervical cancer?.
Trends in Endocrinology & Metabolism, 21(8), 504-511.

22. Davis, S. R., & Wahlin-Jacobsen, S. (2015). Testosterone in women—the clinical significance. The
lancet Diabetes & endocrinology, 3(12), 980-992.

23. Rinaldi, S., Plummer, M., Biessy, C., Castellsague, X., Overvad, K., Kriiger Kjer, S., ... & Franceschi,
S. (2011). Endogenous sex steroids and risk of cervical carcinoma: results from the EPIC study.
Cancer epidemiology, biomarkers & prevention, 20(12), 2532-2540.

24. Rinaldi, S., Geay, A., Déchaud, H., Biessy, C., Zeleniuch-Jacquotte, A., Akhmedkhanov, A., ... &
Kaaks, R. (2002). Validity of free testosterone and free estradiol determinations in serum samples from
postmenopausal women by theoretical calculations. Cancer Epidemiology Biomarkers & Prevention,
11(10), 1065-1071.

25. Fargion, S., Dongiovanni, P., Guzzo, A., Colombo, S., Valenti, L., & Fracanzani, A. L. (2005). Iron
and insulin resistance. Alimentary pharmacology & therapeutics, 22, 61-63.

26. Chen, S., Tao, M., Zhao, L., & Zhang, X. (2017). The association between diabetes/hyperglycemia
and the prognosis of cervical cancer patients: A systematic review and meta-analysis. Medicine,
96(40), e7981.

27. Thau, L., Gandy, J., & Sharma, S. Health, Cortisol.

28. Kuebler, U., Fischer, S., Mernone, L., Breymann, C., Abbruzzese, E., & Ehlert, U. (2021). Is stress
related to the presence and persistence of oncogenic human papillomavirus infection in young
women?. BMC cancer, 21, 1-10.

29. Wingo, S. N., Gallardo, T. D., Akbay, E. A., Liang, M. C., Contreras, C. M., Boren, T., ... & Castrillon,
D. H. (2009). Somatic LKB1 mutations promote cervical cancer progression. PloS one, 4(4), e5137.

IUJFMR260169218 Volume 8, Issue 1, January-February 2026 14



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
30. Jiang, W., Xiang, L., Pei, X., He, T., Shen, X., Wu, X., & Yang, H. (2018). Mutational analysis of

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

KRAS and its clinical implications in cervical cancer patients. Journal of gynecologic oncology, 29(1).
Lin, D., Kouzy, R., Abi Jaoude, J., Noticewala, S. S., Delgado Medrano, A. Y., Klopp, A. H,, ... &
Colbert, L. E. (2020). Microbiome factors in HPV-driven carcinogenesis and cancers. PLos pathogens,
16(6), €1008524.

8 International Collaboration of Epidemiological Studies of Cervical Cancer. (2007). Comparison of
risk factors for invasive squamous cell carcinoma and adenocarcinoma of the cervix: collaborative
reanalysis of individual data on 8,097 women with squamous cell carcinoma and 1,374 women with
adenocarcinoma from 12 epidemiological studies. International journal of cancer, 120(4), 885-891
Barchitta, M., Maugeri, A., Quattrocchi, A., Agrifoglio, O., Scalisi, A., & Agodi, A. (2018). The
association of dietary patterns with high-risk human papillomavirus infection and cervical cancer: a
cross-sectional study in Italy. Nutrients, 10(4), 469.

WHO, 1. (2003). World cancer report. Geneva, Lyon.

Wild, C. (2014). World cancer report 2014 (pp. 482-494). C. P. Wild, & B. W. Stewart (Eds.). Geneva,
Switzerland: World Health Organization.

Rerucha, C. M., Caro, R. J., & Wheeler, V. L. (2018). Cervical cancer screening. American family
physician, 97(7), 441-448.

Mustafa, W. A., Ismail, S., Mokhtar, F. S., Alquran, H., & Al-Issa, Y. (2023). Cervical Cancer
Detection Techniques: A Chronological Review. Diagnostics, 13(10), 1763.

Sirovich, B. E., & Welch, H. G. (2004). The frequency of Pap smear screening in the United States.
Journal of general internal medicine, 19, 243-250.

Wu, T., Cheung, T. H., Yim, S. F., & Qu, J. Y. (2010). Clinical study of quantitative diagnosis of early
cervical cancer based on the classification of acetowhitening kinetics. Journal of biomedical optics,
15(2), 026001-026001.

Xu, X., Li, Z., Qiu, X., & Wei, Z. (2016). Diagnosis performance of positron emission tomography-
computed tomography among cervical cancer patients. Journal of X-ray science and technology, 24(4),
531-536.

Burd, E. M., & Dean, C. L. (2016). Human papillomavirus. Diagnostic Microbiology of the
Immunocompromised Host, 177-195.

Ostér, A. G. (1993). Natural history of cervical intraepithelial neoplasia: a critical review.
International journal of gynecological pathology, 12(2), 186.

Senol, T., Polat, M., Ozkaya, E., & Karateke, A. (2016). Comparison of Two Step LEEP and Cold
Conisation For Cervical Intraepithelial Lesions to Decrease Positive Surgical Margins. Asian Pacific
Journal of Cancer Prevention, 17(7), 3317-3320.

LARSSON, G., Gullberg, B. O., & GRUNDSELL, H. (1983). A comparison of complications of laser
and cold knife conization. Obstetrics & Gynecology, 62(2), 213-217.

Smith, E. S., Moon, A. S., O'Hanlon, R., Leitao Jr, M. M., Sonoda, Y., Abu-Rustum, N. R., & Mueller,
J. J. (2020). Radical trachelectomy for the treatment of early-stage cervical cancer: a systematic
review. Obstetrics & Gynecology, 136(3), 533-542.

Cibula, D., Abu-Rustum, N. R., Benedetti-Panici, P., Kohler, C., Raspagliesi, F., Querleu, D., &
Morrow, C. P. (2011). New classification system of radical hysterectomy: emphasis on a three-
dimensional anatomic template for parametrial resection. Gynecologic oncology, 122(2), 264-268.

IUJFMR260169218 Volume 8, Issue 1, January-February 2026 15



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
47. Landoni, F., Maneo, A., Colombo, A., Placa, F., Milani, R., Perego, P., ... & Mangioni, C. (1997).

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Randomised study of radical surgery versus radiotherapy for stage Ib-11a cervical cancer. The Lancet,
350(9077), 535-540.

van Kol, K., Ebisch, R., Piek, J., Beugeling, M., Vergeldt, T., & Bekkers, R. (2021). Adjuvant
Hysterectomy for Cervical Cancer Patients Treated with Chemoradiation Therapy: A Systematic
Review on the Pathology-Proven Residual Disease Rate. Cancers, 13(24), 6190.

Charde, S. H., & Warbhe, R. A. (2022). Human Papillomavirus Prevention by Vaccination: A Review
Article. Cureus, 14(10).

Markowitz, L. E., & Schiller, J. T. (2021). Human papillomavirus vaccines. The Journal of infectious
diseases, 224(Supplement 4), S367-S378.

Nardelli-Haefliger, D., Wirthner, D., Schiller, J. T., Lowy, D. R., Hildesheim, A., Ponci, F., & De
Grandi, P. (2003). Specific antibody levels at the cervix during the menstrual cycle of women
vaccinated with human papillomavirus 16 virus—like particles. Journal of the National Cancer

Day, P. M., Kines, R. C., Thompson, C. D., Jagu, S., Roden, R. B., Lowy, D. R., & Schiller, J. T.
(2010). In vivo mechanisms of vaccine-induced protection against HPV infection. Cell host &
microbe, 8(3), 260-270.

Indian Academy of Pediatrics Committee on Immunization (IAPCOI. (2008). Consensus
recommendations on immunization, 2008. Indian Pediatrics, 45(8), 635-648.

Villa, L. L., Costa, R. L. R., Petta, C. A., Andrade, R. P., Paavonen, J., Iversen, O. E., ... & Barr, E.
(2006). High sustained efficacy of a prophylactic quadrivalent human papillomavirus types 6/11/16/18
L1 virus-like particle vaccine through 5 years of follow-up. British Journal of Cancer, 95(11), 1459-
1466.

Schiller, J. T., Castellsague¢, X., & Garland, S. M. (2012). A review of clinical trials of human
papillomavirus prophylactic vaccines. Vaccine, 30, F123-F138.

Hariri, S., Dunne, E., Saraiya, M., Unger, E., & Markowitz, L. (2008). Human Papilloma virus (HPV).
Manual for the Surveillance of Vaccine-Preventable diseases. Vaccines and Immunizations. Centers
for Disease Control and Prevention (CDC), Atlanta, GA.

US Food and Drug Administration. (2006). Product approval information—Ilicensing action. US Food
and Drug Administration.

Ferris, D. (2006). Efficacy of a quadrivalent HPV (types 6/11/16/18) L1 virus-like particle (VLP)
vaccine in women with virologic evidence of HPV infection: a combined analysis [Abstract S11-2.].
European Research Organization on Genital Infection and Neoplasia, Paris, France. April.
Chesson, H. W., Dunne, E. F., Lawson, H. W., Markowitz, L. E., Saraiya, M., & Unger, E. R. (2007).
Quadrivalent human papillomavirus vaccine; recommendations of the Advisory Committee on
Immunization Practices (ACIP).

Kulasingam, S. L., & Myers, E. R. (2003). Potential health and economic impact of adding a human
papillomavirus vaccine to screening programs. Jama, 290(6), 781-789.

IUJFMR260169218 Volume 8, Issue 1, January-February 2026 16



http://www.ijfmr.com/

