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1. Introduction 

The human papillomavirus (HPV), a member of 

the Papillomaviridiae family, weaves a complex 

tale as a DNA virus often caught in the web of 

sexually transmitted infections. To date, research-

ers have uncovered over 40 HPV distinct sub-

types with the potential to infect both males and 

females in the intimate realms of the body. Each 

subtype tells its own story, affecting various are-

as, yet a mere 15 have been linked specifically to 

the rise of cervical cancer. Notably, the notorious 

HPV 16 genotype is responsible for a staggering 

70% of these cases, marking it as a key player in 

this serious narrative (1)  

Abstract 
 

Cervical cancer ranks as the fourth most common malignant disease among 

women worldwide and is one of the leading causes of death among women of 

reproductive age in developing countries. Human Papillomavirus (HPV), the 

most common sexually transmitted infection, is associated with 95% of cervi-

cal cancer cases. While HPV infection is typically self-limiting, it can cause pre

-malignant oral-anal lesions in both men and women that may progress to ma-

lignancy. HPV vaccination has emerged as a crucial preventive measure 

against HPV infection and its associated complications, including oral, anal, 

and cervical cancers, as well as genital warts. Studies have demonstrated that 

HPV vaccines exhibit high efficacy and immunogenicity, producing acceptable 

immune responses. The Gardasil vaccine has shown remarkable effectiveness, 

providing up to 90% protection against cervical cancer. Moreover, the newer 

nine-valent vaccine demonstrates even greater efficacy, offering up to 97% 

protection against high-grade malignant cervical and vulvar cancers. Enhanced 

public awareness about HPV's prevalence, transmission routes, pathogenesis, 

and treatment options, coupled with widespread vaccination programs, is cru-

cial for improved disease control. These efforts collectively contribute to man-

aging the virus's consequences and potentially eradicating cervical cancer in the 

coming decades. This study aims to investigate the vital role of vaccination in 

preventing both HPV infection and cervical cancer, ultimately working toward 

reducing the global burden of this significant public health concern. 
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genotype is responsible for a staggering 70% of 

these cases, marking it as a key player in this seri-

ous narrative (1).  While the links between lifestyle 

factors—such as the indulgence in alcohol, the 

habit of smoking, and ongoing exposure to the 

sun’s rays and other forms of radiation—are well-

documented in the cancer conversation, many re-

main unaware of the considerable impact of infec-

tious diseases on the global cancer burden (2). Epi-

demiological investigations reveal that elements 

like education, income levels, and a host of sexual 

and reproductive factors, alongside specific health 

behaviours and lifestyle choices, all contribute to 

the unfolding saga of cervical cancer. In this intri-

cate tale of prevention and awareness, knowledge 

is our strongest ally (3). HPV 16 is classified as a 

high-risk type of HPV and serves as a significant 

contributor to the development of invasive cervical 

cancer. Preventing persistent HPV infection could 

lead to a notable reduction in cervical cancer cases. 

Key strategies include promoting health care, edu-

cating patients, and providing counseling on safe 

sexual practices, such as delaying first intercourse, 

encouraging male circumcision, and ensuring early 

diagnosis and treatment of any vaginal infections 

(4). Cervical cancer is most commonly diagnosed 

in women aged 50 to 55 years old, with the highest 

mortality rates observed in those aged 75 and old-

er. This pattern indicates a gradual progression of 

the disease after an earlier infection (5). Addition-

ally, low socioeconomic status significantly in-

creases the risk of developing cervical cancer. This 

is evident, as approximately 85% of cases occur in 

underdeveloped countries (4). Notably, India, 

where 16-17% of the world’s female population 

resides, accounts for a staggering 27% of global 

cervical cancer cases (6).   

Understanding the link between HPV and cervical 

cancer opens the door to effective prevention strat-

egies, such as vaccination and regular screening. 

Research overwhelmingly shows that HPV vac-

cination during early adolescence significantly re-

duces the risk of vaccine-type HPV infections, pre-

cancerous conditions, and cervical cancer later in 

life. If the current vaccines confer lifelong immuni-

ty, we could see cervical cancer rates drop by an 

impressive 85% among those vaccinated before 

they encounter oncogenic HPV (7). Furthermore, 

studies reveal that HPV vaccination not only pro-

tects individuals but also lowers the prevalence of 

HPV infections and associated diseases throughout 

the progression towards cancer. When adminis-

tered prior to an individual’s first sexual encounter, 

the vaccine can decrease the likelihood of virus 

infections by over 90%. Additionally, unvaccinated 

individuals also start experiencing some protection 

through herd immunity once vaccination rates sur-

pass the 50% mark (8-10). As vaccination pro-

grams were rolled out, studies showed a significant 

decrease in genital warts among vaccinated groups. 

Additionally, there was strong evidence suggesting 

that high vaccination rates in females offered pro-

tection to unvaccinated males (11). Another key 

finding is the reduction in cervical precancer rates 

within vaccinated populations (12-14), with notice-

able differences when comparing vaccinated indi-

viduals to those who were not vaccinated (15, 16). 

Perhaps the most crucial point is the decline in can-

cers related to HPV. This decline was first noted in 

long-term follow-ups of participants from the ini-

tial vaccine trials, beginning around seven years 

post-vaccination (17). More recently, invasive can-

cer rates among 15- to 24-year-olds in the United 

States have dropped significantly since the intro-

duction of the vaccine (18). 

2. Role of the HPV Genes on the Viral Replica-

tion and Cervical Carcinogenesis 

Human papillomavirus (HPV) is one of the main 

causes of cervical cancer, mostly caused by its 

ability to reproduce and induce genetic changes in 

epithelial cells. HPV genes, especially E6 and E7 

genes, play a key role in viral replication processes 

and carcinogenesis (19, 20). By binding to the p53 

protein and breaking it down, the E6 gene prevents 

the cell cycle from stopping if there is DNA dam-

age. Similarly, the E7 gene increases the prolifera-

tion of infected cells by banding to Rb proteins and 

activating the cell cycle (21). These two genes al-

low HPV-infected cells to divide uncontrolled, and 

eventually genetic mutations lead to cell changes 

that can lead to cancer. In addition, L1 and L2 

genes also play a role in making viral coverage and 

spreading the virus from infected cells. Recent re-

search has shown that high-risk HPVs (such as 

HPV 16 and 18) are more likely to lead to cervical 

cancers than low-risk types. Studies have also 

shown that chronic HPV infection, especially in 

people with weakened immune systems, can in-

crease the risk of cancer. Understanding the exact 

role of HPV genes in viral replication and carcino-

genesis can help develop targeted therapies (22). 
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3. Immune Response and Immune Evasion  

In cervical cancer, the immune system is usually 

unable to identify and destroy cancer cells, as tu-

mors have various mechanisms to escape the im-

mune response. One of the most important of these 

mechanisms is the use of the human papilloma-

virus (HPV) in interference with the immune re-

sponse (23). By producing proteins such as E6 and 

E7, HPV can disrupt the function of immunosup-

pressive proteins such as p53 and Rb and prevent 

the removal of cancer cells by natural killer cells 

(NK cells) and T cells (24). Also, in cervical can-

cer, tumors can prevent the immune system from 

identifying T cells by changes in the level of MHC 

class I molecules (25, 26). In addition, changes in 

the tumor microenvironment, such as the presence 

of inflammatory factors and immunosuppressive 

cells, contribute to the creation of a suppressed im-

mune environment that allows the tumor to grow. 

These processes prevent the body from identifying 

and destroying the tumor by the immune response, 

and therefore immune therapies such as immuno-

therapy can be used as an approach to dealing with 

cervical cancer (27). 

4. Epidemiology of HPV and Cervical Cancer  

Epidemiology of human papillomavirus (HPV) and 

cervical cancer shows that HPV is the main cause 

of this type of cancer. More than 200 types of HPV 

are known, some of which, such as HPV 16 and 

18, are specifically associated with cervical can-

cers. Chronic infections with these viruses, espe-

cially in women with weakened immune systems 

or people with high-risk sexual behavior, increase 

the risk of cervical cancer (28). The prevalence of 

HPV infection in different societies varies depend-

ing on socioeconomic factors, so that in developing 

countries, this type of cancer is more common due 

to limited access to health services (29). On the 

other hand, despite preventive vaccines such as 

Gardasil, which are effective against high-risk 

types of HPV, new cases of cervical cancer have 

decreased in developed communities. However, 

reducing the incidence of cancer requires contin-

ued preventive measures and regular screenings 

(30-32).  

5. Human Papillomavirus (HPV) and Cervical 

Cancer 

Human papillomavirus (HPV) is one of the main 

causes of cervical cancer. More than 200 types of 

HPV are known, some of which are closely associ-

ated with cervical cancer, especially types 16 and 

18. These viruses are typically transmitted through 

sexual contact, and in many cases, the infections 

caused by them disappear spontaneously (33). But 

in some people, chronic infections with high-risk 

types of HPV can lead to cell changes and genetic 

mutations that eventually lead to cervical cancer. 

Research has shown that HPV vaccines can effec-

tively prevent high-risk types of viruses, and a sig-

nificant decrease in the incidence of cervical can-

cer has been observed in developed countries fol-

lowing the use of these vaccines. However, regular 

screening and early detection continue to be essen-

tial for the Prevention of this cancer in various 

communities (31, 34, 35).  

6. Pathophysiology and mechanism of HPV in-

fection  

Human papillomavirus (HPV) is a two-stranded 

DNA virus that is transmitted especially through 

sexual contact. The virus has several types, divided 

into two categories: "low-risk" and "high-risk". 

High-risk HPV types include 16, 18, 31, and 45 

types, especially associated with cervical, anal, and 

some other cancers (36). In the infection mecha-

nism, HPV enters the epithelial cells of the skin 

and mucosa of the body, disrupting some cellular 

regulation processes with the help of proteins E6 

and E7. E6 protein causes the destruction of p53 

protein, which leads to the Prevention of normal 

cell death and increased cell proliferation (37).  

Also, the E7 protein inhibits the proteins of the ret-

inoblastoma family (Rb), which causes the cell cy-

cle to continue uncontrollably (38). The Natural 

History of infection with HPV typically involves 

several stages. Initially, the virus enters the surface 

of the epithelium and may in many cases be de-

stroyed by the immune system. In some people, 

infection persists chronically and can lead to pre-

cancerous cell changes, such as cell lesions with 

changes in DNA and cell function (39). These 

changes can gradually lead to cervical cancer. Usu-

ally, this process takes several years, and during 

this time, the HPV genome may cause mutational 

changes in host cells that eventually lead to cancer 

(36-39). 
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In the field of carcinogenicity, high-risk viruses 

such as HPV 16 and 18 play a major role. These 

viruses are able to stimulate carcinogenic processes 

due to their ability to alter cellular signaling path-

ways and prevent cell cycle stops. In later stages, 

cells with HPV may develop chromosomal abnor-

malities that contribute to the development of can-

cer (40). In general, understanding the exact mech-

anisms of HPV infection and its progress towards 

cancer can help develop new ways to prevent and 

treat cervical cancer (36-40).  

7.Impact on Cervical Cancer Prevention 

Studies show that the vaccine can have a signifi-

cant effect on reducing the burden of cervical can-

cer. Human papillomavirus (HPV) is the leading 

cause of cervical cancer, which is considered one 

of the most common cancers in many countries. 

Vaccination against HPV can significantly reduce 

the risk of cancer by preventing chronic infections 

caused by the virus (41). According to other re-

search, HPV vaccination can prevent up to 70 per-

cent of cervical cancer cases. The vaccine, which is 

most commonly administered in adolescence, pro-

duces protective antibodies against various types of 

HPV, especially types 16 and 18, which are the 

main causes of cancer in women. In addition, ex-

tensive vaccination programs, such as those imple-

mented in Scandinavia and Australia, have shown 

significant success in reducing the incidence of this 

cancer (34). Recent studies have also shown that 

HPV vaccination effectively reduces the risk of pre

-cancerous lesions in the cervix. This reduces the 

need for invasive treatments and the cost of cancer-

related treatment (42). Therefore, investing in this 

vaccine not only benefits public health, but can 

also help reduce the economic burden caused by 

the disease (43).  

8. HPV Vaccination 

8.1 Molecular Aspects of FDA Approved Vac-

cines 

Vaccination stands out as one of the most effective 

methods globally for reducing the incidence of 

cancers and infections related to HPV. However, 

the persistent high rates of diseases stemming from 

HPV infections remain a significant challenge, 

with cervical cancer being the fourth most preva-

lent cancer among women across the world (1). 

Many countries have launched vaccine campaigns 

as a viable approach to curbing HPV-related dis-

eases. Despite these efforts, the desired reduction 

in incidence has not been fully realized. The rea-

sons behind this are more intricate than they may 

initially seem. In particular, the context in Latin 

American countries presents its own set of chal-

lenges, influenced by various factors. Before ex-

amining the current landscape in Latin America 

and the hurdles faced in reaching vaccination 

goals, it’s essential to first outline the key prophy-

lactic vaccines that are commonly administered 

today (1). Cervarix® (GSK), Gardasil® (Merck), 

and Gardasil 9® (Merck) are preventive vaccines 

targeting specific serotypes of HPV. These vac-

cines utilize virus-like particles (VLP), which 

mimic the outer structure of HPV without any in-

fectious material inside, ensuring a safer vaccina-

tion process (44). The VLPs are composed of L1 

viral proteins created through recombinant technol-

ogy, and they play a key role in triggering immune 

responses. This enables the body to produce anti-

bodies that can protect against future infections (45

-47). Cervarix® (GSK), which received FDA ap-

proval in 2009, is a bivalent vaccine designed to 

combat HPV types 16 and 18, responsible for 

about 70% of cervical cancers (CC) (48). Studies 

have shown that Cervarix can provide up to 10 

years of protection by maintaining levels of anti-

bodies against HPV 16 and 18 (49, 50). Addition-

ally, women who have been vaccinated exhibit sig-

nificantly lower HPV prevalence after four years, 

underscoring the vaccine's potential in preventing 

HPV-related oropharyngeal cancers (51). Gar-

dasil® (Merck) is a quadrivalent vaccine designed 

to protect against infections caused by HPV types 

6, 11, 16, and 18. These types are responsible for 

most cases of skin lesions and cervical cancers 

(52). Moreover, this vaccine has also shown effec-

tiveness in decreasing HPV infections in the oral 

cavity, as well as in the penis, vulva, and anus (53-

55). In addition to the quadrivalent vaccine, there's 

another option available, Gardasil 9® from Merck. 

This vaccine targets nine HPV serotypes HPV-6, 

11, 16, 18, 31, 33, 45, 53, and 58 offering protec-

tion against about 90% of cervical cancers (56).  
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While prophylactic vaccines are the most widely 

known for preventing HPV infections, it's im-

portant to note that there are also therapeutic vac-

cines. These are specifically designed to help treat 

individuals who are already infected and showing 

symptoms related to the virus. 

8.1.1 Peptide- and Protein-Based Vaccines 

Vaccines that utilize peptides and proteins leverage 

fragments of human papillomavirus (HPV) pro-

teins to encourage an immune response. Some of 

these proteins and peptides have been found to 

have lower levels of antigenicity, leading to en-

hanced effects when combined with adjuvants (57, 

58). Delivering a peptide vaccine directly to a spe-

cific site enables a localized effect, helping to in-

hibit tumor cells that have been activated by either 

specific or non-specific antigen-presenting cells 

(APC) (57). Clinical observations show that these 

vaccines can provoke immunogenic responses in 

cervical cancer (CC) patients, generating targeted 

immune reactions against HPV. Numerous clinical 

studies underscore their beneficial outcomes, par-

ticularly in promoting the regression of precancer-

ous lesions and combating HPV-related cancers 

(59-62).  

8.1.2 Live Vector Vaccines 

bacterial and viral live vectors have the unique 

ability to produce numerous copies of specific anti-

genic genes or proteins within a host, with the out-

put largely determined by the size of the molecule 

delivered (57). Vaccines that utilize live vectors, 

like Listeria monocytogenes and Lactococcus lac-

tis, act as adjuvants, enhancing the efficacy of 

HPV vaccines. These vectors stimulate an immune 

response by aiding in antigen processing within 

macrophages. A notable clinical trial demonstrated 

the effectiveness of a Listeria monocytogenes-

based vaccine for patients with cervical cancer, 

showing positive results in 40% of participants (63, 

64).  

8.1.3. Nucleic Acid-Based Vaccines 

On a different note, nucleic acid-based vaccines, includ-

ing both DNA and RNA types, aim to trigger a focused 

immune response against HPV. These vaccines have 

shown promising immunogenic effects in patients 

with precancerous lesions, fostering both cellular 

and humoral immunity (65). Among them, the 

DNA vaccine pNGVL4aCRT-E7 has been evaluat-

ed in various clinical trials targeting women with 

Cervical Intraepithelial Neoplasia (CIN) 2–3. This 

plasmid DNA vaccine, associated with calreticulin, 

produced an immune response in 69% of partici-

pants, leading to a reduction in the severity of the 

affected tissues following treatment (66).  

8.1.4. Whole Cell-Based Vaccines 

Cell-based therapeutic vaccines hold promise for 

reversing HPV-related diseases. These innovative 

vaccines function by isolating and targeting specif-

ic cells, such as T lymphocytes or dendritic cells 

(DCs), sourced from infected tissues or relevant 

pathological samples (67). Tissues obtained 

through biopsy from tumors and associated vascu-

lar systems are nurtured in laboratory environ-

ments, where they are engineered to generate im-

munomodulatory cytokines. Following this modifi-

cation, these cells are reintroduced into the pa-

tient’s body, with the goal of prompting the regres-

sion of the infection (68-70). In general, these di-

verse HPV vaccination approaches have demon-

strated immunogenic effects and the capacity to 

elicit targeted responses against the virus in indi-

viduals with precancerous lesions and cervical can-

cer (CC). Nonetheless, additional clinical research 

is essential to assess the long-term efficacy and 

safety of these vaccines. 

9. Future Perspectives 

 There is significant focus on the potential for cross

-protection against other HPV types and on extend-

ing vaccination efforts to older populations (71). 

Additionally, the development of next-generation 

vaccines, particularly therapeutic options for those 

already infected, holds great promise for improv-

ing preventive measures. Staying updated on these 

advancements is crucial to leading the charge 

against cervical cancer and ensuring new findings 

are incorporated into effective public health strate-

gies (72). Innovative technologies are playing a 

key role in the future of HPV prevention.  
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detection of HPV and related health issues are be-

ing developed, allowing for more focused and per-

sonalized approaches. Moreover, advances in tele-

medicine and digital health are improving vaccine 

delivery systems, including remote monitoring and 

follow-ups, making the process more efficient and 

effective (73). Incorporating artificial intelligence 

(AI) and machine learning into cervical cancer 

screening and vaccination initiatives can signifi-

cantly improve accuracy, optimize procedures, and 

more precisely pinpoint high-risk groups. Staying 

updated on these technological advancements is 

essential for enhancing their effectiveness in cervi-

cal cancer prevention and promoting women's 

health (74). The global community is increasingly 

coming together to tackle cervical cancer head-on. 

With international organizations, governments, and 

NGOs uniting their efforts, significant strides are 

being made towards eliminating this disease. Key 

initiatives include the launch of vaccination pro-

grams, enhancements to screening facilities, and 

the creation of international collaborations aimed 

at bridging gaps in access to preventive care (75). 

The WHO's recent global call to action emphasizes 

the shared dedication to eradicating cervical cancer 

as a public health issue by the century's end. It is 

vital that we continue to monitor and support these 

global initiatives to ensure resources are mobilized 

efficiently, policies are aligned, and progress re-

mains steady in the fight against cervical cancer 

(76).  

10. Conclusions 

 Over the years, significant research has highlight-

ed the link between HPV and cervical cancer, lead-

ing to the development of effective prevention 

strategies. Now, we have the tools to nearly elimi-

nate cases of this disease. Cervical cancer preven-

tion is evolving beyond the previous one-size-fits-

all approach of annual exams for all adult women. 

Instead, primary prevention starts in adolescence 

with universal HPV vaccination, which helps pre-

vent future infections. Since many adults have like-

ly been exposed to high-risk HPV types, secondary 

prevention through regular screenings becomes 

essential for this group. By integrating HPV testing 

into screening processes, healthcare providers can 

better allocate resources to those at higher risk, 

thereby minimizing unnecessary procedures for 

those at lower risk. This strategy is both efficient 

and effective, but it does require a commitment of 

time and resources to establish strong population 

management systems that can effectively track and 

remind patients about necessary screenings and 

interventions. It’s also important to note that cervi-

cal cancer often affects individuals who have not 

been screened adequately. Therefore, it is vital that 

all adolescents receive their HPV vaccinations and 

that adults with a cervix undergo regular screen-

ings and follow-up care. These actions are crucial 

steps toward reducing cervical cancer rates. 
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