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high-risk human papillomavirus (HPV), primarily types 16 and 18, is the leading cause of cervical cancer. 

Screening techniques such as Pap smears, HPV DNA testing, and visual inspection with acetic acid (VIA) are 

crucial for early detection. Treatment varies by stage, ranging from surgical interventions for early disease to 

chemoradiation and immunotherapy for advanced cases. Prevention through HPV vaccination has shown 

significant success, but global disparities in vaccine access and healthcare infrastructure remain significant 

barriers. Research advances, including immunotherapy, targeted therapies, and AI-driven diagnostic tools, 

provide hope for improved outcomes. Collaborative global efforts are critical to achieving the World Health 

Organization's goal of eliminating cervical cancer as a public health issue by 2030. 

Key words: Cervical cancer, Human papillomavirus (HPV), HPV vaccination, Pap smear, Visual inspection 

with acetic acid (VIA), Screening, Low- and middle-income countries (LMICs), Chemoradiation, 

Immunotherapy, Targeted therapy, Artificial intelligence in diagnostics, Global health, HPV DNA testing.  

 

INTRODUCTION. 

Cervical cancer is a leading cause of cancer-

related deaths among women globally, particularly 

in low- and middle-income countries (LMICs), 

where the disease is responsible for approximately 

90% of cases. This public health challenge persists 

despite being largely preventable through effective 

screening and human papillomavirus (HPV) 

vaccination programs. With advancements in 

diagnostics, treatment modalities, and prevention 

strategies, the landscape of cervical cancer 

management is continuously evolving. 

The etiopathogenesis of cervical cancer 

centers on persistent infection with high-risk HPV 

types, notably HPV-16 and HPV-18, which account 

for approximately 70% of cases. HPV is transmitted 

through sexual contact, and the majority of 

infections are transient, resolving spontaneously 

within one to two years. However, in a subset of 

women, persistent infection triggers cellular 

transformation. The viral oncoproteins E6 and E7 

disrupt key tumor suppressor pathways by 

inactivating the p53 and retinoblastoma (Rb) 

proteins, respectively. This leads to unchecked 

cellular proliferation, genomic instability, and the 

accumulation of mutations, culminating in the 

progression from cervical intraepithelial neoplasia 

(CIN) to invasive cancer. 

Globally, the disease affects over 600,000 

women annually and results in more than 340,000 

deaths. The incidence is highest in regions with 

limited access to healthcare, such as sub-Saharan 

Africa, Southeast Asia, and Latin America. 

Socioeconomic factors, lack of awareness, and 

inadequate healthcare infrastructure contribute to 

delayed diagnoses and higher mortality rates in 
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these regions. In contrast, high-income countries 

have seen dramatic declines in cervical cancer 

incidence and mortality due to widespread 

implementation of organized screening programs 

and HPV vaccination. 

Cervical cancer is classified into two major 

histological types: squamous cell carcinoma, 

accounting for approximately 70% of cases, and 

adenocarcinoma, which constitutes about 25%. 

Squamous cell carcinoma arises from the 

transformation zone of the cervix, while 

adenocarcinoma originates from the glandular cells 

lining the cervical canal. Both types follow similar 

pathogenetic mechanisms but differ in their 

biological behavior and responsiveness to 

treatment. 

The clinical presentation of cervical cancer 

varies with disease stage. Early-stage disease is 

often asymptomatic, underscoring the importance 

of regular screening. Advanced disease may present 

with symptoms such as abnormal vaginal bleeding 

(post-coital, intermenstrual, or postmenopausal), 

foul-smelling vaginal discharge, pelvic pain, and 

urinary or rectal symptoms due to local invasion. 

Screening is the cornerstone of cervical cancer 

prevention. Cytology-based screening, using the 

Papanicolaou (Pap) smear, has been a gold standard 

for decades. This method detects precancerous 

changes, enabling early intervention. HPV DNA 

testing has emerged as a superior screening tool, 

offering higher sensitivity for detecting high-risk 

HPV types. In resource-limited settings, visual 

inspection with acetic acid (VIA) is a feasible 

alternative, though it has lower specificity. 

Advances in artificial intelligence (AI)-assisted 

cytology are enhancing the accuracy and scalability 

of screening programs globally. 

Treatment of cervical cancer depends on the stage 

at diagnosis. For early-stage disease, surgical 

options such as conization, simple hysterectomy, or 

radical hysterectomy are preferred. Fertility-

preserving procedures like radical trachelectomy 

are viable for women with early-stage cancer who 

wish to retain reproductive potential. For locally 

advanced disease, concurrent chemoradiation 

therapy, combining cisplatin-based chemotherapy 

with external beam radiotherapy and 

brachytherapy, remains the standard of care. 

In advanced or metastatic cases, systemic therapies 

are the mainstay. Targeted therapies, such as 

bevacizumab, an anti-angiogenic agent, have 

improved survival in patients with recurrent or 

metastatic cervical cancer. Immunotherapy, 

particularly immune checkpoint inhibitors like 

pembrolizumab, has shown promising results in 

tumors expressing programmed death-ligand 1 

(PD-L1). Additionally, ongoing research into 

therapeutic HPV vaccines aims to enhance immune 

responses against HPV-infected cells, providing a 

novel approach for managing advanced disease. 

HPV vaccination represents a monumental 

advancement in cervical cancer prevention. 

Prophylactic vaccines, including Gardasil, 

Cervarix, and Gardasil-9, protect against high-risk 

HPV types and have demonstrated efficacy in 

reducing the incidence of cervical pre-cancers and 

cancers. The World Health Organization (WHO) 

recommends vaccinating girls aged 9–14 years 

before exposure to HPV, with increasing efforts to 

include boys in vaccination programs to reduce 

viral transmission. However, disparities in vaccine 

access remain a significant challenge in LMICs, 

where the disease burden is highest. 

Despite progress, significant barriers hinder 

the global elimination of cervical cancer. Cultural 

stigma, vaccine hesitancy, limited healthcare 

infrastructure, and economic constraints impede the 

implementation of effective prevention and 

treatment strategies. Integrating cervical cancer 

screening and vaccination into broader healthcare 

initiatives, such as maternal and child health 
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programs, is a potential solution for expanding 

access in resource-limited settings. 

Future directions in cervical cancer research 

include the development of next-generation HPV 

vaccines with broader coverage, novel biomarkers 

for early detection, and liquid biopsy technologies 

for non-invasive monitoring of disease progression. 

AI-driven innovations in cytological analysis are 

expected to revolutionize screening programs, 

particularly in low-resource settings. Additionally, 

exploring combinations of immunotherapy and 

targeted therapies holds promise for improving 

outcomes in advanced and recurrent disease. 

In conclusion, cervical cancer remains a 

preventable yet prevalent health burden that 

disproportionately affects women in low- and 

middle-income countries. Persistent infection with 

high-risk HPV types, particularly HPV-16 and 

HPV-18, is the leading cause of the disease, with 

decades-long progression from initial infection to 

invasive cancer. While significant strides have been 

made in reducing the incidence and mortality of 

cervical cancer through HPV vaccination and 

organized screening programs, the benefits of these 

interventions are unevenly distributed globally. 

Innovative approaches in screening, including HPV 

DNA testing, visual inspection with acetic acid 

(VIA), and AI-enhanced cytology, have improved 

early detection rates. Advances in treatment, such 

as fertility-preserving surgeries, chemoradiation, 

and emerging therapies like immune checkpoint 

inhibitors and targeted agents, provide new hope for 

improved survival, particularly in advanced stages 

of the disease. However, access to these therapies 

remains a significant challenge in resource-

constrained settings. 

Preventive measures, particularly 

widespread HPV vaccination, are pivotal in 

reducing the burden of cervical cancer. Despite the 

high efficacy of vaccines, challenges such as 

vaccine hesitancy, affordability, and healthcare 

infrastructure limitations hinder widespread 

adoption in many regions. Ongoing global efforts 

aim to address these barriers, with the World Health 

Organization’s 2030 strategy targeting 90% 

vaccination coverage, 70% screening rates, and 

90% access to treatment as milestones toward 

cervical cancer elimination. 

Future research holds promise for more 

effective and equitable management of cervical 

cancer, including therapeutic vaccines, minimally 

invasive diagnostic tools, and personalized 

medicine approaches. Addressing systemic 

inequities in healthcare delivery, improving public 

awareness, and fostering global collaboration will 

be critical in overcoming existing barriers and 

achieving sustainable progress. The battle against 

cervical cancer underscores the importance of 

integrating prevention, innovation, and policy to 

ensure health equity and improve outcomes for 

women worldwide. 
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