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ABSTRACT 

The relevance of the cervical cancer problem is evidenced by 

the prevalence of late diagnosis and inefficient screening tools 

in developing countries. The present paper addresses various 

aspects of pathogenetic mechanisms, current limitations of 

diagnostics, and innovative treatment approaches used to treat 

cervical cancer. Particular attention is paid to novel 

developments in immunotherapy, molecule-based treatment 

regimens, and delivery systems. The first reason is related to 

the role played by the human papillomavirus in the 

development of cervical cancer owing to its influence on the 

tumor suppression mechanism. Despite the high efficiency of 

traditional treatment approaches (surgical removal, 

chemotherapy, and radiotherapy), these methods have many 

limitations because of poor tolerance to therapy and the 

emergence of resistance. Newer treatment approaches based on  

immuno-modulation and precise therapy provide promising results. Moreover, certain natural 

components, e.g., fulvic acid, demonstrate positive effects for cancer patients' condition 

improvement. Recent developments related to advanced delivery systems (nanoparticles and 

thermosensitive in situ gel), also play a significant role in improving the quality of cancer 

treatment. 
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1. INTRODUCTION 

Cervical cancer continues to be a major public health concern and one of the main causes of 

cancer-related death for women, especially in developing nations.
[1]

 In areas with limited 

resources, greater incidence and mortality rates are caused by inadequate vaccine access
[2]

, a 

lack of structured examination, and a delay in early treatment, even though these factors can 

be largely prevented.
[3]

 The continuous burden of the disease and the need to enhance 

prevention and treatment approaches worldwide are reflected in global cancer data reports.
[4,5]

 

 

Long-term infection with high-risk human papillomavirus (hrHPV), mainly HPV-16 and 

HPV-18, is the main reason for cervical carcinogenesis.
[6,7]

 While the majority of infections 

are short-term and cleared by the body’s immune system, poor immune response can result in 

long-term presence of the virus and insertion into the host genome.
[8,9]

 The virus-derived 

proteins involved in cancer are E5, E6, and E7 disrupt key systems that control cell activity. 

E6 promotes breakdown of the tumor suppressor protein p53, whereas E7 blocks the activity 

of retinoblastoma protein (pRB), leading to genetic instability, excessive cell growth, and 

reduced apoptotic activity.
[10,11]

 Additionally, strategies to evade immune response, irregular 

cell signaling pathways, and changes in long non-coding RNA activity collectively contribute 

to HPV-related tumor progression.
[12-14]

 The process of cervical carcinogenesis due to hrHPV 

infection is shown on Figure 1. 

 

 

Figure 1: Cervical carcinogenesis due to infection with high-risk human papillomavirus 

(HPV), depicting the steps starting from HPV infection to cancerous change in cervical 

epithelial cells. 
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Cofactors such as prolonged use of hormonal contraceptives, sexual activity patterns, and 

irregular use of barrier protection influence spread of the virus and worsening of lesions.
[15-17]

 

Alterations in the cervicovaginal microbial community may also modulate local immune 

response and promote persistent inflammation, allowing the virus to persist and affecting 

therapeutic outcomes.
[18]

 The care of severe disease is still difficult in clinical practice, 

despite the fact that vaccination and better diagnostic techniques have greatly increased 

preventative measures.
[19]

 For example, there are reports of therapy being linked to relapse 

and toxicity as a result of the type of treatment and poor accessibility.
[20]

 Even though new 

therapies such as the immune checkpoint inhibitors are effective, their cost and accessibility 

are major constraints.
[21]

 Hence, it is important to ensure that a treatment method is realistic 

as well as effective.
[22]

 

 

2. Epidemiology 

Cervical cancer is one of the most common types of cancer among women worldwide. This 

type of cancer occupies the third place regarding its frequency. About 600,000 new cases of 

cervical cancer are diagnosed each year, which results in 340,000 deaths from the condition, 

meaning that it is one of the leading causes of cancer-related fatalities among women. 

Despite being preventable, this type of cancer remains a significant threat to the well-being of 

women worldwide.
[23] 

 

Cervical cancer is not evenly distributed around the world. Almost 90% of all newly 

diagnosed cases and deaths related to cervical cancer take place in low- and middle-income 

countries.
[24]

 Meanwhile, in high-income nations, due to effective screening and widespread 

vaccination against HPV, both the number of people diagnosed with cervical cancer and the 

number of related deaths have decreased considerably. Yet there are regions where higher 

incidences of cervical cancer have been observed, for example, Sub-Saharan Africa and 

South Asia.
[25]

 

 

3. Clinical Relevance and Risk Factors of Cervical Cancer 

Cervical cancer remains a major contributor to the morbidity and mortality from cancer 

among women worldwide, particularly in developing countries that do not have sufficient 

preventive services.
[26] 

Due to late diagnosis related to lack of screening, poor awareness, and 

poor access to health care, the survival rates for cervical cancer are lower than those for other 

types of cancer.
[27-30]

 Although hrHPV infection is considered the most important risk factor, 

several other risk factors affect the onset of the disease.
[31,32]
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3.1 Modifiable Risk Factors 

Several modifiable factors increase the risk of cervical cancer onset. Sexual activity at a 

young age, sexually promiscuous behavior, and non-adherence to barrier contraception 

increase the risk of persistent HPV infection.
[33,34]

 Other factors include prolonged use of 

hormonal contraceptives, smoking, poor genital hygiene, immunosuppression, and sexually 

transmitted infections.
[35,36]

 Absence of cervical cancer screenings and lack of HPV infection 

vaccinations remain the major modifiable risk factors in the development of cervical 

cancer.
[37] 

 

3.2 Non-modifiable Risk Factors 

Age can be considered one of the important factors that influence the development of cervical 

cancer, since the highest prevalence of the disease occurs in women aged 30-44 years old.
[38]

 

Besides, genetic predisposition to the disease and familial factors might increase the risk. In 

addition, low socio-economic status in women is another factor that contributes to the higher 

prevalence and mortality rates because of poor accessibility to health care and lack of 

screening tests.
[39,40]

 High parity is another risk factor that might contribute to the 

development of the disease.
[41,42]

 

 

4. Pathophysiology 

High-risk human papillomavirus (hrHPV) infection is the primary cause of the biological 

alterations that lead to cervical cancer. The most prevalent strains that cause cancer are HPV-

16 and HPV-18, which infect the cervix's lining cells and incorporate their genetic material 

into the DNA of the host cell. Viral oncoproteins E6 and E7 are produced as a result of this 

integration, and they interfere with significant tumor-suppressor proteins such as p53 and 

retinoblastoma protein (pRb). Uncontrolled cellular proliferation and genomic instability 

emerge from the disruption of normal cell-cycle regulation, which permits aberrant cells to 

proliferate and divide uncontrollably.
[43]

 The molecular pathway of hrHPV-associated 

cervical carcinogenesis is shown in Figure 2. 
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Figure 2: Pathogenesis of HPV-induced cervical carcinogenesis depicting the 

mechanism by which the viral oncogenes E6 and E7 lead to tumour suppressor 

malfunction and genome instability. 

 

HPV infections can cause cervical intraepithelial neoplasia (CIN), which is a precancerous 

condition. It occurs in three forms, namely CIN1, CIN2, and CIN3, depending on the degree 

of epithelial dysplasia. CIN3 is considered the most severe form of precancer because it poses 

the highest chance of developing into cervical cancer in case no treatment measures are 

taken.
[44]

 With further progression, other genetic and molecular modifications take place 

alongside changes in the tumor environment. This occurs mostly through the interaction 

between the viral proteins produced and the host’s cell mechanisms.
[45]

 At the same time, 

HPV has a means of evading the immune system of the host by modifying the immunological 

pathways, enabling the virus to persist within the body.
[46]

 

 

5. Challenges in Diagnosis and Conventional Management of Cervical Cancer 

Early detection of cervical cancer is challenging due to lack of symptoms. Techniques such 

as Pap smear have been effective in reducing incidences in high-resource settings.
[47]

 

However, these techniques require high-quality laboratories with skilled individuals. High-

risk HPV DNA screening has shown more success than cytology in terms of sensitivity; 

however, the high cost of HPV screening limits its use in developing and middle-income 

countries.
[48]

 Alternatives like visual inspection with acetic acid (VIA)
[49]

 and fast HPV test 

could enhance accessibility of cervical screening despite the lower levels of accuracy.
[50]

  

 

Treatment is dependent on the cervical cancer staging. Patients with locally advanced disease 

(FIGO IB3 to IVA) can be cured with cisplatin chemotherapy alongside external beam and 
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brachytherapy radiotherapy.
[51]

 On the other hand, early cervical cancer patients (FIGO IA - 

IB1) can undergo radical hysterectomy and trachelectomy procedures.
[52]

 In addition, LACC 

study showed poor survival rates for patients undergoing minimal surgical procedures rather 

than open surgery.
[53]

 However, toxicity of treatment and recurrence remain critical aspects in 

treating cervical cancer.
[54]

 

 

6. Emerging and Contemporary Therapeutic Strategies for Cervical Cancer 

 

Figure 3: Modern treatment procedures of cervical cancer include Immunotherapy, 

angiogenesis inhibitors therapy, Targeted Therapy, and other new treatment 

procedures. 

 

The progress made recently has allowed the improvement in existing treatment options for 

recurred or metastasized cervical cancers. As stated in the KEYNOTE-826 study, 

immunotherapy involving the inhibition of the PD-1/PD-L1 axis via pembrolizumab resulted 

in better outcomes for survival rates combined with platinum-based chemotherapy and/or 

bevacizumab.
[55]

 Bevacizumab has also been indicated to be significant for the primary 

treatment option.
[56]

 Additionally, due to advances in the field of molecular profiling, 

potential targets in cancer cases were discovered, such as mutation of PI3K signaling 

pathway and status of HER2 receptors, which led to encouraging results in developing 

tyrosine kinase inhibitors and antibody-drug conjugates for treatment.
[57]

 The current 

therapies used to treat cervical cancer are described in Figure 3. 
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Further research is being conducted for the advancement in brachytherapy and neoadjuvant 

treatment options.
[58]

 Access to the new methods for treatment in lower- and middle-income 

countries makes it difficult for the patients in such countries to achieve improved outcomes in 

survival rates.
[59]

 Current research-based personalized medicine includes immuno-oncology 

via targeting immune checkpoints, ADCs, tumor-infiltrating lymphocytes, HPV vaccination, 

and biomarker analysis for recurrence prediction and treatment strategy.
[60-62]

 A comparative 

analysis of currently employed treatment regimens for cervical cancer is presented in Table 1. 

 

Table 1: Comparative analysis of treatment regimens employed for cervical cancer. 

Regimen Type Description Advantages Disadvantages 

Chemoradiotherapy 

Combination therapy 

Administration of both radiation 

and platinum-based agents to 

induce damage to DNA of 

cancerous cells 

Commonly 

employed and 

well-known 

method 

May have adverse 

effects; possible 

development of 

resistance 

Immunotherapy 

Immunotherapy Eliciting an 

immune response by facilitating 

the recognition of cancer cells 

through stimulation of PD-1/PD-

L1 pathway 

Life-long 

remission in 

certain cases 

Pricy and not readily 

accessible 

Antibody–Drug  

Conjugate Therapy 

Conjugate Therapy Targeted 

therapy Delivery of cytotoxic 

drugs via targeted transport to 

cancer cells via antibody-antigen 

binding 

Selective 

mechanism with 

minimal harm to 

healthy cells 

May produce 

adverse reactions 

and not readily 

available 

FA-Gel Loaded 

With Nanoparticles 

Provides localized administration 

and long-lasting effect using 

nanoparticles 

Prevents 

systemic 

circulation and 

improves 

specificity 

Still experimental 

and not frequently 

utilized 

 

Abbreviations: PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; 

ADCs, antibody–drug conjugates; FA, fulvic acid; DNA, deoxyribonucleic acid; NPs, 

nanoparticles. 

 

7. Role of Fulvic Acid in Cancer Therapy 

Low-molecular-weight humic fraction fulvic acid (FA) has immunomodulatory, pro-

apoptotic, chemosensitizing, and antiproliferative properties. It increases xenobiotic-

metabolizing enzymes in vitro,
[63]

 and in certain cancer cell lines, it triggers caspase 

activation, apoptosis, G0/G1 arrest, and ROS signaling.
[64]

 By modifying cytokines and 

boosting mediators generated from macrophages, FA may also modify the tumor 
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microenvironment.
[65]

 However, because the evidence is primarily preclinical, clinical 

translation necessitates deeper mechanistic research and standardized FA formulations.
[66]

 

 

8. Future Perspectives 

Further advancements in cancer therapy are inevitably going to be achieved with the help of 

more efficient drug delivery systems that will help make this process much safer, more 

accurate, and effective. Using such systems, including nanoparticles and ligand-based 

targeting approaches, it will be possible to deliver the necessary amount of medication to a 

tumor without harming healthy cells.
[67]

 Additionally, the application of drug delivery 

systems employing nanoparticles will most likely make medications more efficient by 

increasing their solubility, stability, and sustained release.
[68] 

 

Finally, the development of targeted drug delivery systems, for example, involving antibodies 

and nanocarriers, will allow doctors to create a more personalized approach to the treatment, 

thus providing them with more options when it comes to the therapy of each particular 

patient.
[69]

 Moreover, one can consider combining various drug delivery approaches to help 

overcome the problems associated with drug resistance among patients using a combination 

of chemotherapy and siRNA delivery.
[70]

 

 

9. Advanced Drug Delivery Approaches 

Nanoparticle utilization for drug delivery in cancer treatment has been extensively researched 

because of their ability to improve drug targeting. The various kinds of nanoparticle carriers 

such as liposome, polymer, solid lipid, dendrimer, and inorganic nanoparticles allow drugs to 

accumulate in the tumor tissue in the EPR effect.
[71]

 Moreover, the addition of other materials 

like folic acid, antibody, and peptides to these carriers allows them to target the cancer cells 

specifically. They can deliver different classes of drugs ranging from chemotherapy, nucleic 

acids, and immunomodulators. Despite a variety of well-developed nanoparticle-based 

experiments, their use in medicine remains challenging due to several factors.
[72] 

 

The inclusion of fulvic acid into nanocarrier systems can be applied in order to enhance drug 

delivery processes and increase their mucosal permeability.
[73]

 In combination with 

nanoparticles and thermoreversible in situ gels, it provides sustained drug release and 

maintenance of the drug in its location.
[74]

 There are several important considerations that 

need to be made during the process of formulating a system. These include particle size, rate 

of drug release, mucoadhesiveness, and toxicity.
[75]

 Thermosensitive gel that changes its state 
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upon reaching the temperature of tissue in the body is particularly useful for targeted delivery 

because it increases the period of residence and decreases systemic absorption.
[76]

 In addition, 

the effectiveness of such systems may be improved by incorporating mucoadhesive polymers 

or nanoparticles.
[77]

. Several formulations have been formulated for targeted delivery, 

including chitosan-based systems, PLGA-PEG-PLGA hydrogel, and poloxamer.
[78-81]

 

 

10. In Vitro and In Vivo Experimental Models for Evaluation 

10.1 In vitro models 

Cancer cells of cervix can be subjected to intervention studies in vitro for analysis of how 

they react to the intervention. In these studies, parameters that can be analyzed include 

proliferation, apoptosis, cell cycle alterations, as well as invasion and migration of the cells 

using cancer cell lines such as HeLa, SiHa, CaSki, and ME-180. Three-dimensional (3D) 

systems have been used for tumor-like conditions to analyze their structural characteristics, 

including other factors such as hypoxia and diffusion of drugs in the tumor.
[82,83]

 

 

10.2 In vivo models 

In vivo modeling is necessary in assessing antineoplastic agents against cervical cancer due 

to the ability to monitor the development of the tumor, drug penetration into tissue, and the 

tumor response towards the treatment. In particular, some common in vivo models include 

subcutaneous xenografts, which involve the implantation of cancer cells in an 

immunocompromised mouse host. Although this model is rather easy and useful in assessing 

how well the tumor is suppressed, it does not provide a full replication of the natural 

conditions in which the tumor is growing and may metastasize.
[84]

 In order to compensate for 

that drawback, patient-derived xenograft (PDX) models may be used because they allow 

keeping the features of the primary tumor and are useful especially when assessing local 

administration methods like intravaginal administration. Furthermore, syngeneic models and 

genetically engineered mouse models (GEMMs) can provide information about the influence 

of immune reactions on the tumor and its response to treatment.
[85]

 The development of 

research usually includes a stepwise approach, from in vitro experiments to xenografts and in 

vivo models.
[86]

 

 

11. Future Prospects and Research Deficits 

Further investigations for fulvic acid (FA) as a potential anti-cancer agent for cervical cancer 

must be conducted focusing on several aspects that have yet to be clarified. The first aspect 

relates to the problem of standardization since the structure of fulvic acid depends on the 
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origin and therefore leads to different results and may hinder regulatory approval.
[87]

 

Moreover, in order to elucidate its therapeutic mechanisms of action in association with 

HPV-induced signaling and assess the safety profile as well as any toxic effects associated 

with fulvic acid, further investigations should be carried out.
[88]

 Another aspect that requires 

attention involves the further optimization of delivery vehicles by improving the current 

approaches that involve nanoparticles and thermosensitive hydrogels for FA delivery in order 

to allow efficient large-scale drug production.
[89,90]

 Additionally, the use of more 

physiologically-relevant models, such as orthotropic and immune-competent ones, will 

provide information regarding its effectiveness and pharmacokinetics.
[91] 

 

12. CONCLUSION 

Cervical cancer is still a significant health problem worldwide, mainly because of persistent 

HPV infections and the presence of molecular abnormalities. Although the traditional 

methods of treatment, such as surgery, radiotherapy, and chemotherapy, are quite effective, 

their disadvantages, including therapy resistance, side effects, and recurrence of the disease, 

necessitate the search for more efficient methods of treatment. 

 

Additionally, some of the recent trends in the field of medicine are the application of newer 

treatment modalities like immune-checkpoint inhibition therapy, biomarker therapy, and T-

cell adoptive therapy. Also, using bioactive agents like fulvic acid along with the modern 

drug delivery system involving nanoparticles and thermosensitive hydrogel will help in 

increasing the concentration of drugs in the targeted area while lowering the toxicity of drugs. 

Nanotechnology, immunotherapy, and molecular treatments may contribute to providing 

personalized treatments for patients. 
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