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ABSTRACT:
[bookmark: _Hlk183877985]Background: Cervical cancer is a significant health concern among women, with treatment varying by disease stage. Early-stage cervical cancer is managed conservatively, while advanced stages require more proactive interventions. Preventive measures, including regular screening and HPV vaccination, are vital for reducing incidence and mortality.
Methods: This review assesses cervical cancer management strategies, including surgical, radiological, and pharmacological approaches, based on literature and clinical trial data.
Results: Radiation therapy effectively substitutes surgery for early-stage cervical cancer (FIGO stages IA1–IIA), with hysterectomy being common. Advanced stages (IIB–IVB) often involve combined chemotherapy and radiation. Routine screening with Pap smears and HPV DNA testing for women aged 21–65 aids early detection. HPV vaccines, such as Cervarix and Gardasil, have significantly reduced risk. Innovative therapies like bevacizumab, pembrolizumab, and tisotumab vedotin show promise in advanced cases despite potential side effects.
Conclusion: Early detection, vaccination, and a multidisciplinary approach are key to improving cervical cancer outcomes.
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[bookmark: _Hlk183851996]Introduction:
Cancer that starts in the cells of the cervix is called cervical cancer. The cervix is the lower part of the uterus that connects to the vagina. “Cervical cancer poses a significant global public health issue, primarily affecting women, and stands as one of the four most prevalent cancers affecting women globally, which includes breast cancer, colorectal cancer, lung cancer and cervical cancer” (Srinivasan,2024). According to the WHO, “it is the fourth most common cancer in women worldwide, with about 604,000 new cases and 342,000 deaths in 2020”. “As per GLOBOCAN 2018, Cancer of the cervix is the 3rd most widespread universal gynaecological malignancy with an estimated 5,69,847 new cases and 3,11,365 deaths every year” (Kumar et al.,2020). Around 90% of new cases and deaths worldwide in 2020 will occur in low- and middle-income countries [1]. Cervical cancer is caused by the human papillomavirus. “Several high-risk types of human papillomaviruses (HPVs) are associated with cervical cancer and other malignancies. Despite the tremendous success of marketed prophylactic HPV vaccines for the past 18 years, cervical cancer remains a significant global challenge” (Amiri et al.,2025). This type of cancer occurs in the age group of 30 to 49 years. Thus, people in this age group only need to have a cervical cancer screening test once. WHO recommends the best age for screening is 35–45 years old [2].
MANAGEMENT OF CERVICAL CANCER
FIGO stage I A 1 Patients with stage I A 1 disease should receive an imaging diagnosis using a technique that does not result in marginal burns, which may obscure the surgical margin. If no lymphatic compartment is involved, these patients have a less than 1% risk of lymph node metastasis. These women can be treated conservatively with a simple hysterectomy or conception if they wish to maintain their fertility. The extent of lymphatic space involvement in stage I A1 disease is unclear, but most practitioners favour radical surgery or radiation therapy if available. FIGO stages I A 2, I B 1, and II A Radical hysterectomy is the treatment of choice for young, healthy patients because it preserves ovarian function. Radiation therapy is thought to be equally effective for patients with early-stage disease. A randomised controlled clinical trial (RCT) comparing initial surgery with initial radiation therapy in patients with stage I B–II A cervical cancer showed similar disease-free survival and overall survival for both groups.
FIGO stage I B 2 Patients with stage I B 2 disease (tumour>4 cm) are poor candidates for initial radical resection because most will eventually require adjuvant radiation therapy. Chemotherapy is the treatment of choice. One RCT showed that the weekly addition of cisplatin to pelvic radiation therapy prior to hysterectomy reduced the risk of disease recurrence and death in women with stage IB2 cervical cancer compared with radiation alone. The uterus is removed. Management of advanced diseases FIGO stages II B, III, and IV A Three RCTs have shown that improvements in progression-free survival and overall survival were greater with radiotherapy than with radiotherapy alone in patients with advanced disease. Locally developed patients with stage II A–stage IV B. Platinum-based radiation therapy is now the standard of care for these patients. Neoadjuvant chemotherapy is followed by radical surgery. Treatment of stage IV B FIGO is only palliative in patients with stage IV B disease, so quality of life and toxicity profile will influence treatment choice. Life expectancy versus cisplatin plus  topotecan. “Progression-free survival and total survival favour combination chemotherapy, but toxicity is more common, although it does not significantly reduce the quality of life” [3]. 
PREVENTIVE MEASURE:
PAP SMEAR TEST
The Pap test is a very useful, simple, economical, and safe tool for the detection of pre-cancerous cervical lesions. It should be established as a routine screening procedure to reduce treatment burden, morbidity, and mortality. All women over the age of 30 should be screened for cervical cancer periodically, even after menopause [4]. The Pap test is the primary screening procedure used to detect abnormal cells that can turn into cancer[5]. In the vagina, an instrument called the speculum is inserted, and that instrument widens the vagina. The cervix cell is then collected by the brush inserted into the vagina. There are two forms of Pap smear: conventional cytology and liquid-based cytology. In the conventional method, cells obtained from the cervix are smeared onto a glass slide. In liquid, cells from the cervix are placed in a small glass vial with preservative liquid [6].
HPV-DNA TEST
“Human papillomavirus (HPV) DNA testing has been proposed as an alternative to cytology for cervical cancer screening. HPV DNA testing provides highly sensitive, objective, and reliable results based on the presence of high-risk HPV DNA in cervical and vaginal specimens. HPV DNA is obtained from cervical samples taken by a healthcare professional during a pelvic speculum exam at a healthcare clinic” [7].
ELIGIBILITY CATEGORY FOR TESTING
“The correct age to take these two tests for women is 21–65 years. Cervical cancer screening should begin at age 21. For women ages 21 to 29, screening should be done every 3 years with a routine Pap test or fluid test. For women between the ages of 30 and 65, screening should be done every 5 years with an HPV test and Pap test (preferred) or every 3 years with a Pap test alone (acceptable). Women over 65 with 3 consecutive negative Pap tests or 2 consecutive negative HPV and Pap tests in the past 10 years, with the most recent test within the last 5 years, and who have had a total hysterectomy, so the cancer has stopped. Screening, Women of all ages should not be screened annually by any screening method” [8].
VACCINATION FOR CERVICAL CANCER
Vaccination is the most common preventive method for cervical cancer. The HPV vaccine is most commonly used to prevent cervical cancer.
DEVELOPMENT OF HPV VACCINE
The HPV vaccine is developed using recombinant DNA technology. In this process, the major capsid protein of HPV, L1, is inserted into the yeast Saccharomyces cerevisiae, which synthesises itself to form virus-like hollow shells known as virus-like particles (VLPs). The L1 protein is present in VLPs like HPV, but it does not contain any genetic material. “Vaccines use these VLPs as antigens to induce a strong protective immune response; if exposed, antibodies of the vaccinated person with the L1 protein coat of the virus and prevent the virus from releasing its genetic material” [9].
TYPES OF HPV VACCINE
In India, two types of HPV Vaccines are used. These vaccines are globally accepted.
Gardasil is sold under the brand name of Merck. It is a type of quadrivalent vaccine. Cervarix is sold under the brand name GlaxoSmithKline. It is a type of bivalent vaccine. Both vaccines are produced using recombinant DNA technology that produces non-infectious VLPs consisting of the HPV L1 protein [9, 10].
DOSAGE AND SCHEDULE
The dose of the vaccine is 0.5 ml intramuscularly into the deltoid muscle or the anterolateral part of the thigh. It is available as a sterile suspension for injection in a single-dose vial or prefilled syringe, which should be shaken well before use. The recommended age to start vaccination is between 9 and 12 years old. Catch-up vaccination is allowed up to the age of 26. A total of three doses should be given at 0, 2, and 6 months with Gardasil™ or 0, 1, and 6 months with Cervarix IV. A minimum interval of 4 weeks between the first and second doses, 12 weeks between the second dose, and 24 weeks between the first and third doses of the HPV vaccine can be given at the same time as other vaccines such as hepatitis B and Tetanus diphtheria and Pertussis( Tdap). If the HPV vaccination schedule is interrupted, there is no need to restart the vaccine series. “If the series is interrupted after the first dose, the second dose should be given as soon as possible, with a gap of at least 12 weeks between the second and third doses. If only the third dose is given, it should be given as soon as possible” [9].
SIDE EFFECTS AND CONTRADICTION
“The most common side effects were local reactions such as pain (mild to moderate) in 83%, swelling with erythema in 25%, and systemic side effects such as fever in 4% of vaccines. No serious vaccine-related adverse events were reported [10]. The HPV vaccine is not currently licensed for use in female patients under 9 years of age or older than 26 years, or for use in male patients. It is contraindicated in people with a history of hypersensitivity to yeast or to any component of the vaccine. Vaccination should be postponed for patients with moderate or severe acute illnesses. The vaccine can be given in a sitting or lying position, and the patient should be observed for 15 minutes after vaccination to prevent syncope. The vaccine is not recommended for use by pregnant women. Any exposure to the vaccine during pregnancy must be reported immediately. Breastfeeding women and immune-compromised patients can receive this vaccine” [9].
DRUGS USED TO TREAT CERVICAL CANCER:
With the availability of the latest technologies, researchers have multiplied their efforts to expand new drug transport structures in most cervical cancer chemotherapy [11].
BEVACIZUMAB:
“Bevacizumab, an anti-vascular endothelial growth factor antibody, was approved by the United States Food and Drug Administration (US FDA) in February 2004 for the first-line treatment of cancer in combination with 5-fluorouracil-based chemotherapy” [12] . It is used to treat a variety of conditions, including radiation-induced recurrence and recurrent brain tumours, such as brain metastases, schwannomas, and meningiomas [13]. The overall survival of patients with advanced cervical cancer has significantly improved when bevacizumab is used when combination with other chemotherapies, a safe and successful combination in the treatment of cervical cancer. It has been shown that bevacizumab combination therapy increases toxicity rates without lowering patient quality of life [14].
PEMBROLIZUMAB:
It is a humanised monoclonal antibody directed against the programmed death receptor protein (PD-1), developed by Merck & Co. for the treatment of cancer [15]. Pembrolizumab is generally a well-tolerated drug, but Adverse Events (AEs) are not uncommon. However, they are usually mild and manageable in most cases [16]. Pembrolizumab, in addition to bevacizumab plus standard chemotherapy with carboplatin and paclitaxel, is indicated in patients with progressive, recurrent, or metastatic Programmed cell death ligand-1 (PD-L1)-expressing cervical cancer who are not contraindicated to Anti-Vascular endothelial Growth Factor (anti-VEGF) therapy. There is not enough information to support pembrolizumab use in this population as an entire group, nor is there any data to support pembrolizumab use in tumours that do not express PD-L1 [17].
TISOTUMAB VEDOTIN:
It has been shown to have a controllable safety profile and promote anti-tumour activity in patients with previously treated recurrent or metastatic cervical cancer [18]. “Tisotumab Vedotin is an antibody-drug conjugate (ADC) and a potential new treatment for cervical carcinoma. Tisotumab vedotin targets tissue factor (TF), which is well expressed on the surface of cervical cancer cells. Currently, the U.S. Food and Drug Administration (FDA) has approved tisotumab vedotin(TV) for the treatment of adult patients with metastatic cervical cancer with disease progression during or after chemotherapy” [19]. TV is a novel targeted therapy that should be considered for the treatment of cervical cancer that has metastasised or is recurring. To determine the ideal place for TV therapy, more research is recommended [20]
CISPLATIN or (SP-4-2) DIAMINEDICHLORIDOPLATINUM (2):
It is one of the most promising drugs and is widely used to treat various solid cancers, such as ovarian, bladder, lung, and cervical cancers [21]. Cisplatin is the most frequently used platinum-based chemotherapy drug that has been clinically proven to fight various cancers and malignancies [22]. Unfortunately, many cancers initially respond to platinum therapy, but when the tumour returns, resistance frequently occurs [23]. The clinical use of cisplatin is limited by its serious, dose-dependent toxic side effects. There are about 40 types of cisplatin-specific toxicity, with systemic toxicity being the most common. Other side effects include gastrointestinal toxicity, cardiotoxicity, and hepatotoxicity. All these side effects reduce the patient’s quality of life and force the dosage of the drug to be reduced or even discontinued, thereby weakening the therapeutic effect [24]
TOPOTECAN:
It is a semi-synthetic camptothecin that exerts cytotoxic effects by inhibiting DNA topoisomerase 1. Topotecan alone has demonstrated activity against persistent, metastatic, and recurrent cervical cancer [25]. Response rates of up to 19% have been reported in patients treated with topotecan monotherapy, and response rates of up to 54% have been achieved when this drug is used in an end-line chemotherapy regimen [26]. “The cisplatin-topotecan combination for the treatment of advanced and recurrent cervical cancer has demonstrated clinical benefit in response rates, overall survival, and progression-free survival. Topotecan (Hycamtin) will continue to play a role in the treatment of advanced ovarian and cervical cancer, either as monotherapy or in combination with other cytotoxic agents” [27].
PACLITAXEL:
Paclitaxel(PTX) is a promising anti-neoplastic agent with low water solubility [28]. The past decade has seen the introduction of new existing chemotherapeutic agents. Among these, paclitaxel emerged as one of the most potent compounds. Toxicity associated with paclitaxel includes hypersensitivity reactions, neurotoxicity, and hematologic toxicity [29]. Recent research indicates that, when it comes to the response rate and progression-free survival of patients with advanced cervical cancer, cisplatin-based doublets, specifically cisplatin + paclitaxel, are superior to cisplatin as a monotherapy. For metastatic or recurring disease, this double regimen plus bevacizumab is likewise regarded as the first-line treatment. When used in conjunction with neo-adjuvant chemotherapy, dose-dense paclitaxel shows promise for treating individuals with locally advanced cervical cancer [30].
GEMCITABINE or (2’,2’- diflurodeoxycytidine):
It is an anti-neoplastic agent with activity against many types of solid tumours [31].The broad clinical efficacy and low toxicity of gemcitabine in other human diseases suggest that it may be useful in the treatment of cervical tumours [32]. The combination of eugenol and gemcitabine induces growth inhibition and apoptotic effects at low concentrations compared to the individual drugs [33].
FLUOROURACIL(FU):
The introduction of oral analogues would likely improve the outcome of FU treatment in several organ systems, such as the rectum, head and neck, and oesophagus [34]. The combination of 5-FU and magnolol has a synergistic anti-cervical cancer effect by inhibiting cell proliferation, changing cell morphology and cytoskeletal structure, hindering cell adhesion, migration, and invasion, down-regulating the expression of Phosphoinositide 3-Kinase/Protein kinase-B/Mammalian target of rapamycin (PI3K/AKT/mTOR) signalling pathway-related proteins, and reducing the occurrence of Epithelial-mesenchymal transition (EMT) [35]
THERAPIES TO TREAT CERVICAL CANCER:
BRACHYTHERAPY:
[bookmark: _GoBack]Brachytherapy is a type of radiation therapy where the source is close to the tumour [36]. “Image-guided brachytherapy is the new gold standard for cervical cancer. It involves standard doses prescribed at a fixed point and the use of standard X-ray imaging for treatment planning” [37]. Brachytherapy as an important part of definitive radiotherapy has been shown to improve overall survival, and the benefits of image-based brachytherapy include better tumour coverage, reduced dose to vital organs, confirmation of the site of application, and dose considerations of the sigmoid colon [38]. 
CRYO SURGERY:
The basic characteristics of the established cryosurgery technique are rapid freezing, slow defrosting, and repeat freeze-thaw cycles [39]. Cryosurgery is a preferred treatment for cervical intraepithelial neoplasia and has been used for over 30 years [40]. Cryosurgery has been used to treat patients with persistent CIN after a biopsy. Treatment was successful in nearly 70% of cases after one application of cryosurgery [41].
LASER SURGERY:
Early-stage cervical cancer treated with a stromal invasive laser less than 4mm [42]. Carbon dioxide lasers produce relatively better results than cryotherapy. Complications after cryotherapy and laser treatment were 0.6 and 7.4% [43]. Patients with carcinoma in situ and micro-invasive squamous cell carcinoma were treated with vaporised lasers, respectively [44].
HYSTERECTOMY:
Traditionally, a hysterectomy was performed through the abdomen or vagina and is one of the most commonly performed major surgical procedures. About 100,000 are made in the United States each year [45]. An adjustment for hysterectomy reveals underappreciated cervical cancer mortality, especially among black women [46].
TRACHELECTOMY:
Radical trachelectomy is a surgical intervention for cervical carcinoma with preservation of fertility in young women with cervical cancer stages I A2 to I B [47]. The majority of patients who have tried to conceive after a radical trachelectomy have had one or more successful attempts to conceive [48].
PELVIC EXENTERATION:
Exenteration can be curative for more than half of women with node-negative cervical cancer [49]. The 50% survival rate of a selected group of patients with stage IV A cervical cancer treated with primary resection can be considered significant, but cannot be considered superior to that with chemotherapy [50]. Pelvic exertion resulted in a 15% increase in 5-year survival and a 50% reduction in operation mortality [51]. 
PELVIC LYMPH NODE DISSECTION:
The most important prognostic factor for recurrence and mortality in patients with cervical cancer is the presence of positive lymph nodes [52]. The combination of radiolabelled albumin with blue dye enables the successful detection of the sentinel lymph node (SLN) in patients with cervical cancer [53]. The preferred method of treatment for individuals with early invasive uterine cervical cancer, particularly in younger women, should be radical hysterectomy along with pelvic lymphadenectomy [54].
RADIATION THERAPY:
Radiation therapy can control pelvic tumours in about 90% of patients with stage 1 cervical cancer, but only about 25% of patients with stage 4 [55]. Older patients can tolerate radiation therapy, and age doesn’t matter [56]. Smoking is a serious complication of pelvic radiotherapy [57].
CHEMOTHERAPY:
Patients with locally advanced cervical cancer have an effective alternative to concurrent chemoradiotherapy: chemotherapy with neoadjuvant therapy followed by forceful surgery. If neoadjuvant chemotherapy is employed, it needs to be done with a high intensity of platin dosage and for a brief duration [58]. Cervical cancer patients who are pregnant have comparable oncological outcomes to those who are not. Extended monitoring is necessary, but there appears to be no effect of chemotherapy on the health and development of the fetus. Consequently, it would appear fair to postpone final treatment until fetal viability is achieved by using neoadjuvant chemotherapy for the treatment of locally invasive cervical cancer during pregnancy [59].
HYPERTHERMIA(HT):
Hyperthermia, as determined by local heating of the tumour up to 42 °C for approximately 60 minutes [60]. HT, in combination with other therapy modalities, is part of multidisciplinary oncological management in Cervical Cancer and should be used more frequently by clinicians. HT necessitates extremely dependable quality assurance. In the primary treatment of Locally Advanced Cervical Cancer (LACC), Radiation Therapy  (RT) and HT are superior to RT alone. Furthermore, due to their different toxicity profiles, RT and HT are very good alternatives for the primary therapy of LACC in patients with contraindications for Radio chemotherapy (RTCT). HT plus chemotherapy should be used with caution and further research in the treatment of localised recurrence and metastatic Cervical Cancer following RTCT [61].
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CONCLUSION:
With a range of therapeutic options catered to various disease phases, cervical cancer management has undergone tremendous change. Conservative measures like a straightforward hysterectomy or fertility-preserving procedures can frequently be used to successfully treat early-stage cervical cancer (FIGO stages I A1 to IIA). More advanced stages (I B2 to IV) are still treated with radiation, radical hysterectomy, and occasionally chemotherapy. Chemotherapy, radiotherapy, and targeted treatments like bevacizumab, pembrolizumab, and tisotumab vedotin have been shown to improve survival outcomes and progression-free survival in patients with advanced and recurring cancer (stages IIB to IV). These treatments do have drawbacks, too, including toxicity and adverse effects that may lower a patient's quality of life.

Routine Pap smear tests and HPV DNA screening are examples of preventive measures that are essential for early detection and lower morbidity and mortality. Worldwide public health campaigns should include vaccination against high-risk HPV strains, especially with the use of vaccinations like Cervarix and Gardasil, as this is still a very effective way to prevent cervical cancer. New vaccination formulations and dosage schedules also keep making vaccines more accessible and effective.
Treatment-related side effects such as radiation-induced liver disease, gastrointestinal distress from chemotherapy, and kidney toxicity from cisplatin continue to be major obstacles despite the advancements. The creation of targeted medicines that reduce damage to healthy tissues and more individualised treatment approaches are therefore urgently needed. 
The burden of cervical cancer may be lessened with the help of early screening, immunisation, and individualised treatment plans. To increase patient survival rates and quality of life, advanced illness management calls for constant innovation, improved supportive care, and more sophisticated therapeutic approaches. To properly treat this debilitating illness, future research should concentrate on finding novel therapeutic targets and increasing the effectiveness of current medicines while reducing toxicity.
ABBREVIATIONS

	S.no	
	Abbreviation
	EXPANSION

	1. 
	ADC
	Antibody Drug Conjugate

	2. 
	AE
	Adverse Events

	3. 
	Akt
	Protein kinase B

	4. 
	CC
	Cervical cancer

	5. 
	CIN
	Cervical Interaepithelial Neoplasia

	6. 
	Cis
	cisplatin (Anti-cancer drug)

	7. 
	Cm
	centimetre

	8. 
	CNTs
	Carbon nanotubes

	9. 

	10. 
	CPT
	Camptothecin

	11. 
	DNA
	Deoxy Ribonucleic Acid

	12. 
	ELISA
	Enzyme linked immuno sorbent assay

	13. 
	EMT
	Epithelial-mesenchymal transition

	14. 
	ER
	Endoplasmic Reticulum

	15. 
	FDA
	Food and Drug Administration

	16. 
	FIGO
	The International Federation of Gynecology and obstetrics

	17. 
	FU
	Fluorouracil

	18. 
	HPV
	Human Pappilloma Virus

	19. 
	Mtor
	mechanistic target of rapamycin

	20. 
	PD-1
	Programmed Cell Death Protein-1

	21. 
	PI3k
	Phosphatidylinositol 3-kinase

	22. 
	PI3K/Akt/mTOR
	major intracellular network that leads to cell proliferation.

	23. 
	pRb
	retinoblastoma (tumour suppressor protein)

	24. 
	PTX
	Paclitaxel

	25. 
	PV
	Pappilloma virus

	26. 
	RCT
	Randomised controlled clinical trials

	27. 
	SLN
	Sentinel lymph node

	28. 
	TF
	Tissue Factor

	29. 
	URR
	Upstream Regulatory Region

	30. 
	USFDA
	United states Food and Drug Administration

	31. 
	VLPs
	Virus Like Particles

	32. 
	WHO
	World Health Organisation
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