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ARTICLE INFO ABSTRACT

Introduction: Cervical cancer is the fourth most common malignancy among women 

worldwide, predominantly affecting those in low- and middle-income countries due to 

inadequate screening and preventive measures. High-risk Human Papillomavirus (HPV) 

infection, particularly types 16 and 18, is a critical etiological factor in cervical 

carcinogenesis. Molecular markers like p53 and Ki-67 have emerged as valuable indicators 

of disease progression and prognosis, given their roles in cell cycle regulation and 

proliferation. Aim and Objective: To evaluate the expression of p53 and Ki-67 in cervical 

intraepithelial neoplasia (CIN) and invasive cervical carcinoma, and to correlate their 

expression with histopathological grades. Materials and Methods: This 15-month 

prospective observational study at GSVM Medical College, Kanpur, and J.K. Cancer 

Institute included histologically confirmed cases of CIN (I, II, III) and invasive cervical 

carcinoma in women aged 18 and above. Immunohistochemistry (IHC) assessed p53 and 

Ki-67 expression, with chi-square tests and p-values used to analyze associations between 

biomarker expression and histological grading. Results: The study included 100 

participants with a mean age of 41.66 ± 12.00 years. Squamous cell carcinoma (SCC) was 

the most common (40%), followed by CIN3 (30%), CIN2 (20%), and CIN1 (10%). High 

Ki-67 expression was mainly seen in SCC and CIN3 (p < 0.0001). Aberrant p53 expression 

was rare (1.6% in SCC), while mild reduction was common in CIN3 (19.4%). Conclusion: 

The findings suggest that high Ki-67 expression and reduced p53 levels are associated with 

greater histological severity in cervical lesions. These markers hold significant prognostic 

value and could enhance early diagnosis and targeted therapeutic strategies in cervical 

cancer.
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INTRODUCTION

Cervical cancer continues to pose a substantial threat to women's 

health worldwide, ranking as the fourth most frequently diagnosed 

cancer among women globally. Despite notable progress in 

prevention and early detection, it remains a major cause of death, 

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

healthcare infrastructure is limited. In 2020, the World Health 

Organization (WHO) estimated approximately 604,000 new 

cervical cancer cases and 342,000 related deaths globally [1]. The 

overwhelming majority of these deaths-nearly 90%-occurred in 

LMICs, attributed to inadequate access to screening, vaccination, 

and timely treatment services [2]. High-income countries have 

managed to significantly reduce cervical cancer incidence by impl-
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-ementing organized screening programs, such as the Papanicolaou 

(Pap) smear test, and adopting widespread human papillomavirus 

(HPV) vaccination. However, in countries like India and those in sub-

Saharan Africa, where awareness is low and healthcare services are 

often inaccessible or underutilized, cervical cancer remains a critical 

public health issue [3]. Research has shown that over 80% of cervical 

cancers can be prevented through the early detection and treatment of 

precancerous lesions, underscoring the largely avoidable nature of this 

disease [4].

Cervical cancer typically evolves gradually, often over a span of 

several years, beginning with HPV infection and progressing through 

defined stages of cervical intraepithelial neoplasia (CIN). These 

precursor lesions are categorized histologically into CIN I (mild 
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Figure 1: Age distribution of study subjects
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Figure 3:  

Immunohistichemical 

dysplasia), CIN II (moderate dysplasia), and CIN III (severe 

dysplasia or carcinoma in situ), based on the extent of 

epithelial involvement. While not all precancerous changes 

progress to invasive cancer, identifying high-risk lesions 

using molecular markers such as p53 and Ki-67 can aid in 

clinical risk assessment and management [5]. In an effort to 

eliminate cervical cancer by 2030, WHO has outlined a 

strategic approach aiming for 90% coverage of HPV 

vaccination, 70% screening coverage, and 90% access to 

treatment for both precancerous and invasive cases. This 

strategy highlights the urgency of strengthening public health 

programs that focus on immunization and early detection, 

particularly in underserved and high-burden regions [6].

Persistent infection with oncogenic HPV types is recognized 

as the primary cause of cervical cancer. HPV, a common 

sexually transmitted infection, is prevalent among sexually 

active individuals, with most infections resolving 

spontaneously due to immune clearance. However, persistent 

infection with high-risk types-especially HPV 16 and HPV 

18-is responsible for more than 70% of cervical cancers 

worldwide [7]. Several behavioral and biological factors 

increase the likelihood of disease progression following HPV 

infection. These include having multiple sexual partners, 

early sexual debut, and immunosuppression, particularly 

among women living with HIV, who have a six-fold increased 

risk of developing cervical cancer due to impaired immune 

surveillance. Additional contributing factors include 

cigarette smoking, which introduces carcinogens that 

damage DNA and hinder immune response, and long-term 

use of oral contraceptives, which may influence the cervical 

epithelium through hormonal changes. Socioeconomic 

conditions-such as poverty, limited education, and restricted 

access to health services-further compound the risk and are 

linked with higher rates of both incidence and mortality. 

While HPV infection is necessary for carcinogenesis, it is not 

sufficient by itself. The progression to malignancy involves a 

complex interplay of viral persistence, host immune 

response, and other cofactors that influence epithelial 

transformation [8].

Preventive efforts therefore emphasize primary prevention 

through HPV vaccination and secondary prevention through 

routine screening. Vaccination campaigns are being 

expanded to include not only adolescent girls but also boys 

and adult women at higher risk, in order to strengthen herd 

immunity and reduce transmission. For low-resource 

settings, WHO advocates for cost-effective screening 

approaches, including HPV DNA testing and visual 

inspection with acetic acid (VIA), which offer practical 

alternatives to cytology-based screening [9].

At the molecular level, cervical cancer pathogenesis involves 

several steps beginning with infection of the cervical 

epithelium by HPV. If the immune system fails to clear the 

virus, it may integrate its genetic material into the host 

genome, a process that disrupts normal cell function [10]. The 

key viral oncoproteins E6 and E7 facilitate carcinogenesis 

by targeting tumor suppressor pathways. E6 accelerates 

degradation of p53, a protein essential for apoptosis and 

genomic stability, while E7 binds and inhibits the 

retinoblastoma protein (Rb), thereby disabling cell cycle 

regulation. This leads to sustained cellular proliferation, 

impaired DNA repair, and cumulative mutations. 

Subsequent changes, including abnormal DNA methylation 

and chromatin remodeling, further promote transformation 

to malignancy. The detection of biomarkers such as p16, Ki-

67, and p53 has enhanced our ability to stratify lesions based 

on progression risk and improve diagnostic accuracy [11].

Histologically, cervical cancer evolves from CIN to invasive 

carcinoma, most commonly squamous cell carcinoma, 

which constitutes about 80–90% of cases. Adenocarcinoma 

is less common but tends to behave more aggressively and 

often evades early detection. Biomarker studies have played 

a pivotal role in refining the diagnosis and monitoring of 

cervical lesions. The tumor suppressor protein p53 is 

generally expressed at low levels in normal cervical tissue 

but may be either overexpressed or absent in high-grade 

dysplasia and invasive cancers due to E6-mediated 

degradation. Immunohistochemical (IHC) staining of p53 

serves as a useful diagnostic tool in detecting neoplastic 

changes. Ki-67, a nuclear protein expressed during cell 

proliferation, also demonstrates a stepwise increase in 

expression from normal tissue to high-grade CIN and 

invasive cancer, correlating with disease severity. High Ki-

67 expression is associated with aggressive disease and 

poorer prognosis. The dual staining of p16 and Ki-67 has 

further improved the sensitivity and specificity of screening 

protocols and is particularly useful in identifying lesions 

requiring immediate attention [12-14].

The study aims to evaluate the expression of p53 and Ki-67 

in preinvasive and invasive cervical lesions. Objectives 

include histological grading of CIN and carcinoma cervix, 

assessing p53 and Ki-67 expression in CIN I-III and 

carcinoma, and analyzing correlations between lesion 

grades and biomarker expression to understand their 

diagnostic and prognostic significance in cervical neoplasia.

MATERIALS AND METHODS

This prospective observational non-randomized study was 

conducted over 15 months (July 2023 to October 2024) in 

the Department of Pathology, GSVM Medical College, 

Kanpur, in collaboration with the Department of Obstetrics 

& Gynecology and the J.K. Cancer Institute. It aimed to 

evaluate p53 and Ki-67 expression in histologically 

confirmed cases of CIN (I, II, III) and invasive cervical 

carcinoma in women aged 18 years or older who provided 

informed consent. Patients under 18, unwilling to consent, 

undergoing prior chemo/radiotherapy, or with recurrent 

cancer were excluded. Ethical approval was obtained, and 

the study complied with the Declaration of Helsinki.
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  Frequency Percent 

Co-morbidities HTN 35 35% 

COPD 26 26% 

IHD 4 4% 

NIL 35 35% 

 Viral markers Non-reactive (NR) 78 78.0% 

Hepatitis C Virus 

(HCV) 

6 6.0% 

Hepatitis B Virus 

(HBV) 

14 14.0% 

HBV, HCV 1 1.0% 

HIV 1 1.0% 

Alcohol consumption Alcoholic 42 42.0% 

Non-Alcoholic 58 58.0% 

CPT Score Mild (A) 9 9.0% 

Moderate (B) 29 29.0% 

Severe (C) 62 62.0% 

MELD Grading Mild liver disease 62 62.0% 

Moderate liver disease 29 29.0% 

Severe liver disease 9 9.0% 

 MELD Na Grading Mild liver disease 80 80.0% 

Moderate liver disease 11 11.0% 

Severe liver disease 9 9.0% 
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Risk Factor  Cases  Control P value **OR- 

Odds 

ratio 

(95% 

CI) 

N % N % 

 

Nutritional 

status 

Normal 10 14.3 28 40  

<0.0010 

4.00 

(1.76-

9.11) 

Under 

nourished 

60 85.7 42 60 

Irrational 

Antibiotic 

use 

Present 51 72.86 39 55.71 
 

 

<0.0357 

2.13 

(1.05-

4.33) 

 

Table 1: Distribution of Histological Diagnoses
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Figure 1: Distribution of Tumor Differentiation

Figure 6:  Immunohistochemical Staining of Ki67 Showing Nuclear Positivity 

in Around 12% of Cells

RESULTS

The study participants had a mean age of 41.66 ± 12.00 years. 

Regarding parity, 12% were nulliparous (P0), 40% had one  

childbirth (P1), 33% had two (P2), and 15% had three 

(P3),indicating that the majority had at least one previous 

childbirth, with P1 being the most common parity group.

Among the histological diagnoses, SCC was most common 

(40%), followed by CIN3 (30%), CIN2 (20%), and CIN1 

(10%). The distribution significantly differed from 

uniformity (p = 0.0002), and the difference between pre-inva-

-sive and invasive lesions was statistically significant (p = 

0.0455), indicating a higher prevalence of invasive 

carcinoma.

Severe dysplasia (30%) and moderately differentiated SCC 

(28%) were the most frequent lesion types, followed by 

moderate (20%) and mild dysplasia (10%). Poorly and well-

differentiated SCC accounted for 8% and 4%, respectively. 

The non-uniform distribution was statistically significant (p 

= 0.0000), indicating a skewed pattern of lesion differentiation.

Most cases showed high Ki-67 expression with mildly 

(22.6%) or moderately (17.7%) reduced p53. Severe 

reduction of p53 with high Ki-67 was seen in 9.7%, while 

19.4% had normal p53 with mild Ki-67. Aberrant and 

normal p53 with high Ki-67 were rare (1.6% each), and 

some combinations showed no cases.



Table 2: Association between p53 Expression and Ki-67 Expression

Figure 2: Distribution Patterns of p53 and Ki-67 Expression in Cervical Lesions

The pie charts show that most cases exhibited normal p53 

expression (46.8%), followed by mildly (24.2%) and 

moderately (17.7%) reduced expression. High Ki-67 

expression was predominant (71.0%), indicating high 

proliferative activity, while moderate and mild expressions 

accounted for 17.0% and 12.0% respectively, reflecting 

varied tumor proliferative potential.

Table 3: Association between Lesion Differentiation and p53 Expression
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Table 2: Distribution of Women According to Age (N=115)
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Figure 3: Association between Histological Diagnosis and Ki-67 Expression

Table 3: Performance of Various Combination Parameters.

High Ki-67 expression was predominant in SCC (40%) and 

CIN3 (27%), indicating increased proliferative activity in 

advanced lesions. Mild expression was mainly seen in CIN1 

(8%) and CIN2 (4%). Moderate Ki-67 was rare, noted only in 

while in the Betadine group, 11 patients had ulcers in the 0-

49 cm² range.

Figure 1: ROC Curve for p63 Diagnostic Accuracy

Table 5: Micro ESR

Table 4: Association between Histological Diagnosis and p53 Expression

The table shows that aberrant p53 expression was rare, seen 

only in 1.6% of SCC cases. Mildly reduced p53 was most 

frequent in CIN3 (19.4%), followed by CIN2 (3.2%) and 

CIN1 (1.6%). No p53 expression abnormalities were found in 

early CIN stages for aberrant or moderately reduced 

categories, indicating p53 alteration is more prominent in 

higher-grade lesions.

The table shows that mildly reduced p53 expression was most 

frequent in severe dysplasia (19.4%) and moderate dysplasia 

(3.2%), with minimal expression in mild dysplasia (1.6%). 

Aberrant p53 expression was rare, noted only in 1.6% of

poorly differentiated SCC. No aberrant expression was 

observed in dysplastic lesions, indicating expression 

patterns vary by lesion severity.

CIN1 (2%). No mild or moderate expression occurred in 

CIN3 or SCC, confirming Ki-67's association with lesion 

severity.



Table 5: Statistical Analyses

The table reveals highly significant associations (p < 0.001) 

between various parameters. Both p53 and Ki-67 expression 

distributions were statistically significant. Strong 

associations were found between p53 and Ki-67 expression, 

tumor differentiation and p53, and between histological 

diagnosis with both p53 and Ki-67 expression, indicating 

their critical roles in characterizing cervical lesion behavior 

and progression.

Pathological Images

Singh et al., 2025 Volume 11, Issue 1, 2025
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DISCUSSION

The study's demographic findings reveal a mean age of 41.66 

± 12.00 years, aligning with existing epidemiological data 

that show peak incidence of cervical intraepithelial neoplasia 

(CIN) and squamous cell carcinoma (SCC) in women in their 

late reproductive to perimenopausal years A comparable 

mean age of 41.7 years was also observed in a Portuguese 

multicenter study on CIN2/3 and invasive cervical cancer. 

Multiparity, especially P1 and P2, was common and 

reinforces its role as a significant risk factor for persistent HPV 

infection and cervical carcinogenesis. SCC predominance 

(40%) highlights delayed diagnoses, indicating the need for 

improved early screening strategies [15, 16].

The lesion distribution in this study-SCC (40%), CIN3 

(30%), CIN2 (20%), and CIN1 (10%)-reflects the 

established model of cervical carcinogenesis, where 

progressive dysplasia culminates in invasive cancer. A 

Korean study similarly found that CIN2 and CIN3 

commonly preceded SCC, supporting this continuum. The 

statistically significant non-uniform distribution (p = 

0.0002) further validates the stepwise transformation of 

cervical neoplasia. International literature from China and 

Portugal also reports SCC as the predominant histological 

finding in biopsy-confirmed cases. Additionally, the 60:40

Singh et al., 2025 Volume 11, Issue 1, 2025
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division between pre-invasive and invasive lesions is 

comparable to a retrospective Indonesian study, which noted 

that over 70% of women were diagnosed at an advanced 

stage, largely due to inadequate early screening practices. 

These findings underscore the urgent need for widespread 

cervical cancer screening programs [6, 15, 17].

Tumor differentiation is a critical prognostic marker in 

cervical cancer. In the present study, severe dysplasia (30%) 

and moderately differentiated tumors (28%) were most 

prevalent, with a statistically significant chi-square value (p < 

0.0001), reflecting trends seen in global datasets that indicate 

poorly differentiated tumors, though less frequent, are 

associated with poorer outcomes. A cohort study 

demonstrated that p53 and Ki-67 expression levels were 

significantly correlated with tumor grade and recurrence, 

highlighting how histological differentiation mirrors 

underlying molecular changes. Similarly, a Korean study by 

Choi et al. found that high-grade dysplasia was strongly 

associated with increased risk of progression to invasive 

carcinoma, often accompanied by molecular disruptions such 

as p53 degradation and elevated Ki-67 proliferation indices. 

These observations underscore the clinical relevance of 

tumor differentiation and biomarker profiling in cervical 

pathology [18, 19].

This study observed null p53 expression in 38% of cases and 

aberrant expression in only 1%, suggesting that p53 

inactivation likely results from HPV E6-mediated 

degradation rather than TP53 mutation. A statistically 

significant non-uniform distribution (p = 0.0008) affirms its 

prognostic relevance. Stoenescu et al. reported that reduced 

p53 expression correlates with higher tumor grades and 

advanced stages. High Ki-67 expression was detected in 71% 

of cases, with a significant p-value (< 0.0001), highlighting 

its role as a proliferation marker. Verma et al. and Choi et al. 

found that Ki-67 expression rises with tumor grade and 

dysplasia severity, respectively. A significant correlation 

between p53 loss and Ki-67 elevation (p < 0.0001) suggests 

enhanced proliferation due to impaired tumor suppression, 

consistent with cervical and other squamous carcinomas [19-

22]. 

Multivariate models demonstrated that reduced p53 

expression and elevated Ki-67 levels independently predict 

lesion severity and clinical prognosis. Comparable findings 

in cervical and prostate cancer studies highlight that the 

combined use of these biomarkers improves risk 

stratification and enhances prognostic accuracy, aiding in 

personalized patient management and therapeutic decision-

making [23].

CONCLUSION

This study offers notable strengths, including a well-

characterized patient cohort, comprehensive histopathological 

evaluation, and rigorous statistical analysis, providing 

valuable data on p53 and Ki-67 expression in cervical cancer 

and supporting their utility as diagnostic and prognostic 

biomarkers. However, limitations such as the absence of 

follow-up data, lack of HPV genotyping, potential selection 

bias, and its single-center nature may restrict generalizability. 

Future studies should incorporate prospective multi-center 

designs, HPV genotyping, and functional validation of 

biomarkers. Despite these constraints, the study significantly 

contributes to cervical cancer research and underscores the 

potential for biomarker-based stratification and personalized 

treatment approaches.
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