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INTRODUCTION 

Cervical cancer is the fourth most frequent female cancer 

which accounts for 6.6% of all cancers emerging in 

women.1 The most crucial step in the pathogenesis of 

cervical cancer is the integration of HPV DNA sequences 

into the host genome.2 This integration occurs in 

accordance with the loss of E2 tumor suppressor gene 

which regulates the expression of E6 and E7 oncogenes.3 

These high risk oncogenes bind and inactivate the tumor 

suppressor proteins p53 and Rb respectively, leading to 

abnormal cell proliferation.4 In other words, the activation 

of E6 and E7 oncogenes enhances the transformation of 

HPV infections into carcinogenesis.2-4 

CIN are the precursor lesions of invasive cervical 

carcinoma. These lesions are classified into mild (grade 1, 

CIN1), moderate (grade 2, CIN2) and severe (grade 3, 

CIN3) subtypes on the basis of the extent of epithelial 
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ABSTRACT 

Background: This study aimed to evaluate the efficiency of immunostaining with p16 and Ki-67 in cervical cytology 

specimens for the detection of cervical intraepithelial neoplasia (CIN) in a high risk population. 
Methods: This was a prospective review of 287 women who underwent pap smear, human papilloma virus (HPV) 

testing and colposcopy examination, respectively. There were cervical smear abnormalities in 108 women (37.6%) and 

141 patients (49.1%) tested positive for HPV. Cervical biopsy revealed normal cervix in 28 patients (9.75%), cervicitis 

in 48 patients (16.72%), CIN1 in 178 patients (62.02%), CIN2 in 26 patients (9.05%) and CIN3 in 7 patients (2.43%).  
Results: Positive staining for p16 had a sensitivity of 78.2% and a specificity of 97.4% while positive staining for Ki67 

had a sensitivity of 80.6% and a specificity of 57.9% for distinguishing CIN lesions in cervical cytology specimens 

(p=0.001 for both). Concurrent positive staining for p16 and Ki67 in cervical cytology specimens had a sensitivity of 

80.6% and a specificity of 97.4% for CIN lesions (p=0.001). Positive staining for p16 had a sensitivity of 94% and a 

specificity of 90.6% whereas positive staining for Ki67 had a sensitivity of 97% and a specificity of 33% for 

differentiating CIN lesions in colposcopic biopsy specimens (p=0.001 for both). Concurrent positive staining for p16 

and Ki67 in colposcopic biopsy specimens had a sensitivity of 91% and a specificity of 94% for CIN lesions (p=0.001). 
Conclusions: p16/Ki-67 immunostaining applied on cervical cytology specimens can screen CIN lesions with high 

sensitivity and specificity in a low risk population. 
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involvement.5 Although CIN1 is usually not precancerous 

and does not require treatment, CIN2/3 has a risk of 10% 

to 40% for progression into cervical cancer.6,7  

The cyclin-dependent kinase inhibitor which regulates the 

proliferation in G1-S phase of cell cycle is p16. This 

protein impairs cell proliferation through a reciprocal 

relationship with Rb protein. That is, the expression of p16 

is increased as Rb is inactivated by HPV infection.8,9 Ki-

67 is a nuclear and nucleolar protein which is expressed 

only in active G1, S, G2 and M phases of cell cycle. It is 

well known that the expression of Ki-67 directly correlates 

with cell proliferation.10 Since HPV triggers epithelial 

proliferation, the increase in Ki-67 expression may 

indicate HPV infection.11,12 Therefore, it has been 

hypothesized that p16 and Ki-67 can be used to specify 

persistent infections with high risk HPV types.12 

This study aimed to evaluate the efficiency of 

immunohistochemical staining with p16 and Ki-67 for the 

detection of premalignant lesions in cervical cytology 

specimens of a low risk population.  

METHODS 

This is a prospective review of 287 women with high risk 

for cervical cancer who were consecutively admitted to the 

department of gynecological oncology at Afyonkarahisar 

health sciences university hospital between January 2016 

and June 2017. High risk for cervical cancer referred to 

having a cervix with abnormal appearance (N=77), 

smoking (N=72), having a history of oral contraceptive use 

(N=53), having a history of sexually transmitted diseases 

(N=44), having multiple sexual partners (N=26) and grand 

multiparity (N=15). Each participant underwent pap 

smear, HPV testing and colposcopy examination 

respectively at the study center. This study was approved 

by institutional review board and ethical committee of 

Afyon health sciences university hospital (grant no: 

2018/E.19673). All patients were informed about the study 

design and their written consent was obtained. 

The patients with pregnancy, patients with immune-

deficiency, patients who underwent cervical surgery and 

the patients who had cervical cancer were excluded. Data 

related with age, marital age, previous pregnancies, 

smoking and oral contraceptive use were recorded.  

Liquid based cytology and HPV testing 

Cytological abnormalities were designated using liquid 

based technology (thin prep 2000 processor, Cytyc 

Corporation, Marlborough, MA, USA). According to the 

manufacturer’s instructions, thin layer slides were 

prepared and cytological abnormalities were defined based 

on the Bethesda reporting system criteria.13 Cervical smear 

abnormalities consisted of atypical squamous cell of 

undetermined significance (ASCUS) (N=69), atypical 

squamous cells that cannot exclude a high-grade squamous 

intraepithelial lesion (N=15) and low grade squamous 

intraepithelial lesion (LSIL) (N=24).  

A total of 141 patients (49.1%) tested positive for high risk 

HPV DNA which was detected by hybrid capture 2 assay 

(HC2, Digene, Gaithersburg, MD, USA). In case the 

number of RLU/CO was equal to or greater than 1.0, HPV 

DNA was considered to be positive. 

Colposcopy examination 

Colposcopy was performed by means of Olympus Evis 

Exera II CV-180 equipment (Olympus, Barcelona, Spain) 

after preparing the cervix with 5% acetic acid. A 

colposcopically directed biopsy was obtained whenever an 

abnormal area was visualized. If transformation was zone 

was completely visualized and there were no abnormal 

colposcopy findings, a random biopsy was taken from the 

transformation zone. 

Histopathological examination 

Colposcopic biopsy specimens were examined 

independently by two experienced pathologists who did 

not know the results of cytological assessment and 

immunohistochemical staining. Whenever the pathologists 

yielded different diagnoses, cervical biopsy specimens 

were re-examined for a consensus result. The final 

histopathological diagnoses were made as follows, normal 

cervical tissue in 28 patients (9.75%), cervicitis in 48 

patients (16.75%), CIN1 in 178 patients (62.02%), CIN2 

in 26 patients (9.05%) and CIN3 in 7 patients (2.43%). 

Immnuhistochemical staining 

Liquid based cervical cytology specimens were all 

subjected to p16 and Ki-67 immunohistochemistry using a 

T2000 slide processor (Hologic, Bedford, MA, USA) 

according to the manufacturer’s instructions. If at least one 

cervical epithelial cell was colored both with a brown 

cytoplasmic stain (p16) and a red nuclear stain (Ki67), this 

case was considered as positive for p16/Ki67 

immunocytochemistry.14 

Immunohistochemical staining was also performed on 1.5 

μm sections acquired from formaldehyde fixed and 

paraffin embedded cervical tissues. According to the 

manufacturer’s instructions, rabbit monoclonal antibody 

clone R19-D (DB Biotech, Kosice, Slovakia) and rabbit 

monoclonal antibody clone SP6 (Thermo Fisher Scientific, 

MA, USA) were used for immunohistochemical staining 

with p16 and Ki-67 respectively.  

Statistical analysis 

Collected data were analyzed by statistical package for 

social sciences version 22.0 (SPSS IBM, Armonk, NY, 

USA). Continuous variables were expressed as 

mean±standard deviation (range: minimum-maximum) 

while categorical variables were denoted as numbers or 
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percentages where appropriate. Diagnostic sensitivity and 

specificity were computed by Chi square test and the 

results were specified within 95% confidence intervals. 

Two tailed p values <0.01 were accepted to be statistically 

significant.  

RESULTS 

Table 1 shows the demographic and clinical characteristics 

of the participants. When compared to the patients with 

normal cervix, the patients with CIN2 had significantly 

older age and marital age (p=0.001 for both). The 

frequency of smoking was significantly higher in the 

patients with CIN2 than the patients with cervicitis 

(p=0.001). Grand multiparity was significantly more 

frequent in patients with CIN3 than patients with normal 

cervix (p=0.001). 

Table 2 demonstrates the cervical cytology, HPV DNA 

and immunostaining results with respect to final 

histopathological diagnoses. When compared to the 

patients with normal cervix, cervical cytology abnormality 

and HPV DNA positivity were significantly more frequent 

in patients with CIN2 and CIN3 (p=0.001 for both). 

Similarly, p16 and Ki-67 positivity in cervical cytology 

specimens and p16 and Ki-67 positivity in colposcopic 

biopsy specimens were significantly more frequent in 

patients with CIN2 and CIN3 than the patients with normal 

cervix (p=0.001 for all). 

Table 3 displays that positive staining for p16 in cervical 

cytology specimens had a sensitivity of 78.2% and a 

specificity of 97.4% while positive staining for Ki-67 in 

cervical cytology specimens had a sensitivity of 80.6% and 

a specificity of 57.9% for distinguishing CIN lesions 

(p=0.001 for both). Positive staining for both p16 and Ki-

67 in cervical cytology specimens had a sensitivity of 

80.6% and a specificity of 97.4% for CIN lesions 

(p=0.001).  

Table 4 indicates that positive staining for p16 in 

colposcopic biopsy specimens had a sensitivity of 94% and 

a specificity of 90.6% whereas positive staining for Ki-67 

had a sensitivity of 97% and a specificity of 33% for 

differentiating CIN lesions (p=0.001 for both). Positive 

staining for both p16 and Ki-67 in colposcopic biopsy 

specimens had a sensitivity of 91% and a specificity of 

94% for CIN lesions (p=0.001). 

Table 1: Demographic and clinical characteristics of the participants. 

Demographics 
Normal 

(N=28) 

Cervicitis 

(N=48) 

CIN1 

(N=178) 

CIN2 

(N=26) 

CIN 3 

(N=7) 

P 

value 

Age (in years) 42.5±1.6 44.3±2.1 44.8±2.5 47.4±3.7 49.5±3.9 0.001* 

Oral contraceptive use (%) 4 (14.3) 3 (6.3) 41 (23.0) 4 (15.4) 1 (14.3) 0.149 

Smoking (%) 11 (39.3) 8 (16.7) 35 (19.7) 14 (53.8) 2 (28.6) 0.001* 

Marital age (in years) 24.5±3.7 23.7±2.9 21.9±1.5 20.5±2.8 19.7±1.6 0.001* 

Nulliparity (%) 3 (10.7) 4 (8.3) 0 (0.0) 3 (11.5) 0 (0.0) 0.002* 

Grand multiparity (%) 0 (0.0) 0 (0.0) 6 (3.4) 5 (19.2) 4 (57.1) 0.001* 

*p<0.05 was accepted to be statistically significant. 

Table 2: Cervical cytology, HPV DNA and immunostaining results. 

Results  
Normal 

(N=28) (%) 

Cervicitis 

(N=48) (%) 

CIN1 

(N=178) (%) 

CIN2 

(N=26) (%) 

CIN3 

(N=7) (%) 

P 

value 

Abnormal cervical cytology 3 (10.7) 11 (22.9) 94 (52.8) 26 (100.0) 7 (100.0) 0.001* 

HPV DNA positivity 0 (0.0) 0 (0.0) 75 (42.1) 26 (100.0) 7 (100.0) 0.001* 

Cervical cytology       

p16 positivity 1 (3.5) 2 (4.2) 102 (57.3) 22 (84.6) 7 (100.0) 0.001* 

Ki-67 positivity 2 (7.1) 4 (8.3) 135 (75.8) 24 (92.3) 7 (100.0) 0.001* 

Colposcopic biopsy 

p16 positivity 0 (0.0) 1 (2.1) 112 (62.9) 24 (92.3) 7 (100.0) 0.001* 

Ki-67 positivity 1 (3.5) 2 (4.2) 138 (77.5) 25 (96.1) 7 (100.0) 0.001* 

*p<0.05 was accepted to be statistically significant. 

Table 3: Immunostaining in cervical cytology specimens for intraepithelial lesions. 

Specimens  p16 positivity  Ki-67 positivity 

Concurrent 

p16 and Ki-67 

positivity 

Sensitivity (%) 78.2 (71.4-81.5) 80.6 (74.6-85.7) 80.6 (74.6-85.7) 

Specificity (%) 97.4 (90.8-99.7) 57.9 (46.0-69.1) 97.4 (90.8-99.7) 

Positive predictive value (%) 96.4 (86.9-99.1) 84.2 (80.2-87.5) 95.6 (84.2-98.9) 

Continued.  
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Specimens  p16 positivity  Ki-67 positivity 

Concurrent 

p16 and Ki-67 

positivity 

Negative predictive values 

(%) 
31.9 (30.1-33.8) 51.8 (43.4-60.0) 30.6 (29.0-32.3) 

Positive likelihood ratio 9.55 (2.39-38.24) 1.91 (1.46-2.51) 7.74 (1.92-31.18) 

Negative likelihood ratio 0.77 (0.71-0.84) 0.34 (0.24-0.48) 0.82 (0.76-0.89) 

P value 0.001* 0.001* 0.001* 

*p<0.05 was accepted to be statistically significant.  

Table 4: Immunostaining in colposcopic biopsy specimens for cervical intraepithelial lesions. 

Specimens  p16 positivity Ki-67 positivity 

Concurrent 

p16 and Ki67 

positivity 

Sensitivity (%) 93.9 (79.8-99.3) 97.0 (84.2-99.9) 90.9 (75.7-98.1) 

Specificity (%) 90.6 (86.3-93.9) 33.1 (27.3-39.2) 94.1 (90.5-96.7) 

Positive predictive value (%) 56.4 (46.6-65.6) 15.8 (14.5-17.3) 66.7 (54.8-76.8) 

Negative predictive value 

(%) 
99.1 (96.8-99.8) 98.8 (92.4-99.8) 98.8 (96.4-99.6) 

Positive likelihood ratio 9.94 (6.73-14.69) 1.45 (1.3-1.61) 15.39 (9.31-25.44) 

Negative likelihood ratio 0.07 (0.02-0.27) 0.09 (0.01-0.63) 0.1 (0.03-0.29) 

P value 0.001* 0.001* 0.001* 

*p<0.05 was accepted to be statistically significant. 

DISCUSSION 

Pap smear has been regarded as the most commonly used 

screening method for cervical cancer but its sensitivity is 

limited for the diagnosis of CIN3 or cervical cancer. On 

the other hand, pap smear is more able to detect CIN1 and 

CIN2.15 The identification of high risk HPV in the 

development of cervical cancer has led to the integration 

of HPV DNA testing into the screening programs for 

cervical cancer. Despite its high sensitivity, high risk HPV 

DNA testing usually fails to distinguish between 

frequently encountered transient infections and less 

prevalent premalignant lesions.15 These shortages of pap 

smear and HPV DNA tests end up with an increase in the 

number of referrals to colposcopy examination.15,16 

Therefore, it has been hypothesized that biomarkers may 

help to differentiate between CINs that will regress and 

those that will persist so that individualized treatment of 

these precursor lesions would become possible. These 

biomarkers include viral factors, host factors and cellular 

factors such as p16, Ki-67, p53 and Rb.16,17 

Dual staining for p16/Ki-67 in cervical cytology 

specimens has been addressed as a promising approach for 

further evaluation of patients with abnormal pap smear 

and/or HPV DNA test results.18 Most of the related studies 

report high sensitivity and sensitivity of p16/Ki-67 dual-

staining for CIN3/cervical cancer.18-22 Ordi et al also 

specified that sensitivity and sensitivity of p16/Ki-67 dual-

staining remained high in women aged less than 30 years 

and women aged older than 30 years.23  

Apart from literature, this study aimed to investigate the 

efficiency of p16 and Ki-67 immunostaining for the 

detection of CIN lesions in a low risk population. Similar 

to a high risk population with abnormal screening results, 

positive staining for p16 in cervical cytology specimens 

had a sensitivity of 78.2% and a specificity of 97.4% and 

positive staining for Ki-67 in cervical cytology specimens 

had a sensitivity of 80.6% and a specificity of 57.9% for 

distinguishing CIN lesions in this study. Moreover, 

concurrent positive staining for p16 and Ki-67 in cervical 

cytology specimens had a sensitivity of 80.6% and a 

specificity of 97.4%.  

Wang et al were the first to investigate the diagnostic 

accuracy of p16 staining for differential diagnosis of CIN 

lesions. The sensitivity, specificity, positive and negative 

predictive values were 100%, 95%, 13.9% and 100% for 

the detection of CIN3 by p16 immunostaining.24 Positive 

p16 staining was documented in 0% to 15% of benign 

cervical lesions, 10% to 25% of CIN1, 45% to 100% of 

CIN2/3 and 80% to100% of cervical cancers.25,26 The 

sensitivity and specificity of p16 staining were 91.3% and 

98.1% for distinguishing CIN from non-dysplastic cervical 

lesions.27  

The over-expression of Ki-67 was directly associated with 

the severity of dysplasia.28 A Thai study observed Ki-67 

expression in 11.3% of benign cervical lesions, 22.6% of 

CIN1, 75% of CIN2/3 and 100% of all invasive 

carcinomas.26 This finding complied with the findings of 

prior studies which found Ki-67 in 0% to 20% of non-

dysplastic lesions, 70% to 90% of CIN1, 20% to 70% of 

CIN2/3 and 90% to 100% of invasive carcinomas.29,30 The 
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sensitivity and specificity of positive Ki-67 staining were 

95.6% and 85.1% respectively for differentiating CIN 

from non-dysplastic cervical lesions.27 

As for the p16/Ki-67 positivity, it correlated directly with 

the severity of cervical dysplasia, from 26.8% in normal 

histology, 46.5% in CIN1, 82.8% in CIN2 to 92.8% in 

CIN3.22 The sensitivity of p16/Ki-67 positivity altered 

between 93.2% and 100% and it specificity ranged from 

46.1% to 74.2% for the detection of CIN3/cervical 

cancer.31 In case of detecting ≥CIN3 lesions, the sensitivity 

of p16/Ki67 positivity was statistically similar to that of 

high risk HPV DNA positivity but its specificity was 

significantly higher.22,31 

In this study, positive staining for p16 in colposcopic 

biopsy specimens had a sensitivity of 94% and a specificity 

of 90.6% whereas positive staining for Ki-67 in 

colposcopic biopsy specimens had a sensitivity of 97% and 

a specificity of 33% for differentiating CIN lesions. 

Positive staining for both p16 and Ki-67 in colposcopic 

biopsy specimens was found to have a sensitivity of 91% 

and a specificity of 94% for CIN lesions. 

The findings of the present study should be interpreted 

carefully as their power was limited by the relatively small 

study cohort and the lack of dual immunostaining. Another 

limitation was the relatively high number of patients with 

CIN1 and, thus, the relatively low number of patients with 

CIN3. 

CONCLUSION 

It has been well established that the success of cervical 

cancer screening programs might be improved by 

biomarkers that specifically reflect the pathogenesis of 

HPV infections. These biomarkers usually aim to 

designate the expression of E6 and E7 oncogenes in basal 

keratinocytes affected by HPV. Theoretically, p16 and Ki-

67 typically induce opposite effects and the co-expression 

of p16 and Ki-67 protein would not occur physiologically. 

If the co-expression of p16 and Ki-67 would be detected, 

this would indicate the presence of HPV-related alterations 

and the need for more accurate histopathological 

examination. An assay of p16/Ki-67 

immunohistochemistry applied on cervical cytology 

specimens could be a valuable screening test with high 

sensitivity and specificity for the detection of CIN2 and 

CIN3 lesions in high risk population. Further research is 

warranted to clarify the efficiency of p16/Ki-67 

immunostaining in screening pre-invasive cervical lesions. 
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