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Abstract
Introduction  Cervical cancer is the most common cancer in India. Screening of cervical cancer helps in marked reduction 
in invasive cervical cancers. The low sensitivity of Papanicolaou cytology (Pap smear) and high-risk human papillomavirus 
(HR-HPV) in excluding high-grade intraepithelial lesion (ASC-H) leads to unnecessary referrals to colposcopy-guided biopsy. 
The combined cervical cytology screening and HR-HPV have its own limitations and still need further standardization. Using 
additional biomarkers like staining with p16 and Ki-67 might help in triaging abnormal pap smear.
Materials and Methods  A prospective, cross-sectional study was performed in the Department of Obstetrics and Gynaecol-
ogy, in collaboration with Department of Pathology over a period of 16 months to know the efficacy of immunostaining with 
p16/Ki-67 in predicting the presence of significant lesion in cases of mild cytological atypia. PAP smears conventional and 
LBC along with P16, Ki-67 and available biopsies were correlated.
Results  Liquid-based cytology (LBC) was done in 2134 cases, out of which 46 cases showed abnormal cytological find-
ings such as [22 atypical squamous cells of undetermined significance (ASCUS), 3 low-grade squamous intraepithelial 
lesion (LSIL), 8 atypical squamous cells cannot exclude high-grade lesion (ASC-H), 6 high-grade squamous intraepithelial 
lesion (HSIL), 5 squamous cell carcinoma (SCC), 2 adenocarcinoma, 1 atypical glandular cells of undetermined signifi-
cance (AGUS)]. Immunostaining with p16 and Ki-67 was performed on 38 cases of abnormal cytological smears. Out of 
38 abnormal cytology cases, 28 cases had shown co-staining for both p16 and Ki-67, suggestive of true HPV infection of 
the cells. Of the 38 cases, 07/14 ASCUS, 06/06 HSIL, 07/08 ASC-H, 05/05 squamous cell carcinoma and 02/02 adeno-
carcinoma also showed dual positivity for p16 and Ki-67. One AGUS was diagnosed, but the smear was unsatisfactory for 
immunocytochemical evaluation and excluded from the study. Three cases of LSIL were also diagnosed on cytological 
evaluation, and 1 of them however showed positivity for p16 and Ki-67 on immunocytochemistry (ICC). In the ASC-US 
group, the sensitivity and specificity of the immunostaining in diagnosing CIN2 + lesions were 87.51%, and in LSIL group, 
the sensitivity and specificity of the immunostaining in diagnosing CIN2 + lesions were 100%. p16/Ki-67 positivity also 
increased with cytological severity which in turn corresponded with histological findings: it reached from 50% in ASC-US 
to 100% in both HSIL and SCC categories.
Conclusion  This immunostaining with p16 and Ki67 can be a useful method in the triaging of the ASC-US and the LSIL 
group as considering the high sensitivity and specificity values.
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Introduction

Cervical cancer is the second most common cancer after 
breast and colorectal cancer worldwide. Despite having a 
national cancer program since 1975, it still leads the cancer-
related cause of death in India and many other developing 
countries and is one of the major public health problems. 
Screening program for cervical cancer helps in detection of 
precancerous lesions of cervix, ultimately leading to marked 
reduction in the incidence and mortality [1]. For cervical 
cancer development, high-risk human papillomavirus infec-
tion is necessary. Most HPV infections are asymptomatic, 
transient and self-limiting with a very low incidence of viral 
infection converting into cancer. It has become very crucial 
to develop new techniques to diagnose these transforming 
HPV infections [2]. In ninety percent of cases, HPV disap-
pears in 2 years. Less than 10% HPV infections progress to 
high-grade lesions or cancer. As no significant precursor 
lesion is found, many of the women undergo unnecessary 
additional procedures like a repeat Papanicolaou smear, col-
poscopy or cervical biopsies [3]. The Papanicolaou (Pap) 
smear was introduced in 1941. Screening with Pap smears 
and high-risk human papillomavirus (hr-HPV) testing has 
become the standard of care. The overall sensitivity in the 
detection of premalignant lesions like high-grade squamous 
intraepithelial lesion is 70–80%, and specificity is between 
60 and 95% cases. About 5–20% of results are false nega-
tive, and in almost 30% of newly diagnosed cases of carci-
noma cervix, patient usually has at least one false-negative 
Papanicolaou test. Neither of the screening tests would tell 
which precursor lesion will progress to invasive cancer [4]. 
HPV oncogenes affect the expressions of host gene that is 
involved in cell cycle regulation and proliferation. p16 and 
Ki67 biomarkers are involved in cell proliferation. So these 
additional markers of dysplasia will potentially increase the 
positive predictive value for the diagnoses. p16 is a cyclin-
dependent kinase inhibitor, a cell cycle regulator protein that 
induces cell cycle arrest under normal physiological condi-
tions. Due to functional inactivation of the retinoblastoma 
gene by HPV E7, there is abnormal overexpression of p16 
which makes it a potential immunohistochemical screen-
ing marker for dysplasia arising from an HPV infection [5]. 
Ki-67 is a proliferation marker expressed in all phases of the 
cell cycle except G0 that is resting cells.

It can provide an index of the cell growth fraction. In this 
study, we have studied the role of Pap smear/liquid-based 
cytology (LBC) and immunostaining for p16 and Ki-67 in 
allowing identification of abnormal cells in cytology smears, 
and we also investigated whether p16/Ki-67 immunostaining 
can be used to triage abnormal Pap smears.

Material and Methods

This was a prospective, cross-sectional study performed 
in the Department of Obstetrics and Gynaecology, in col-
laboration with Department of Pathology over a period of 
16 months (July 2017–Nov 2018). Informed consent was 
obtained, and only the cases above the age of 21 were 
included in the study presenting with symptoms like post-
coital bleeding, contact bleeding, excitation pain, excessive 
or offensive smelling vaginal discharge, dyspareunia and 
pelvic pain syndrome included in the study. Patients younger 
than 21 years were excluded from the study. Also if the 
samples were obtained in women with hysterectomies, or if 
there was insufficient residual fluid to prepare an additional 
slide, diagnosed cervical cancer, pregnancy, prior therapy 
for cervical neoplasia and inability to give informed consent 
were not included in the study. Institutional review board 
approval for this study was obtained bearing no: AIIMS/
RES(03)/2016/126.

In total, 2134 patients met the inclusion criteria and gave 
consent to participate in the study. Liquid-based cytology 
was done in these patients. Out of 2134 patients, 46 cases 
showed abnormal cytological findings. In total, 38 abnormal 
cytology cases were subjected to immunocytochemistry and 
colposcopy-guided biopsy.

Sample Collection and Processing

For reporting the cervical cytology, liquid-based cytology 
(LBC) was used. LBC samples were collected using a Wal-
lach broom device and transferred to BD Sure Path Pre-
servative Solution. All samples were collected by a trained 
health provider. The samples were then transported to the 
laboratory and processed the following day. Final diagnosis 
was made by pathologist after proper evaluation according 
to the guidelines made by the Bethesda System of Reporting 
Cervical Cytology (2014). LBC sample of abnormal smears 
was preserved.

Immunocytochemistry for p16 and ki‑67

Two unstained slides were prepared from the preserved 
LBC sample of the cases with abnormal cytology. Immu-
nocytochemical (ICC) analysis was performed on 38 cases. 
Antigen retrieval was performed by heat-mediated method 
following which they were subjected to immunostaining. 
The antibodies used in this study were anti-CDKN2A/
p16INK4a antibody at a dilution of 1:100 (Abcam) and 
ready-to-use prediluted Ki-67 monoclonal antibody from 
Thermo scientific. Both were amplified by labelled 
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streptavidin–biotin-peroxidase system using Leica Bond-
Max. The colour of immunostaining was developed by 
chromogenic substrate diaminobenzidine and hydrogen 
peroxide. After light counterstaining in Harry’s haema-
toxylin, the slides were mounted and analysed using light 
microscopy.

Evaluation of ICC staining was performed as positive 
and negative reaction. For p16 it was evaluated as positive 
nuclear or cytoplasmic staining. For Ki-67, only nuclear 
positivity was taken into consideration.

Colposcopy-guided biopsy was performed in the patient 
with abnormal cytological smear. Any histopathological 
abnormality ASCUS, LSIL, HSIL were considered as 
positive histopathological correlation.

Statistical Analysis

All statistical analyses were performed using SPSS version 
Chi-square test for independence for evaluating association 
of p16/Ki-67 staining with cervical epithelial abnormality. 
All the categorical data were compared by Fisher’s exact 
test. A P value < 0.05 was taken as statistically significant.

Results

The study included 2134 women who met the inclusion 
criteria. The patients ranged in age from 31 to 70 years, 
with a mean age of 41 years. Out of the 2134 women, 170 
smears were unsatisfactory for evaluation. Of the rest, 1856 
(86.95%) patients were diagnosed as negative for intraepithe-
lial lesion and malignancy. In abnormal smear, 22 (47.8%) 
had ASC-US, 8 (17%) had ASC-H, 3 cases (6.5%) had LSIL, 
6 (13%) had HSIL, 5 (10%) had invasive squamous cell car-
cinoma, 2 (4.34%) cases were of adenocarcinoma, and 1 
(2.17%) case had atypical glandular cells of undetermined 
significance [AGUS] (Table 1). Out of the 46 cases of epi-
thelial abnormality, immunostaining followed by colpos-
copy-guided cervical biopsy was performed on 38 cases. On 
histological evaluation of each of the diagnostic categories, 
14 ASCUS cases were biopsied showing negative results in 
5 (35.71%), CIN1 was seen in 4 cases (28.57%), CIN2/3 in 
3 cases (21.42%) and chronic cervicitis in 2 cases (14.28%); 
0.3 LSIL cases were biopsied showing negative results in 1 
case (33.33%), chronic cervicitis in 1 case (33.33%), CIN1 
in none (0%), and CIN2/3 in 1 case (33.33%); 0.8 ASC-H 
cases were biopsied showing negative results in 1 case ( 
12.5%), chronic cervicitis in 1 case (12.58%), CIN1 in 1 case 
(12.58%), CIN2 + in 4 cases (50%) and invasive carcinoma 
in 1(12.5%) case. Six HSIL cases were biopsied showing 
negative results in 1 (16.66%), CIN1 in 0 (0%), CIN2/3 in 
4 (66.66%) and invasive carcinoma in 1 patient (16.16%). 
Squamous cell carcinoma was detected in 5 (100%) and 
adenocarcinoma in 2 (100%) cases (Table 2). Out of 38, 
abnormal cytology cases, 28 cases displayed co-staining for 
both p16 and Ki-67, suggestive of true HPV infection of 
the cells. Of the 38 positive cases, 07/14 ASCUS (Fig. 1), 
06/06 HSIL (Fig. 2), 07/08 ASC-H, 05/05 squamous cell 
carcinoma (Fig. 3), 02/02 adenocarcinoma showed positivity 
for both p16 and Ki-67. One AGUS was diagnosed, but the 
smear was unsatisfactory for immunocytochemical evalua-
tion and excluded from the study (Table 3).   

Table 1   Cytology
NILM 1856
ASCUS 22
LSIL 3
HSIL 6
ASC-H 8
SCC 5
ADENOCARCINOMA 2
AGUS 1
UNSATISFACTORY 170
INFLAMMATION 54
ATROPHIC 7
Total 2134

Table 2   Cytology and 
histopathology correlation

Cytology Normal Chronic 
cervicitis

LSIL (CIN1) HSIL 
(CIN2 +)

Malignancy Total

ASCUS 5 2 4 3 0 14
ASC-H 1 1 1 4 1 8
LSIL 1 1 0 1 0 3
HSIL 1 0 0 4 1 6
MALIGNANCY 0 0 0 0 7 7
Total 8 4 6 12 9 38
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Three cases of LSIL were also diagnosed on cytological 
evaluation, and 1 of them however showed positivity for 
p16 and Ki-67 on immunocytochemistry (ICC). For Ki-67 

(× 400)p16/Ki-67 positivity also increased with cytologi-
cal severity which in turn corresponded with histological 
findings: it reached from 50% in ASC-US to 100% in both 

Fig. 1   a Low power view of liquid-based cytology of ASCUS displaying relatively mature squamous cells with increased nuclear size along 
with few cells showing koilocytosis (Papanicolaou × 100). b Positive immunostaining for p16 (× 100). c Positive immunostaining

Fig. 2   a Liquid-based cytology smear shows immature squamous 
cells with increased nuclear size representing ASC-H ((Papanico-
laou × 100). Positive immunostaining for p16 (× 400). c Positive 
immunostaining for Ki-67 (× 400). d Liquid-based cytology smear 

of HSIL showing isolated small cells with high nuclear to cytoplas-
mic ratio (Papanicolaou × 100). e Positive immunostaining for p16 
(× 100). c Positive immunostaining for Ki-67 (× 400)

Fig. 3   a Squamous cell carcinoma composed of round to oval nuclei with considerable variation in size and membrane shape with fibrillar cyto-
plasmic strands (Papanicolaou × 100). b Positive immunostaining for p16 (× 400). c Positive immunostaining for Ki-67 (× 400)



76	 M. Gothwal et al.

1 3

HSIL and SCC categories. In the ASC-US category, 7 cases 
(50%) showed positive immunostaining, 4 were found to be 
CIN1, and 3 were found to be CIN2/CIN3 on histopathol-
ogy, whereas 7 (50%) cases showed negative staining despite 
having CIN1 in 1 case. In the LSIL cases 1 (33.33%) case 
showed positive immunostaining, which confirmed to have a 
diagnosis of CIN2/CIN3. Two cases which were negative for 
immunostaining were found to have no dysplastic changes 
in the histopathology.

On diagnosed cytological cases of ASC-US and LSIL, 
comparative values of sensitivity, specificity, PPV, NPV and 
two-sided P value of the immunostaining with co-positivity 
for p16/Ki67 in detecting significant histological lesion 
(CIN2/CIN3) were calculated. For ASCUS, the sensitiv-
ity and specificity of the dual immunostaining in detecting 
CIN2/CIN3 were found to be 85.71%, whereas for LSIL 
the values were 100%. The positive and negative predica-
tive value for ASCUS and LSIL was 85.71% and 100%, 
respectively.

Discussion

Screening of cervical cancer has led to marked reduction 
in the incidence of invasive cervical cancers. Despite these 
screening programs and HPV testing, 30% of newly diag-
nosed cancers are found in the women who followed the 
recommended guidelines for screening [2]. HPV infection 
is very common in young girls, but the infection is usually 
transient, and in maximum cases, spontaneous resolution 
occurs in a few years. The integration of the viral genome 
with the host genome is the most significant factor in the 
development of invasive carcinoma [6].

In some benign cases and low-grade squamous lesions high 
viral loads were found which could be due to increased epi-
somal levels not related to the oncogenic potential of HPV. 
This factor supported the utility of cancer cell biomarker p16 
instead of viral copy number as a better adjunct tool in deter-
mining which patient would show disease progression. To 

refine the risk in a patient with abnormal cytological smear 
currently available is hr-HPV testing of ASCUS smears. But 
in LSIL this was not cost-effective as 83.4% of the LSIL 
smears were positive of hr-HPV. Only a small number of 
both ASCUS/hr-HPV-positive and LSIL/hr-HPV-positive 
cases showed CIN2,3 on histopathology, suggesting that a 
large number of the population undergo unnecessary colpos-
copy referral. Colposcopy referral is further increased by the 
patients diagnosed as ASC-H or HSIL on cervical PAP smear 
screening [7]. The goal of our study was to demonstrate the 
role of p16 /Ki67 stains in identifying histopathological sig-
nificant lesions in the patients with abnormal smear findings.

As our study had a small sample population for immuno-
cytochemical testing with p16 and Ki67 in cases of ASCUS, 
LSIL and ASC-H, larger prospective studies are required to 
validate these findings. In our study, the prevalence of CIN2 
or worse lesions in ASC-US patients was 21.42%. Other 
studies showed the prevalence to be 5–22% [8]. The preva-
lence of CIN2-positive lesions in the patients with cyto-
logical diagnosis of LSIL was found to be high and reached 
33.3%. Other studies have found it to be around 9–30% [9].

In our study, 73.68% of all women with epithelial abnor-
mality showed co-positivity with p16/Ki-67 immunostaining 
suggestive of true infection. For ASC-US, the sensitivity and 
specificity of p16/Ki-67 immunostaining in detecting CIN2/
CIN3 were found to be 85.71%, whereas for LSIL the val-
ues were 100%. The positive and negative predictive values 
for ASCUS and LSIL were 85.71% and 100%, respectively. 
Other studies showed the sensitivity between 64 and 98% 
and the specificity of 43% and 81% in detecting high-grade 
lesions in ASCUS [10]. The limitation of our study was a 
small population of patients with abnormal smears, lack of 
availability of concurrent HPV testing and the use of resid-
ual fluid for immunostaining.

Screening of cervical cancer helps in the detection of pre-
cancerous lesions of the cervix and ultimately leads to a marked 
reduction in incidence and mortality due to invasive cervical 
cancers. Cytological examination by PAP smears has been 
established as a standard method for cancer screening. The 
diagnostic protocols still need to be standardized, especially for 
the management of diagnoses such as ASC-US and LSIL where 
the risk to progress to malignancy is high. The simultaneous 
expression of a proliferation-associated protein (Ki-67) and a 
protein associated with tumour suppression (p16) should grant 
a high specificity in the detection of dysplastic cells in which 
the neoplastic process has been initiated [11].

Conclusion

P16 and Ki67, being the INK4A tumour markers, have a 
lot of significance in ascertaining the progressive lesions. 
This also clears the ambiguity grey zone of low-grade and 

Table 3   Cytology/staining/histopathological correlation

Cytology finding p16/Ki‐67 co-posi-
tivity in cytology

Histopatho-
logical cor-
relation

ASCUS (14 cases) 7 (50%) 6 (42%)
ASC-H (8 cases) 7 (87.5%) 6 (75%)
LSIL (3 cases) 1 (33.33%) 1 (33.33%)
HSIL (6 cases) 6 (100%) 5 (83%)
SCC (5 cases) 5 (100%) 5 (100%)
Adenocarcinoma (2 cases) 2 (100%) 2 (100%)
Total-38 28 25
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high-grade lesions. Mainly they indicate progressive HPV 
infections with manifestation of E6 and E7. As E6 is respon-
sible for degradation of P53 tumour-suppressive gene, E7 
causes the RB protein to get phosphorylated, thus releasing 
the E2F transcription factor leading to cell divisions and 
immortalizations. As most of the studies are suggestive of 
high sensitivity with p16/Ki-67 immunostaining for detect-
ing high-grade precursor lesions in the patients with abnor-
mal cytological smears, it can be used as an adjunct in triag-
ing of the ASCUS and the LSIL group. With the use of p16/
Ki-67 immunostaining, the number of referrals to colpos-
copy centres can be reduced to half. In low-resource coun-
tries, the cost of HPV testing, p16/Ki-67 immunostaining 
and the referral to colposcopy centres protocols need to be 
further explored to determine the most favourable strategy.
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