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Abstract

Currently, cytology, HPV testing, and combined cytology with HPV testing are the methods
used for cervical cancer screening in patients. The p16/Ki67 dual staining is a biomarker with high
sensitivity and specificity for CIN2+ lesions.

The introduction of such a biomarker for triage and identification of high-grade cervical lesions
in patients, based on preliminary results from cytology and HPV screening, is necessary to prevent an
excessive number of referrals for colposcopy and biopsy. The study was designed as a cross-sectional
cohort study conducted at the University Clinic of Gynecology and Obstetrics, Skopje, over a two-year
period, involving a group of 81 patients aged 21 to 65 years.

All patients underwent HPV DNA testing with typing, cytological testing (LB), and p16/Ki67
dual staining. The correlation of p16/Ki67 immunocytochemical status in patients with cytological
verified squamous intraepithelial lesions and the presence of high-risk HPV was analyzed.

The analyses revealed a significant association between high-grade cervical lesions and
p16/Ki67 staining status. A positive result from pl6/Ki67 dual staining was significantly associated
with an HSIL finding on the Pap test (p=0.01). HSIL cytological findings were significantly more
common in patients with positive immunocytochemistry (36.36% vs 5.71%).

Patients positive for p16/Ki67 dual staining had more frequent positive HPV typing compared
to patients with negative p16/Ki67 staining.
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Introduction

Cervical cancer is the fourth most common malignant tumor in women worldwide and a global
public health problem, especially in countries with low to medium levels of development [1]. In 2022,
662 301 women were diagnosed with cervical cancer, and 348 874 women died from it [9].

The proven effectiveness of intervention measures, such as vaccination against the most
oncogenic human papillomavirus (HPV) types and screening, makes this disease preventable [2]. In the
Republic of North Macedonia, according to the WHO, the incidence of cervical cancer for 2022 was
6.7 per 100,000 women (107 cases), with mortality of 3.5 (61 deaths) [11].

Most commonly, cervical cancer is diagnosed in women aged 35 to 54 years, with an average
age of 50 years. Over 20% of cases occur in women over 65 years old [4]. In 2020, the WHO launched
a global initiative to eliminate cervical cancer with the goal of reducing the incidence to less than 4
cases per 100,000 women annually in every country [1,5].

The goal of the 90-70-90 initiative, which should be achieved by 2030, includes:90% of girls
vaccinated by the age of 15, 70% of women screened with high-performance tests at least twice by the
age of 45, 90% of women with precancerous changes or invasive cancer treated [1,5].

Cervical cancer is most often caused by persistent infection with human papillomavirus (HPV),
with long-term infection by high-risk HPV types, such as HPV 16 and HPV 18, accounting for 70% of
cervical cancers [6,13]. Nearly all sexually active individuals will contract HPV at some point in their
life, but most infections clear up on their own within one to two years.
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When the infection is persistent, it can lead to precancerous changes, which, if undetected and
untreated, may develop into invasive cancer [7]. Risk factors for the progression of the infection into
invasive cancer include: HPV type, immune status of the patient, presence of other sexually transmitted
infections, number of childbirths, young age at first pregnancy, use of hormonal contraceptives,
smoking [8].
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Persistent HPV infection can cause irreversible changes in the cervical cells, leading to the
development of invasive cancer. These changes are a result of the effects of HPV genes, particularly
those encoding the E6 and E7 proteins. These changes lead to deregulation of the cell cycle, creating
conditions for atypical changes in cervical cells and the development of cervical cancer [16].

Typically, it takes 15-20 years for abnormal cells to progress to cancer, but in patients with
weakened immune systems, such as those with untreated HIV, this process can be faster and take only
5-10 years [8].

For decades, cervical cancer screening has been based on cytological analysis of cervical cells
[19]. Screening can be performed using conventional cytology (CC) or liquid-based cytology (LBC)
[22]. LBC is replacing conventional cytology in many countries due to its higher efficiency and lower
rate of inadequate tests (about 1% compared to 7% in CC) [23].

Many countries have started using HPV testing as the primary screening method [13]. The
WHO recommends HPV DNA testing as the primary screening test, replacing cytology, for women in
the general population and for women living with HIV. The WHO proposes a regular screening interval
of every 5 to 10 years when using HPV DNA detection as the primary screening test for the general
population of women [10].

Where HPV DNA screening has not yet been implemented, the WHO recommends regular
screening every 3 years using cytology or colposcopy as the primary screening test among the general
population of women and women living with HIV [11].

Cytology shows high specificity but relatively low sensitivity (30-80%) for detecting cervical
cancer [15,22]. This method has low sensitivity due to the high rate of false-negative results. The
sensitivity of HPV testing is high (around 90%), but specificity is low [15,19,20].

Therefore, detecting high-risk HPV is used to improve the sensitivity of cytology [15,25,26].
Due to the low specificity of HPV DNA testing, many women will be referred for colposcopy or biopsy,
particularly young women under 30, as this population has the highest prevalence of HPV [27,28]. Thus,
a more effective marker is needed for triaging HPV-positive patients with normal cytology and to
identify women with a potentially higher (CIN2+ lesion) from cytological ASCUS/LSIL [27,28].

Most of the HPV infections are transitory and do not cause precancerous changes in the cervix,
so effective methods are needed to triage patients to prevent unnecessary colposcopy and biopsy
referrals. Among these, the most extensively studied are HPV genotyping, HPV methylation, and dual
cytological staining with p16/Ki67 [12,29].

The p16/Ki67 dual cytological staining method is an immunocytochemical technique used to
identify high-grade cervical lesions (CIN 2+). p16 is a cyclin-dependent kinase inhibitor and acts as a
regulatory protein of the cell cycle, while Ki67 is a cell proliferation marker [12,15,37]. Under
physiological conditions, they are not expressed simultaneously in the same cell. Co-expression of p16
and Ki67 indicates deregulation of the cell cycle and may suggest the presence of high-grade cervical
lesions [15,32,34,35].

Cytology with p16/Ki-67 dual cytological staining has high sensitivity and specificity and is a
useful biomarker for screening and triaging cervical cancer and its precancerous lesions. This method
shows promise for reducing the number of unnecessary colposcopies and biopsies. It can be used to
predict the regression or progression of CIN2 lesions (as a borderline lesion for treatment).

Compared to cytology and HPV detection, it has greater sensitivity in detecting precancerous
lesions of the cervix and cervical cancer. pl6/Ki-67 dual staining is recommended as a strategy for
monitoring women treated for precancerous lesions [12,15].

81



Milkovski D et al.;Dual staining cytology with p16/ki67 for cervical cancer screening

Materials and methods

The study was designed as a cross-sectional study of a cohort conducted during the 2023-2024
period. The study included 81 participants, aged between 21 and 65 years. All participants underwent
HPV DNA testing with genotyping, cytological testing (LB), and p16/Ki67 double cytological staining.
Only participants with high-risk HPV confirmed during screening and/or with cytologically proven
lesions were included in the analysis.

The study was performed at the University Clinic for Gynecology and Obstetrics, Skopje. All
cytological results(LB) and immunocytochemical staining for p16/Ki67 were performed in the Cytology
Laboratory. Participants included: patients aged from 21 to 65 years, with cytologically confirmed low-
and high-grade squamous intraepithelial lesions, where HPV DNA testing revealed a high-risk HPV
type, and patients with positive results for HR-HPV DNA typing but with normal cytology. Patients
with low-risk HPV types, and patients who were found to have invasive cervical cancer were excluded
of the study, regardless of the cytological findings.

LBC (Liquid-based Cytology) was used in this study. The sample was obtained using a brush, which
was then rinsed in a liquid medium. The material was left in the medium for 15-20 minutes and then
placed in a fully automated device for centrifugation and slide preparation.

The slide was removed from the device and fixed in 96% alcohol. After fixation, an automated
staining process followed. Cervical smears were classified according to the Bethesda 2001 system.
pl6/Ki67 Double Cytological Staining: The CINtec® PLUS cytology kit is a qualitative
immunocytochemical method used for detecting cells with neoplastic transformation, showing
positivity for both p16 and Ki67 proteins. Signal detection occurs with two different chromogens, with
3,3'-diaminobenzidine (DAB) chromogen conversion mediated by peroxidase, and rapid red chromogen
conversion mediated by alkaline phosphatase, resulting in brown and red staining of p16 and Ki-67
antigen sites, respectively.

The presence of at least one cervical epithelial cell with brown-stained cytoplasm and

redstained nucleus indicates a positive test result.
HPV DNA Testing/Real-time Multiplex PCR Assays for HPV: Samples for HPV typing are collected
using swabs and cytobrushes. The swabs and brushes are stored in an appropriate medium - PBS
(Phosphate Buffered Saline) in sterile tubes at a temperature of 2-8°C until DNA extraction. DNA
extraction from the collected cervical swabs is performed using a commercial kit for urogenital samples,
designed for automatic nucleic acid extraction from sexually transmitted pathogens in swabs, urine, and
semen.

For the extracted DNA samples, HPV amplification is performed using real-time PCR with
commercial Kits. The test is a multiplex real-time PCR assay that allows simultaneous amplification,
detection, and differentiation of target DNA from 19 high-risk HPV types - hrHPV (16, 18, 26, 31, 33,
35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73, 82) and 9 low-risk HPV types - IrHPV (6, 11, 40, 42,
43, 44, 54, 61, 70) along with an internal control.

Results

A total of 81 patients were included in the study, of which 11 (13.58%) were positive for
p16/Ki67 double cytological staining. 70 patients (86.42%) were negative for pl6/Ki67 double
cytological staining.
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p16/Ki67 Immunocytochemistry

The patients were aged between 21 and 65 years, with a mean age of 38.0£12.7 years. The
average age of the patients positive for p16/Ki67 double cytological staining was insignificantly higher

Negative
70(86,42%)

than that of the patients negative for this method (39.0+16.3 vs 37.9£12.2 years, p=0.79).

Table 1:
Immunocytochemistry | Age/years p-level
N mean £ SD min- max
Positive 11 39.0+16.3 21-70 t=0.27
Negative 70 | 37.89+12.2 20-79 p=0.79

A positive Pap test was obtained in 60 (74.08%) patients, LSIL in 52 (64.20%), and HSIL in 8

(9.88%) patients.

Table 2: Distribution of Patients Based on Cytological Findings

LBC n (%)
Negative 21 (25.92)
LSIL 52 (64.20)
HSIL 8(9.88)

There were no differences between patients positive/negative for p16/Ki67 double cytological
staining in terms of LSIL findings from the Pap test (p=1.0); LSIL was detected in 63.64% of patients
with positive immunocytochemistry and 64.29% of those with negative immunocytochemistry.

Table 3:

LSIL

Immunocytochemistry

p-level
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N Positive Negative
n (%) n (%)
Undetected 29 4 (36.36) 25 (35.71) Fisher's exact test
Detected 52 7 (63.64) 45 (64.29) p=1.0

The positive result of p16/Ki67 double cytological staining was significantly associated with
the HSIL finding from the Pap test (p=0.01). The HSIL cytological finding was significantly more
frequent in patients with positive immunocytochemistry (36.36% vs 5.71%).

Table 4:
HSIL Immunocytochemistry p-level
N Positive Negative
n (%) n (%)
Undetected 73 7 (63.64) 66 (94.29) Fisher's exact test
Detected 8 4 (36.36) 4(5.71) *p=0.01

Patients positive for p16/Ki67 double cytological staining had a higher frequency of positive
HPV typing than those with a negative p16/Ki67 immunocytochemical test.

Table 5:
HR HPV testing Immunocytochemistry p-level
N Positive Negative
n (%) n (%)
Undetected 23 1(10) 22 (37.29) Fisher's exact test
Detected 46 9 (90) 37 (62.71) p=0.15
Conclusion

The results obtained from this study demonstrate a significant association between the presence
of high-grade cytological lesions and the positive outcome of immunocytochemical staining with
pl6/Ki67. Patients positive for p16/Ki67 dual cytological staining had more frequent positive HPV
typing results compared to patients with negative p16/Ki67 immunocytochemical staining.

Cytology with p16/Ki67 dual cytological staining is of great importance for screening and
triaging cervical cancer and its precancerous lesions due to the increased accuracy of the result when
combined with current screening tests, such as cytology and HR HPV DNA testing.

Given that HR-HPV DNA detection has been established as a screening method in an increasing
number of developed countries, and is also being adopted by developing countries, the challenge
remains in the further management of patients who test positive, given the high sensitivity of the test
and the low specificity for detecting high-grade lesions (CIN2+ lesions).

On the other hand, the management of patients in countries where cytology remains the firstline
screening method for cervical cancer is a real challenge due to its low sensitivity, primarily because of
the large number of false-negative results.

Thus, there is a need for a screening method that will complement existing screening programs, reducing
the number of unnecessary referrals for colposcopy or biopsy.

The p16/Ki67 dual cytological staining as a screening method is expected to provide answers
to the questions regarding the presence of high-grade squamous intraepithelial lesions (CIN2+ lesions)
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in patients who are HR-HPV DNA positive, with a positive cytology result or dual positivity on
cotesting.

The application of p16/Ki67 dual cytological staining early in the diagnostic algorithms for

triaging patients with cervical precancerous lesions and cervical cancer represents a significant tool that
clinicians can use to identify high-grade lesions.

At the same time, and most importantly, we expect that these results will have positive

implications by improving cervical cancer screening programs and, thus, improving the health and
treatment outcomes of patients in the fight against cervical cancer and its precancerous lesions in our

population.
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