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Abstract
Cytology-based screening has limited sensitivity to detect cervical precancerous lesion. Hihg risk human
papilloma virus (HR HPV) DNA tests increase the detection of CIN II+ lesions, however it cannot differentiate if the
infection is or transient or persistent. Its use is often limited by the need of standardisation of laboratory technics and
relatively high costs.
Recently, several studies analysed the diagnostic performance of p16/Ki67 dual-stained cytology as the possible
alternative or coexisting option to HR HPV testing. In most of them the smear is obtained for liquid-based cytology.
This study was designed to analyze the usefulness of p16/Ki67 dual immunostaining in conventional cytology,
which is the method of choice in cervical cancer screening in our country.
68 women with positive Pap test results were selected. Colposcopy, cervical biopsy and HR HPV DNA tests were
performed in all patients. Separate slides for p16/Ki67 were collected at the time of colposcopy. Statistical analysis
was performed to establish sensitivity, specificity, positive predictive value, negative predictive value and accurancy
for all used tests. Biopsy-confirmed CIN was used as a gold standard for study purposes.
The diagnostic accurancy of p16/Ki67 dual-staining was the highest among used tests. Sensitivity of this test
to detect CINII+ lesion was comparable to and specificity was higher than for HR HPV test. Similar results were
observed for cytologic categories: LSIL and ASCUS. These results suggest that p16/Ki67 immunostaining performed
on conventional smears may become alternative or additional to HPV tests, due to its low costs and relatively simple
procedure.
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Introduction
The screening programs based on cytology markedly reduced the
incidence of cervical carcinoma. Pap test on its own still remains with
relatively low sensitivity and high false-negative rates [1,2]. Introduction
of liquid based cytology improved the accuracy of screening. Over the
past years the causative role of Human Papillomavirus, high-risk types
(HR-HPV), in the pathogenesis of cervical cancer, has been established
[3]. Most HR-HPV infections are usually transient and may regress.
In about 10% of these infections the process persists and progresses to
high-grade squamous intraepithelial lesion [4]. Most of these persistent
infections are localized within the transitional zone of the cervix [5].
The virus enters cells of the basal layer where alters the cell cycle by
fusion of E6 and E7 viral oncogenes with nuclear cell-cycle regulatory
proteins. This process results in overexpression of proteins such as
p16 and Ki67, known biomarkers of neoplastic transformation of cells
[6,7]. The protein p16 is increased as the consequence of inactivation
of tumour suppressor function of Rb (Retinoblastoma) gene. Ki67 is
known marker of cell proliferation, its expression within the squamous
epithelium should be limited only to basal cells [8-10].
HPV DNA tests appear very useful in a management of women
with positive cytology. However many clinical studies demonstrate that
specificity of these tests is not significant for high-grade cervical lesion
[2,11,12], as it does not differentiate between transient and persistent HPV
infection. HPV tests are not the best tool in women under 30 years of age as
the frequency of HPV infection is very high [9,12-14]. In many countries
the screening programs employ HPV tests over the age of 30 [15].
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The problem remains where atypical squamous cells of
undetermined significance (ASCUS) are diagnosed as the rate of
this result is comparable in conventional and liquid based cytology.
Approximately 10% of these women have underlying high-grade lesion
[4]. All patients confronted with the diagnosis of ASCUS require
careful clinical work-up to exclude high-grade intraepithelial lesion.
In most, but not in all European countries, HPV tests are performed
in patients with cytologic diagnosis of ASCUS. If the test is negative,
the patient should be followed with co-testing at 3 years [15]. If the
test is not performed, the serial cytology option incorporates cytology
at 12 months, and if negative, cytology every 3 years [15]. Similar
management is incorporated when LSIL (Low Grade Squamous
Intraepithelial Lesion) is diagnosed. Polish National Health Service
offers only repeated cytology at 6 months in all cases diagnosed with
ASCUS and LSIL. This screening program is based on conventional
cytology.
Recently, several studies analysed the diagnostic performance of
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p16/Ki67 dual-stained cytology as the possible alternative or coexisting
option to HR HPV testing.
The aim of this study was to evaluate whether p16/Ki67 dualstained cytology, a biomarker combination indicative of transforming
HPV infection, can provide high sensitivity and specificity for cervical
precancerous lesion (CIN, Cervical Intraepithelial Neoplasia) in
conventional cytology. Results were compared with HPV testing and
colposcopy.

Material and Methods
98 women were included in this study. Group A consisted of 68
women, which in routine cytology-based cervical cancer screening
were diagnosed with positive Pap test. The mean age of these patients
was 41 (from 21 to 80 years of age). Group B consisted of 30 women
(mean age 38: from 18 to 75 years of age) in which Pap test was negative.

Figure 2: LSIL cytology: a – Papanicolau staining. Low Grade Squamous
Intraepithelial Lesion, koilocytes with enlarged nuclei and perinuclear halo
visible. b - p16/Ki67 immunostaining, dysplastic cells visible.

All women did not have any previous history of gynaecological
problems. In all patients colposcopy was performed. Separate
conventional smear for p16/Ki67 dual stained cytology was obtained
at the time of colposcopy. In women with positive Pap test (group A)
cervical biopsy was collected for histopathological examination. These
patients received HPV testing.
Pap cytology was interpreted in local cytology laboratories using the
Bethesda System for reporting cervical cytology. Dual-stained cytology
was performed in the Department of Clinical Pathomorphology
(Medical University of Lublin) using CINtech PLUS kit (Roche mtm
laboratories, Mannheim, Germany) according to the manufacture’s
instructions. One histopathologist, who was informed about patient’s
age but was blinded to all other study results, reviewed each slide.
One gynaecologist performed colposcopy according to accepted
diagnostic standards. In line with current clinical practice, colposcopist
was aware of Pap cytology and HPV test results. Cervical biopsy
was taken at the time of colposcopy in women with positive Pap test
results. Tissue samples were fixed in formalin and processed to paraffin
blocks in the histopathological laboratory. 4 μm slides were cut on the
microtome, stained with hematoxylin and eosin (H+E) and assessed
by one histopathologist. Biopsy-confirmed CIN was used as a gold
standard for study purposes.
HPV test was performed in women with positive cytology results.
The material for this test was collected at the time of colposcopy. Linear
Array® HPV Genotyping Test typing DNA of 37 viral subtypes (Roche
Molecular Diagnostics, USA) was used.

Statistical analysis
We characterized the values of analysed parameters using
frequencies and percentage due to the nominal scale of measurement.

Figure 3: ASCH cytology: a-Papanicolau staining, Atypical cells, cannot
exclude HSIL. b-p16/Ki67 immunostaining, positive dysplastic cells visible.

Figure 4: HSIL cytology: a- Papanicolau staining, High Grade Squamous
Intraepithelial Lesion. b – p16/Ki67 immunostaining, dysplastic cells visible.

To evaluate the existence of differences or relationships between
analysed categorical parameters cross-tabulation tables and the test
for homogeneity or independence χ² were used. In addition, the
usefulness of the diagnostic value of: colposcopy, HPV testing and
immunohistochemistry were evaluated.
The accuracy of the test was determined by a comparison between
the results of the test and histopathology, which describes the actual
disease state. Used basic measurements of accuracy of the test are as
follows: sensitivity (SENS), specificity (SPEC), positive predictive value
(PPV), negative predictive value (NPV), accurancy (ACC).
We accepted 5% error of inference and the associated significance
level of p value<0.05 indicating the existence of statistically significant
differences or relationships. The statistical analyses were performed
using computer software STATISTICA v. 10.0 (StatSoft, USA).

Results

Figure 1: ASCUS cytology: a – Papanicolau staining. A typical Cells of
Undetermined significance (ASCUS). b – Dual-stained cytology, red nuclear
expresion of Ki67 and cytoplasmic brown expresion of p16 within dysplastic cells.
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In all women of group B Pap test did not show any abnormalities
of squamous cervical epithelium. In Group A ASCUS was diagnosed
in 7 women (Figure 1a), in 2 women ASC-H- atypical squamous cellscannot exclude HSIL (Figure 2a), in 28 - LSIL (CIN I/HPV) (Figure 3a),
and in 31 - HSIL (CIN II/CIN III) (Figure 4a).
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Colposcopy was satisfactory in 61 women of group A. In 54 women
of this group colposcopy showed abnormalities that were confirmed by
histopathology. In 7 women with biopsy confirmed CIN, colposcopy
gave negative results.
Microscopic examination of cervical biopsy confirmed the presence
of CIN in 5/7 ASCUS, 2/2 ASC-H, 21/28LSIL and 31/31 HSIL patients.
HR HPV was present in 3/7women diagnosed with ASCUS,
2/2 diagnosed with ASC-H, 21/28 diagnosed with LSIL and 25/31
diagnosed with HSIL.

P16/Ki67 immunocytochemistry
P16/Ki67 expression was negative in all women of group B. The
week cytoplasmic expression of p16 was observed in a few cases in
glandular cervical and metaplastic cells.
Positive results were present in women of group A. Positive cells
showed red nuclear expression of Ki67 and brown nuclear and/or
cytoplasmic expression of p16. The positive cells were present in 3/7
women diagnosed with ASCUS (Figure 1b), 2/2 diagnosed with ASC-H
(Figure 2b), 18/28 diagnosed with LSIL (Figure 3b) and in 31/31
diagnosed with HSIL (Figure 4b).
10 smears collected from women diagnosed with LSIL showed no
p16/Ki67 positive cells. Two of these patients showed the presence of
HR HPV and CIN positive biopsy. One of these smears collected for
dual staining was of low cellularity and showed no presence of glandular
cells, the second one presented advanced cytolysis.
In women of group A, within smears that were collected separately
for p16/Ki67, we observed the presence of slides with numerous
neutrophils or erythrocytes. However in all these smears cells with p16/
Ki67 expression were present.

Diagnostic accuracy of all examined tests
Results of statistical analysis show that sensitivity of HR HPV
test and dual staining p16/Ki67 was high (0,86 each respectively)
and specificity was the highest of all examined tests (0.89 and 1.0
respectively). Sensitivity of colposcopy was the highest (0.88) but
specificity of this test was low (0.11) (Table 1).
TP

FP

FN

TN

SENS SPEC PPV

NPV

ACC

HPV HR

51

1

8

8

0,86

0,89

0,98

0,50

0,87

P16/Ki67

51

0

8

9

0,86

1,00

1,00

0,53

0,88

colposcopy

52

8

7

1

0,88

0,11

0,87

0,13

0,78

TP – true positive results; FP – false positive results; FN – false negative results;
TP – true negative results; SENS – sensitivity, SPEC – specificity, PPV – positive
predictive value, NPV – negative predictive value, ACC – accurancy.
Table 1: Results of statistical analysis.

Figure 5: Diagnostic accuracy of examined tests in group of cytological
diagnosis: ASCUS+ASC-H.
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Figure 6: Diagnostic accuracy of examined tests in group of cytological
diagnosis: LSIL.
CIN II/CINIII

TP

FP FN TN

SENS

SPEC

PPV

NPV

ACC

HPV HR

15/17 1/1 1/2 8/8 0,94/0,89 0,89/0,89 0,94/0,94 0,89/0,8 0,92/0,89

P16/Ki67

15/19 0/0 1/0 9/9 0,94/1,00 1,00/1,00 1,00/1,00 0,90/1,00 0,96/1,00

colposcopy 16/18 8/8 0/1 1/1 1,00/0,95 0,11/0,11 0,67/0,69 1,00/0,5 0,68/0,68
TP – true positive results; FP – false positive results; FN – false negative results;
TP – true negative results; SENS – sensitivity, SPEC – specificity, PPV – positive
predictive value, NPV – negative predictive value, ACC – accurancy
Table 2: Diagnostic accuracy of examined tests for CIN II+

HR HPV and p16/Ki67 were characterized by the highest negative
and positive predictive values (NPV, PPV) (Table 1).
We also analysed the above parameters separately for groups of
cytological diagnosis of: LSIL, and ASCUS+ASC-H. Due to a small
number of cases of ASCUS and ASC-H, we treated them as a one group
in this part of our analysis.
The last step of our analysis was to establish the diagnostic accuracy
of the used tests for CIN II and CIN III.
For LSIL and ASCUS+ASCH the values of sensitivity and specificity
were the highest for HR HPV and p16/Ki67 (Figures 5 and 6). The best
diagnostic values of examined parameters to detect CIN II and CIN III
were for dual-staining p16/Ki67 and HR HPV test (Table 2).

Discussion
This study was performed to assess the results of p16/Ki67 dual
staining in women with positive Pap tests. We also analysed the
diagnostic values of p16/Ki67, HR HPV test and colposcopy. As the
true disease state results of microscopic examination of cervical biopsy
were established. Cytology as well as p16/Ki67 were performed on
conventional slides, as this method is the most common in our country.
This is associated with low costs of the test, but also with the fact, that
liquid-based cytology is available only in a few laboratories located in
big cities.
HR HPV tests significantly increased the sensitivity for the
detection of CINII/CINIII when used as an adjunctive test to cytology
or as primary screening method. The use of these tests lets to extend the
breaks among the Pap tests [16]. However positive HR HPV test cannot
answer if the infection is transient or persistent [17]. The usefulness
of HR HPV test in Low Grade lesions (ASCUS and LSIL) is low [18].
Most of HPV infections are transient and have tendency to regress
[6,19,20]. In women with positive HR HPV further procedures have
to be employed: repeated cytology, colposcopy or/and cervical biopsy
[7]. The use of mRNA HR HPH tests increases the detection of CIN
II+ lesions, but its use is often limited by the need of standardisation of
laboratory technics and high costs of the test.
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The overexpression of p16 in cervical dysplasia is associated with the
transforming activity of the E7 oncoprotein of HR HPV types and can
be regarded as a marker of the E7-mediated inactivation of the tumorsupressor function of the retinoblastoma protein (pRb). Therefore,
simultaneous detection of p16 overexpression and expression of the
proliferation marker Ki67 within the same cervical epithelial cells gives
the possibility of identifying cells with true oncogenic transformation
[7]. As the HSIL is known of high sensitivity in CIN II+ detection, the
problem remains in LSIL and ASCUS patients. Only a few published
studies have described the results of p16/Ki67 dual immunostaining
in cervical cytology in these groups of patients. Bergeron et al. [21]
performed the results of cytology-based screening in a group of 28
thousand women from 5 European countries. In women with the
diagnosis of ASCUS and LSIL the p16/Ki67 dual-staining as well as
HR HPV test were performed. p16/Ki-67 sensitivity in ASCUS for the
detection of CIN II+ was 92.2% (HR HPV test - 90.9%), specificity
was 80.6% (HR HPV test - 36.3%). In a group of cytological diagnosis
of LSIL sensitivity was 94.2% (96.4% for HR HPV), specificity was
68.0% (19.1% for HR HPV). Schmidt et al. [22] evaluated the diagnostic
performance of dual immunostaining in CIN II+ detection with
ASCUS and LSIL Pap smears. These authors reported a sensitivity of
92.2% (ASCUS) and 94.2 (LSIL) and a specificity of 80.6% (ASCUS)
and 68.0% (LSIL). Petry et al. [10] evaluated the utility of this test for
the identification of CIN II+ lesions in women with Pap negative and
HR HPV positive screening results. Sensitivity of p16/Ki67 for the
detection of biopsy-confirmed CIN II+ was 91.9% for CIN II and 96.4%
for CIN III, while specificity was 82.1% for CIN II on biopsy and 76.9
for CIN III respectively. Wentzensen et al. [23] compared the results of
HR HPV test with p16/Ki67 dual immunostaining in detection of CIN
II+ lesions in a high risk colposcopy clinic. Sensitivity and specificity of
dual stained cytology was 85.5% and 59.4% respectively for CIN II and
90.6% and 48.6% respectively for CIN III.
The results of the above mentioned studies indicate that p16/Ki67
dual-stained cytology may identify women with a high probability
of underlying CIN II+ and may substitute for HR HPV triage. Dual
immunostaining was performed on liquid based cytology in all these
studies.
To investigate whether the use of cervical cancer biomarkers
can improve the detection of CIN II+ in conventional cytology, we
performed p16/Ki67 dual immunocytochemical stain on conventional
smears and compared the results with HR HPV test and colposcopy in
women with positive Pap test results.
Conventional cytology is known to have many limits. The first and
the most important one is its adequacy and quality. The microscopic
assessment may be limited by advanced cytology, low cellularity, lack of
glandular cervical cells or the presence of numerous erythrocytes and/
or inflammatory cells. In cytology-based screening programs it still
remains the method of choice in many countries, what is associated
with its low costs. In Poland, National Health Service screening program
based on conventional cytology offers for women with the cytological
diagnosis of ASCUS repeated Pap test (within 6 months) and for
women with LSIL- colposcopy and repeated cytology (6 months). The
potential performance of HR HPV tests is limited mainly by its high
costs but also by the fact that not many laboratories have standardised
methods to run these tests.
Our results show that sensitivity of p16/Ki67 dual-stained cytology
for ASCUS+ASC-H was 0.71 and for LSIL was 0.86 and was equal or
comparable with sensitivity of HR HPV test (0.71 for ASCUS+ASC-H
and 0.96 for LSIL). Specificity of p16/Ki67 was high: 1.0 for
J Cytol Histol
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ASCUS+ASC-H group and 1.0 for LSIL; in this group the examined
parameter was higher than HR HPH test (0.86). Dual-stained cytology
had the highest accuracy in the detection of CIN II+ lesions: 0.96 for
CIN II and 1.0 for CIN III. Positive predictive value (PPV) and negative
predictive value (NPV) for the detection of CIN II+ were the highest
for p16/Ki67 immunostaining: PPV was 1.0 for CIN II and CIN III
and NPV was 0.9 and 1.0 for CIN II and CIN III respectively, when
comparing to colposcopy (PPV 0.69 and NPV 0.50) and HR HPV (PPV
0.94 and NPV 0.80). This data indicate the high diagnostic accurancy of
our immunostaining in this study.
In most of the studies immunocytochemical dual-staining for p16/
Ki67 is performed on liquid based cytology [1,7,21,22,24-27]. In our
study we assessed expresion of p16/Ki67 in conventional cytology,
which is the basic method recomended in our country by Nathional
Health Service screening program for cervical cancer. The quality of
slides in liquid-based cytology is much better than in conventional
smears. Still, in studies that use liquid-based cytology, authors report
cases, in which the false negative result is due to quality of smears,
mainly to their low cellularity [1,8]. We have also noticed the presence
of false negative results in women with positive cytology and histology.
In all these slides we have not seen cells with positive reaction for p16/
Ki67 dual-staining. All of these smears were of poor quality, mainly due
to low cellularity or advanced cytolysis. It is worth to mention here, that
in slides with numerous inflammatory cells or erythrocytes, we have
observed the presence of p16/Ki67 positive squamous epithelial cells
(Figure 3b).
In conclusion, we may say that immunocytochemical dual
staining for p16/Ki67 performed on conventional smears may become
additional to HPV tests. If there is not possibility to perform HPV
test, dual staining could help to determine further management with
the patient. Due to its low costs (2 to 3 times lower than HPV test)
and relatively simple procedure that can be used in most of cytological
laboratories, it may become an essential method for women with
positive Pap test results, especially ASCUS or LSIL, in everyday practice.
The employment of dual-stained immunocytochemistry especially in
women with ASCUS could be considered in the national guidelines.
Offering to the patient diagnosed with ASCUS the possibility of more
precise diagnosis: positive or negative, might lead to shorten her stress
associated with positive Pap test result and also shorten the waiting
time for the treatment. Our results need further verification by studies
involving large number of patients.
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