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Abstract 
Currently, Romania ranks first in Europe with regard to cervical cancer mortality. A new solution proposed for optimizing cytology-based 
screening, before seeing the risk associated with minor abnormalities results, is the use of molecular markers. This study concerns atypical 
squamous of undetermined significance (ASC-US) results, the grey zone of cytology that hides up to 15% high-grade lesions, to see how 
dual immunocytochemistry (ICC) staining for p16INK4a/Ki67 help to better identify and manage high-risk (HR) ASC-US patients. We included 
and reviewed 183 cases with ASC-US results and p16INK4a/Ki67 double staining (DS) performed in MICOMI Clinic (Bucharest) during 2014–
2016. All patients were referred for colposcopy and biopsy if appreciated as necessary and followed-up at six and 12 months. One DS(+)/HR 
human papillomavirus (HPV) negative case was positive for HPV73 Group IIB International Agency for Research on Cancer (IARC). The mean 
age for ASC-US in our study group was 32 years, with a median of 31 years and 31% of patients were aged 25–29 years. The sensibility of 
p16INK4a/Ki67 double immunostaining was 100%, the specificity 88%, the positive predictive value (PPV) was 82%, and the negative 
predictive value (NPV) was 100%. The use of p16INK4a/Ki67 ICC test optimizes the medical approach towards screening or monitoring 
especially in ASC-US HR HPV(+) young patients, unnecessary colposcopies are avoided thus invasive gestures at nulliparous are limited. 

Keywords: p16INK4a/Ki67 double immunostaining, ASC-US, immunocytochemistry, cervical cancer. 

 Introduction 

Currently, Romania ranks first in Europe with regard 
to cervical cancer mortality [1]. By the number of patients 
affected each year in Romania, cervical cancer is a real 
challenge. The importance of implementing efficient 
national screening programs is stressed by the fact that 
according to statistics, 4343 women are diagnosed each 
year with cervical cancer, and 1909 out of them die [1]. 
In view of enhancing the strategies to be implemented 
for preventing and reducing the high number of cervical 
cancer cases registered in Romania, it is of utmost 
importance to embrace modern, up-to-date techniques 
available in the field. Among females aged 18 to 59 years, 
the prevalence of human papillomavirus (HPV) infection 
is 40% for all HPV types and about 20% for high-risk 
(HR) HPV types [2]. Recent literature suggests that the 
use of more specific molecular markers for cervical pre-
cancer, among which the p16INK4a/Ki67 dual immuno-
cytochemistry (ICC) is the most studied, is effective in 
reduction of unnecessary diagnostic and more important, 
excisional procedures, especially in nulliparous women 
of whom preterm delivery risk could be significantly 
decreased by identification of lesions with low progression 
potential. Positive double staining (DS) for p16INK4a/Ki67 

indicates a cell cycle disturbance and potential progress 
towards a high-grade lesion. The positive test is a double 
simultaneous immunocytochemical staining in the same 
cell for p16INK4a as a marker of the transforming HPV 
infection and for Ki67, which is a proliferation marker 
[3–6]. 

Thus, this study analysis our experience in identifying 
the existence or the risk for high-grade cervical lesions 
by performing a p16INK4a/Ki67 DS test on several patients 
with atypical squamous cells of undetermined significance 
(ASC-US) results, which is the most frequent abnormality 
among screening results [7, 8]. 

Aim 

The purpose of the study was to evaluate the usefulness 
of DS for p16INK4a/Ki67 as a secondary screening method 
for identifying the precancerous lesions among ASC-US 
results with and without initial HPV triage test, and 
determine DS sensibility and specificity as compared to 
HPV deoxyribonucleic acid (DNA) test. Starting from 
the premise that ASC-US is the most frequent abnormality 
among screening results and there are Papanicolaou 
(Pap) smear results that fall into “grey zone”, we aimed 
to present our experience in identifying the existence or 
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the risk for high-grade cervical lesions by performing 
p16INK4a/Ki67 DS test in this group of patients. 

 Patients, Materials and Methods 

We selected patients with ASC-US results in routine 
cytological screening, p16INK4a/Ki67 double immuno-
staining, initial colposcopy with eventual biopsy and 
follow-up at six and 12 months, from the Bucharest 
MICOMI Clinic database (recorded during 2014–2016), 
Romania. For patients having HPV DNA testing available 
and genotyping, these results were also considered for 
the study. The data has been gathered retrospectively. 

Pre-established exclusion criteria implied history of 
high-grade lesions, previous conservatory treatment or 
hysterectomy, pregnancy and lack of anamnestic and 
clinical data. After applying the exclusion criteria, 183 
well-documented cases have been included in the study. 

The first analysis criteria were the DS status, which 
led to splitting cases into two groups, a DS(+) group, 
and a DS(-) group. Each group includes two subgroups, 
according to the ASC-US results management (inter-
mediary use of HPV testing as a triage reflex test vs. the 
alternative way of direct association cytology–ICC). 

All patients had a colposcopy evaluation with biopsy 
if any abnormalities were identified. The abnormal aspects 
were classified in minor and major abnormalities and 
transformation zone in three categories, according to the 
current colposcopy nomenclature, but pathological control 
was obtained from any abnormality by one or two directed 
biopsies or endocervical curettage. We did not take a 
biopsy from normal colposcopy aspects. 

The ASC-US/DS(+) patients with initial negative 
colposcopy were referred for another colposcopy in six 
and 12 months. The ASC-US/DS(-)/HPV(+) results were 
also monitored with colposcopy, as a safeguard in six 
and 12 months. 

The data had been analyzed using Statistical Package 
for the Social Sciences (SPSS) v. 23.0. The categories 
within groups were calculated as proportions. The HR 
HPV(+) status was expressed as positive for HR16, HR18, 
and HR12 antigens, following the Cobas® 4800 technique. 
Validity (sensitivity and specificity) and predictive values 
were calculated for DS and HPV testing vs. biopsy [lesions: 
cervical intraepithelial neoplasia (CIN)2+ were considered 
positive for disease]. Also, comparative validity and 
prediction were calculated for DS and HPV testing. Chi-
square test was used for comparison between groups for 
qualitative variables. 

The laboratory techniques used in this study are the 
following: liquid-based ThinPrep Cytology, a commercial 
kit of monoclonal antibodies CINtec® PLUS Cytology  
for p16INK4a/Ki67 ICC, commercial kit CINtec® PLUS 
Histology for p16INK4a immunohistochemistry for CIN 
degree confirmation and Cobas® 4800 platform for HR 
HPV group with HPV16/18 genotyping. For a limited 
number of cases with particular situations as the discor-
dance DS(+)/HPV(-) or follow-up of HPV type-specific 
persistence, we also had individually genotyped by the 
Linear Array technique. 

CINtec® PLUS Cytology kit consists of a cocktail of 
primary antibodies: p16INK4a – mouse-specific primary 
monoclonal antibody (E6H4 clone) and Ki67, rabbit specific 
primary monoclonal antibody. For the histopathological 
and immunohistochemical (IHC) study, we used paraffin-
embedded tissues, sectioned with the HMB450 microtome 
(Thermo Scientific), equipped with a water section transfer 
system. The sections obtained were next applied to slides 
treated with poly-L-lysine for better adhesion and left to 
dry in the thermostat (37°C) for 24 hours. To identify the 
intraepithelial lesions, we used standard Hematoxylin–
Eosin (HE) staining and immunostaining for anti-Ki67 
and anti-p16INK4a antibodies (Table 1). 

Table 1 – Immunohistochemical panel of antibodies used by us 

Antibody Manufacturer Clone Antigenic exposure Secondary antibody Dilution Labeling 

Anti-Ki67 Dako MIB-1 EDTA, pH 9 
Monoclonal mouse  

anti-human Ki67 
1:50 

Marker of cell 
proliferation 

Anti-p16 Invitrogen MA5-17054 Citrate, pH 6 p16INK4a antibody (1D7D2) 1:1000 
Tumor suppressor 

protein 

EDTA: Ethylenediaminetetraacetic acid. 
 

 Results 

Regarding the distribution by age, the mean age for 
ASC-US in our study group was 32 years, with a median 
of 31 years and 31% of patients were aged 25–29 years 
(Figure 1). 62% of young women and 88% of women aged 
30+ performed HPV testing; the age group 19–24 years 
was most untested, followed by the age group 25–29. 

Out of 183 cases with ASC-US results, 83 (45.35%) 
were DS(+) (forming the Group I), and 100 had a negative 
DS test (Group II). 

Group I 

In the 83 cases DS(+) group, the HPV Cobas® 4800 
testing was done in 60 cases irrespective of patients’ age 
and was positive in 59 cases and negative in one case. 
Regarding the DS(+)/HR HPV(-) test, the HPV genotyping 
technique confirmed the absence of HR types and the 

presence of HPV73 that belongs to the possible HR HPV 
Group IIB International Agency for Research on Cancer 
(IARC). From the clinical perspective, this case was 
managed as a DS(+)/HPV(+). All 60 ASC-US/DS(+)/ 
HPV(+) patients had a colposcopy evaluation with biopsy, 
according to the aspect and topography of the transfor-
mation zone. Out of the 60 colposcopies, 49 had a CIN2+ 
biopsy result and in 11 cases, no significant colposcopic 
aspect was found. The other 23 cases of the subgroup 
with ASC-US/DS(+) and without HPV triage were also 
referred for colposcopy. In this study group, 16 high-grade 
lesions were found and in seven cases, no colposcopy 
abnormalities were described. 

Group II 

From the 100 ASC-US/DS(-) cases, we have HPV 
status information on 80 patients, respectively 45 were 
HPV(+) and 35 HPV(-). All of them had a colposcopic 



Modern interdisciplinary monitoring of cervical cancer risk 

 

471

evaluation. In the ASC-US/HPV(+) subgroup, 15 biopsies 
were done, all of them showed metaplasia or minor changes. 
The other 20 ASC-US/DS(-) cases without an HPV triage 
test also had a colposcopic evaluation. In this subgroup, 
six histological controls were done and no high-grade 
lesions were found. 

No invasive cancer was identified in the study. 
Through CINtec® PLUS Cytology test for p16INK4a/Ki67 

ICC, the overexpression of p16INK4a was indicated by the 
positive cytoplasmic reaction (brown color) (Figures 2 
and 3) and the overexpression of Ki67 was indicated  
by the nuclear immunocytochemical reaction (red color) 
(Figures 3 and 4). The double immunocytochemical signal 
illustrates cell cycle disruption amid certain changes in the 
cellular genome and indicates potential progress towards 
a high-grade lesion. The expression of p16INK4a shows 
the cellular protein involved in the cell division control 
(Figures 5–9). The overexpression of Ki67 protein docu-
ments the cell proliferation, after performing the test. 

Follow-up of ASC-US/DS(+)/HPV(+) patients with 
negative initial colposcopy revealed another two cases 
of CIN1, CIN2 at six months and five more cases of 
CIN1, CIN2 at 12 months. 

Study design and the main results are summarized in 
Table 2. 

Out of 183 patients included in the study, 140 (76.5%) 
have been tested for HPV infection. 

The assessment of HR HPV infection status by DS 
results showed a slightly different distribution: 

There was a difference in percentage, but with no 
statistical significance in the incidence of the types of 
HPV infection grouped by age category, under and over 
30 years, respectively. In the age group under 30 years, 
the incidence of one HR HPV type was 77%, higher than 
the group over 30 years (62%). In the second age group, 
the incidence of non-HR HPV type infection was 10% 
higher and the infection with more than two HPV types 
(9%) had twice the incidence of the first age group (4%). 
The chi-square test result showed no statistical significance 
(p=0.173). 

In our study group, 74% of tested women were HR 
HPV(+) (n=104), 67% had one antigen and 7% combi-
nation Cobas® 4800+ was the most frequent HR HPV(+) 
[77% of all HR(+)]. 

Among combinations, most frequent was HPV16–
Cobas. As many as 183 colposcopies were performed, 
representing 100% of the referrals subsequent to the ASC-
US results. In 51% of patients referred for colposcopy,  
a biopsy was performed according to the transformation 
zone type and the degree of the imagistic abnormality. 
Histopathology with immunohistochemistry for 16 (19%) 
cases from the Group I, with DS(+) and non-tested HPV, 
showed specific modifications for CIN2+/high-grade 
squamous intraepithelial lesion (HSIL) and 8% of the 
results were negative from the same group specifications. 
In the group of ASC-US/DS(+) with initial negative 
colposcopy, we found during the follow-up at six (T1) 
and 12 months (T2) another seven positive results for CIN1 
and CIN2, sustaining the fact that positive molecular 
signals precede colposcopically identifiable morphological 
abnormalities. 

As regards the viral types that led to the 49 cases of 

positive histopathological results, both single and multiple 
infections were involved. Thus, in 36% of the cases,  
a single HPV infection was responsible for CIN2+ 
modifications, in 10% of cases two HPV types were 
involved, while the presence of more than two HPV types 
were found in 24% of cases and more than two HPV types 
were responsible for 20% of the CIN2+ cases; HPV was 
absent in 10% of CIN2+ patients. In the group of patients 
with positive histopathological results, the most common 
viral type encountered was HPV16 (18%), followed by 
HPV31 (16%) and HPV59 (8%) (Table 3). 

We also report a ASC-US/DS(+) case infected with 
HPV73, positive colposcopy revealing specific modifi-
cations for CIN2+/HSIL (Figure 10, A–C). 

In our study group, HPV16, 31 and 59 have been 
responsible for 41% of the infections. The genotyping 
performed on patients with positive histopathological 
results (CIN2+) showed that in 37% of CIN2 cases,  
a single HPV type was involved, and in the rest of the 
cases, there were associations of two or more HR HPV 
types. 

Using standard HE-stained slides, nuclear abnorma-
lities, abnormal mitotic figures, and a loss of normal 
maturation of the epithelium was observed. In CIN2 the 
cytoplasmic maturation starts in the middle third, while 
in CIN3 it is minimal or even absent and it occurs only 
in the most superficial third of the epithelium (Figure 
11, A and B). Ki67, marker of cell proliferation was 
positive in lower and middle one-third of stratified 
squamous epithelium in low-grade CIN lesions, while in 
high-grade CIN lesions, Ki67(+) cells were present in 
all layers of squamous epithelium (Figure 12). P16 can 
serve as an excellent biomarker to identify cells infected 
with HPV and recognize the lesions with a propensity to 
progress to higher grades (Figure 13). 

In our study group, 54.65% of cases had negative 
double immunostaining for p16INK4a/Ki67 tests. These 
patients were subject to cytological and viral follow-up 
at 12 months. The results indicated no cases of HR cervical 
lesions present. From a total of 140 patients with all 
three tests performed, the overall prevalence of positive 
results of the dual immunostaining was 59.2%, and the 
prevalence of HPV(+) test was 75%. The positive rates of 
the dual immunostaining were similar in the age group 
19–29 years with the age groups 30 years or 30+ years, 
as the prevalence of the positive rate of HPV test was 
comparative in the age group 30 years with the age group 
30+ years. The prevalence rates of the positive immuno-
cytochemical test were compared with the HPV prevalence 
rates in both age groups (statistically slightly elevated) 
(Figure 14). 

The sensitivity, specificity and predictive values for 
p16INK4a/Ki67 double immunostaining compared to the 
HPV DNA test were determined concerning CIN2+ lesions 
confirmed by biopsy. 

The clinical protocol, adapted to each particular case 
was respected. Regarding ASC-US/DS(-) cases, the results 
of p16INK4a/Ki67 double immunostaining were negative. 
These cases, according to the screening protocol, were 
subject to viral and cytological tests after 12 months. All 
patients undergoing the tests after 12 months had negative 
results, thus considered non-ill patients. Regarding the 
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patient included in Group I, respectively ASC-US/DS(+), 
65 cases presented high-grade lesions at T0 (initial 
evaluation) and classified as ill. Also, 18 cases of DS(+) 
group were found with no colposcopic modification at 
T0; from these, two cases developed CIN2+ at T1 (six 
months) and five cases at T2 (12 months). The risk of 
developing the disease in a person with ASC-US and 
p16INK4a/Ki67 double immunostaining after six months 
was 11.1% and the risk of developing the disease in a 
person with ASC-US and p16INK4a/Ki67 double immuno-
staining at 12 months was 38.9%. 

As regards the remaining 28 cases, in which the 
colposcopy performed at T0 rendered negative results 
(with no indication of biopsy), these women were referred 
for follow-up with Pap and colposcopy after six and 12 
months. As mentioned above, seven cases developed 
modifications detectable and classified on colposcopy  
as CIN2. Thus, the sensibility of p16INK4a/Ki67 double 
immunostaining was 100%, the specificity 88%, the 
positive predictive value (PPV) was 82%, and the negative 
predictive value (NPV) was 100%. 

Further on, the validity and the prediction for p16INK4a/ 
Ki67 double immunostaining compared with HPV test 
were determined in relation to the ill/non-ill status, for 
140 cases tested by both methods, by the same reasoning. 

The results for HPV test were: sensibility 98%, specificity 
38%, PPV 46% and NPV 97%. Using chi-square test and 
Exact Measures of Association for all the characteristics 
of screening methods, we obtained a significantly higher 
specificity and PPV of CINtec® PLUS Cytology, meaning 
higher chances to identify correctly the non-diseased and 
the diseased, in the context of a positive test with no 
significant difference for sensitivity and NPV (Tables 4 
and 5). 

 
Figure 1 – High HPV infection status distributed on 
different age groups. HPV: Human papillomavirus. 

 

Figure 2 – DS negative. Two cells with specific cyto-
plasmic p16INK4a immunostaining. No positivity for Ki67. 
Counterstained-stained blue squamous cells (personal 
collection of MICOMI Clinic), ×400. DS: Double staining. 

Figure 3 – DS negative. There is one nucleus with Ki67 
immunostaining and another cell with p16INK4a immuno-
staining in the cytoplasm (personal collection of MICOMI 
Clinic), ×400. DS: Double staining. 

 

Figure 4 – DS negative. Nuclear Ki67 immunostaining, 
no p16INK4a immunostaining (personal collection of 
MICOMI Clinic), ×400. DS: Double staining. 

Figure 5 – DS positive. Single cells and clusters containing 
dual-immunostained cells – p16INK4a (brown cytoplasm) 
and Ki67 (red nuclei) (personal collection of MICOMI 
Clinic), ×200. DS: Double staining. 
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Figure 6 – DS positive. Single dual-immunostaining – 
p16INK4a (brown cytoplasm) and Ki67 (red nucleus) in 
the same cell (personal collection of MICOMI Clinic), 
×600. DS: Double staining. 

Figure 7 – DS positive. Cluster with dual-immuno-
stained cells (p16INK4a and Ki67) (personal collection of 
MICOMI Clinic), ×400. DS: Double staining. 

 

Figure 8 – HSIL. Squamous cells with a high N:C ratio, 
irregular nuclear contours, coarse chromatin and scant 
cytoplasm, suggestive of HSIL, Papanicolaou staining, 
ThinPrep (personal collection of MICOMI Clinic), ×400. 
HSIL: High-grade squamous intraepithelial lesion; N: 
Nucleus; C: Cytoplasm. 

Figure 9 – HSIL. Cluster of cells containing dual-
immunostained cells, DS positive (personal collection of 
MICOMI Clinic), ×600. HSIL: High-grade squamous 
intraepithelial lesion; DS: Double staining. 

Table 2 – Results and study design summarizing of the study 

Cervical 
cytology 

DS 
Study 
group 

Triage 
Colposcopy 

T0 
Biopsy 

T0 

Colposcopy  
& biopsy 

T1 

Colposcopy 
& biopsy 

T2 
48 (+) 48 CIN2+   59  

HR HPV(+) 11 (-)  1 CIN2 4 CIN2 HR HPV 
60  

cases 1 HR HPV(-) 
[HPV73(+)] 

1 (+) 1 CIN2+   

16(+) 16 CIN2+   

83  
DS(+) 

I 

DS 23 cases 
7 (-)  1 CIN2 1 CIN2 

15 (+) < CIN2   
45 HR HPV(+) 

30 (-)    HR HPV 
80  

cases 
35 HR HPV(-) 35 (-)    

6 (+) < CIN2   

ASC-US  
183 cases 

100  
DS(-) 

II 

DS 20 cases 
14 (-)    

ASC-US: Atypical squamous cells of undetermined significance; DS: Double immunostaining for p16INK4a/Ki67; HR HPV: High-risk human 
papillomavirus; CIN: Cervical intraepithelial neoplasia. 

Table 3 – Distribution of HPV genotypes at patients with CIN2+ 

HPV 
genotype 

16 18 31 33 39 66 59 55 83 70 81 73 61 68 52 35 58 
Other 
types 

Percent 18% 3% 16% 4% 3% 4% 8% 3% 1% 2% 1% 2% 6% 3% 3% 6% 3% 7% 

HPV: Human papillomavirus; CIN: Cervical intraepithelial neoplasia. 
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Figure 10 – (A) Colposcopy acetic acid test – central major abnormality (lesion in lesion with internal contour 
HSIL/CIN3); (B) Colposcopy acetic acid test – detail of internal contour; (C) Colposcopy Lugol test – yellowish color 
of central lesion (personal collection of MICOMI Clinic). HSIL: High-grade squamous intraepithelial lesion; CIN: 
Cervical intraepithelial neoplasia. 

 

Figure 11 – HSIL, punch biopsy: (A) Atypical cells with large hyperchromatic nuclei in the lower half of the epithelium; 
(B) Area with modified cells, with nuclear atypia in all the thickness of the epithelium – CIN3 and area with atypia in 
2/3 basal – CIN2 is observed. HE staining: (A) ×200; (B) ×100. HSIL: High–grade squamous intraepithelial lesion; 
CIN: Cervical intraepithelial neoplasia; HE: Hematoxylin–Eosin. 

 

Figure 12 – (A) Atypical cells in division in the basal and intermediate layers are observed in the right side of the 
image (CIN1–CIN2) and at the left side, we see atypical cells in division in all the epithelial thickness (CIN3–HSIL); 
(B) Atypical cells, in division, in all the thickness of the cervical epithelium are observed (CIN3). Anti-Ki67 antibody 
immunostaining: (A) ×100; (B) ×200. CIN: Cervical intraepithelial neoplasia; HSIL: High-grade squamous intraepithelial 
lesion. 
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Figure 13 – HSIL: Positive nuclear and cytoplasmic reaction suggesting high-grade dysplasia. Anti-p16INK4a antibody 
immunostaining: (A) ×100 (personal collection of MICOMI Clinic); (B) ×200. HSIL: High-grade squamous intraepithelial 
lesion. 

 

 
Figure 14 – Distribution of positive test results for 
Pap cytology, double immunocytochemical staining 
and HPV test in the age groups 19–29 years old and 
30+ years old. Pap: Papanicolau; HPV: Human 
papillomavirus; ASC-US: Atypical squamous cells of 
undetermined significance; DS: Double staining. 

Table 4 – Sensitivity, specificity and predictive values 
for p16INK4a/Ki67 double immunostaining 

CINtec® 
Positive 
biopsy 

Negative 
biopsy 

Total 

Positive 49 11 60 

Negative 0 80 80 

Total 49 91 140 

Sensibility – 100%
Specificity – 88% 

PPV – 82% 
NPV – 100% 

CIN: Cervical intraepithelial neoplasia; PPV: Positive predictive value; 
NPV: Negative predictive value. 

Table 5 – Sensitivity, specificity and predictive values 
for HPV DNA testing 

HR HPV 
Positive 
biopsy 

Negative 
biopsy 

Total 

Positive 48 56 104 

Negative 1 35 36 

Total 49 91 140 

Sensibility – 98% 
Specificity – 38% 

PPV – 46% 
NPV – 97% 

HPV: Human papillomavirus; DNA: Deoxyribonucleic acid; HR: High 
risk; PPV: Positive predictive value; NPV: Negative predictive value. 

 Discussions 

Regarding ASC-US cytology results that might hide 
up to 15% high-grade lesions, to invoke a selection tool 
that identifies for colposcopy the patients at higher risk 
and allows safe monitoring for the others represents a 
clinicians’ ideal [6, 9]. 

Although the study was performed at a smaller scale, 
its results are congruent with more complex studies that 
tested the sensitivity and specificity of the double immuno-
cytochemical staining as compared to HPV DNA testing. 
At the same time, there are few studies where HPV 
comparative information comes from a standardized 
molecular technique of HPV detection with partial geno-
typing (Cobas® 4800), both of comparison terms being 
based on ThinPrep liquid-based cytology. 

The fact that during the follow-up at six (T1) and  
12 months (T2) of the DS(+) cases with initial negative 
colposcopy we found other seven CIN2 cases, p16INK4a 
confirmed (which belong to HSIL group), reasserts the 
pathogenetic logic that positive molecular signals precede 
the colposcopically identifiable abnormalities. 

A negative colposcopy done for a positive DS at a 
random moment in HPV infection evolution reinforces 
the need to follow-up, as the lesion risk might increase 
in time. 

The low specificity of colposcopy vs. CIN2+ derives 
from the fact that, for the purpose of the study, we 
established a low threshold between positive and negative 
results, any degree of aceto-whiteness being subject to 
biopsy according to its topography. 

p16 represents a cyclin-dependent kinase inhibitor and a 
tumor suppressor protein, encoded by the cyclin-dependent 
kinase inhibitor 2A (CDKN2A) gene on chromosome 9, 
in humans [10, 11]. This protein plays a very important 
role in regulating the cell cycle, by passing from the G1 
to the S phase of cell progression, thus playing the role of 
tumor suppressor in various cancer types (oropharyngeal 
squamous cell carcinoma, cervical cancer, melanoma). p16 
is also used as a biomarker in the diagnosis of CIN3 [12] 
and inhibits cyclin-dependent kinases (CDKs). Mutations 
or deletions of the CDKN2A gene are associated with an 
increased risk of cancer [13, 14]. 

p16 overexpression is generally caused by HPV, and 
in the cervix, it is associated with a better prognosis 
regarding neoplasms [15–17]. As an IHC marker, in 
gynecological pathologies, strong nuclear and cytoplasmic 
expression is associated with HR HPV, but also with 
neoplasms. Most cervical squamous cell carcinomas express 
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p16, but it can also be expressed in other cancers (urinary 
tract, melanoma, oropharyngeal carcinomas) [18]. 

Ki67 is a protein encoded by the marker of proliferation 
Ki67 (MKI67) gene in humans [19, 20]. This protein  
is required for cell proliferation and is associated with 
ribosomal ribonucleic acid (RNA) transcription. If this 
protein is inactivated, RNA synthesis is blocked [21]. 
Therefore, this protein is a marker for cell proliferation. 
Ki67 is present in all phases of the cell cycle (G1, S, G2, 
and mitosis) except for the G0 phase [22]. 

p16/Ki67 dual ICC is used to identify cellular 
alterations caused by HPV infection. P16 overexpression 
is found after E7 oncoprotein has increased activity, 
inactivated retinoblastoma protein (pRB), in cells affected 
by persistent HPV infection. The test is positive when it 
is found on the smear obtained at least one double-labeled 
cell and this is regarded as the onset of oncogenesis in the 
cervical cell [23]. Solitary p16 overexpressed in cervical 
cells can also be found in normal or atrophic metaplastic 
cells, so the single reaction is somewhat limited in diagnosis. 
Ki67 is present only in proliferating cell nuclei and cannot 
be expressed simultaneously with p16 in healthy cells, 
but only in those with impaired cell cycle [24]. 

p16/Ki67 dual immunoexpression was strongly increased 
in invasive cervical carcinoma, respectively CIN2/3 and 
low in CIN1 [25]. 

In the normal cell cycle, p16 has an anti-proliferative 
effect, again linking pRB and the transcription factor E2F. 
Thus, the inactivation of pRB results in p16 overexpression, 
which is an important marker for CIN [26, 27]. 

The alternative way to colposcopy by direct ASC-US/ 
DS(+) cytology, despite the small number of women under 
30 years in this subgroup demonstrates that this is a viable 
modality to get oriented on transforming infection. From 
23 cases, 16 (69.5%) had a positive per colposcopy biopsy 
at the initial evaluation and the other two (8.7%) cases 
were diagnosed after one year. 

The positivity of DS in the presence of an HPV type 
that does not belong to the HR group usually included  
in HPV laboratory tests (as HPV73 in our case) explains 
certain discordances met in practice and raises the 
discussion on future HPV tests design, as HPV included 
and genotyped. 

Our study showed that a negative DS allows a safe 
interval of at least one year before reevaluation, as is also 
noted in the last French recommendations regarding the 
medical attitude after cytological abnormalities [28]. This 
follow-up interval brings an important clinical orientation 
especially in the management of patients with minor 
cytology changes/HPV(+)/DS(-). 

The low specificity of colposcopy in this study is 
linked to the study design, where the line between normal 
and abnormal was marked at the minor colposcopy 
abnormalities level and biopsy was indicated even in 
minor aceto-white changes. Instead, colposcopy proved 
an excellent NPV, which means that normal colposcopy 
in DS(+) patients, when the transformation zone (TZ1 
or TZ2) is trustworthy [29]. 

Dual-stained cytology has a specificity importantly 
and significantly statistical higher, correlated with the 

presence or development of colposcopy lesions in 
women of all ages. 

Thus, the p16INK4a/Ki67 double immunocytochemical 
staining selects among the patients prone to conceal  
or develop future important cervical lesions those who 
really need a colposcopy, helping to reduce anxiety and 
ultimately the diagnostic costs. 

The results of this study are similar to those of PALMS 
study, which shows that dual-stained cytology can offer 
both high sensitivity and specificity for the detection of 
high-grade cervical lesions in a single test. The PALMS 
study is the most complex study conducted so far in this 
direction and had the aim to demonstrate whether the 
double immunocytochemical staining maintains high 
sensitivity and specificity for CIN2+, as compared to the 
Pap cytology and the HPV DNA test. The conclusions 
of the mentioned study indicate a potential role of the 
double immunocytochemical staining in the screening, 
especially in younger women where the HPV test is 
limited by the presence of transitory infections that lead 
to false-positive results [30]. Numerous studies, such as 
PALM, ATHENA, ASC-US–Low-grade squamous intra-
epithelial lesion (LSIL) Triage Study (ALTS), and the 
Compass Trial study from Australia, approached the 
comparison between the sensitivity and specificity of 
p16INK4a immunocytomarker staining, or of both (p16INK4a 
and Ki67), trying to show if any one of them is statistically 
superior to HPV test when trying to detect high-grade 
histopathological lesions ≥ CIN2+. Depending on the 
pathologist’s experience and the reading platform used, 
the evaluation of both p16INK4a and dual p16INK4a/Ki67 
immunocytological samples can lead to an increase in 
diagnostic accuracy. Around the world, especially in 
countries where national screening programs are not 
implemented, p16INK4a test and dual p16INK4a/Ki67 test are 
used and biomarkers are known to be able to differentiate 
between abnormal cervical cytology like, for instance, 
ASC-US or LSIL. Testing the double immunocyto-
chemical staining on patients with ASC-US in the studied 
group proved to be very efficient in determining pre-
cancerous cervical lesions (100% sensitivity and 100% 
NPV). The specificity and PPVs were also high (88% 
and 82%, respectively) [31]. 

 Conclusions 

The overall conclusion of the conducted study is that 
the use of p16INK4a/Ki67 immunocytochemical test optimizes 
the medical approach towards screening or monitoring 
especially in young patients with ASC-US HR HPV(+), 
unnecessary colposcopies are avoided (colposcopy referrals 
are limited to double immunostaining for p16INK4a/Ki67 
positive cases) thus invasive gestures at nulliparous are 
limited. Thus, the introduction of double immunocyto-
chemical staining in cervical cancer screening programs 
cytology-based can be considered a strategic approach 
to the early detection of cervical lesions. Meanwhile, the 
sequence HPV(+)/DS for p16INK4a/Ki67 finds a similar 
triage place in the modern approach of screening that 
uses HPV as the primary test. As a surrogate marker for 
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transforming infection, DS is also a potential primary 
tool in screening. With the introduction of a screening 
test other than cytology, HPV testing or biomarkers,  
we offer the possibility of the detection of precancerous 
disease into early stages, often too early to produce 
colposcopically identifiable changes. Molecular tests target 
biological phenomena chronologically far ahead of the 
cytologically or colposcopically expressed HSIL lesions. 
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