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Abstract 
p16/Ki-67 dual-stained cytology, either alone or combined with human papillomavirus (HPV) 16/18 genotyping, could be a useful tool for triage 
for colposcopy of HPV-positive patients. Based on this background, we aimed at comparing the diagnostic performance of the p16/Ki-67 
dual staining test, and high-risk HPV test for the detection of high-risk cervical intraepithelial neoplasia (CIN2/3) in patients diagnosed with 
low-grade squamous intraepithelial lesion (LSIL) on Pap smear. We performed a retrospective study including 184 patients with LSIL 
cytology on Pap smear, of which 64 were referred for biopsy after colposcopy. Prior biopsy HPV genotyping and dual staining test were 
performed on all 64 patients. The mean age of the patients selected for conization was 36 years and seven months. The pathological exam 
showed that 28.13% (18/64) from the patients LSIL on cytology were actually having CIN2/3: 12 cases with CIN2, five cases with CIN3 and 
one case of in situ cervical carcinoma. HPV positive were 56.25% (36/64) of the patients with LSIL. The p16/Ki-67 dual staining test was 
positive in 29.69% (19/64) of the patients with LSIL. Among women with LSIL cytology, the sensitivity and specificity of the HPV genotyping test 
for predicting CIN2/CIN3 were 94.44% (17/18) and 58.7% (27/46), respectively. The sensitivity and specificity of the p16/Ki-67 dual staining 
test were 66.67% (12/18) and 84.78% (39/46), respectively. Our results agree with other data available in literature and suggest that the 
p16/Ki-67 dual staining test could be included in the management protocol of patients with modified cytology as a triage test before referring 
those patients for colposcopy. 
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 Introduction 

Cervical cancer represents a major health issue, 
especially in developing countries. Due to the screening 
programs available in most countries, there is a great 
potential for the prevention or early recognition of cervical 
malignancy. The Pap smear is currently the first and 
worldwide-accepted screening method. The main risk for 
cervical cancer is represented by the persistent infection 
with high-risk human papillomavirus (HPV) types [1]. 

Therefore, many studies investigated and offered solid 
arguments for the use of HPV genotyping as a screening 
tool for cervical malignancy. Data available in literature 
suggests that cytology has a sensitivity that ranges between 
47% and 62% and specificity between 60% and 95% for 
the detection of moderate and severe cervical dysplasia 
[2]. On the other hand, HPV genotyping has a higher 
sensitivity than cytology, but a significantly lower speci-
ficity, especially in young patients [3]. Patients classified 
as having low-grade squamous intraepithelial lesion (LSIL) 
on Pap smear need further investigations for the correct 
assessment of their status and, according to the data 
available in literature, 9% to 30% of them are actually 

having high-grade cervical intraepithelial neoplasia (CIN2/ 
CIN3) [4]. 

To improve cervical cancer risk stratification, automated 
detection of dual p16/Ki-67 nuclear immunoreactivity in 
liquid-based Pap tests was investigated [5]. Several studies 
indicated that p16/Ki-67 dual staining cytology is useful 
to identify underlying high-grade CIN in Pap cytology 
cases classified as LSIL [6]. The simultaneous detection 
of p16 and Ki-67 expression within the same cervical 
epithelial cell is considered an indicator of high-risk 
cervical dysplasia that can be used in the management 
of women with LSIL Pap cytology results. A high level of 
concordance was found between dual staining and E6/E7 
mRNA test [7]. Although initial studies suggested that 
p16/Ki-67 testing is not suitable for triage of women with 
atypical squamous cells of undetermined significance 
(ASCUS) or LSIL cytology [8], more recent data showed 
that p16/Ki-67 dual staining cytology, either alone or 
combined with HPV16/18 genotyping, could be a useful 
tool for triage for colposcopy of HPV-positive patients 
[9–11]. 

Based on this background, we aimed at comparing 
the diagnostic performance of the p16/Ki-67 dual staining 
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test, and high-risk HPV test for the detection of high-risk 
CIN2/3 in patients diagnosed with LSIL on Pap smear. 

 Patients, Materials and Methods 

Patients’ selection: we performed a retrospective study. 
We included in our study 184 patients with LSIL cytology 
on Pap smear who were referred for colposcopy to the 
Department of Obstetrics and Gynecology, “Victor Babeş” 
University of Medicine and Pharmacy, Timişoara, Romania, 
between August 2015 and August 2016. 

Inclusion criteria: age between 18 and 65 years, LSIL 
on Papanicolau smear, patients with indication for biopsy 
after colposcopy. Exclusion criteria: pregnancy, previous 
surgical treatment for cervical dysplasia, patients with no 
suspect lesions on colposcopy. 

Conventional Papanicolau cytology was performed 
and evaluated according to the criteria of Bethesda 2001. 
All patients were evaluated by colposcopy and Interna-
tional Federation for Cervical Pathology and Colposcopy 
(IFCPC) criteria were used. All colposcopic examinations 
were performed by the same team, with expertise in 
colposcopy. Patients with colposcopic suspect lesions 
were referred for biopsy. All biopsies were performed 
by the same team of surgeons. Specimens were send to 
the Department of Pathology and were all interpreted by 
the same pathologist. The HPV genotyping and immuno-
cytochemistry were performed on all patients with indi-
cation for biopsy before the procedure. All samples were 
examined using LINEAR ARRAY® HPV Genotyping Test 
(CE-IVD), based on reverse hybridization of amplicons. 
The DNA of 37 HPV types (6, 11, 16, 18, 26, 31, 33, 35, 
39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 
66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, IS39 and 
CP6108) was detected in cervical samples by multiplex 
polymerase chain reaction (PCR) targeted to the conserved 
L1 region of the viral genome. The Gene Amp PCR 
System 9700 was used for genotyping test according to 
the manufacturer’s instructions. Automated hybridization 
and detection of HPV DNA was done on the ProfiBlot 48 
(Tecan Trading AG, Zurich, Switzerland). Immunocyto-
chemistry analysis was performed using the CINtec® 
PLUS Cytology kit (Roche MTM Laboratories, Heidelberg, 
Germany) according to the manufacturer’s instructions. 
The kit contains a ready-to-use primary antibody combi-
nation: a mouse monoclonal antibody (clone E6H4) directed 
to p16 protein and a rabbit monoclonal antibody (clone 
274-11 AC3) directed against Ki-67 protein. As a visua-
lization reagent, the kit provides a polymer reagent 
conjugated with horseradish peroxidase (HRP) and affinity-
purified goat anti-mouse fragment antigen-binding Fab’ 
antibody fragments for the detection of p16 antibodies and 
a polymer reagent conjugated with alkaline phosphatase 
and affinity purified goat anti-rabbit Fab’ antibody frag-
ments for the detection of Ki-67. Using the two working 
solutions provided in the kit, HRP-mediated conversion 
of 3,3’-diaminobenzidine (DAB) chromogen and alkaline 
phosphatase-mediated conversion of Fast Red chromogen 
result in the water-insoluble colored end-products: the 
brown staining of p16 and the red staining of Ki-67. 
Slides for p16/Ki-67 dual staining were performed using 
SurePath specimens stabilized with CytoRich Fluid (BD) 
within one month of sample collection. One section for 

each selected case was stained with p16/Ki-67 dual test. 
Ki-67 expression within the nucleus was marked with red 
chromogen and p16 cytoplasmic expression was marked 
with brown chromogen. Each sample was considered 
positive when both markers were observed within the same 
cells (Figure 1a). Cases without any double-immuno-
reactive cell were considered negative (Figure 1, b and c). 

Informed consent was obtained from every patient 
prior to his or her inclusion in the study. All procedures 
have been performed in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki 
and its later amendments and were approved by the 
Institutional Review Board and Ethical Committee of 
“Victor Babeş” University of Medicine and Pharmacy, 
Timişoara. 

Statistical analysis was conducted using SPSS ver. 17 
and Microsoft Excel. 

 Results 

A total of 184 patients with LSIL were evaluated by 
colposcopy. A total of 64 patients were referred for biopsy 
after colposcopy. The rest of the patients were excluded 
from the study. Prior biopsy HPV genotyping and dual 
staining test were performed on all 64 selected patients. 
The mean age of the patients selected for conization was 
36 years and seven months. The pathological exam showed 
that 28.13% (18/64) from the patients LSIL on cytology 
were actually having CIN2/3: 12 cases with CIN2, five 
cases with CIN3 and one case of in situ cervical carcinoma. 

56.25% (36/64) of the patients with LSIL were HPV 
positive. The p16/Ki-67 dual staining test was positive 
in 29.69% (19/64) of the patients with LSIL. 

Positive dual staining test was associated with histology 
as follows: 12 cases with CIN2/3 were positive at the dual 
staining test at six cases with CIN2/3 on were negative. 
On the other hand, 39 cases with CIN1 were negative and 
seven cases with CIN1 were positive at the dual staining 
test (Table 1). 

Table 1 – Correlation between dual staining test and 
histology 

 p16/Ki-67+ p16/Ki-67- Total Results 

CIN2/3 12 6 18 

CIN1 7 39 46 

Total 19 45 64 

SN = 66.67% 
SP = 84.78% 

PPV = 63.16% 
NPV = 86.67% 

CIN: Cervical intraepithelial neoplasia; SN: Sensitivity; SP: Specificity; 
PPV: Positive predictive value; NPV: Negative predictive value. 

The HPV genotyping was correlated with histology, 
as follows: 17 cases with CIN2/3 were HPV positive and 
only one case with CIN2/3 was HPV negative. From the 
46 cases with CIN1, 19 were HPV positive and 27 were 
HPV negative (Table 2). 

Table 2 – Correlation between HPV genotyping and 
histology 

 HPV+ HPV- Total Results 

CIN2/3 17 1 18 

CIN1 19 27 46 

Total 36 28 64 

SN = 94.44% 
SP = 58.7% 

PPV = 47.22% 
NPV = 96.43% 

HPV: Human papillomavirus; CIN: Cervical intraepithelial neoplasia; 
SN: Sensitivity; SP: Specificity; PPV: Positive predictive value; NPV: 
Negative predictive value. 
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In our group, the sensitivity and specificity of the HPV 
genotyping test for predicting CIN2/CIN3 were 94.44% 
(17/18) and 58.7% (27/46), respectively. The sensitivity 
and specificity of the p16/Ki-67 dual staining test were 
66.67% (12/18) and 84.78% (39/46), respectively. 

We compared the two different diagnostic tests, the 
HPV test and the p16/Ki-67 dual staining test, using the 
area under a receiver operating characteristic (ROC) curve 
(AUC). We calculated the estimated sensitivity and 
specificity for each test and we plotted the ROC curve 
(Table 3 and Figure 2). In the first test, AUC is 0.766 
and for the second test, AUC is 0.757, where the perfect 
diagnostic ability has the value 1. 

Table 3 – Sensitivity and specificity values for HPV 
genotyping and p16/Ki-67 dual staining test 

Coordinates of the curve 
Test result 
variable(s)

Positive if greater 
than or equal to 

Sensitivity 1 – Specificity

-1.00 1.000 1.000 

0.50 0.944 0.413 
HPV  

positive 
2.00 0.000 0.000 

-1.00 1.000 1.000 

0.50 0.667 0.152 p16/Ki-67 

2.00 0.000 0.000 

HPV: Human papillomavirus. 
 

 
Figure 1 – Immunocytochemistry – reaction for p16/Ki-67, ×40: (I–III) Co-expression p16 and Ki-67 in the same cell 
(positive test); (IV) Negative test. A: Cells with double signal, that have lost control over the cellular cycle, red nuclei 
positive for Ki-67 and brown cytoplasm positive for p16; B: Cells expressing HPV infection, that still have control over 
the cellular cycle (i.e., no chaotic division) – brown cytoplasm and/or nuclei (p16); C: Normal cervical cells expressing 
HPV infection, with normal cellular cycle – cytoplasm and nuclei counterstained with Hematoxylin (negative test). 
HPV: Human papillomavirus. 

 
Figure 2 – The ROC curve for both methods. ROC: 
Receiver operating characteristic; HPV: Human 
papillomavirus. 

 Discussion 

Cervical cancer rarely occurs in the absence of HPV 
infection. HPV infection persistence is the most important 
ethnological factor and is dependent on type, age of the 
patient and viral load [12]. Several studies highlighted 
the possibility of infection persistence after the excision 
of the cervical lesion with safe margins that is also related 
to high-risk HPV types [13]. Those aspects are very 
important for oncogenesis and somehow explain the high 
sensitivity of HPV genotyping in the detection of high-
grade cervical lesions. On the other hand, most HPV 
infections are cleared spontaneously by a competent 
immune system within the first two years from the time 
of infection. A very significant proportion of sexually 
active women get infected with HPV at some point  
in their lives but most infection are cleared especially  
in younger females, and this way the development of 
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cervical high-grade lesions is stopped. This explains the 
lower specificity rate of HPV genotyping for the detection 
of high-grade cervical lesions. 

A sensitive problem that represents a major concern 
is the fact that an important proportion of the patients 
categorized by Pap cytology as having LSIL are actually 
having CIN2/3. Any method that would detect this group 
of patients has a real potential to be included in the 
protocol of screening for cervical cancer. 

Immunohistochemistry has a consolidated role in 
modern pathology and oncology. It is useful for accurate 
diagnosis and for the identification of potential treatment 
targets in ovarian [14–16], skin [17], lung [18], prostate 
[19] and breast [20] malignancies. Immunohistochemistry 
is emerging as a new and promising method for screening 
in cervical cancer. A significant advantage is the fact that 
the specimens for liquid based cytology can be used for 
immunohistochemistry and no further visit to the specialist 
is necessary. 

Immunocytochemical p16/Ki-67 dual staining is useful 
for the early recognition of the oncogenesis onset in 
cervical cells. The overexpression of p16 is associated 
with the increased activity of the E7 oncoprotein, caused 
by persistent infection with high-risk HPV types, and Ki-67 
is a marker cell proliferation. The co-expression of p16/ 
Ki-67 in the same cell is considered a marker for cell 
cycle deregulation. The use of Pap cytology for screening 
identifies a category of patients categorized with LSIL, 
that must be further investigated by HPV typing and 
colposcopy. Those with colposcopic findings suggestive 
for disease will be referred for biopsy, and the rest will 
be followed. The HPV genotyping has high sensitivity for 
CIN2/3 but low specificity, especially in young patients 
with transitory high-risk HPV infections. This means 
that many patients with no disease will be referred for 
unnecessary colposcopy. There is a real need for a method 
that identifies with higher specificity the group of patients 
that need to be referred for further investigations. The 
co-expression of p16 and Ki-67 within the same cervical 
epithelial cell is a morphology-independent marker of 
cell-cycle deregulation. The use of the dual staining 
immunocytochemistry can distinguish between p16 positive 
cells generated by dysplasia and squamous metaplastic 
cells or endocervical cells that overexpress physiologically 
p16 [21]. 

The p16/Ki-67 immunocytochemical reaction seems 
to have higher specificity but with a slightly lower rate 
of sensitivity compared with the high-risk HPV DNA test. 
An important practical aspect is the fact that the dual 
staining test can be performed from the same liquid-based 
sample used for cytology or HPV typing. Therefore, the 
patient does not have to return to the consultation room 
for another visit. 

 Conclusions 

Our results agree with other data available in literature, 
and suggest that the p16/Ki-67 dual staining test could 
be included in the management protocol of patients with 
modified cytology as a triage test before referring those 
patients for colposcopy. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

Author contribution 
Lavinia-Cristina Moleriu and Ioan Sas equally contri-

buted to the manuscript. 

Funding 
This article was supported by the grant P IV-CI-PDCC-

02 2015/2016, “Victor Babeş” University of Medicine and 
Pharmacy, Timişoara, Romania. 

References 
[1] Wardak S. Human papillomavirus (HPV) and cervical cancer. 

Med Dosw Mikrobiol, 2016, 68(1):73–84. 
[2] Nanda K, McCrory DC, Myers ER, Bastian LA, Hasselblad V, 

Hickey JD, Matchar DB. Accuracy of the Papanicolaou test in 
screening for and follow-up of cervical cytologic abnormalities: 
a systematic review. Ann Intern Med, 2000, 132(10):810–
819. 

[3] Possati-Resende JC, Fregnani JHTG, Kerr LM, Mauad EC, 
Longatto-Filho A, Scapulatempo-Neto C. The accuracy of 
p16/Ki-67 and HPV test in the detection of CIN2/3 in women 
diagnosed with ASC-US or LSIL. PLoS One, 2015, 10(7): 
e0134445. 

[4] Lapierre SG, Sauthier P, Mayrand MH, Dufresne S, 
Petignat P, Provencher D, Drouin P, Gauthier P, Dupuis MJ, 
Michon B, Ouellet S, Hadjeres R, Ferenczy A, Franco EL, 
Coutlée F. Human papillomavirus (HPV) DNA triage of women 
with atypical squamous cells of undetermined significance 
with Cobas 4800 HPV and Hybrid Capture 2 tests for detection 
of high-grade lesions of the uterine cervix. J Clin Microbiol, 
2012, 50(4):1240–1244. 

[5] Gertych A, Joseph AO, Walts AE, Bose S. Automated detection 
of dual p16/Ki67 nuclear immunoreactivity in liquid-based Pap 
tests for improved cervical cancer risk stratification. Ann 
Biomed Eng, 2012, 40(5):1192–1204. 

[6] Schmidt D, Bergeron C, Denton KJ, Ridder R; European 
CINtec Cytology Study Group. p16/ki-67 dual-stain cytology 
in the triage of ASCUS and LSIL Papanicolaou cytology: 
results from the European equivocal or mildly abnormal 
Papanicolaou cytology study. Cancer Cytopathology, 2011, 
119(3):158–166. 

[7] Zappacosta R, Colasante A, Viola P, D’Antuono T, Lattanzio G, 
Capanna S, Gatta DMP, Rosini S. Chromogenic in situ hybri-
dization and p16/Ki67 dual staining on formalin-fixed paraffin-
embedded cervical specimens: correlation with HPV-DNA 
test, E6/E7 mRNA test, and potential clinical applications. 
Biomed Res Int, 2013, 2013:453606. 

[8] Kisser A, Zechmeister-Koss I. A systematic review of p16/ 
Ki-67 immuno-testing for triage of low grade cervical cytology. 
BJOG, 2015, 122(1):64–70. 

[9] Wright TC Jr, Behrens CM, Ranger-Moore J, Rehm S, 
Sharma A, Stoler MH, Ridder R. Triaging HPV-positive 
women with p16/Ki-67 dual-stained cytology: results from  
a sub-study nested into the ATHENA trial. Gynecol Oncol, 
2017, 144(1):51–56. 

[10] Ebisch RM, van der Horst J, Hermsen M, Rijstenberg LL, 
Vedder JE, Bulten J, Bosgraaf RP, Verhoef VM, Heideman DA, 
Snijders PJ, Meijer CJ, van Kemenade FJ, Massuger LF, 
Melchers WJ, Bekkers RL, Siebers AG. Evaluation of p16/ 
Ki-67 dual-stained cytology as triage test for high-risk human 
papillomavirus-positive women. Mod Pathol, 2017, Mar 17. 

[11] Bergeron C, Ikenberg H, Sideri M, Denton K, Bogers J, 
Schmidt D, Alameda F, Keller T, Rehm S, Ridder R; PALMS 
Study Group. Prospective evaluation of p16/Ki-67 dual-stained 
cytology for managing women with abnormal Papanicolaou 
cytology: PALMS study results. Cancer Cyto-pathol, 2015, 
123(6):373–381. 

[12] Pirtea L, Grigoraş D, Matusz P, Pirtea M, Moleriu L, Tudor A, 
Ilina R, Secoşan C, Horhat F, Mazilu O. Age and HPV type 
as risk factors for HPV persistence after loop excision in 
patients with high grade cervical lesions: an observational 
study. BMC Surg, 2016, 16(1):70. 



HPV genotyping and p16/Ki-67 dual staining in the detection of high-grade cervical lesion in patients with LSIL… 

 

437

[13] Pirtea L, Grigoraş D, Matusz P, Pirtea M, Moleriu L, Tudor A, 
Ilina R, Secoşan C, Horhat F, Mazilu O. Human papilloma 
virus persistence after cone excision in women with cervical 
high grade squamous intraepithelial lesion: a prospective 
study. Can J Infect Dis Med Microbiol, 2016, 2016:3076380. 

[14] Bălu S, Pirtea L, Gaje P, Cîmpean AM, Raica M. The immuno-
histochemical expression of endocrine gland-derived-VEGF 
(EG-VEGF) as a prognostic marker in ovarian cancer. Rom J 
Morphol Embryol, 2012, 53(3):479–483. 

[15] Grigoras D, Pirtea L, Ceausu RA. Endothelial progenitor cells 
contribute to the development of ovarian carcinoma tumor 
blood vessels. Oncol Lett, 2014, 7(5):1511–1514. 

[16] Pirtea L, Raica M, Cimpean AM. Endothelial cell activation 
and proliferation in ovarian tumors: two distinct steps as 
potential markers for antiangiogenic therapy response. Mol 
Med Rep, 2012, 5(5):1181–1184. 

[17] Ciurea ME, Cernea D, Georgescu CC, Cotoi OS, Pătraşcu V, 
Pârvănescu H, Popa D, Pârvănescu V, Ciurea RN, Mercuţ R. 
Expression of CXCR4, MMP-13 and β-catenin in different 
histological subtypes of facial basal cell carcinoma. Rom J 
Morphol Embryol, 2013, 54(4):939–951. 

[18] Dinu M, Georgescu AC, Ciurea RN, Ştefan M. The role of 
cytology in the diagnosis of fluid collection syndromes asso-
ciated with liver cirrhosis. Clinical, epidemiological, cytological 
and biochemical study of pleural effusion. Rom J Morphol 
Embryol, 2012, 53(4):989–995. 

[19] Petrescu A, Mârzan L, Codreanu O, Niculescu L. Immuno-
histochemical detection of p53 protein as a prognostic 
indicator in prostate carcinoma. Rom J Morphol Embryol, 
2006, 47(2):143–146. 

[20] Cîmpean AM, Suciu C, Ceauşu R, Tătucu D, Mureşan AM, 
Raica M. Relevance of the immunohistochemical expression 
of cytokeratin 8/18 for the diagnosis and classification of 
breast cancer. Rom J Morphol Embryol, 2008, 49(4):479–483. 

[21] Trunk MJ, Dallenbach-Hellweg G, Ridder R, Petry KU, 
Ikenberg H, Schneider V, von Knebel Doeberitz M. Morphologic 
characteristics of p16INK4A-positive cells in cervical cytology 
samples. Acta Cytol, 2004, 48(6):771–782. 

 
 
 

 
 
 
 
 
 
Corresponding author 
Răzvan-Ştefan Ilina, MD, PhD, Department of Obstetrics and Gynecology, “Victor Babeş” University of Medicine 
and Pharmacy, 2 Eftimie Murgu Square, 300041 Timişoara, Timiş County, Romania; Phone +40744–868 913,  
e-mail: razvanilina@yahoo.co.uk 
 
 
 
 
 
 
Received: October 20, 2016 

Accepted: July 3, 2017 
 
 


