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Abstract: 2,067 women who underwent cervical cancer screening were included in this study. p16/Ki-67 and p16/
mcm2 were performed on the remaining liquid-based cytology (LBC) samples of 125 HPV-positive women and 
114 randomly selected HPV-negative women. Women with HR-HPV infection or cytological abnormalities (≥ASC-US) 
were referred for colposcopy and biopsy. A third-year follow up visit was performed on all women except for CIN2+. 
The expression of p16/Ki-67 and p16/mcm2 in the HPV16/18 group and in the other 12 HR-HPV group was sig-
nificantly higher than that in HPV negative group (P<0.05), with odds ratios (ORs) of 16.27 (95% CI: 4.38-60.47) 
and 4.52 (95% CI: 2.16-9.45) for p16/Ki-67, and 31.28 (95% CI: 6.33-154.56) and 9.10 (95% CI: 4.52-18.33) for 
p16/mcm2, respectively. The sensitivities to detect CIN2+ and CIN3 + were 94.1% (95% CI: 73.0-99.0) and 92.9% 
(95% CI: 68.5-98.7) for p16/Ki-67, and 88.2% (95% CI: 65.7-96.7) and 85.7% (95% CI: 60.1-96.0) for p16/mcm2, 
respectively. Both the sensitivities of the two biomarkers were significantly higher than that of LBC and HPV16/18 
genotyping (P<0.05). The three-year cumulative risks of CIN2+ were 69.0%, 48.4%, 34.8% and 50.0% for p16/Ki-
67, p16/mcm, LBC and HPV16/18 genotyping. Women who tested positive on both p16/Ki-67 and p16/mcm2 at 
baseline had the highest RR value (39.64 [95% CI: 9.78-160.72]) of progressing to CIN2+ when compared to those 
who were negative for both. To conclude, p16/Ki-67 and p16/mcm2 dual staining can enhance the sensitivity of cy-
tology in a single round of screening, and they can be predictors of high grade cervical lesions in the following years. 
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Introduction

Cervical cancer is the fourth most common 
malignancy of women in the world. In 2012, 
there were about 530,000 new cases and 
270,000 deaths worldwide. Of these, more 
than 85% occurred in poor areas, accounting 
for about 12% of all female malignancies [1]. 
Although HPV prophylactic vaccines have been 
marketed, screening is still the primary means 
of preventing cervical cancer today [2]. In 2013, 
WHO recommended HPV testing alone to be 
used as the first-line screening method to 
detect cervical cancer [3]. However, most HPV 
infections are transient and are spontaneously 

cleared by the body without causing any dis-
ease. It is not feasible to refer all HPV-positive 
women to further invasive procedures. Over the 
years, a serious lack of cytopathic doctors exac-
erbated the cervical cancer screening issue in 
China. Therefore, we urgently need to find new 
biomarkers to manage HPV-positive women [4]. 

p16 overexpression is one of the potential bio-
markers that has the potential to distinguish 
HPV-positive women. As is known, HR-HPV E7 
protein competitively inhibits the binding of 
CDK4 to the pRb protein which results in the 
inactivation of the pRb protein E2F family tran-
scription factor, E2F release, and increased 
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gene expression levels, so that proliferation 
potential of cervical cells leads to p16 overex-
pression [5-8]. A large number of reports in the 
cervical intraepithelial neoplasia (CIN) and cer-
vical cancer using immunohistochemistry (IHC) 
can detect p16 expression, and the positive 
rate increases with gradual increases in the 
lesions [9-13]. At present, pathologists have 
used p16 IHC as an adjunctive diagnostic 
method to improve the accuracy of CIN diagno-
sis [14-16]. p16 immunocytochemical staining 
can triage for HPV-positive women [17, 18]. 
However, p16 expression can also occur in 
metaplasia or atrophic cells as well as in nor-
mal cervical columnar cells. In addition, the 
impact of cytological specimens leads to poor 
specificity [19]. Thus, p16 alone is not enough 
to be used as a triage test for HPV-positive 
women, which leads us to the use of the nucle-
ar antigen Ki-67 and the antibody mcm2.

The nuclear antigen Ki-67, a biomarker of cell 
proliferation, is expressed in all cell cycles 
beyond the G0 period [20]. The microchromo-
some maintenance protein-2 (mcm2) is involved 
in DNA replication in all eukaryotic cells by load-
ing the complex onto DNA prior to replication, 
and in helicase activity by solubilizing DNA to 
allow DNA synthesis to participate in DNA repli-
cation in all eukaryotic cells [21, 22]. Previous 
studies have been reported that two antibod-
ies, mcm2 and topoisomerase IIα (TOP2A), in 
conjunction with immunocytochemistry tech-
niques known as ProExTMC, have been used as 
an adjunctive diagnostic method for squamous 
intraepithelial lesions [23, 24]. So far, there is 
no report on the combined detection of p16 
and mcm2 antibodies. As a function of cell 
cycle regulators, Ki-67 and mcm2 may have 
potential overlap with the efficacy and clinical 
efficacy. Based on the above hypothesis, we 
conducted this study to evaluate the clinical 
performance of p16/Ki-67 and p16/mcm2 dual 
staining in a screening population in China.

Materials and methods

Study participants and procedures

From April 2015 to October 2015, we recruited 
2,067 eligible women in Shuangliu County, 
Sichuan Province, China. This was a population-
based prospective study conducted under the 
National Cervical Cancer Screening Program. 
The inclusion criteria were as follows: 1) bet- 

ween 35 and 64 years of age; 2) no history of 
cervical disease; 3) no pregnancy; 4) knowl-
edgeable of the study procedures and able to 
sign the informed consents. After a well-trained 
health worker completed the questionnaire, the 
gynecologist collected a cervical exfoliative 
cytology sample from the cervix of each partici-
pant and transferred it to the ThinPrep preser-
vation solution (Hologic Inc., Bedford, MA). The 
specimens were then transported to a central 
laboratory for HPV DNA testing. For HPV-
positive women, liquid-based cytology (LBC) 
was performed. HPV16/18 or the other 12 
high-risk HPV-positive (31, 33, 35, 39, 45, 51, 
52, 56, 58, 59, 66, 68) strains combined with 
cytological diagnosis of unidentified atypical 
squamous cells or worse (≥ASC-US) were 
referred to colposcopy, followed by directed 
cervical biopsies. We performed immunocyto-
chemical dual staining of p16/Ki-67 (MXB, 
Fuzhou, China) and p16/mcm2 (MXB, Fuzhou, 
China) for the remaining cytological samples of 
all HPV-positive women and a random sample 
of negatives (the negatives were also tested 
with LBC). It is important to note that the clini-
cal management of HPV-positive women is not 
based on dual staining results. For each partici-
pant, a third year follow-up visit was performed 
with co-testing by HPV DNA and LBC. This study 
was approved by the Sichuan University Medical 
Ethics Committee. All participants agreed to 
participate in cervical cancer screening and 
signed the informed consent forms.

HPV DNA test

A 1 ml aliquot was removed from ThinPrep 
cytology specimens to detect for high-risk HPV 
using a HPV Genotyping Real time PCR Kit 
(Liferiver, Shanghai, China), which detects viral 
DNA by nucleic acid hybridization with a probe 
set for 14 HR-HPV types, including specific 
HPV16 and HPV18 types as well as 12 other 
pooled high-risk types (31, 33, 35, 39, 45, 51, 
52, 56, 58, 59, 66 and 68). All procedures were 
performed in strict accordance with the kit’s 
instructions.

Immunocytochemistry dual-staining

A second and third monolayer slide was pre-
pared from the residual PreservCyt material 
using a ThinPrep 2000 system to perform p16/
Ki-67 and p16/mcm2 immunocytochemical 
dual staining. Immunostaining for p16/Ki-67 
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was performed using the p16/Ki-67 Detection 
KIT (Immunocytochemistry, MXB, Fuzhou, 
China), which contains an antibody cocktail 
comprising a mouse monoclonal antibody 
(clone MX007) directed at the p16 protein and 
a rabbit monoclonal antibody (clone MIB-1) 
against the Ki-67 protein. Secondary antibod-
ies included goat antimouse fragment antigen-
binding antibody fragments for the detection of 
p16 with horseradish peroxidase (HRP) and 
goat antirabbit antibody fragments for the 
detection of Ki-67 with a polymer reagent con-
jugated to alkaline phosphatase (AP). HRP-
mediated conversion of 3, 3’-diaminobenzidine 
(DAB) chromogen, and AP-mediated conversion 
of Fast Red chromogen emerged the red and 
yellow-brown staining of p16 and Ki-67, respec-
tively. Finally, we used hematoxylin to counter-
stain cytology slide with a 3-step mounting pro-
cedure including 85%, 95% and pure ethanol 
medium, each for 1 minute. p16/mcm2 dual 
staining was performed using an antibody 
cocktail composed of the p16 antibody (clone 
MX007) and the rabbit anti-human mcm2 
monoclonal antibody (clone SP85) according to 
the manufacturer’s instructions. Other proce-
dures were similar, with the p16/Ki-67 dual 
staining as described above. Slides with at 
least one cervical epithelial cell that simultane-
ously showed red cytoplasmic immunostaining 
(p16) and brownish nuclear immunostaining 
(Ki-67) or moderate to intense yellow-brown 
nuclear staining (mcm2) were defined as posi-
tive results regardless of the morphological 
features, while those without any double-
stained cells were recorded as negative results. 
All slides were cover slipped for viewing by a 

trained cytotechnologist under a lighted micro-
scope, and the cytotechnologist was blinded to 
other testing results. The staining patterns of 
cervical cells for p16/Ki-67 positive and p16/
mcm2 positive are shown in Figure 1.

Liquid-based cytology 

The cytological diagnosis was strictly describ- 
ed in terms of TBS system terminology. First,  
two experienced cytopathologists at the West  
China Second University Hospital of Sichuan 
University conducted a blind reading, indepen-
dently. If the diagnoses were inconsistent, then 
a blind reading was conducted by a third cyto-
pathologist, and the final results were based on 
the majority. Positive cytology is defined as 
≥ASC-US.

Colposcopy and histopathology

Colposcopy was performed within one month 
after the screening positive results were deter-
mined. Direct biopsies were taken at suspicious 
or abnormal sites, and the endoscopic curet-
tages (ECC) were performed when the scales 
were at the junction of the neck or there were 
lesions into the neck. The biopsy specimens 
were immediately fixed with 10% neutral buff-
ered formalin for 24 hours. At the West  
China Second University Hospital of Sichuan 
University, the biopsy specimens were routinely 
paraffin embedded and sliced. First, two histo-
pathologists read the slides, independently; if 
the results were inconsistent, a third histopa-
thologist read the slides, and the final results 
were based on the majority. Pathological diag-

Figure 1. Staining patterns of cervical cell (A) p16 and Ki-67 positive staining, (B) p16 and mcm2 positive stai- 
ning.
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nosis was based on WHO classification and 
diagnostic criteria, including normal cervical 
tissue, CIN1, CIN2, CIN3, squamous cell carci-
noma (SCC), and adenocarcinoma (ADC). The 
final pathological diagnosis was based on the 
worst lesion if multiple biopsies were taken. 
Those samples that were HPV negative, cytolo-
gy normal, colposcopy negative, or histology 
CIN1 were recorded as negative results. Those 
histology results of CIN2, CIN3, SCC and ADC 
(i.e., CIN2+) were recorded as positive results. 

Statistical analysis

The study analysis targeted women with com-
plete screening, triage, and diagnostic confir-
mation results. Diagnostic accuracy of p16/
Ki-67, p16/mcm2, LBC and HPV16/18 genotyp-
ing for the detection of CIN2+ and CIN3+ was 
evaluated by calculating the sensitivity, speci-
ficity, positive predictive value (PPV), and nega-
tive predictive value (NPV), with 95% confiden- 
ce intervals (CIs). We compared the efficacy of 
different triaging strategies by calculating risk 
ratios (RR) with 95% CIs: (1) a HPV DNA test in 
combination with cytology triage; (2) screening 
for specific HPV16 and HPV18, which conferred 
an extremely high risk for the progression to 
CIN3 [25]; (3) biomarkers with p16/Ki-67 or 
p16/mcm2 dual-staining after primary HPV scr- 
eening. A Chi squared test of proportions was 

used to test linear associations between triag-
ing methods and increasing severity of histo-
logical diagnoses. Associations between p16/
ki-67 or p16/mcm2 and HR-HPV were exam-
ined using logistic regression models by report-
ing the odds ratios (ORs) with 95% CIs. McNe-
mar tests were used to compare paired match-
ing data such as sensitivities and specificities. 
All analysis was performed using SPSS version 
19.0 (IBM, Armonk, NY, USA) using a statisti-
cally significant level of 0.05 (two-sided).

Results

Finally, 198 women were included in this analy-
sis (Figure 2). The mean age of the participants 
was 49.3±8.1 years. Of these participants, 91 
(46.0%) were HPV positive. 175 (88.4%) were 
cytology normal, 10 (5.1%) were ASC-US, 2 
(1.0%) were ASC-H, 9 (4.5%) had low-grade 
squamous intraepithelial lesions (LSILs), and 2 
(1.0%) had high-grade squamous intraepithelial 
lesions (HSILs). The baseline pathological diag-
noses were 174 (87.9%) negative, 7 (3.5%) 
CIN1, 3 (1.5%) CIN2, 12 (6.1%) CIN3, 1 (0.5%) 
squamous carcinoma, and 1 (0.5%) adenoca- 
rcinoma.

As shown in Table 1, the overall positivity of 
p16/Ki-67 (26.3%) and p16/mcm2 (37.9%) du- 
al-staining were higher than LBC (11.6%) and 

Figure 2. Flow chart and procedures involved in every step of the study. Abbreviations: ASC-US, atypical squamous 
cells-undetermined significance; NILM, no cervical intraepithelial neoplasia or malignancy.
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HPV16/18 genotyping (6.6%) (P<0.05). The 
positivty of both p16/Ki-67 and p16/mcm2 
increased significantly with histology severity 
(both Ptrend<0.01). It increased from 19.5% in 
women with a normal diagnosis to 100% in 
those with cancer for p16/Ki67 and from 31.6% 
to 100% for p16/mcm2.

All participants were divided into three groups 
based on HPV status to analyze the association 
between HR-HPV infection and p16/Ki-67 or 
p16/mcm2 dual-staining results. Table 2 show- 
ed a strong association between p16/Ki-67 
and p16/mcm2 dual-staining and HPV status. 
Compared with HPV negatives, p16/Ki-67 ex- 
pression in the HPV16/18 group and in the 12 
HR-HPV group was significantly higher, with 
odds ratios (ORs) of 16.27 (95% CI: 4.38-60.47) 
and 4.52 (95% CI: 2.16-9.45), respectively. It 
was more obvious in p16/mcm2 dual-staining, 

48.4%, 34.8% and 50.0%. Women who tested 
positive on both p16/Ki-67 and p16/mcm2  
at baseline had the highest risk (RR: 39.64 
[95% CI: 9.78-160.72]) to detect CIN2+ in the 
three years, followed by p16/Ki-67-positive  
and p16/mcm2-negative, HPV16/18-positive, 
LBC-positive. p16/Ki-67-negative women had 
the lowest risk, no matter what the p16/mcm2 
result was (Table 4).

Discussion

These results show that the positivity of p16/
Ki-67 and p16/mcm2 increased with the sever-
ity of histology diagnoses. Under normal cir-
cumstances, p16 and Ki-67 do not co-express 
in the same cell, but p16 and Ki-67 may co-
express after cell cycle regulation [25, 26]. 
Previous studies have shown that the overex-
pression of mcm2 is detected in HR-HPV-

Table 1. p16/Ki-67, p16/mcm2, LBC and HPV16/18 positivity 
with baseline histology categories, N (%)
Category p16/Ki-67 p16/mcm2 LBC (≥ASC-US) HPV16/18 genotyping
Normal 34 (19.5) 55 (31.6) 13 (7.5) 5 (2.9)
    CIN1 2 (28.6) 5 (71.4) 2 (28.6) 3 (42.9)
    CIN2 3 (100.0) 3 (100.0) 0 (0.0) 0 (0.0)
    CIN3 11 (91.7) 10 (83.3) 7 (58.3) 4 (33.3)
Cancer 2 (100.0) 2 (100.0) 1 (50.0) 1 (50.0)
    Total 52 (26.3) 75 (37.9) 23 (11.6) 13 (6.6)
Abbreviations: CIN, cervical intraepithelial neoplasia; CIN2+, cervical intraepithelial 
neoplasia grade 2 or worse; CIN3+, cervical intraepithelial neoplasia grade 3 or 
worse; LBC, liquid-based cytology.

with ORs of 31.28 (95% CI: 
6.33-154.56) and 9.10 (95% 
CI: 4.52-18.33), respectively.

Sensitivities, specificities, PP- 
Vs, NPVs, and colposcopy re- 
ferral rates for the detection 
of CIN2+ and CIN3+ at base-
line are shown in Table 3. The 
sensitivity of p16/Ki-67 dual-
staining to detect CIN2+ and 
CIN3+ were 94.1% (95% CI: 
73.0-99.0) and 92.9% (95% 
CI: 68.5-98.7), which were not 
statistically different from 
p16/mcm2 (88.2% [95% CI: 
65.7-96.7] for CIN2+, 85.7% 
[95% CI: 60.1-96.0] for CIN3+), 
but higher than LBC and 
HPV16/18 genotyping (both 
P<0.05). The specificity of 
p16/Ki-67 for the detection of 
CIN2+ and CIN3+ were 80.1% 
(95% CI: 73.7-85.3) and 78.8% 
(95% CI: 72.3-84.1), both sig-
nificantly higher than p16/
mcm but lower than LBC and 
HPV16/18 genotyping. 

150 women were followed up 
with a final diagnosis in the 
third year. The three-year cu- 
mulative risks for p16/Ki-67, 
p16/mcm, LBC, HPV16/18 to 
detect CIN2+ were 69.0%, 

Table 2. The associations of p16/Ki-67, p16/mcm2 expression 
and HR-HPV infection, N (%)

Biomarkers HR-HPV 
negative 

Other 12 HR-HPV 
positive HPV16/18 positive 

p16/Ki67
    +  13 (12.1) 30 (38.5) 9 (69.2)
    - 94 (87.9) 48 (61.5) 4 (30.8)
    P value - <0.001 <0.001
    OR (95% CI) Ref. 4.52 (2.16-9.45) 16.27 (4.38-60.47)
p16/mcm2
    +  16 (15.0) 48 (61.5) 11 (84.6)
    - 91 (85.0) 30 (38.5) 2 (15.4)
    P value - <0.001 <0.001
    OR (95% CI) Ref. 9.10 (4.52-18.33) 31.28 (6.33-154.56)
Abbreviations: OR, odds ratio; CI, confidence interval; Other 12 HR-HPV positive: 
positive for any of the 12 HPV types (HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 
66 and 68), and negative for HPV16/18; Ref, reference.
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induced cervical lesions [27]. Our study found 
that there was a strong association between 
p16/Ki-67 expression and HPV infections, 
especially in the HPV16/18-positive group, in 
which p16/Ki-67 positivity was higher than that 
in the other 12 HR-HPV group. A similar result 
was observed in p16/mcm2 dual staining. One 
possible explanation may be that HPV16/18 is 
more closely related to cervical cancer and 
therefore may secrete more HPV16/18 pro-
teins [28, 29]. 

Our results suggested that p16/Ki-67 was 
more sensitive, and similar specific than LBC 
and HPV16/18 genotyping, which was consis-
tent with previous studies in different popula-
tions [30, 31]. As a new biomarker, p16/mcm2 
was as sensitive as p16/Ki-67, but a little less 
specific. We found that 8 and 6 women with 

CIN3+ diagnoses who were missed by LBC 
were identified by p16/Ki-67 and p16/mcm, 
respectively. This means that using p16/Ki-67 
and p16/mcm2 can greatly improve the sensi-
tivity of cytology-based screening. 

This study also performed a prospective analy-
sis on the three-year cumulative risks and rela-
tive risks for different tests. We found that 
women with both p16/Ki-67-negative and p16/
mcm2-negative had the lowest risk, while 
women with the two biomarkers both positive 
had the highest risk. Therefore, it is an effective 
way to predict high grade cervical lesions by 
using p16/Ki-67 and p16/mcm2 dual staining, 
especially p16/Ki-67.

We acknowledge our study had some limita-
tions. Because our study was based on the 

Table 3. Clinical performance characteristics of p16/Ki-67, p16/mcm2, LBC and HPV16/18 genotyp-
ing for detection of CIN2+ and CIN3+ at baseline, % (95% CI)
Methods Sensitivity Specificity PPV NPV
CIN2+
    p16/Ki-67 94.1 (73.0-99.0) 80.1 (73.7-85.3) 30.8 (19.9-44.3) 99.3 (96.2-99.9)
    p16/mcm2 88.2 (65.7-96.7) 66.9 (59.7-73.3) 20.0 (12.5-30.4) 98.4 (94.3-99.6)
    LBC 47.1 (26.2-69.0) 91.7 (86.8-94.9) 34.8 (18.8-55.1) 94.9 (90.5-97.3)
    HPV16/18 29.4 (13.3-53.1) 95.6 (91.5-97.7) 38.5 (17.7-64.5) 93.5 (89.0-96.3)
CIN3+
    p16/Ki-67 92.9 (68.5-98.7) 78.8 (72.3-84.1) 25.0 (15.2-38.2) 99.3 (96.2-99.9)
    p16/mcm2 85.7 (60.1-96.0) 65.8 (58.7-72.2) 16.0 (9.4-25.9) 98.4 (94.3-99.6)
    LBC 57.1 (32.6-78.6) 91.9 (87.0-95.0) 35.8 (18.8-55.1) 96.6 (92.7-98.4)
    HPV16/18 35.7 (16.3-61.2) 95.7 (91.7-97.8) 38.5 (17.7-64.5) 95.1 (91.0-97.4)
Abbreviations: CIN2+, cervical intraepithelial neoplasia grade 2 or worse; CIN3+, cervical intraepithelial neoplasia grade 3 or 
worse; LBC, liquid-based cytology; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.

Table 4. Third-year cumulative rates and relative risks (RR) of p16/Ki-67, p16/mcm2, LBC and 
HPV16/18 genotyping for CIN2+
Test results N Cumulative rate % (95% CI) RR (95% CI)
p16/Ki-67 and p16/mcm2
    -/- 111 1.80 (0.50-6.33) Ref.
    -/+ 10 0.00 (0.00-27.75) 1.02 (0.99-1.04)
    +/- 8 62.50 (30.58-86.31) 34.69 (7.94-151.55)
    +/+ 21 71.43 (50.04-86.19) 39.64 (9.78-160.72)
LBC
    - 127 11.02 (6.68-17.65) 6.12 (1.42-26.33)
    + 23 34.78 (18.81-55.11) 19.30 (4.38-85.06)
HPV16/18
    - 140 12.14 (7.72-18.59) 6.74 (1.59-28.55)
    + 10 50.00 (23.66-76.34) 27.75 (6.15-125.21)
Abbreviations: RR, relative risk; CI, confidence interval; LBC, liquid-based cytology; Ref, reference.
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National Cancer Screening Program in China, 
we only uses two referral standards (i.e., 
women who were HPV16/18 positive or 12 
other HPV positive types and ≥ASC-US), which 
could misclassify some cases and overesti-
mate the specificities of HPV testing and LBC. 
This is why our results were higher than those 
reported in other studies, and we found 5 
CIN2+ at the follow-up round. However, this 
study focused on comparisons among different 
tests, and three-year cumulative risks were 
also evaluated. 

In summary, p16/Ki-67 and p16/mcm2 immu-
nocytochemical dual staining can effectively 
improve the sensitivity of cytology in detecting 
high grade cervical lesions in initial screenings. 
Moreover, they can effectively predict high 
grade cervical lesions in the following years. 
Since p16/Ki-67 and p16/mcm2 dual staining 
are simple and easy to interpret, general tech-
nical staff can complete the procedure after a 
short-term training, and the tests have good 
reproducibility. Therefore, we believe that p16/
Ki-67 and p16/mcm2 can be used as indica-
tors of referral for HPV-positive women in China, 
and the women who test negative don’t need to 
be screened again for an extended period of 
time.
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