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Purpose: When used for cervical cancer primary screening, liquid-based cytology (LBC) 
has a high specificity but a low sensitivity. For histological diagnosis of high-grade lesions, 
p16INK4a immunostaining has proven to be useful. Therefore, our objective was to evaluate 
the use of p16INK4a immuno-cytology as a primary screen and a secondary screen after 
primary high-risk human papillomavirus (hrHPV) screening or LBC screening.
Methods: A total of 1197 cytology slides were immuno-stained using automatic p16INK4a 

staining system (PathCIN®p16INK4a) in two studies from cervical screening programs. In the 
primary screening study, 875 slides were randomly selected and analyzed for p16INK4a. In the 
secondary screening study, 322 of the remaining slides were chosen by virtue of being HPV 
16/18+, other hrHPV+/LBC≥ASC-US, or HPV-negative/LBC ≥LSIL. The sensitivity and 
specificity for detection of cervical intraepithelial neoplasia 2/3 or worse (CIN2+/CIN3+) 
were compared based on p16INK4a, LBC and HPV test results.
Results: In combining two studies, there were 431 cases with biopsy pathology. They 
included 83 cases with CIN2+ and 41 cases with CIN3+. The p16 positivity rate increased 
with pathologic and cytologic severity (P<0.0001). For primary screening: p16 immuno- 
cytology was more specific than HPV testing and was similar in sensitivity. Also, p16 
immuno-cytology compared favorably with routine LBC (≥ASC-US or ≥LSIL) in sensitivity 
and specificity. For secondary screening: after LBC screening, “Triaging ASC-US with p16” 
gave a higher specificity and a similar sensitivity as compared to the “Triaging ASC-US with 
hrHPV” algorithm. After HPV primary screening, p16 immuno-cytology was more specific 
than LBC (≥ASC-US); the calculated colposcopy referral rate was also decreased by using 
p16 immuno-cytology as triage. Triage of “HPV16/18 and p16” had higher specificity and 
similar sensitivity as compared to triage of “HPV16/18 and LBC ≥ASC-US”.
Conclusion: For primary screening, p16INK4a immuno-cytology compares favorably to 
routine LBC and HPV testing. p16INK4a immunostaining could be an efficient triage to 
reduce the colposcopy referral rate after primary hrHPV screening or LBC screening. 
Therefore, p16INK4a immuno-cytology may be applicable as a favorable technology for 
cervical cancer screening.
Keywords: cervical intraepithelial neoplasia, human papillomavirus, p16, immunochemical 
staining, cervical cancer screening

Introduction
Cervical cancer is a serious threat to women’s health. Fortunately, cervical cancer is 
highly preventable via comprehensive prevention strategies due to the well- 
established etiology of high-risk human papillomavirus (hrHPV) infection. In the 
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vaccine era, organized cervical cancer screening remains 
one of the most effective measures to reduce cervical 
cancer incidence and mortality.1 Liquid-based cytology 
(LBC) and HPV test are the two most common cervical 
screening strategies. In spite of the inherent advantages of 
LBC in cervical screening, the low sensitivity of LBC 
often causes missed diagnosis.2 The effectiveness of 
HPV tests in cervical screening has been widely con
firmed, 3–5 but the low specificity of HPV test may lead 
to unnecessary colposcopy referral and treatment, 
increases health costs and causes anxiety for women 
involved.6 Furthermore, with the approval and application 
of current vaccines, cervical screening will face challenges 
due to declining trends in the prevalence of HPV geno
types covered by vaccines, and a key issue will be how to 
adapt screening algorithms for increasingly vaccinated 
cohorts.7 Therefore, there is an urgent need for develop
ment of alternative biomarkers, which reflects disease 
progression, to improve cervical cancer screening.

p16INK4a (henceforth p16) is a cyclin-dependent kinase 
inhibitor that prevents phosphorylation of retinoblastoma 
protein (RB) and thus regulates the cell cycle. p16 
Expression is negatively controlled by the RB1 gene pro
duct, and is at very low concentrations in normal cells, 
whereas it is strongly overexpressed in HPV-associated 
tumors, in which RB has been functionally inactivated by 
the hrHPV E7 oncoprotein.8 Therefore, p16 overexpres
sion can be considered as a marker of HPV infection, and 
activated expression of viral oncogenes and virus-induced 
deregulation of the cell cycle.8,9 Currently, p16 immunos
taining conducted in cervical biopsies or excision samples 
serves as an adjunctive diagnostic method to improve the 
accuracy of cervical intraepithelial neoplasia (CIN) 
diagnosis.10 This study used p16 immuno-cytology tech
nology to detect p16 expression in cervical brushing sam
ples, and evaluated the performance of p16 staining as an 
alternative marker for primary screen and secondary 
screen after HPV primary screening or LBC-based screen
ing, in order to provide guidance for the prevention and 
control of cervical cancer.

Materials and Methods
Study Population and Design
Between May 2016 and Oct 2019, 904 women participat
ing in primary cervical cancer screening (Primary screen
ing population) and 359 women attending colposcopic 
examination (Colposcopy referral population) from 

cervical screening programs were recruited at Shenzhen 
and surrounding areas, Guangdong Province, China 
(Figure 1). All the nonpregnant women signed the written 
informed consent and met the following criteria: aged 
21–69 years with a sexual history, had no history of 
cervical cancer or precancerous lesions, had no cervical 
resection or radiotherapy. Eligible participants underwent 
cervical cancer screening via LBC/Cobas4800 HPV 
cotesting. Moreover, women with complete data on LBC, 
HPV, p16 staining and pathologic results were analyzed. 
The study was conducted in accordance with the 2013 
Declaration of Helsinki. The study protocol was approved 
by the ethics committee of Peking University Shenzhen 
Hospital (PUSH), Shenzhen, China (No. 2,016,001).

LBC and HPV Detection
Each participant underwent routine gynecological exam
ination to collect cervical exfoliation cell specimens 
using a cervical brush, and the sample brush was placed 
in a SurePath vial (TriPath Imaging Inc.) for AutoCyte® 

thin-layer cytology test (TriPath Imaging Inc.) and 
Cobas®4800 HPV assay (Roches, USA). The LBC results 
were interpreted according to the Bethesda 2014 classifi
cation system11 and divided into the following categories: 
negative for intraepithelial lesions or malignancy 
(NILM), atypical squamous cells of undetermined signif
icance (ASC-US), atypical squamous epithelial cells that 
cannot exclude high-grade lesions (ASC-H), low-grade 
squamous intraepithelial lesions (LSIL), and high-grade 
squamous intraepithelial lesion (HSIL). Cobas®4800 
HPV assay provides HPV16, HPV18 and pool 12 geno
types of hrHPV (Other hrHPV, HPV31, 33, 35, 39, 45, 
51, 52, 56, 58, 59, 66 and 68) results.

p16INK4a Immunocytochemical Staining
Among 904 screened women in the primary screening 
study, two cervical samples were collected at the initial 
screening. One was used for hrHPV/LBC detection we 
described previously, and the other was placed in the p16 
cell preservation solution (Senying Biotechnology Co., 
Ltd., Shenzhen, China) for p16 detection. The sample 
for hrHPV/LBC tests and the sample for p16 detection 
were collected alternately to avoid the influence of sam
pling order on the results. For the remaining 359 women, 
cervical exfoliated cells were collected for p16 detection 
when they were called-back for colposcopy due to posi
tive screened results (Figure 1). For immunostaining, we 
used a p16INK4a monoclonal antibody (clone 18A8-10) at 
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a dilution of 1:500 via the automatic immunocytochem
ical staining system (PathCINp16INK4a, Senying 
Biotechnology Co., Ltd.) according to the manufacturer’s 
protocol. p16 Staining slides were reviewed by two 
senior cytologists from PUSH blinded to other test 
results. p16 Staining is localized in the nucleus or cyto
plasm, a positive finding of p16 staining was defined as 
one or more epithelial cells stained brown or yellow 
regardless of the morphological appearance of the cells 
(Figure 2).

Colposcopy-Directed Biopsy and 
Pathologic Diagnoses
In the primary screening study, women positive for 
hrHPV, or with LBC ≥LSIL, or positive for p16 staining 
were referred to colposcopy. In the secondary screening 
study, women were offered colposcopy due to positive 
for HPV16/18, or other hrHPV/LBC ≥ASC-US, or LBC 
≥LSIL. The Preventive Oncology International (POI) 
biopsy protocol of directed and random biopsies plus 
endocervical curettage (ECC) were performed under 

Figure 1 Selection of the study population. 
Abbreviations: HPV, human papillomavirus; hrHPV, high-risk HPV; ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial 
lesion.

Figure 2 P16 cytology immunostaining: (A) p16 immunochemical staining was positive, with the nuclei and plasma stained brown or yellow; ×400; (B) p16 staining negative, 
blue nucleus and cytoplasm, ×400.
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colposcopy.12 Pathologic diagnosis was determined by 
two experienced pathologists and categorized into five 
general groups: benign (including cervicitis, HPV infec
tion without sign of CIN), CIN1, CIN2, CIN3, and can
cers. In patients who had more than one tissue sample, 
the worst pathologic diagnosis was recorded. Women 
with a result of CIN2 or worse (CIN2+) were treated 
according to the clinical management of PUSH. 
Histology was defined as normal when women met all 
the following results: HPV negative, p16 negative and 
LBC ≤ASC-US.

Statistical Analysis
Counting data are described as rates. The chi-squared 
test for trend was performed to evaluate the trend of 
rates. Accuracy of p16 staining for primary and second
ary screening was evaluated by using histology as the 
gold standard and CIN2+/CIN3+ as the study 
endpoints.13 The differences in sensitivity and specifi
city were compared using McNemar’s test. IBM SPSS 
24.0 software (SPSS, Inc. Chicago, IL, USA) was used 
for statistical analysis. P <0.05 was considered statisti
cally significant.

Results
Characteristics of Study Population
In the primary screening study, two women with invalid 
HPV results and 27 without histology due to loss to fol
low-up were excluded, leaving 875 slides randomly 
selected from the general population and analyzed for 
p16 assay; among them, 109 women underwent colpo
scopic biopsy because met any criteria of HPV-positive, 
or LBC ≥LSIL, or p16-positive (Figure 1). In the second
ary screening study, 37 women without p16 sampling were 
excluded, leaving 322 of the remaining slides chosen by 
virtue of being HPV16/18 positive, or other hrHPV- 
positive/LBC ≥LSIL, or HPV negative/LBC ≥LSIL; 
among them, 222 came from the general population, and 
100 from the gynecological clinic. In combining the two 
studies above, a total of 1197 cytology slides examined by 
p16INK4a immunostaining were included eventually 
(Figure 1), with an average age of 42.1 years (range: 
22–67 years). Among them, a total of 431 cases had 
biopsy pathology, where 293 cases were diagnosed as 
normal, 55 as CIN1, 42 as CIN2, 38 as CIN3, and 3 

cases as cancer. In total, 83 cases of CIN2+ and 41 cases 
of CIN3+ were identified.

p16 Staining, HPV Results by Different 
Cytologic and Pathologic Grades
The rates of p16 staining positivity, HPV positivity, and 
HPV16/18 positivity each showed an increasing trend with 
the severity of pathologic grades (Ptrend <0.0001), as well as 
with the severity of LBC abnormality (Ptrend <0.0001) 
(Table 1).

Accuracy of p16 Staining in Primary 
Screening
For primary screening, p16 staining was more specific than 
HPV testing and was similar in sensitivity (for CIN2+, 
p=0.057; for CIN3+, p=1.000). p16 Staining was comparable 
to LBC ≥LSIL in specificity, and more favorable in sensitiv
ity (for CIN2+, p=0.017; for CIN3+, p=0.688). Besides, p16 
staining had higher specificity and similar sensitivity as 
compared to LBC (≥ASC-US) (Table 2).

p16 Staining in the Secondary Screening 
After Primary LBC Screening
“LBC with reflex p16 (ASC-US triage)” had a higher 
specificity and a similar sensitivity for detecting CIN2 
+/CIN3+ as compared to the “LBC with reflex hrHPV 
(ASC-US triage)” algorithm. However, “LBC with reflex 
HPV16/18 genotyping (ASC-US triage)” had a worse sen
sitivity (for CIN2+, p=0.002; for CIN3+, p<0.0001), and 
a favorable specificity as compared to the “LBC with 
reflex hrHPV (ASC-US triage)” algorithm (Table 3).

Secondary Screening After Primary 
hrHPV Screening
After HPV primary screening, p16 staining was more 
specific than LBC (≥ASC-US) for detecting CIN2+/CIN3 
+, achieving a similar sensitivity and a decreased colpo
scopy referral rate. While p16 staining had a favorable 
sensitivity and a similar specificity as compared to LBC 
(≥LSIL). In addition, triage of “HPV16/18 and reflex p16” 
was comparable to triage of “HPV16/18 and reflex 
LBC≥LSIL” in sensitivity and specificity, while had 
a higher specificity and a similar sensitivity for CIN3+as 
compared to triage of “HPV16/18 and reflex LBC ≥ASC- 
US”. Moreover, the sensitivity of p16 alone was 
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comparable to that of “HPV16/18 and p16” for the detec
tion of CIN2+/CIN3+, while the specificity of p16 alone 
was significantly higher and the referral rate decreased 
(Table 4). Application of three triage tests as cotests 
(HPV 16/18 genotyping, p16 staining and LBC ≥LSIL) 

was comparable to LBC ≥ASC-US alone in sensitivity and 
specificity. While combination of three triage tests (HPV 
16/18 genotyping, p16 staining and LBC ≥ASC-US) had 
a favorable sensitivity than LBC ≥ASC-US alone, but with 
a worse specificity.

Table 2 Primary Screening Algorithms for the Detection of CIN2+/CIN3+, % (95% CI)

Primary Screening Sensitivity Specificity PPV NPV

CIN2+

hrHPV+ 96.4 (89.1–99.1) 76.8 (74.2–79.3) ** 28.2 (25.7–30.9) 71.8 (69.1–74.3)
HPV 16/18+ 41.0 (30.5–52.3) ** 92.4 (90.6–93.8) ** 9.9 (8.3–11.8) 90.1 (88.2–91.7)

Cytology ≥ASC-US 90.4 (81.4–95.4) 71.8 (69.1–74.4) ** 32.5 (29.9–35.2) 67.5 (64.8–70.1)

Cytology ≥ LSIL 72.3 (61.2–81.3) * 87.3 (85.1–89.1) 16.9 (14.8–19.1) 83.1 (80.9–85.2)
p16+ 86.7 (77.1–92.9) 87.7 (85.6–89.5) 17.5 (15.4–19.8) 82.5 (80.2–84.6)

CIN3+

hrHPV+ 95.1 (82.2–99.2) 74.1 (71.5–76.6) ** 28.2 (25.7–30.9) 71.8 (69.1–74.3)

HPV 16/18+ 48.8 (33.2–64.6) ** 91.4 (89.6–93.0) ** 9.9 (8.3–11.8) 90.1 (88.2–91.7)
Cytology ≥ASC-US 97.6 (85.6–99.9) 69.8 (67.1–72.4) ** 32.5 (29.9–35.2) 67.5 (64.8–70.1)

Cytology ≥ LSIL 90.2 (75.9–96.8) 85.7 (83.5–87.7) 16.9 (14.8–19.1) 83.1 (80.9–85.2)

p16+ 95.1 (82.2–99.2) 85.3 (83.1–87.3) 17.5 (15.4–19.8) 82.5 (80.2–84.6)

Notes: Significant McNemar’s Test comparing to p16 staining *P<0.05. **P<0.001 
Abbreviations: LSIL, low-grade squamous intraepithelial lesions; ASC-US, atypical squamous cells of undetermined significance; CIN2+/CIN3+, cervical intraepithelial 
neoplasia 2/3 or worse; CI, confidence interval; hrHPV, high-risk HPV; PPV, positive predictive value; NPV, negative predictive value.

Table 1 Positive Rates of P16, HPV, and Genotypes in Each Grade Lesion (N/%)

N p16+ HPV+ HPV16/18+ Other hrHPV+

Total 1197 211 338 119 219

Cytology

HSIL 55 49 (89.1) 48 (87.3) 21 (38.2) 27 (49.1)

ASC-H 27 14 (51.9) 20 (74.1) 2 (7.4) 18 (66.7)
AGC* 12 3 (25.0) 3 (25.0) 2 (16.7) 1 (8.3)

LSIL 108 49 (45.4) 67 (62.0) 7 (6.5) 60 (55.6)

ASC-US 187 44 (23.5) 109 (58.3) 27 (14.4) 82 (43.9)
NILM 808 50 (6.2) 91 (11.3) 60 (7.4) 31 (3.8)

Ptrend P<10−6 P<10−6 P<10−6

Pathology

Cancer 3 3 (100.0) 3 (100.0) 2 (66.7) 1 (33.3)
CIN 3 38 36 (94.7) 36 (94.7) 18 (47.4) 18 (47.4)

CIN 2 42 33 (78.6) 41 (97.6) 14 (33.3) 27 (64.3)

CIN 1 55 25 (45.5) 47 (85.5) 10 (18.2) 37 (67.3)
Normal 1059 112 (10.6) 211 (19.9) 75 (7.1) 136 (12.8)

Ptrend P<10−6 P<10−6 P<10−6

Notes: *Atypical gland cell (AGC) was excluded from the trend analysis. 
Abbreviations: LBC, liquid-based cytology; LSIL, low-grade squamous intraepithelial lesions; NILM, negative for intraepithelial lesions or malignancy; ASC-US, atypical 
squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia.
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Discussion
There is no doubt about the high specificity of cytolo
gical screening, but in low-resources areas lacking infra
structure and cytologists, a high-quality cytological test 
is often difficult to carry out. On the other hand, LBC 
was not sensitive enough for the early detection of 
cervical lesions compared with molecular markers.14 

hrHPV detection as a method of primary cervical 
screening has advantages over LBC, but the hrHPV 
test alone does not discriminate between transient infec
tions and persistent infections, leading to its low 
specificity.6 Therefore, the development of alternative 
markers for cervical cancer screening is essential for 
cervical cancer prevention and control.

p16 overexpression reflects the host cell’s response to 
hrHPV infection and HPV pathogenic activity in cervical 
squamous lesions.15,16 An increasing number of studies 
have reported the role of p16 immunostaining in differ
entiating persistent infections from transient infections of 
hrHPV, as well as in the distinction of HSIL from 
LSIL.2,17 Consequently, combining cytomorphology 
with p16 molecular detection might have a broad appli
cation prospect in the early diagnosis of cervical cancer.2 

This study found that the rate of p16 overexpression, 
which was detected by p16INK4a immunostaining, 
increased with the severity of cervical abnormality, indi
cating that p16 overexpression could reflect the potential 
of malignant transformation of cervical epithelial cells 

Table 4 Secondary Screening After Primary hrHPV Screening

Triage Algorithms CIN2+, % (95% CI) CIN3+, % (95% CI) Colposcopy 
Referral, N/(%)

Sensitivity Specificity Sensitivity Specificity

1. ASC-US+ 86.7 (77.5–93.2) 84.3 (82.0–86.4) 92.7 (80.1–98.5) 81.9 (79.6–84.1) 247/1197 (20.6)

2 .LSIL+ 68.7 (57.6–78.4) **a 92.7 (91.0–94.2) ** 85.4 (70.8–94.4) 91.1 (89.3–92.7) ** 138/1197 (11.5)

3. p16+ 83.1 (73.3–90.5) 91.9 (90.2–93.5) ** 90.2 (76.9–97.3) 89.4 (87.5–91.2) ** 159/1197 (13.3)

4. HPV16/18+, or ASC-US+ 96.4 (89.8–99.2) *ab 79.6 (77.1–82.0) **ab 95.1 (83.5–99.4) 76.8 (74.3–79.2) **ab 307/1197 (25.6)

5. HPV16/18+, or LSIL+ 84.3 (74.7–91.4) 86.1 (83.9–88.1) 92.7 (80.1–98.5) 83.8 (81.6–85.9) 225/1197 (18.8)

6. HPV16/18+, or p16+ 86.7 (77.5–93.2) 87.2 (85.1–89.1) *a 90.2 (76.9–97.3) 84.6 (82.4–86.6) *a 215/1197 (18.0)

7. HPV16/18+, or p16+, or ASC-US+ 96.4 (89.8–99.2) * 79.4 (76.9–81.8) ** 95.1 (83.5–99.4) 76.6 (74.1–79.1) ** 309/1197 (25.8)

8. HPV16/18+, or p16+, or LSIL+ 92.8 (84.9–97.3) 84.0 (81.7–86.1) 95.1 (83.5–99.4) 81.3(78.9–83.5) 255/1197 (21.3)

Notes: McNemar’s test comparing to “ASC-US +”, * P<0.05. ** P<0.001. McNemar’s test comparing algorithm 2/4/6 to “p16 +”, a P<0.05. McNemar’s test comparing 
algorithm 4/5 to “HPV16/18+, or p16+”, b P<0.05. 
Abbreviations: LSIL, low-grade squamous intraepithelial lesions; ASC-US, atypical squamous cells of undetermined significance; CIN2+/CIN3+, cervical intraepithelial 
neoplasia 2/3 or worse; CI, confidence interval; hrHPV, high-risk HPV.

Table 3 Secondary Screening After Primary LBC Screening, % (95% CI)

Triage Test Sensitivity Specificity PPV NPV

CIN2+

ASC-US/hrHPV+, ≥LSIL 90.4 (81.9–95.7) 78.8 (76.3–81.2) 26.0 (23.5–28.6) 74.0 (71.4–76.5)

ASC-US/HPV 16/18+, ≥LSIL 78.3 (67.9–86.6) * 85.3 (83.1–87.3) ** 28.4 (22.7–34.8) 71.6 (65.2–77.3)
ASC-US/p16+, ≥LSIL 85.5 (75.7–92.0) 84.4 (82.1–86.4) ** 20.5 (18.2–22.9) 79.5 (77.1–81.8)

CIN3+

ASC-US/hrHPV+, ≥LSIL 97.6 (87.1–99.9) 76.6 (74.0–79.0) 26.0 (23.5–28.6) 74.0 (71.4–76.4)
ASC-US/HPV 16/18+, ≥LSIL 95.1 (83.5–99.4) 83.6 (81.3–85.7) ** 19.1 (17.0–21.5) 80.9 (78.5–83.0)

ASC-US/p16+, ≥LSIL 97.6 (85.6–99.9) 82.3 (79.9–84.4) ** 20.5 (18.2–22.9) 79.5 (77.1–81.8)

Notes: Significant McNemar’s test comparing to “ASC-US/hrHPV+, ≥LSIL”, *P<0.01. **P<0.001 
Abbreviations: LSIL, low-grade squamous intraepithelial lesions; ASC-US, atypical squamous cells of undetermined significance; CIN2+/CIN3+, cervical intraepithelial 
neoplasia 2/3 or worse; CI, confidence interval; hrHPV, high-risk HPV; PPV, positive predictive value, NPV, negative predictive value.
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caused by hrHPV infection and may be a promising 
marker for screening high-grade lesions.

In this study, when used as a primary screening 
method, p16 staining maintains a good sensitivity and 
significantly improves the specificity and colposcopy 
referral relative to HPV test, and its specificity is compar
able to LBC, which is consistent with prior studies.15,18 

After LBC-based screening, for women with ASC-US, 
a triage is still needed to determine whether the women 
should be referred for colposcopy. HPV-based triage of 
ASC-US has proven to be accurate in identifying those 
who need a referral, and has been recommended in 
guidelines.19 However, this study confirmed that p16- 
based triage of ASC-US was more specific for detecting 
CIN2+/CIN3+ as compared to the hrHPV-based triage of 
ASC-US algorithm, and achieved a similar sensitivity as 
well as a superior colposcopy referral rate. Therefore, p16 
staining is able to detect HPV-infected cells, and enhances 
the ability to identify the atypical hyperplasia cells and to 
accurately detect underlying high-grade cervical lesions.9

Currently, LBC and HPV16/18 genotypes are two most 
commonly used triage indicators after HPV primary 
screening.6 However, HPV16/18 genotypes alone show 
a low sensitivity for the detection of cervical cancer or 
precancer after HPV screening.20 In addition, the applica
tion of LBC as the triage has been limited by the complex 
and subjective diagnostic categories, which requires high 
expertise. Besides LBC and HPV16/18 genotyping, p16 
staining is one of the most promising triage indicators. 
Interpretation of p16 staining slides is less morphology- 
dependent than cytological diagnosis. Since p16 staining 
reduces the influence of subjective factors, it is less depen
dent on the experience of the cytologists, and can be 
executed by non-pathologists after a certain amount of 
training. The results of the study showed that triage with 
p16 staining achieved a similar sensitivity and a superior 
specificity for the detection of CIN2+/CIN3+ as compared 
to LBC triage after HPV screening. Carozzi et al found 
that, compared with LBC as the triage, p16 triage signifi
cantly improved the sensitivity for the detection of CIN2+, 
but did not significantly increase the colposcopy referral 
rate.21 Therefore, p16 staining is expected to be an alter
native to routine LBC in improving the triage management 
of HPV primary screening, and it may be more suitable for 
population-based screening.

The 2015 interim guidelines for cervical cancer screen
ing recommend triage of hrHPV-positive women using 
a combination of HPV16/18 genotypes and reflex LBC 

for women positive for the other hrHPV genotypes.22 In 
comparison with the guideline algorithm, “HPV16/18 gen
otypes and reflex p16 staining” after HPV primary screen
ing showed a similar sensitivity for detecting CIN3+ 
lesions, but with a superior specificity and a reduced col
poscopy referred rate. Moreover, compared with “HPV16/ 
18 genotypes reflex p16 staining”, p16 alone showed 
a similar sensitivity, while achieved a favorable specificity, 
and a lower colposcopy referral rate, indicating that p16 
staining alone had a unique advantage in the secondary 
screening after HPV primary screening as well.

To the best of our knowledge, although there were 
several previous studies exploring the value of p16 immu
nocytochemical staining in the detection of cervical 
lesions, a large-scale study of p16 staining in cervical 
cancer screening is still lacking in China, and the previous 
studies were limited due to either that the sample size was 
small, or that studies evaluated the different screening tests 
individually, and there was little data to compare various 
screening strategies or triage algorithms based on combi
nation p16 staining and HPV genotypes.2,18,21 This study, 
which further complements prior studies, used a newly 
developed commercially available p16 staining kit. In the 
present study, p16 immunostaining was used for detecting 
p16 expression in the cytology specimens. The mature 
technology can be performed automatically with a clean 
background, and the results being easy to interpret; there
fore, it may be suitable for large-scale cervical cancer 
screening program. Moreover, p16 staining could be 
detected at a high-throughput with a low cost by using 
p16INK4a immuno-cytology assay, which can be carried out 
in low-resource areas and in primary hospitals.

One limitation of this study was that women with 
a result of HPV-negative, LBC ≤ASC-US and p16- 
negative did not undergo pathologic assessment. However, 
the expected prevalence of underlying high-grade dysplasia 
in this subgroup is low.18 A cohort study showed that 
incidence of CIN3+ in p16-positive and p16-negative 
women were 4.4% and 1.3%, respectively, indicating that 
HPV-positive, p16-positive women required an immediate 
colposcopy, but the HPV-positive, p16-negative women 
could avoid immediate colposcopy in 2–3 years.23 

Another limitation was that the combined study population 
was not all from population-based screening programs. 
Consequently, the results of this study might not be extra
polated to the general population. However, all the women 
included in the study population came from close areas 
during similar periods, underwent primary screening via 
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the same HPV/LBC cotesting, and received standardized 
POI schemes for colposcopy/biopsy due to abnormal 
screened results, which makes the evaluation of different 
screening strategies comparable and accurate.

Conclusions
In summary, p16 overexpression was associated with 
malignant transformation of cervical epithelial cells and 
neoplastic progression in cervical precancers. For primary 
screening, p16 immuno-cytology achieved a similar sensi
tivity to the HPV test, and a comparable specificity to 
routine LBC (≥LSIL). Also, it had a unique advantage in 
the triage of primary HPV screening or LBC-based screen
ing. Therefore, p16INK4a immuno-cytology assay may be 
an optimal technology for large-sample cervical screening 
program due to its advantages of high accuracy for pri
mary screening, and excellent performance for secondary 
screening as well as easy-to-interpret results. In the future, 
large-scale long-term prospective studies are still required 
to elucidate its role in predicting the outcome of cervical 
lesions.
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