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Original Article

Anal cancer is a rare malignancy with an incidence of 
1/100,000 in the general population. The incidence of 
anal cancer among HIV-infected men who have sex with 
men (MSM) is higher than that of the general population 
(Salit et al., 2010). Histologic types of anal cancer include 
squamous cell carcinoma (SCC), adenocarcinoma, mela-
noma, and sarcoma (Klas et al., 1999). SCC accounts for 
approximately 80%–85% of anal cancers (Wisniewski 
et al., 2017).

High-risk human papillomavirus (HR-HPV) infection 
in anal canal might lead to anal intraepithelial neoplasia 
(AIN). HR-HPV types 16 and 18 are identified in 78% of 
all anal cancers (Morency et al., 2019). AIN refers to pre-
cancerous lesions of anal SCC and is graded as AIN 1–3. 
AIN 1 is defined as low-grade squamous intraepithelial 
lesion (LSIL); AIN 2 and AIN 3 are considered to be 
high-grade squamous intraepithelial lesions (HSILs) (do 

Socorro Nobre et al., 2016; Donà et al., 2012; Weis, 2013; 
Williams et al., 2010).

The prevalence of anal HPV type 16 and HSIL were 
35.4% and 29.1% in HIV-positive men (Machalek et al., 
2012). No high-grade AIN regression was recorded 
based on a systematic review (Machalek et al., 2012). 
Anal cytology is the most common screening method 
for AIN. High-resolution anoscopy combined with a 
histological examination could be useful as initial diag-
nostic tools for suspected anal lesions (Gonçalves et al., 
2019). The reporting terminology of cytological screen-
ing for anal cancer is based on the Bethesda system 
(Nayar & Wilbur, 2015). Cervical cancer and anal can-
cer share similarities, including the etiology, tumor biol-
ogy, and screening modality (Leeds & Fang, 2016). The 
p16 protein regulates the cell cycle and induces cell-
cycle arrest under normal physiological conditions. 
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Abstract
The p16/Ki67 dual immunostaining was performed on anal cytology specimens; this is an anal cancer screening 
method. A literature search was performed in the BioMed Central, Cochrane Library, Embase, Google Scholar, and 
PubMed electronic databases for relevant articles. We included studies that discussed the efficacy of p16/Ki67 dual 
immunostaining for detecting anal intraepithelial neoplasia (AIN). Studies that calculated the diagnostic efficacy on a 
per-patient basis were included. We excluded review articles, case series, and studies that did not provide sufficient 
information. We extracted data on true positive, true negative, false positive, and false negative from the included 
studies to generate pooled sensitivity, specificity, and diagnostic odds ratio (DOR). All analyses were performed with 
a random-effects model using MetaDiSc 1.4 and MetaDTA. The meta-analysis produced a pooled sensitivity of 0.63 
(95% CI: 0.34, 0.86) and specificity of 0.65 (95% CI: 0.46, 0.81) for p16/Ki67 dual immunostaining in detecting AIN. 
The pooled DOR was 3.26 (95% CI: −0.29, 6.82). A subgroup analysis of HIV-infected men who have sex with men 
(MSM) demonstrated a pooled sensitivity of 0.75 (95% CI: 0.28, 0.96). p16/Ki67 dual immunostaining might have a 
higher sensitivity for detecting AIN in HIV-infected MSM. p16/Ki67 dual immunostaining might be more sensitive in 
HIV-infected MSM and has higher specificity compared to human papillomavirus testing among this high-risk group. 
p16/Ki67 dual immunostaining might be an adjuvant and potential triage test for anal cytology in anal cancer screening.
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Ki67 is a mitotic index and cell proliferation marker. 
p16/Ki67 dual immunostaining for cervical cancer 
screening is used on Pap (cervicovaginal) smears in cer-
vical cancer screening. Simultaneous expressions of 
p16 and Ki67 in a single cervical epithelial cell indicate 
a positive result and cell-cycle dysregulation (Ebisch 
et al., 2017). p16 immunostaining showed positive  
reactivity in 89% of patients diagnosed with high-grade 
cervical dysplasia (Tsoumpou et al., 2009). Two meta-
analyses provided evidence that anal cytology for anal 
cancer screening had areas of under the receiver operat-
ing characteristic curve (AUC) ranging from 0.72 to 
0.75 (Chen & Chou, 2019; Gonçalves et al., 2019). p16/
Ki67 dual immunostaining performed for cervical cytol-
ogy is an adjuvant method to improve the diagnostic 
effectiveness (Chen et al., 2016). A meta-analysis 
reported a pooled sensitivity of 0.91 for p16/Ki67 dual 
immunostaining, thus demonstrating its superiority  
for cervical cancer screening (Chen et al., 2016). The 
effectiveness of p16/Ki67 dual immunostaining as an 
adjuvant test for anal cancer screening has not been sys-
tematically discussed. Therefore, this research gap is 
needed to be further investigated. The increased anal 
cancer risk in HIV-infected populations highlights the 
needs for evidence on anal dysplasia screening 
(Silverberg et al., 2015). The increased need for 
improved screening modalities for anal cancer in high-
risk population is required. Anal cytology is one of the 
screening tools for anal cancer. p16/Ki67 dual immu-
nostaining is an adjuvant method performed on anal 
cytology samples. To our knowledge, there is no con-
sensus about p16/Ki67 dual immunostaining to improve 
the accuracy of anal cytology for anal cancer screening. 
The purpose of the study was to exam the summary per-
formance of p16/Ki67 dual immunostaining for anal 
cancer screening.

Materials and Methods

Literature Search Strategy

We applied Preferred Reporting Items for a Systematic 
Review and Meta-analysis of Diagnostic Test Accuracy 
Studies as the framework for the study and followed the 
protocol of diagnostic test accuracy for the review 
(Leeflang, 2014; McInnes et al., 2018). We systemati-
cally searched the BioMed Central, Cochrane Library, 
Embase, Google Scholar, and PubMed electronic data-
bases for relevant studies. We used search terms of (anal 
cancer or anus neoplasm or anal intraepithelial neoplasia 
or anal squamous cell carcinoma or AIN or anal precan-
cerous lesions or anal dysplasia) and (p16 or p16 immu-
nocytochemistry or immunostain or Ki67) and (anal 
cytology or anal Pap test or cytological examination or 
cytology) and (sensitivity or specificity or accuracy). We 
applied no time restriction in order to obtain more poten-
tially relevant articles.

Inclusion and Exclusion Criteria

We included articles that discussed the efficacy of p16/
Ki67 dual immunostaining performed on anal cytology 
specimens for detecting AIN. Studies that calculated the 
diagnostic efficacy on a per-patient basis were included. 
We excluded review articles, case series, and studies that 
did not provide sufficient information. There was no 
study design limit for our study selection. One author 
screened titles and abstracts for potential studies. After 
the elimination of irrelevant studies, two reviewers inde-
pendently examined full-text articles that met the inclu-
sion criteria. Disagreements between the reviewers were 
resolved through discussions. The last search was per-
formed on July 25, 2020.
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Quality Assessment
We used a tool known as Quality Assessment of 
Diagnostic Accuracy Studies-2 (QUADAS-2) to assess 
the quality of included studies (Whiting et al., 2011). 
Based on QUADAS-2, p16/Ki67 dual immunostaining 
was the index test, and a histological diagnosis for AIN or 
SCC was the reference standard. QUADAS-2 has four 
domains including patient selection, index test, reference 
standard, and flow and timing. Every domain has ques-
tions that help judge the risk of bias of the included stud-
ies. Based on QUADAS-2, risk of bias is judged as “low,” 
“high,” or “unclear.” If the answers to all signaling ques-
tions for a domain are “yes,” then risk of bias can be 
judged low. If any signaling question is answered “no,” 
potential for bias exists. A study was thought to be of high 
quality if each domain for the study was judged as having 
a low risk of bias.

Statistical Analysis

We extracted data of true positive, true negative, false 
positive, and false negative from the included studies to 
generate pooled sensitivity, specificity, and diagnostic 
odds ratio (DOR). Sensitivity was defined as the propor-
tion of people with a illness (target condition) who 
showed a positive result, whereas specificity was the pro-
portion of people without the illness (target condition) 
who showed a negative result (Akobeng, 2007). The 
DOR was defined as sensitivity/(1 − sensitivity) over  
(1 − specificity)/specificity (Glas et al., 2003). A diagnos-
tic test is discriminative if the DOR of the test is >1. We 
graphed the summary receiver operating characteristic 
(SROC) curve to present the overall diagnostic efficacy 
of p16/Ki67 dual immunostaining. A perfect diagnostic 
test shows an area under the SROC curve (AUC) of 1. 
The AUC of an excellent diagnostic test should be in the 
region of ≥0.97. An AUC of 0.93~0.96 indicates a very 
good test, and an AUC of 0.75~0.92 is considered good 
(Jones & Athanasiou, 2005). All summary estimates were 
generated with the associated 95% CI. All analyses were 
performed with a random-effects model using MetaDiSc 
1.4 and MetaDTA (Freeman et al., 2019; Zamora et al., 
2006) A p value of <.05 is considered statistically 
significant.

Results

Four studies with 687 AIN patients were included (Dupin 
et al., 2015; Pichon et al., 2019; Serrano-Villar et al., 
2017; Wentzensen et al., 2012). Figure 1 is the process of 
the literature search, and Table 1 lists the characteristics 
of the studies. Table 2 presents statistical data. The meta-
analysis generated a pooled sensitivity of 0.63 (95% CI: 

0.34, 0.86) (Figure 2) and specificity of 0.65 (95% CI: 
0.46, 0.81) (Figure 3). The pooled DOR was 3.26 (95% 
CI: −0.29, 6.82), which indicates that p16/Ki67 dual 
immunostaining is a discriminative diagnostic test. 
Figure 4 presents the pooled estimate of p16/Ki67 dual 
immunostaining in SROC curve. The meta-analysis gen-
erated an AUC of 0.69 for p16/Ki67 dual immunostain-
ing (Figure 5).

Subgroup Analysis

A subgroup analysis of p16/Ki67 dual immunostaining 
for HIV-infected MSM displayed a pooled sensitivity of 
0.75 (95% CI: 0.28, 0.96) and specificity of 0.59 (95% 
CI: 0.41, 0.75). The pooled DOR of p16/Ki67 dual 
immunostaining for HIV-infected MSM was 4.24 (95% 
CI: −1.49, 9.96). p16/Ki67 dual immunostaining might 
have higher sensitivity in detecting AIN in HIV-infected 
MSM.

Estimation of Heterogeneity

We performed Cochran’s Q test for the DOR to investi-
gate the heterogeneity across studies. Cochran’s Q test 
for the DOR presented heterogeneity across the studies 
(p = .0001). The I2 index for pooled sensitivity (95.4%) 
was higher than that for pooled specificity (93.2%), 
which indicated high heterogeneity in both pooled esti-
mates. The I2 index represents heterogeneity across 
studies. Values of 25%, 50%, and 75%, respectively, 
indicate low, moderate, and high levels of heterogene-
ity (Higgins et al., 2003). Because patient selection 
might have impact on heterogeneity, we conducted  
subgroup analyses to evaluate the possible effects. A 
subgroup analysis of studies that solely enrolled HIV-
infected MSM produced I2 index of 98.2% for the 
pooled sensitivity. Another subgroup analysis of stud-
ies that enrolled patients with pathologically proved 
LSIL or HSIL produced I2 index of 0% for the pooled 
sensitivity.

The strength of evidence of this study is based on a 
quality assessment. Table 3 presents the quality of the 
studies. Studies in the meta-analysis had a cross-sectional 
study design, which is usual for diagnostic accuracy stud-
ies (Takwoingi & Quinn, 2018). Two studies reported that 
patient enrollment was consecutive (Dupin et al., 2015; 
Pichon et al., 2019). No study demonstrated that the index 
test was interpreted without knowledge of the reference 
standard. One article presented that the reference stan-
dard was interpreted without knowledge of the index test 
(Dupin et al., 2015). No study in the meta-analysis 
recorded that all patients received a reference standard. 
Patients of the studies in our meta-analysis matched the 
review question.
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Discussion

The main finding of our study indentified that p16/Ki67 
dual immunostaining had moderate sensitivity and specific-
ity for detecting AIN. Our study generated a pooled DOR  
of 3.26 (95% CI: −0.29, 6.82), indicating that p16/Ki67 
dual immunostaining might be capable of predicting AIN in 
the anal cytological specimens. A previous meta-analysis 
reported that p16/Ki67 dual immunostaining might be more 
accurate than p16 alone in anal cytology in detecting anal 
precancer and cancer (Clarke & Wentzensen, 2018).

Burgos et al. (2017) demonstrated that HPV testing 
had sensitivity of 0.90 and specificity of 0.24 in detecting 
AIN and suggested that HPV testing should not replace 
anal cytology in anal cancer screening (Burgos et al., 

2017). HPV testing is not recommended as an initial 
screening method for anal cancer in HIV-infected MSM 
owing to the high prevalence of HPV infection in this 
population. False-positive tests might lead to additional 
clinical workup (Clarke & Wentzensen, 2018). According 
to the subgroup analysis of our study, the pooled specific-
ity of p16/Ki67 dual immunostaining for detecting AIN 
in HIV-infected MSM was 0.59 (95% CI: 0.41, 0.75), 
which was higher than that (0.24) of HPV testing (Burgos 
et al., 2017). Cytology combined with HPV testing (co-
testing) is recommended every 5 years in women aged 
30–65 years in cervical cancer screening (Kim et al., 
2018). However, this co-testing for anal cancer was not 
considered for a screening tool in HIV-infected MSM due 
to a lower specificity (Burgos et al., 2017).

Records identified through 
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Figure 1. Flow Diagram of Literature Search.
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Anal cytology has higher sensitivity in detecting AIN 
among HIV-infected MSM (Clarke & Wentzensen, 2018). 
Based on the subgroup analysis, our investigation pre-
sented higher sensitivity of p16/Ki67 dual immunostain-
ing in detecting AIN in HIV-infected MSM. Despite the 
higher incidence of AIN among HIV-infected MSM, no 
routine screening method for anal cancer has been imple-
mented. The excision of anal HSIL lesions has not been 
proven to reduce the incidence of anal cancer (Palefsky, 
2015). The ANCHOR (Anal Cancer/HSIL Outcomes 
Research) study is an ongoing clinical trial to demonstrate 
the efficacy of HISL treatment for reducing the risk of 
anal cancer. If the ANCHOR study revealed that excision 
of HSIL lesions leads to significant reduction of anal can-
cer, anal cytology might be one of the main components in 
anal cancer screening (Palefsky, 2015). Further anoscopy 
was recommended for patients with positive anal cytology 
(Palefsky, 2015). Over 50% of anal cancer patients might 
be misdiagnosed, and 25% had symptoms before the diag-
nosis was established (Bingmer et al., 2020).

Current evidence suggests that anal cytology is more 
appropriate for anal cancer screening owing to low false 
positives, compared with high-risk HPV testing (Clarke & 
Wentzensen, 2018). A systematic review involving eight 

Table 2. Statistical Data for the Meta-analysis.

Study True Positive False Positive False Negative True Negative

Pichon et al. (2019) 2 23 4 22
Serrano-Villar et al. (2017) 28 47 40 115
Dupin et al. (2015) 19 4 17 34
Wentzensen et al. (2012) 99 121 8 104

Figure 2. Forest Plot Showing the Pooled Sensitivity.

Figure 4. The Summary Receiver Operating Characteristic 
Curve.

Figure 3. Forest Plot Showing the Pooled Specificity.
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society or institutional recommendations suggests that anal 
cytology is a method for anal cancer screening in high-risk 
population, including MSM (Albuquerque et al., 2019). 
Our findings suggest that p16/Ki67 dual immunostaining 
might be an adjuvant and potential triage test for anal 
cytology in anal cancer screening (Bossuyt et al., 2006).

Patient selection, study design, the role of index test, 
and grade of AIN might be sources of heterogeneity 
across study. A subgroup analysis of three studies using 
prospective study design produced lower I2 index (92.0%) 
for pooled specificity. Two studies did not report that 
patient enrollment was random. Patient populations of 
studies in the meta-analysis consist of HIV-infected 
MSM, women with HPV-related genital lesions, and 
HIV-positive and HIV-negative patients. Two studies in 
the meta-analysis discussed the efficacy of p16/Ki67 dual 
immunostaining as a triage test for detecting AIN. A 

subgroup analysis of two studies assessing the value of 
p16/Ki67 dual immunostaining as a triage method pro-
duced I2 index of 0% for the pooled sensitivity. One study 
only enrolled pathologically proven HSIL patients. A 
subgroup analysis of studies that enrolled patients with 
pathologically proved LSIL or HSIL produced I2 index of 
0% for the pooled sensitivity and lower I2 index of 88.3% 
for the pooled specificity.

Although we found a potential diagnostic value of p16/
Ki67 dual immunostaining for AIN, these findings should 
be interpreted with caution because this meta-analysis still 
had some limitations. First, no article recorded that the 
index test was interpreted without knowledge of the result 
of a reference standard. Second, no study in the meta-anal-
ysis recorded that all patients were included in the analysis. 
Therefore, large-scale trials of p16/Ki67 dual immunos-
taining for anal cytology specimens are required and future 

Figure 5. The SROC Curve Showing an AUC of 0.69 for p16/Ki67 Dual Immunostaining.
AUC: area under the receiver operating characteristic curve; SROC = summary receiver operating characteristic.
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studies emphasizing blind interpretation of the index test 
are needed to improve the quality of studies discussing the 
performance of p16/Ki67 dual immunostaining in anal 
cancer screening.

In conclusion, our investigation indicated that p16/
Ki67 dual immunostaining might be effective in detect-
ing AIN in anal cytology. We recommend that p16/Ki67 
dual immunostaining might be useful and feasible if anal 
cytology is used as an initial screening modality in anal 
cancer screening.
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