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Abstract

Objective—We conducted a pilot study of whether nonpathologists could accurately diagnose 

cervical precancer in biopsies using only a basic light microscope, evaluating p16INK4a 

immunohistochemistry (p16 IHC) of biopsies, and video-based training for both.

Materials and Methods—Using biopsies collected as part of a screening study conducted in 

rural China, we randomly selected 50 biopsies with a precancerous diagnosis of cervical 

intraepithelial neoplasia grade 2 (CIN2) or more severe (CIN2+) and 50 biopsies with diagnosis of 

CIN less severe than CIN2, and stained them for p16 using a commercial IHC kit. Twelve 

nonpathologists of varying educational backgrounds living in Beijing, China received video 

training and were assigned one of 4 sets of 25 CIN2+ and 25 CIN less severe than CIN2 for 

evaluation. A pathologist reviewed all 100 cases.

Results—The mean sensitivity and specificity of the p16 IHC staining scored by the 

nonpathologists were 91.7% and 94.1%, respectively, compared to scoring by the pathologist. The 

readers and the pathologist agreed on p16 IHC scoring for 42 (84%) of the 50 slides of CIN less 

severe than CIN2 and 37 (74%) of the 50 CIN2+ slides. The mean sensitivity and specificity for 
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consensus CIN2+ of p16 IHC as scored by the readers were 88% and 87%, respectively, versus an 

overall sensitivity and specificity by the pathologist of 96% and 92%, respectively.

Conclusions—We demonstrated that nonpathologists can accurately diagnose CIN2+ using p16 

IHC alone.
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Whereas the recent World Health Organization recommendations1 to use alternative 

screening (high-risk HPV testing or VIA vs Papanicolaou testing) and management 

strategies (e.g., screen and treat vs diagnostic verification) will hopefully expand screening 

to the women who need them the most, many countries may not adopt screen-and-treat 

strategies because of concerns of overtreatment, especially in the context of multiple screens 

over a lifetime. Thus, there is a need to expand diagnostic services to manage the women 

who screen positive and identify those with cervical precancer, cervical intraepithelial 

neoplasia grade 2 (CIN2), grade 3 (CIN3), or adenocarcinoma in situ (AIS), and early-stage 

invasive cervical cancer (CIN2+) for treatment.

The capacity gap for pathology in low- and middle-income countries remains a big 

challenge, especially in Sub-Saharan Africa, where there is one tenth the number of 

pathologists per person to provide diagnostic services.2 Strategies to address this gap must 

be developed to prevent cervical pathology from being a bottleneck to the expansion of 

secondary cervical cancer prevention programs.

We hypothesized that p16INK4a immunohistochemistry (p16 IHC) is a sufficiently robust test 

for CIN2+ that nonpathologists with basic, video-based training on the use of a light 

microscope and reading of p16 IHC could accurately diagnose CIN2+. p16 IHC is currently 

recommended as an adjunctive molecular stain to clarify the diagnosis of CIN2, the 

threshold for treatment, i.e., to differentiate between low-risk (p16 IHC–negative) and high-

risk (p16 IHC–positive) CIN2.3 To test our hypothesis, we evaluated the diagnostic 

performance of educated nonpathologists living in Beijing, China and attending Peking 

University reading p16 IHC staining of biopsies collected from women living in rural China.

MATERIALS AND METHODS

This study was nested within a Screening Technologies to Advance Rapid Testing—Utility 

and Program (START-UP) project.4,5 In 2010–2011, 7,541 women aged 25 to 65 years 

living in Yangcheng, Xinmi, and Tonggu counties were enrolled. The institutional review 

boards of Cancer Institute/Hospital, Chinese Academy of Medical Sciences in China and the 

Program for Appropriate Technology in Health of the United States approved the START-

UP project. The written consent for START-UP project included the use of the specimens for 

additional testing. Details of inclusion/exclusion criteria, screening, management, and 

diagnosis of participants are described in detail elsewhere.4,5
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Evaluation of p16 IHC

We enrolled nonpathologists attending Peking Union Medical College for secondary 

education. Eligibility criteria included people who were willing and able to provide 

informed consent. Participants were asked to provide some basic information on age, 

education, and training. The p16 IHC substudy underwent review by the institutional review 

board of Cancer Institute/Hospital, Chinese Academy of Medical Sciences. All subjects 

signed a written informed consent before entry into this study.

A random sample of 50 biopsies diagnosed as CIN2+ and 50 biopsies diagnosed as CIN less 

severe than CIN2 (negative or CIN1) from the START-UP project were selected for 

evaluation. Of the 100 diagnoses, 43 diagnoses (37 of which were CIN2+) were based on a 

joint review/adjudication between the 2 study pathologists (X.Z. and M.S.). The remaining 

57 diagnoses (13 of which were CIN2+) were separate reviews by the 2 study pathologists, 

who agreed on all but 2 diagnoses (both were CIN2 by M. S. and CIN3 by X.Z.) that were 

conservatively assigned the less severe diagnosis. Four-micron-thick cuts of the formalin-

fixed paraffin-embedded (FFPE) biopsies were made, placed on slides, and labeled with a 

new identifier. Slides were stained for p16INK4a using CINtec (Ventana, Tucson, AZ) 

according to the manufacturer’s instructions.

All readers (n = 12) were provided a short video on how to set up and use a light microscope 

(http://www.screencast.com/t/BIuLDwHwb) (n.b., Olympus BH2 was used in this study) 

and how to evaluate p16 IHC (http://www.screencast.com/users/PathologyAM/folders/

p16%20Training%20/media/9f60765b-201c-4792-91ae-23423a9dbb33), the latter of which 

instruct readers to consider only diffuse p16 IHC staining as positive and focal p16 IHC 

staining as negative (as defined in detail in Darragh et al.3). Videos were generated using 

PowerPoint with voice-over recorded on Camtasia Recording Software (TechSmith, 

Okemos, MI).

Each reader was randomly assigned to one of 4 sets of 25 p16 IHC-stained CIN2+ and 25 

p16 IHC-stained slides of CIN less severe than CIN2 so that all slides were reviewed by 6 

readers. Each reader was instructed to score the slide as diffuse staining (positive), focal 

staining (negative), or no staining (negative). All slides were also scored by the study 

pathologist.

Analysis

For each reader and the study pathologist for this analysis (X. Z.) rating the same set of 50 

slides, sensitivity and specificity for CIN2+ were calculated. A mean sensitivity and 

specificity for p16 IHC staining and CIN2+ diagnoses for all scores by all readers on the 100 

slides was calculated. An overall sensitivity and specificity for CIN2+ for the study 

pathologist (X.Z.) rating the 100 slides was calculated. A mean total agreement and Kappa 

value between all scores of the review by the participants and the score by the pathologist 

was calculated for all slides.
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RESULTS

Table 1 shows the characteristic of the readers. Nine women and 3 men participated. The 

mean, median, and range of ages were 25, 25, and 22 to 29 years, respectively. Three readers 

are undergraduate students, 6 readers are master’s degree candidates, and 3 readers are 

doctorate degree candidates. Only one reader had professional laboratory training, none had 

pathology training, and only one self-reported being skilled in using a microscope. The 

median, mean, and range of times to evaluate the 50 slides were 60.5, 59.7, and 41 to 75 

minutes, respectively.

The percent p16 IHC positive ratings as scored by the study pathologist (X.Z.) by grade of 

histologic diagnosis were 2.3% for negative (n = 44), 50.0% for CIN1 (n = 6), 95.8% for 

CIN2 (n = 24), 95.7% for CIN3 (n = 23), and 100% for cervical cancer (n = 3). Using the 

rating of the p16 IHC by the pathologist as an analytical endpoint, the mean sensitivity and 

specificity of the readers’ rating of the p16 IHC were 91.7% and 94.1%, respectively. There 

was complete agreement by all readers and the pathologist on the p16 IHC results for 42 

(84%) of the 50 slides of CIN less severe than CIN2 and 37 (74%) of the 50 CIN2+ slides. 

The mean total agreement between the participants and the study pathologist in reviewing 

the p16 IHC was 92.8% and kappa was 0.857.

Table 2 shows the sensitivity and specificity of both the participants and the study 

pathologist reviewing the p16 IHC for clinical endpoint of histologically confirmed CIN2+. 

For the individual sets of 50 reviews, the sensitivity for CIN2+ ranged from 72% to 96% for 

the readers scoring the p16 IHC and 96% for all sets for the pathologist scoring the p16 IHC. 

The specificity for CIN2+ ranged from 76% to 96% for the readers scoring the p16 IHC and 

88% to 96% for the pathologist scoring the p16 IHC. The mean sensitivity and specificity 

for CIN2+ of the readers were 88% and 87%, respectively. Using the Lower Anogenital 

Squamous Terminology (LAST) definition of high-grade squamous intraepithelial lesion 

(HSIL), CIN3+ and p16 IHC-positive CIN2 (as read by X.Z.), and the mean sensitivity and 

specificity for HSIL were 90% and 87%, respectively. The mean sensitivity and specificity 

for CIN2+ of the study pathologist (X.Z.) scoring the p16 IHC were 96% and 92%, 

respectively. Thus, the Youden Index and the positive likelihood ratio, as metrics for overall 

accuracy, for CIN2+ were higher for the study pathologist (88% and 12, respectively) than 

the readers (75% and 6.8, respectively) scoring the p16 IHC.

Figure 1 shows examples of the p16 IHC staining: a consensus p16 IHC-positive (true 

positive) CIN3 (Figures 1A, E), a consensus p16-IHC-negative CIN2 (Figures 1B, F), a 

consensus p16 IHC-positive CIN1 (false positive) (Figures 1C, G), and a consensus p16 

IHC-negative (true negative) CIN1 (Figures 1D, H).

DISCUSSION

In a proof-of-principle study, we demonstrated that with simple didactic training via videos, 

we can train educated nonpathologists to evaluate p16 IHC with excellent agreement with a 

senior pathologist and achieve very good clinical performance versus the criterion standard, 

a morphologic assessment of hematoxylin-and-eosin–stained tissue by pathologists. Once 
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the microscope was set up for reading p16 IHC, the readers reviewed the slides at a rate of 

approximately 1 to 1.5 minutes per slide. We did not provide any ongoing feedback and 

training to the readers, which we expect would have improved the overall performance 

further still.

This approach focuses on the need for low- and middle-income countries, like Sub-Saharan 

Africa,2 where there may be insufficient numbers of pathologists, which could limit 

expansion of screening programs where diagnostic verification for treatment decisions is 

required. In higher-resource settings, there are sufficient pathologists to rely on for 

morphologic assessment, which is the criterion standard, and there is no need to use this 

approach in these settings. However, it is worth noting that recent US pathology (LAST) 

guidelines for diagnosis of cervical neoplasia recommend the use of p16 IHC to clarify 

equivocal diagnoses, specifically CIN2. 2 Since virtually all CIN3 biopsies would be 

expected to test p16 positive, 2 accurate review of p16 IHC would achieve similar sensitivity 

for CIN2+ as the LAST guidelines.

An alternative strategy to basing treatment solely on the interpretation of p16 by a 

nonpathologist, as considered here, would be to incorporate laboratory personnel, such as 

histotechnologists, who would be already processing the biopsies to create FFPE tissue and 

create slides, to do the p16 IHC staining, and screen the slides to rule out CIN2+ then send 

only the subset of slides of interest to the local pathologist to “rule in” CIN2+ by reviewing 

the p16 IHC slide, hematoxylin and eosin slide, or both. That is, have laboratory personnel 

read more sensitively but less specifically to reduce the number of slides that need to be 

expertly reviewed by a pathologist, of which low- and middle-income countries are in short 

supply. This is akin to how cytologic examination is done in many countries: 

cytotechnologists screen the cytology slide and primarily send only those suspicious of 

abnormalities to the pathologist for review.

To simulate this alternate strategy, we redefined p16 IHC positivity to any p16 staining, 

either diffuse or focal staining, as scored by the readers, which would have achieved a 94% 

sensitivity and 50% specificity for CIN2+. Then, restricting the pathologist rating only to 

those positive for any p16 as judged by the readers, the overall sensitivity and specificity 

both would have been 92%, which would have been a little more sensitive and specific than 

basing management on the scoring by the nonpathologist alone. For a typical CIN2+ 

prevalence of 20% in a colposcopy referral population, such a strategy would have reduced 

the number of slides to be reviewed by the pathologist by approximately 40%, with only a 

small decrement in the overall sensitivity for CIN2+ based on morphologic assessment. 

However, such a strategy was not evaluated in this study, and its performance would need to 

be confirmed.

We noted that several CIN1s were consensus p16 IHC positive. As previously reported,6–10 

a significant fraction (20%–40% or even higher) CIN1 tissues will have diffuse p16 staining. 

Although these cases did not develop CIN2+ after a 1-year follow-up and rescreening, 2 of 

the 3 cases had evidence of persistent high-risk HPV infection, which is an important risk 

factor for the development of cervical precancer and cancer.11–13 Furthermore, women with 

p16 IHC-positive CIN1 are at a significantly higher subsequent risk of CIN2+ than women 
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with p16 IHC-negative CIN1.9 Thus, in some instances, these cases are not false positives 

but will develop into a clinically important disease and if possible should be monitored 

closely.

The concern that treating all p16-positive cases might result in significant overtreatment also 

needs to be weighed against the incredible high frequency of overcalling of CIN1 and CIN2 

in many routine practices, many of which would then test p16 IHC negative. An objective 

biomarker like p16 helps address such potential for overcall that will likely lead to 

unnecessary treatment in both low- and high-resource settings.2 In low- and middle-income 

countries, where the prevalence of cervical precancer and cancer is high because of a lack of 

screening, we believe that the benefits of the proposed method of diagnosis far outweigh the 

risks of overtreating a few p16-positive CIN1s. It offers an important alternative for those 

countries that will not accept screen-and-treat strategies (that would lead to much greater 

overtreatment) now endorsed by the WHO1 but do not have sufficient numbers of 

pathologists to provide diagnostic services for scaled-up screening programs.

We conclude that p16 IHC has tremendous potential to address the gap in pathologic 

services that may inhibit the expansion of cervical cancer screening services globally. Basic 

light microscopes and well-educated laypeople (nonpathologists) are readily available in all 

low- and middle-income countries. With basic capabilities for creating and processing FFPE 

tissues, any low- or middle-income country could rapidly develop good diagnostics for 

cervical precancer and cancer that support the expansion of cervical cancer screening 

programs to reduce the burden of this preventable cancer. A large-scale evaluation of this 

alternative approach to cervical diagnosis is warranted.
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FIGURE 1. 
Examples of hematoxylin and eosin (H&E) staining and p16INK4a immunohistochemical 

(p16 IHC) staining for diagnoses of cervical intraepithelial neoplasia grade 2 (CIN2) or 

more severe diagnosis (CIN2+).
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