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Abstract
Background: Immunocytochemical staining with p16/Ki67 has been suggested as a 
promising triage biomarker in cervical cancer screening. As dual staining is a subjec-
tive method, proper training may be required to ensure safe implementation in rou-
tine laboratories and reduce risk of misclassification. We determined concordance 
between novice evaluators and an expert, stratified by number of slides reviewed at 
three reading points.
Methods: The study was conducted at the Department of Pathology, Randers, 
Denmark. Women were eligible if they were aged ≥45, had been enrolled in one of 
two ongoing clinical studies, and had a dual stain slide available. Dual staining was 
performed using the CINtec plus assay. Slides were randomly selected from three 
reading points at which novice evaluators had reviewed <30, ~300, and ≥500 dual 
stain slides respectively. Level of concordance was estimated using Cohen's Kappa, κ.
Results: Of 600 eligible slides, 50 slides were selected for review as recommended 
by the manufacturer. Median age was 68  years (range: 58-74). Overall concord-
ance was good (κ = 0.68, 95% confidence interval [CI]: 0.60-0.76), with an overall 
agreement of 84% (95% CI: 70.9%-92.8%). Concordance improved with increasing 
number of slides reviewed at a given reading point, from a moderate concordance 
(κ  =  0.47, 95% CI: 0.05-0.90) after reviewing <30 slides to a good concordance 
(κ = 0.66, 95% CI: 0.20-0.88) and a very good concordance (κ = 0.88, 95% CI: 0.66-
1.00) after reviewing ~300 and ≥500 slides, respectively.
Conclusions: When interpreting dual stain slides from older women, concord-
ance increased slightly as novice evaluators received more training and experience. 
Although further evaluation is warranted, these findings indicate that a significant 
amount of training and experience of novice evaluators may be needed to ensure 
accurate dual stain interpretation in this age group. Future studies should accurately 
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1  |   INTRODUCTION

High-risk human papillomavirus (HPV) testing is more 
sensitive for detecting cervical intraepithelial neoplasia 
grade 3 or worse (CIN3+) compared to cytology.1,2 As a 
result, HPV testing is gradually replacing cytology in cer-
vical cancer screening programs in many developed coun-
tries. Because most HPV infections are transient, known to 
carry a low risk of CIN3+, triage testing of HPV-positive 
is needed to avoid unnecessary colposcopies and biopsies. 
Dual immunocytochemical staining for p16/Ki67 with 
the commercial CINtec® PLUS assay has been proven to 
be a sensitive and specific triage test for HPV-positive 
women3-6 as well as for women with low-grade cytologi-
cal abnormalities,7,8 and may provide greater reassurance 
against CIN3+9 than cytology alone. Compared to molec-
ular-based triage tests, the interpretation of dual staining 
is evaluator-dependent and not automated. Consequently, 
proper training of evaluators may be critical to achieve safe 
implementation of dual staining in routine screening labo-
ratories with little or no previous experience in dual stain 
interpretation, and to reduce risk of misclassification. Yet, 
some studies state that implementation of p16/Ki67 dual 
staining is feasible in routine screening laboratories with 
minimal training of evaluators.10,11 At present, there is no 
consensus on what defines adequate training.12 Most3,6,9,13-

16 but not all studies11 are lacking detailed information 
about the training program provided to evaluators prior 
to study start and their level of experience with dual stain 
interpretation, including whether evaluators had any pre-
vious experience with cytology interpretation. This may 
challenge a meaningful comparison of dual stain accuracy 
and clinical performance across studies.

Whereas most previous studies have focused on women 
in the screening age, only one study has explored the 
value of dual stain triage among postmenopausal women 
(≥50 years).17 However, because of low cellularity and cellu-
lar atrophy, dual stain interpretation may be more challenging 
among older postmenopausal women. Thus, more training 
and experience may be required to achieve and sustain an ac-
ceptable concordance and diagnostic accuracy.

Here, we describe our experience with implementation of 
p16/Ki67 dual stain for triage of older women with abnormal 
screening results in a Danish routine screening laboratory. 

More specifically, we describe the concordance in dual stain 
results between an expert in dual stain interpretation and nov-
ice evaluators, overall and stratified by the number of slides 
interpreted. Additionally, we propose ideas for setting up a 
suitable training program for novice evaluators.

2  |   METHODS

2.1  |  Setting

This study was conducted at the Department of Pathology, 
Randers Regional Hospital, Denmark, which is responsi-
ble for processing all cervical cytology samples obtained in 
Central Denmark Region (ie 85, 000-100, 000 samples an-
nually). In Denmark, cervical cancer screening is organized 
and free of charge. At present, women aged 23-59 years are 
screened with cytology, whereas women aged 60-64  years 
undergo HPV-based screening. At the department, cytology 
slides are interpreted by cytotechnicians using computer-
assisted microscopy (FocalPoint™ GS Imaging System; BD 
Diagnostics) and categorized according to the Bethesda 2014 
grading system.18 Human papillomavirus DNA testing is per-
formed using the Cobas 4800 platform (Roche Diagnostics). 
To ensure high quality of cytology screening, all cytotech-
nicians in Denmark are recommended, but not required, to 
pass the Quality Assurance, Training, and Examinations 
Committee (QUATE) exam provided by European Federation 
of Cytology Societies (EFCS).19,20 Currently, dual staining is 
not used routinely within the Danish cervical cancer screen-
ing program.

2.1.1  |  Population

Slides for this concordance analysis were selected from two 
ongoing clinical studies in Denmark evaluating the accuracy 
and clinical performance of p16/Ki67 dual staining among 
women aged 65-69 years testing HPV positive as part of an 
additional screening offer (NCT04114968), and women aged 
45 years and older referred to colposcopy due to an abnor-
mal screening result (threshold: ≥atypical squamous cell of 
undetermined significance cytology, ASC-US+ and/or HPV-
positive) (NCT04298957). Slides were collected in the period 

describe training and experience of evaluators to enable a better comparison of con-
cordance and diagnostic accuracy across studies.
Trial registration: NCT04114968 and NCT04298957.
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from March 2019 through December 2019. At the time of the 
present study, histological results were not available.

2.2  |  Slide preparation and p16/Ki67 
dual staining

Slides for p16/Ki67 dual stain testing were produced from the 
residual cell-pellet material of the liquid-based Surepath™ 
cytology samples and prepared using the TotalysTM Slide-
Prep (BD Diagnostics). Subsequently, slides were stained 
using the Conformité Européene-In Vitro Diagnostics and 
Federal Drug Agency-approved CINtec® PLUS assay (Roche 
Diagnostics)21 and the automated BenchMark ULTRA im-
munostainer (VENTANA; Roche Diagnostics) according to 
the manufacturer's instructions. After immunostaining, aque-
ous mounting media (CC/Mount™) was applied to slides, 
and after drying overnight slides were incubated in xylene 
and mounted with regular coverslip. Each staining run in-
cluded one external positive control (high-grade squamous 
intraepithelial lesion sample). Cells stained with only p16 
and Ki67 were used an internal positive control.

2.3  |  Dual stain interpretation

Two experienced, QUATE-certified cytotechnicians with 
more than 10  years of experience independently evaluated 
dual stained slides using a standard microscope. The cyto-
technicians were blinded to all study data (ie HPV genotype, 
cytology and histology results), except age of the woman. 
In case of disagreement between the two cytotechnicians, a 
consensus score was reached and considered definitive. The 
cytotechnicians also recorded information on staining char-
acteristics, such as staining intensity, background staining, 
and counter staining. A dual stain slide was considered posi-
tive when at least one dual-stain positive cell was identified 
(ie cytoplasmic brown staining for p16 and nuclear red stain-
ing for Ki67 in the same cervical epithelial cell), without con-
sideration of morphology and cellularity criteria (Figure 1). 
Slides were deemed negative if they met the squamous cel-
lularity criteria (ie ≥5000 cells per slide as specified in the 
Bethesda 2014 criteria) and contained no dual-stain positive 
cells. Negative slides that did not meet the cellularity criteria 
and slides with no staining for one of the two proteins were 
considered inadequate. In this case, a second slide was pre-
pared if residual material was available.

2.4  |  Training program

Both cytotechnicians had no previous experience with 
preparation and interpretation of dual stained slides. 

Therefore, two 1-day training courses were provided by 
the manufacturer and conducted by an expert in dual stain 
interpretation. The first course took place in May 2019 and 
included lectures of the interpretation guide. The course 
ended with an exam of 40 teaching slides provided by the 
manufacturer, with a passing grade of 90%. Both cytotech-
nicians passed the exam. In August 2019, cytotechnicians 
started evaluating dual stained slides. A second and identi-
cal training course, led by the same expert, took place in 
December 2019. At this course, patient slides considered 
difficult to interpret and the consensus-based slides were 
reviewed and discussed with the expert using a multi-
headed microscope.

2.5  |  Concordance design

After completing the training courses, the manufacturer rec-
ommended an agreement score of ≥90% between cytotechni-
cians and the expert when comparing dual stain results of 50 
random patient slides. The manufacturer provided no speci-
fied demands or recommendations for selection of slides. 
Assuming that the number of slides evaluated by the cyto-
technicians at a given time could influence the agreement 
score, we chose to randomly select slides from three different 
reading points between August 2019 and December 2019 as 
presented in Table 1. In January 2020, the 50 random slides 
were reviewed by the expert who was blinded to the cyto-
technicians' results and other study data.

2.6  |  Statistical analyses

Concordance in dual stain results between cytotechnicians 
and the expert was assessed using Kappa statistics (Cohen's 
Kappa, κ), including 95% confidence intervals (CIs), and 
defined as "Poor" (κ  ≤  0.20), "Fair" (0.21  ≤  κ  ≤  0.40), 
"Moderate" (0.41 ≤ κ ≤ 0.60), "Good" (0.61 ≤ κ ≤ 0.80), or 
"Very good" (κ ≥ 0.81).22,23 The overall percentage agree-
ment with corresponding 95% CI was calculated as the 

F I G U R E  1   The image illustrates one dual-stain positive cell. 
Objective: X20
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proportion of concordant slides divided by the total number 
of slides, overall and stratified by number of slides evaluated. 
Cochrane-Armitage test was used to test for trends in agree-
ment rates; reading point 1 vs reading point 2 vs reading point 
3. Dual stain results reported by the expert was considered as 
the reference for comparison. All data were double-entered 
and stored in REDCap.24,25 P < .05 were considered statis-
tically significant. All statistical analyses were conducted 
using STATA version 16 (StataCorp LP).

3  |   RESULTS

A total of 600 slides from the two studies were eligible for se-
lection and, as recommended by the manufacturer, 50 slides 
were randomly selected for evaluation. Forty-five slides were 
from women aged 65-69 undergoing primary HPV screening 
and five slides were from women ≥45 years referred to col-
poscopy. Median age of women whose slides were included 
in the present analysis was 68 years (range: 58-74 years). For 
the 50 slides, the two cytotechnicians reported identical re-
sults. Concordance in dual stain results between cytotechni-
cians and the expert was good (κ = 0.68, 95% CI: 0.60-0.76), 
with an overall agreement of 84.0% (95% CI: 70.9%-92.8%) 
(Table  2). A total of eight slides (16.0%) had disconcord-
ant dual stain results. In four cases, slides were scored ex-
pert negative/cytotechnician positive. In two of these cases 
the discordance might be explained by strong background 
staining, making it difficult to determine whether a cell was 

positive or not (Figure 2). Three slides were scored expert 
positive/cytotechnician negative. Of these, one case had only 
one dual-stain positive cell, which was missed by both cyto-
technicians. One slide was scored inadequate by the expert 
and negative by the cytotechnicians (Table 2). Concordance 
and overall agreement in dual stain results, stratified by num-
ber of slides reviewed at a given reading point are provided 
in Table 3. At the first reading point (<30 slides reviewed), 
concordance in dual stain results between cytotechnicians 
and the expert was moderate (κ = 0.47, 95% CI: 0.05-0.90) 
and improved to good (κ = 0.66, 95% CI: 0.20-0.88) at the 
second reading point (∼300 slides reviewed) and to very 

Reading point
Slide 
number Time of evaluation

Number of dual-stained slides 
reviewed by cytotechnicians

1 1-16 Early August 2019 <30

2 17-34 Mid-September 2019 ~300

3 35-50 Mid-December 2019 ≥500

T A B L E  1   Design of the concordance 
assessment

T A B L E  2   Concordance and agreement in dual stain results of 50 randomly selected slides 

All 50 slides

Expert (reference)

κa  (95% CI)
Agreement 
(%) (95% CI)

Positive Negative Unsatisfactory Total

n %b  n % n % n %

Cytotechnicians

Positive 18 36.0 4 8.0 1 2.0 23 46.0

Negative 3 6.0 24 48.0 0 0.0 27 54.0 0.68 (0.60-0.76) 84.0 
(70.9-92.8)

Unsatisfactory 0 0.0 0 0.0 0 0.0 0 0.0

Total 21 42.0 28 56.0 1 2.0 50 100.0
aCohens Kappa. "Poor" (κ ≤ 0.20), "fair" (0.21 ≤ κ ≤ 0.40), "moderate" (0.41 ≤ κ ≤ 0.60), "good" (0.61 ≤ κ ≤ 0.80), or "very good" (κ ≥ 0.81).22 
b% = Row percentage. 

F I G U R E  2   Staining characteristics of discordant cases. Arrows 
point to single dual-stain positive cells. A strong background staining 
makes it difficult to determine whether the slide should be scored 
positive or not. Objective: X20
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good (κ = 0.88, 95% CI: 0.66-1.00) at the third reading point 
(≥500 slides reviewed) (Table 3). The percentage agreement 
in dual stain results was 75.0% (95% CI: 47.6%-92.7%) at the 
first reading point and increased to 82.4% (95% CI: 56.6%-
96.2%) and 94.1% (95% CI: 71.3%-99.9%) at the second and 
third reading points, respectively. However, the increase be-
tween the three reading points was not statistically signifi-
cant (P = .13). Results remained robust after restricting our 
analysis to slides that were deemed adequate by all evaluators 
(n = 49).

4  |   DISCUSSION

4.1  |  Main findings

In the present study, we found an overall good concordance in 
p16/Ki67 dual stain interpretation between an expert and two 
novice evaluators (κ = 0.68), with an agreement score slightly 
below the recommended score set by the manufacturer (84% 
vs ≥90%). The level of concordance tended to increase with 
increasing number of slides interpreted by the novice evalua-
tors, from moderate concordance after reviewing <30 slides 

to very good concordance after reviewing more than 500 
slides from women aged 45 years and older. These concord-
ance results may demonstrate that a significant amount of 
training and experience of novice evaluators may be needed 
to ensure accurate dual stain interpretation, particularly when 
evaluating slides from older women.

4.2  |  Interpretation and comparison with 
other studies

Our results are in line with some studies reporting a good 
concordance in dual stain interpretation between new and 
experienced evaluators, ranging from a kappa value of 
0.61-0.70.10,26 Another study reported a moderate concord-
ance (κ = 0.49),16 while two studies reported a very good 
concordance (κ  =  0.82-0.89).11,27 The underlying reason 
for these differences across studies is unclear, but may 
be explained by differences in characteristics of the study 
cohort, including age of the women, and whether p16/
Ki67 was performed as triage of HPV-positive women, 
among women with abnormal cytology, or in a population 
of women referred to colposcopy. Additionally, training 

T A B L E  3   Concordance and agreement in dual stain results between cytotechnicians and the expert, stratified by the number of slides 
reviewed

Expert (reference)

κa  (95% CI)
Agreement 
(%) (95% CI)

Positive Negative Unsatisfactory Total

n %b  n % n % n %

First reading point (<30 slides reviewed)

Cytotechnicians

Positive 4 25.0 3 18.8 0 0.0 7 43.8 0.47 (0.05-0.90) 75.0 
(47.6-92.7)Negative 1 6.3 8 50.0 0 0.0 9 56.3

Unsatisfactory 0 0.0 0 0.0 0 0.0 0 0.0

Total 5 31.3 11 68.8 0 0.0 16 100.0

Second reading point (~300 slides reviewed)

Cytotechnicians

Positive 6 35.3 1 5.9 1 5.9 8 47.1 0.66 (0.20-0.88) 82.4 
(56.6-96.2)Negative 1 5.9 8 47.1 0 0.0 9 52.9

Unsatisfactory 0 0.0 0 0.0 0 0.0 0 0.0

Total 7 41.2 9 52.9 1 5.9 17 100.0

Third reading point (≥500 slides reviewed)

Cytotechnicians

Positive 8 47.1 0 0.0 0 0.0 8 47.1 0.88 (0.66-1.00) 94.1 
(71.3-99.9)Negative 1 5.9 8 47.1 0 0.0 9 52.9

Unsatisfactory 0 0.0 0 0.0 0 0.0 0 0.0

Total 9 52.9 8 47.1 0 0.0 17 100.0
aCohens Kappa. "Poor" (κ ≤ 0.20), "fair" (0.21 ≤ κ ≤ 0.40), "moderate" (0.41 ≤ κ ≤ 0.60), "good" (0.61 ≤ κ ≤ 0.80), or "very good" (κ ≥ 0.81).22 
b%=Row percentage. 
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and level of experience with dual stain and cytology in-
terpretation among evaluators prior to study start may dif-
fer between studies. Our study suggests that a significant 
amount of training may be needed to achieve an agree-
ment of ≥90%, as recommended by the manufacturer. 
Agreement exceeded the recommended threshold after at-
tending a second training course and after reviewing more 
than 500 slides, a number that is well above that reviewed 
by evaluators in most previous studies assessing interob-
server variation.11,12,26,27 This may be due to the fact that 
we, as opposed to most previous studies, only included 
slides from older women that may be more difficult to 
interpret because of cellular atrophy. To the best of our 
knowledge, only one study has demonstrated that dual stain 
testing may be useful for triage in postmenopausal women 
diagnosed with low-grade cytological abnormalities,17 but 
none have explored level of concordance in dual stain in-
terpretation among this older age group. Nevertheless, our 
findings are in agreement with other studies in which ad-
ditional training with dual stain interpretation resulted in 
increased concordance,10,12,16,28 with a higher concordance 
among evaluators experienced in dual stain interpretation 
as compared to new evaluators (κ = 0.74 vs κ = 0.50).26 
Additionally, whereas some studies defined experts as 
evaluators with great experience in dual stain interpreta-
tion,11 other studies defined experts as evaluators with 
great experience in cytology interpretation10 or p16 single 
immunostaining.27 These differences in how an “expert” 
was defined may have affected level of concordance across 
studies, particularly because the “expert” is typically used 
as a reference. Together, these findings may suggest that 
proper training is needed to reach the recommended level 
of agreement and that continued training and/or supervi-
sion may be needed to sustain an acceptable concordance.

In the present study, discordance in dual stain results was 
mostly due to slides being categorized as positive by nov-
ice evaluators, but deemed negative by the expert, a finding 
also replicated by others.27 In some cases, we found that the 
disagreement was explained by strong background staining 
making it difficult to decide if the cell should be scored dual 
stain positive, an issue raised previously.12

As the main goal of triage testing in cervical cancer screen-
ing is to improve specificity while maintaining a high sensi-
tivity, it is important to assess whether training and experience 
of evaluators might affect the test's clinical performance. This 
will be particularly important when implementing p16/Ki67 
dual stain cytology in routine screening laboratories across 
the globe, with no or minimal experience in dual stain inter-
pretation. To our knowledge only a few studies have sought 
to evaluate clinical performance among experienced and new 
evaluators. Two studies reported no meaningful difference in 
sensitivity and specificity for CIN2 + detection between new 
and experienced evaluators,11,26 indicating that p16/Ki67 

may easily be implemented in routine screening laboratories, 
whereas another study reported ambiguous findings.12 Thus, 
continued surveillance of p16/Ki67 dual stain accuracy will 
be important following the implementation of p16/Ki67 in 
routine screening laboratories.

Although most studies report p16/Ki67 dual stain to have 
almost similar sensitivity as cytology for detecting CIN3+ 
and significantly better specificity,4,13,15 some studies re-
port dual stain to be more sensitive compared to cytology, 
with nearly identical specificity.6,14 Indeed, there may be 
many explanations for these discrepancies, such as differ-
ences between study population included (ie HPV positive 
women, ASC-US+ women, women referred to colposcopy, 
etc) and the quality of cytology screening in the setting. 
Unfortunately, most6,10,13-15,26 but not all11 previous studies 
include no detailed information on training received prior 
to study start, including detailed information about previous 
experience with dual stain and/or cytology interpretation. 
Thus, without more information on training and previous 
experience of evaluators it remains unclear whether these 
ambiguous results to some extent may be explained by dif-
ferences in training and previous experience with dual stain 
interpretation.

4.3  |  Training program and 
quality assurance

Monitoring interpretation skills of novice evaluators might 
be a key element in the training program to ensure safe im-
plementation of dual staining in routine laboratories. This 
might be done by assessing dual stain agreement rates be-
tween experts and novice evaluators using slides from dif-
ferent age groups with varying percentages of CIN2/CIN3 
cases. Improvement (or lack thereof) in interpretation skills 
of evaluators could be monitored by measuring the time 
needed to evaluate one slide, as suggested elsewhere.12 
Although our study was not designed to assess the value of 
continued expert-led training of novice evaluators, face-to-
face or digital work-shops with experts may be needed to en-
able discussion and review of difficult cases. Comparable to 
cytology screening, high quality of dual stain interpretation 
may be secured by recommending external exams and possi-
bly certification for those evaluating dual stain slides, similar 
to the QUATE exam provided by the EFCS. External qual-
ity control of the immunocytochemical staining procedure 
may be provided by the NordicQC or UK-NEQAS associa-
tions.29,30 To share knowledge on the amount of training re-
quired to achieve sufficient interpretation skills, it may be of 
great value to establish a network of experts and cytotech-
nicians from routine screening laboratories. This network 
might also lead to consensus of what constitutes a proper 
dual stain training program.28
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4.4  |  Strengths and limitations

A key strength of the present study was the concordance de-
sign: selection of slides from three different reading points, 
allowing us to monitor the learning curve for novice evalu-
ators and estimate the number of evaluated slides needed to 
achieve sufficient interpretation skills. Furthermore, slide 
evaluation was conducted blinded to other study outcomes, 
thereby eliminating information bias. However, important 
limitations should be mentioned. First, the majority of slides 
included in the present analysis were from older postmeno-
pausal women, which may have affected the generalizability 
of study results. Cytology interpretation is often more chal-
lenging in this subgroup, particularly because of low cellular-
ity and the presence of atrophic epithelial cells. Consequently, 
interpretation of dual stain results might be considered more 
challenging in this population compared to a screening pop-
ulation, possibly resulting in a lower level of concordance 
between expert and novice evaluators in the current study. 
Second, the low number of slides included in the analysis (50 
slides) may be considered a limitation; however, the number 
of slides included was in accordance with the manufacturer's 
recommendation, and the training program provided by the 
manufacturer is assumed to be more or less the same across 
countries. Thus, our findings may be of importance to other 
routine screening laboratories that are in the process of im-
plementing p16/Ki67 dual stain. Finally, our study was con-
ducted using SurePath liquid-based cytology samples, and 
the results might not be replicated with other cytology fixa-
tives and conventional cytology.

In conclusion, we found an overall good concordance in 
dual stain interpretation of slides from older women between 
novice evaluators and an expert, with rising level of concor-
dance with increasing experience in dual stain interpretation 
and additional training. As training and experience may af-
fect concordance estimates and possibly diagnostic accuracy, 
future studies should carefully describe training and experi-
ence as this will allow for a more meaningful comparison of 
results across studies. Future research should also focus on 
reaching consensus of what constitutes a proper dual stain 
training program in routine screening laboratories.

CONFLICTS OF INTERESTS
Roche Denmark has provided Cobas HPV-DNA test kits and 
CINtec Plus test kits for the study at no cost. According to 
the contract between Roche and the Department of Public 
Health Programmes, Randers Regional Hospital, Denmark, 
the manuscript has been sent to Roche for review, but Roche 
had no influence on the scientific process and no editorial 
rights pertaining to this manuscript. The authors retained the 
right to submit the manuscript. AH and LWG have received 
a speaker's fee from Astra Zeneca, Denmark, outside of the 
submitted work. MT has received speaker's fees from Astra 

Zeneca, Denmark, and Roche Diagnostics, Denmark, outside 
of the submitted work. MT and BA have participated in other 
studies with HPV test kits sponsored by Roche and HPV self 
sampling devices sponsored by Axlab. The remaining au-
thors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS
The study was designed by AH, LWG, BA, and MT. 
Enrollment of patients and selection of cases for review was 
conducted by LWG and MT. Preparation and interpretation 
of slides was conducted by PNC, RB, and RHA under super-
vision from MT. Statistical analyses were performed by MT 
and subsequently verified by AH, LWG, and BA. All authors 
participated in writing and reviewing the paper. All authors 
approved the final version.

DATA AVAILABILITY STATEMENT
Restrictions apply for the availability of these data, which 
were used under the license of this study. Data are available 
from the authors with the permission from the Danish Data 
Protection Agency.

ORCID
Anne Hammer   https://orcid.org/0000-0002-4616-9827 
Line W. Gustafson   https://orcid.
org/0000-0003-4149-4708 
Berit Andersen   https://orcid.org/0000-0003-4074-6504 
Mette Tranberg   https://orcid.org/0000-0002-6285-6694 

REFERENCES
	 1.	 Ronco G, Giorgi-Rossi P, Carozzi F, et al. Efficacy of human papil-

lomavirus testing for the detection of invasive cervical cancers and 
cervical intraepithelial neoplasia: a randomised controlled trial. 
Lancet Oncol. 2010;11(3):249-257.

	 2.	 Elfstrom KM, Smelov V, Johansson ALV, et al. Long term duration 
of protective effect for HPV negative women: follow-up of primary 
HPV screening randomised controlled trial. BMJ. 2014;348:g130.

	 3.	 Wentzensen N, Clarke MA, Bremer R, et al. Clinical evaluation 
of human papillomavirus screening with p16/Ki-67 dual stain tri-
age in a large organized cervical cancer screening program. JAMA 
Intern Med. 2019;179(7):881-888.

	 4.	 Wentzensen N, Fetterman B, Castle PE, et al. p16/Ki-67 dual 
stain cytology for detection of cervical precancer in HPV-positive 
women. J Natl Cancer Inst. 2015;107(12):djv257.

	 5.	 Wentzensen N, Schwartz L, Zuna RE, et al. Performance of p16/Ki-67 
immunostaining to detect cervical cancer precursors in a colposcopy 
referral population. Clin Cancer Res. 2012;18(15):4154-4162.

	 6.	 Wright TC, Behrens CM, Ranger-Moore J, et al. 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.

	 7.	 Uijterwaal MH, Witte BI, Van Kemenade FJ, et al. Triaging bor-
derline/mild dyskaryotic Pap cytology with p16/Ki-67 dual-stained 
cytology testing: cross-sectional and longitudinal outcome study. 
Br J Cancer. 2014;110(6):1579-1586.

https://orcid.org/0000-0002-4616-9827
https://orcid.org/0000-0002-4616-9827
https://orcid.org/0000-0003-4149-4708
https://orcid.org/0000-0003-4149-4708
https://orcid.org/0000-0003-4149-4708
https://orcid.org/0000-0003-4074-6504
https://orcid.org/0000-0003-4074-6504
https://orcid.org/0000-0002-6285-6694
https://orcid.org/0000-0002-6285-6694


8242  |      HAMMER et al.

	 8.	 Peeters E, Wentzensen N, Bergeron C, Arbyn M. Meta-analysis 
of the accuracy of p16 or p16/Ki-67 immunocytochemistry ver-
sus HPV testing for the detection of CIN2+/CIN3+ in triage 
of women with minor abnormal cytology. Cancer Cytopathol. 
2019;127(3):169-180.

	 9.	 Clarke MA, Cheung LC, Castle PE, et al. Five-year risk of cervical 
precancer following p16/Ki-67 dual-stain triage of HPV-positive 
women. JAMA Oncol. 2019;5(2):181-186.

	10.	 Allia E, Ronco G, Coccia A, et al. Interpretation of p16(INK4a)/
Ki-67 dual immunostaining for the triage of human papillomavi-
rus-positive women by experts and nonexperts in cervical cytology. 
Cancer Cytopathol. 2015;123(4):212-218.

	11.	 Wentzensen N, Fetterman B, Tokugawa D, et al. Interobserver re-
producibility and accuracy of p16/Ki-67 dual-stain cytology in cer-
vical cancer screening. Cancer Cytopathol. 2014;122(12):914-920.

	12.	 Kloboves Prevodnik V, Jerman T, Nolde N, et al. Interobserver vari-
ability and accuracy of p16/Ki-67 dual immunocytochemical stain-
ing on conventional cervical smears. Diagn Pathol. 2019;14(1):48.

	13.	 Ebisch RMF, van der Horst J, Hermsen M, et al. Evaluation of p16/
Ki-67 dual-stained cytology as triage test for high-risk human pap-
illomavirus-positive women. Mod Pathol. 2017;30(7):1021-1031.

	14.	 Ovestad IT, Dalen I, Hansen E, et al. Clinical value of fully au-
tomated p16/Ki-67 dual staining in the triage of HPV-positive 
women in the Norwegian Cervical Cancer Screening Program. 
Cancer Cytopathol. 2017;125(4):283-291.

	15.	 Luttmer R, Dijkstra MG, Snijders PJF, et al. p16/Ki-67 dual-stained 
cytology for detecting cervical (pre)cancer in a HPV-positive gyne-
cologic outpatient population. Mod Pathol. 2016;29(8):870-878.

	16.	 Waldstrom M, Christensen RK, Ornskov D. Evaluation of 
p16(INK4a)/Ki-67 dual stain in comparison with an mRNA 
human papillomavirus test on liquid-based cytology samples with 
low-grade squamous intraepithelial lesion. Cancer Cytopathol. 
2013;121(3):136-145.

	17.	 Dovnik A, Repse FA. P16/Ki-67 immunostaining in the triage of 
postmenopausal women with low-grade cytology results. J Low 
Genit Tract Dis. 2020;24(3):235-237.

	18.	 Nayar RWD. The Bethesda System for Reporting Cervical 
Cytology, Definitions, Criteria, and Explanatory Notes. 3rd ed. 
Cham, Switzerland: Springer; 2015.

	19.	 Totsch M. Education and training in cytology in Europe. 
Cytopathology. 2016;27(5):317-320.

	20.	 The Danish Health and Medicines Authority. Screening for liv-
moderhalskræft (Screening for Cervical Cancer). https://www.
sst.dk/da/sygdo​m-og-behan​dling/​scree​ning/~/media/​5466A​B0B06​

184ED​0969B​C31DA​39761​0D.ashx.Copen​hagen​2018. Assessed 
on April 15 2020.

	21.	 Roche. Roche Receives FDA Approval for CINtec PLUS Cytology 
Test to Aid Clinicians in Improving Cervical Cancer Prevention. 
https://www.Roche.com/dam/jcr:b4d62​7d1-f325-4aaa-8a75-
1a51d​cd566​b6/en/20031​1-ir-cinte​c-plus-fda-appro​val-en.pdf. 
Accessed March 13, 2020

	22.	 Altman D. Practical Statistics for Medical Research. 1st ed. 
London, UK: Chapman and Hall/CRC; 1990.

	23.	 McHugh ML. Interrater reliability: the kappa statistic. Biochem 
Med (Zagreb). 2012;22(3):276-282.

	24.	 Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: 
building an international community of software platform partners. 
J Biomed Inform. 2019;95:103208.

	25.	 Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. 
Research electronic data capture (REDCap)–a metadata-driven 
methodology and workflow process for providing translational re-
search informatics support. J Biomed Inform. 2009;42(2):377-381.

	26.	 Benevolo M, Mancuso P, Allia E, et al. Interlaboratory con-
cordance of p16/Ki-67 dual-staining interpretation in HPV-
positive women in a screening population. Cancer Cytopathol. 
2020;128(5):323-332.

	27.	 McMenamin M, McKenna M, McDowell A, Dawson C, McKenna 
R. Intra- and inter-observer reproducibility of CINtec((R)) 
PLUS in ThinPrep((R)) cytology preparations. Cytopathology. 
2017;28(4):284-290.

	28.	 Prevodnik VK, Marinsek ZP, Zalar J, et al. Evaluation of the training 
program for p16/ Ki-67 dual immunocytochemical staining inter-
pretation for laboratory staff without experience in cervical cytol-
ogy and immunocytochemistry. Radiol Oncol. 2020;54(2):201-208.

	29.	 Nordic immunohistochemical Quality Control (NordiQC). https://
www.Nordi​QC.org. Assessed on April 15, 2020

	30.	 The UK National External Quality Assessment Scheme (UK 
NEQAS). https://ukneq​as.org.uk. Assessed on April 15, 2020

How to cite this article: Hammer A, Gustafson LW, 
Christensen PN, et al. Implementation of p16/Ki67 dual 
stain cytology in a Danish routine screening laboratory: 
Importance of adequate training and experience. Cancer 
Med. 2020;9:8235–8242. https://doi.org/10.1002/
cam4.3399

https://www.sst.dk/da/sygdom-og-behandling/screening/%7E/media/5466AB0B06184ED0969BC31DA397610D.ashx.Copenhagen2018
https://www.sst.dk/da/sygdom-og-behandling/screening/%7E/media/5466AB0B06184ED0969BC31DA397610D.ashx.Copenhagen2018
https://www.sst.dk/da/sygdom-og-behandling/screening/%7E/media/5466AB0B06184ED0969BC31DA397610D.ashx.Copenhagen2018
https://www.Roche.com/dam/jcr:b4d627d1-f325-4aaa-8a75-1a51dcd566b6/en/200311-ir-cintec-plus-fda-approval-en.pdf
https://www.Roche.com/dam/jcr:b4d627d1-f325-4aaa-8a75-1a51dcd566b6/en/200311-ir-cintec-plus-fda-approval-en.pdf
https://www.NordiQC.org
https://www.NordiQC.org
https://ukneqas.org.uk
https://doi.org/10.1002/cam4.3399
https://doi.org/10.1002/cam4.3399

