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Clinical utility of p16/Ki67 dual-stain cytology for detection of
cervical intraepithelial neoplasia grade two or worse in women
with a transformation zone type 3: A cross-sectional study
Line Winther Gustafson1,2,3
| Mette Tranberg1 | Pia Nørgaard Christensen4 |
Rikke Brøndum4 | Nicolas Wentzensen5 | Megan A. Clarke5 | Berit Andersen1,2 |
Lone Kjeld Petersen6,7 | Pinar Bor2,8 | Anne Hammer2,9
1

University Research Clinic for Cancer
Screening, Department of Public Health
Programmes, Randers Regional Hospital,
Randers, Denmark
2

Department of Clinical Medicine, Aarhus
University, Aarhus, Denmark

3

Department of Obstetrics and Gynaecology,
Aarhus University Hospital, Aarhus, Denmark

4
Department of Pathology, Randers Regional
Hospital, Randers, Denmark
5

Clinical Genetics Branch, Division of Cancer
Epidemiology and Genetics, National Cancer
Institute, Rockville, Maryland, USA

6

Department of Obstetrics and Gynaecology,
Odense University Hospital and Open Patient
Data Explorative Network, Odense, Denmark

7

Department of Clinical Research, University
of Southern Denmark, Odense, Denmark

8
Department of Obstetrics and Gynaecology,
Randers Regional Hospital, Randers,
Denmark
9

Department of Obstetrics and Gynaecology,
NIDO Denmark, Gødstrup Hospital,
Herning, Denmark
Correspondence
Line Winther Gustafson, Department of
Public Health Programmes, Randers Regional
Hospital, Skovlyvej 15, 8930 Randers NOE,
Denmark.
Email: line.winther@skejby.rm.dk,
l.gustafson@clin.au.dk
Funding information
Health Research Foundation of Central
Denmark Region (A3234), Dagmar Marshalls
Foundation, Fabricant Einar Willumsens
Mindelegat, Else and Mogens Wedell-
Wedellsborgs Foundation, and A.P. Moller
Foundation (18-L-0124) funded this project.
None of the funders had influence on the
scientific process, including the decision to
submit the manuscript for publication. Roche
Diagnostics sponsored the CINtec Plus test

Abstract
Objective: To evaluate the clinical utility of p16/Ki67 dual-stain (DS) compared with
cytology for detecting cervical intraepithelial lesion grade two or worse (CIN2+) in
women with a transformation zone type 3 (TZ3).
Design: Cross-sectional study.
Setting: Colposcopy clinics in Central Denmark Region.
Population: Women aged 45 years or older referred for colposcopy because of an
abnormal screening test.
Methods: All women had a cervical sample collected for cytology and DS testing and
underwent large-loop excision of the transformation zone (LLETZ).
Main outcome measure: Sensitivity, specificity and negative (NPV) and positive (PPV) predictive values of DS for CIN2+ detection were compared to those of
cytology.
Results: Of 166 women eligible, 93 (56.0%) were included in the final analysis.
Median age was 68 years (interquartile range [IQR] 63.4–70.5 years). Most women
were postmenopausal (95.7%) and referred based on a positive human papillomavirus screening test (86.0%). Fifty-two women (55.9%) were DS-positive, 29 (55.8%) of
whom had CIN2+ detected. Twenty-seven (29.0%) women had atypical squamous
cells of undetermined significance or worse (ASC-US+), and CIN2+ was detected
in 21 women (77.8%). DS had a higher sensitivity (96.7% versus 70.0% p = 0.021) and
NPV (97.6% versus 86.4%, p = 0.018) compared with cytology for CIN2+ detection. In
contrast, the specificity (63.5% versus 90.5% p < 0.001) and PPV (55.8% versus 77.8%,
p = 0.001) were lower for DS compared with cytology.
Conclusions: Dual stain may be a valuable risk marker to guide clinical management
of women with a TZ3. The superior NPV of DS suggests that a diagnostic excision
may safely be avoided in DS-negative women.
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Tweetable abstract: DS-negative postmenopausal women with a TZ3 have a low risk
of CIN2+ and may undergo follow up instead of LLETZ.
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I N T RODUC T ION

Cervical cancer screening aims to detect and treat cervical
precancers, thereby reducing cervical cancer incidence and
mortality.1 Screening with cytology and/or high-risk human
papillomavirus (HPV) testing may identify women who are
at increased risk of disease, whereas colposcopy and biopsies
are important parts of the diagnostic workup.2 In postmenopausal women, colposcopy is challenging because of atrophy,
retraction and limited visualisation of the transformation zone
(TZ).3 This may challenge the collection of biopsies, potentially
resulting in increased risk of missing cervical intraepithelial
neoplasia (CIN). In a recent publication we describe how biopsies missed more than half (54.5%) of the CIN grade two or
worse (CIN2+) cases detected in specimens from large-loop
excision of the transformation zone (LLETZ).4 Scandinavian
and Australian guidelines suggest that a diagnostic LLETZ
may be considered in women with an abnormal screening result when visualisation of the TZ is incomplete (i.e. TZ3).5–7
The main disadvantages of LLETZ are the increased risk of
overtreatment and complications such as stenosis, which may
compromise follow up. In our recent study,4 61% of women
aged 45 years or older with a TZ3 had no disease detected in
the LLETZ specimen, suggesting a significant risk of overtreatment if LLETZ is to be performed in all screen-positive women
with a TZ3. Therefore, a biomarker for correct risk stratification is urgently needed because this would enable a discrimination of women with a TZ3 at increased risk of CIN2+ who
need excisional treatment from those who can safely undergo
follow up. One such marker could be p16/Ki67 dual-stain cytology (DS), which has been shown to provide better risk stratification of HPV-
positive women compared with cytology
alone when used in primary screening.8–11 However, it remains
unclear if DS can be used as a tool to guide clinical management of women with a TZ3 at colposcopy.
This study aimed to evaluate the clinical utility of DS versus cytology for CIN2+ detection in a referral population of
women with a TZ3.
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M ET HODS

2.1 | Setting and study design
This cross-sectional study was conducted from March 2019
through June 2021 at the Departments of Obstetrics and
Gynaecology in Central Denmark Region in collaboration

with the Department of Pathology, Randers Regional
Hospital, Denmark.
Denmark has an organised cervical cancer screening programme, with screening, clinical follow up and treatment offered free of charge. Women aged 23–59 years are screened with
liquid-based cytology (hereafter ‘cytology’), whereas women
aged 60–64 years undergo HPV-based screening. In addition,
from April 2019 women aged 65–69 were invited for one additional HPV-based screening test as part of an intervention
study in Central Denmark Region.12 Women with abnormal
screening results were referred for colposcopy and managed
clinically according to national guidelines (Table S1).7,13,14

2.2 | Participants and samples
Samples used in the present study were collected as part
of another clinical study.4 In brief, women were eligible
for enrolment if they were aged 45 years or above, referred
for colposcopy because of an abnormal screening result
(Table S1), and had a TZ3 at colposcopy according to the
2011 International Federation of Cervical Pathology and
Colposcopy nomenclature.15,16 Women were excluded if they
wanted to become pregnant, if excision was not technically
possible (e.g. pain, narrow vagina, atrophy or pelvic organ
prolapse), had previous history of excisional treatment or
hysterectomy, received anti-coagulant medical treatment,
or if they underwent repeated colposcopy for cervical dysplasia. Before enrolment, women received written and
oral information about the study, and all included women
signed an informed consent form. Before colposcopy, a cytology sample was collected in SurePath (BD Diagnostics,
Burlington, NC, USA) for morphological assessment, and
HPV and DS testing. All women had multiple biopsies taken
for the purpose of another study and underwent a diagnostic
LLETZ immediately after colposcopy using local anaesthesia
(Citanest Dental Octapressin, Dentsply).
Women answered questions on basic characteristics
(e.g. smoking, number of lifetime sexual partners, parity).
Further, information on previous screening history was
retrieved from the National Danish Pathology Databank17
using the woman's personal identification number, a unique
code assigned to all Danish residents at birth or upon immigration.18 The National Danish Pathology Databank holds
data on all cytopathological and histopathological examinations at an individual level for all Danish residents since
1997, and for some examinations back to 1970.17
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2.3 | Cytology, HPV and p16/Ki67 dual stain
Cytology slides were reviewed by experienced cyto-
technicians using computer-
assisted microscopy (BD
FocalPoint GS Imaging System) and categorised using the
Bethesda 2014 grading system.19 Cytology results were
deemed invalid if too few squamous cells were present (i.e.
≤5000 cells per slide). Cytology results were grouped as normal cytology and atypical squamous cells of undetermined
significance (ASC-
US+); low-
grade squamous intraepithelial lesions (LSIL); atypical squamous cells, cannot rule
out high-grade squamous intraepithelial lesion (ASC-H) or
high-
grade squamous intraepithelial lesion (HSIL). HPV
DNA testing was performed using the clinically validated
Cobas 4800 HPV DNA test (Roche Diagnostic) according to
the manufacturer's instructions. This assay enables individual detection of HPV 16 and HPV 18, and pooled detection
of 12 other high-risk HPV types (31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66 and 68).20 DS was performed using the residual
SurePath cell pellet in all included women regardless of HPV
result. Details of the dual staining have been described elsewhere.21 In brief, DS was performed using the commercial
US Food and Drug Administration approved CINtec PLUS
assay (Roche Diagnostics).22 Slides were stained using the automated BenchMark ULTRA immunostainer (VENTANA,
Roche Diagnostics) according to the manufacturer's instructions. Each staining run had one external cytology-positive
control (HSIL), and cells stained with either p16 or Ki67 were
used as internal positive controls.
Dual-stain slides were reviewed independently by two cyto-
technicians who were blinded to all study data (i.e. HPV genotype, cytology and histology results) except for the age of the
woman. Both cyto-technicians received training in interpretation of DS slides according to the manufacturer's recommendations.21 In case of discrepancy between the cyto-technicians'
results, a consensus-based decision was performed based on a
revision in a multi-headed microscope. Slides were considered
positive if one or more DS-positive cells were detected, without consideration of morphology and cellularity criteria. For
each slide the number of DS-positive cells was recorded. Slides
were deemed negative if no DS-positive cell(s) were detected
and the Bethesda 2014 criterion of squamous cellularity (i.e.
≥5000 cells per slide) was fulfilled. Slides were considered invalid if the cellularity criteria were not fulfilled or if one or
both proteins (i.e. p16 or Ki67) were not stained. In case of an
invalid DS slide, a second slide preparation and staining from
the residual cell pellet was performed.
Cytology, HPV testing and DS testing were performed at
the Department of Pathology, Randers Regional Hospital,
Denmark, which is responsible for analysing all cervical cytology samples in Central Denmark Region (approximately
90 000 samples annually).
Clinical management was not based on DS results.
Histopathological examination of cervical biopsies and
LLETZ specimens was performed in routine laboratories at
the Departments of Pathology, Randers and Viborg Regional
Hospital and graded according to the CIN classification23 as
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follows; <CIN2 (normal and CIN1) and CIN2+ (CIN2, CIN3,
unclassifiable CIN [i.e. the full height of the epithelium is not
discernible], adenocarcinoma in situ and cancer). The histopathological result of the LLETZ specimen served as the
reference standard.4
No patients or patient organisations were involved in the
development, design or implementation of this study.

2.4 | Statistical analysis
For analysis, only women with valid results on cytology,
HPV and DS were included. CIN2+ in the LLETZ specimen
was used as the primary outcome instead of CIN grade 3 or
worse because CIN2 is the threshold for excisional treatment
in older women in most countries, including Denmark and
the UK.14 Age and body mass index were calculated and presented as median with interquartile ranges (IQR).
For cytology and DS, we calculated specificity, sensitivity,
positive predictive value (PPV) and negative predictive value
(NPV) for CIN2+ detection with corresponding 95% confidence intervals (CI). Specificity and sensitivity for cytology
and DS, respectively, were compared using the McNemar's
chi-square test. To test the robustness of our findings we
conducted a sensitivity analysis excluding women with unclassifiable CIN. Further, we have restricted the analyses of
DS positivity by cytology and histology to women who have
undergone HPV-based screening.
Finally, we calculated sensitivity, specificity, PPV and
NPV using different thresholds of DS-positive cells (1, ≥2,
≥6 and >50) for CIN2+ detection and calculated the Youden's
index (YI = sensitivity + specificity − 1). Cases with one DS-
positive cell served as reference for the comparison between
different thresholds.
Data were entered and stored in REDCap.24,25 All statistical analyses were conducted using STATA version 17
(StataCorp LP, College Station, TX, USA), and for comparison of PPV and NPV we used the method developed by
Leisenring et al. using the DTComPair package in R.26 Values
of p less than 0.05 were considered statistically significant.
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3.1 | Study population
One-hundred and sixty-six women were assessed for eligibility, 99 (59.6%) of whom were enrolled (Figure 1). Six women
(3.6%) were subsequently excluded because of invalid test results, leaving a total of 93 women (56.0%) for final analyses.
The median age of the included women was 68.0 years
(IQR 63.4–70.5 years) with 89 (95.7%) women being postmenopausal (Table 1). Most women were non-
smokers
(72.0%), parous (90.4%) and had no previous history of abnormal cytology (73.1%). The majority of women reported
no new sexual partner within the past 2 years (83.9%), and
55 (59.1%) reported having five or more lifetime sexual
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partners. The majority had undergone HPV-based screening
with reflex cytology (82.8%) (Table 1).

3.2 | p16/Ki67 dual stain by
cytology and histology
Of the 93 included women, 66 (71.0%) had normal cytology, 8 (8.6%) had low-grade cytology (ASC-US and LSIL)
and 19 (20.4%) had high-grade cytology (ASC-H and HSIL)
(Table S2). DS positivity increased with the severity of cytology from normal to high-
grade (39.4% versus 94.7%,
p < 0.001), respectively (Table S2).
Restricting the analyses to women who have undergone
HPV-based screening showed similar results to those stated
above (Table S2).

3.3 | Performance of p16/Ki67 dual-stain
cytology and cytology for CIN2+ detection
A total of 52 women (55.9%) were DS positive, of whom 29
(55.8%) had CIN2+ detected (Table 2). With respect to cytology, 27 (29.0%) women had ASC-US+, of whom 21 (77.8%)
had CIN2+ detected (Table 2). Compared with cytology, DS
was more sensitive in detecting CIN2+ (70% versus 96.7%,
respectively, p = 0.021), but less specific (90.5% versus 63.5%,
p < 0.001) (Table 2). The NPV of DS was significantly higher
compared with cytology (97.6% versus 86.4%, p = 0.018),
whereas the PPV of DS was significantly lower compared
with the PPV for cytology (55.8% versus 77.8%, p = 0.001)
(Table 2). When restricting to women referred as the result
of HPV-based screening (n = 80), we found no major differences in sensitivity, specificity, PPV and NPV compared
with the overall results (Table 2).
Excluding unclassifiable CIN from analysis resulted in
a significant decrease in PPV for DS (55.8% versus 34.1%,

FIGU R E 1

p = 0.004) and cytology (77.8 versus 52.6%, p = 0.004), respectively. The sensitivity, specificity and NPV for DS and
cytology did not change (data not shown).

3.4 | Performance of p16/Ki67 dual stain at
different thresholds
We evaluated the performance of DS for CIN2+ detection
at thresholds of one, two or more, six ore more, and more
than 50 DS-positive cells (Table 3). Increasing the threshold from one DS-positive cell to two or more DS-positive
cells lead to a slight reduction in DS positivity from 55.9%
to 51.6% (p = 0.56) as well as increased specificity (63.5–
69.8%, p = 0.13) and PPV (55.8–60.4%, p = 0.04). Sensitivity
and NPV of two or more DS-positive cells for CIN2+ detection were almost identical compared with one-cell cutoff
(Table 3). Cutoff values at six or more and more than 50 DS-
positive cells resulted in higher specificity and PPV but at
the cost of lower sensitivity and NPV compared with a cutoff
of one cell (Table 3).
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4.1 | Main findings
Compared with cytology, DS had superior sensitivity and
NPV for CIN2+ detection in women aged 45 years or above
with a TZ3 at colposcopy. In contrast, specificity and PPV
were significantly lower for DS compared with cytology.
Using two or more DS positive cells as threshold increased
the specificity and PPV without lowering sensitivity and
NPV for CIN2+ detection. Taken together, these results suggest that DS-negative women with a TZ3 can undergo follow up with repeated cervical sampling instead of diagnostic
LLETZ.

Flow chart for study population. LLETZ, large-loop excision of the transformation zone; TZ3, transformation zone type 3
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TA BL E 1

Basic characteristics for the included women (n = 93)
Women

Age (years), median (IQR)
2

Body mass index (kg/m ), median (IQR)

68.0 (63.4–70.5)
24.4 (21.8–27.7)

Smoking, n (%)

|
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T A B L E 2 Sensitivity, specificity, PPV, and NPV for p16/Ki67 dual
stain and cytology for CIN2+ detection in women referred for colposcopy
without a visible TZ
Statistical
measures

DS positive (1+)
% (95% CI)

Cytology (ASC-US+)
% (95% CI)

pa value

All women (n = 93)

No

67 (72.0)

Positivity

55.9 (45.6–65.8)

29.0 (20.6–39.2)

<0.001

Yes

20 (21.5)

Sensitivity

96.7 (82.8–99.9)

70.0 (50.6–85.3)

0.021

Missing

6 (6.5)

Specificity

63.5 (50.4–75.3)

90.5 (80.4–96.4)

<0.001

PPV

55.8 (41.3–69.5)

77.8 (57.7–91.4)

0.001

NPV

97.6 (87.1–99.9)

86.4 (75.7–93.6)

0.018

Menopausal status, n (%)
Postmenopausal

89 (95.7)

Premenopausal

<3

Missing

<3

Parity, n (%)

Women referred based on primary HPV screening (n = 80)
Positivity

52.5 (41.4–63.3)

23.8 (15.6–34.4)

<0.001

Sensitivity

95.7 (78.1–99.9)

60.9 (38.5–80.3)

0.021

Nulliparous

5 (5.4)

Specificity

64.9 (51.1–77.1)

91.2 (80.7–97.1)

<0.001

Parous

85 (90.4)

PPV

52.4 (36.4– 68.0)

73.7 (48.8–90.9)

0.014

Missing

3 (3.2)

NPV

97.4 (86.2–99.9)

85.2 (73.8–93.0)

0.017

Referral test, n (%)
Primary HPV with reflex cytology

77 (82.8)

Primary cytology with reflex HPV test

4 (4.3)

Cytology only

9 (9.7)

HPV test only

3 (3.2)

Previous history of abnormal cytology (≥ASC-US), n (%)
No

68 (73.1)

Yes

25 (26.9)

Lifetime sexual partners, n (%)
<5

27 (29.0)

5–10

36 (38.7)

>10

19 (20.45)

Missing

11 (11.8)

New sexual partners within the past 2 years, n (%)
No

78 (83.9)

Yes

7 (7.5)

Missing

8 (8.6)

HPV vaccination, n (%)
No

80 (86.0)

Yes

7 (7.5)

Missing

6 (6.5)

Abbreviations: ≥ASC-US, atypical squamous cells of undetermined significance
ASC-US; HPV, human papillomavirus; IQR, interquartile range.

4.2 | Strengths and limitations
A key strength of this study is that all the included women
had a LLETZ performed, which minimised the risk of underestimating CIN2+, as we in a recent study found that biopsies
missed 54% of the CIN2+ cases detected in the LLETZ specimens.4 Moreover, all samples (i.e. cervical cytology, biopsies
and LLETZ) were collected on the same day and analysed in
the same laboratory, limiting temporal and inter-laboratory
variation, respectively. To reduce interpretation bias, cyto-
technicians were blinded to all study data except the age of

Note: HPV any type: HPV 16/18/other high-r isk HPV types. p16/Ki67 dual-stain
cytology threshold is one positive cell.
Abbreviations: ASC-US+, atypical squamous cells of undetermined significance;
CI, confidence interval; DS, dual stain; CIN2+, cervical intraepithelial lesion grade
two or worse; NPV, negative predictive value; PPV, positive predictive value; TZ,
transformation zone.
a
Value of p between cytology and DS.

the women. Limitations include the relatively small sample
size making the results less robust. Moreover, we cannot rule
out that excluded women differed from those included with
respect to basic characteristics. However, we do not believe
that this has caused selection problems, because women
were excluded before the results of cytology, DS and LLETZ.

4.3 | Interpretation
Until now, studies have mainly investigated the performance
of DS for triage of HPV-positive women in younger screening populations8,9,27 and in screen-
positive women with
ASC-US or LSIL.28 Fewer studies have investigated the use
of DS in a referral population like ours (i.e. a high-risk population).29,30 In the present study, we found a significantly
higher sensitivity (96.7%) and NPV (97.6%) of DS for CIN2+
detection compared with cytology, which is comparable to
the above-mentioned studies among women referred for colposcopy.29,30 Packet et al. reported a sensitivity and NPV for
DS of 95% and 94%, respectively, in a subgroup of women
with inconclusive colposcopy (due to bleeding, inflammation or incomplete visualisation of the TZ).29 A recent study
investigated the use of DS in HPV-positive women with low-
grade cytology and TZ3 undergoing LLETZ and reported a
sensitivity of 100% and NPV of 100% of DS for CIN2+ detection, whereas the specificity and PPV were 73.8% and 76.1%,
respectively.31 These findings are in line with our results although there are important differences in the median age

  

0.703
0.023
Note: Cytology positivity = ASC-US+ (atypical squamous cells of undetermined significance) is defined as: ASC-US. Youden's index = (Sensitivity + Specificity − 1).
Abbreviations: ASC-US+, atypical squamous cells of undetermined significance; CIN2+, cervical intraepithelial neoplasia (grade 2 or higher); DS, dual stain p16/Ki67; NA, not applicable.
a
p value: comparison with cytology as reference.
b
p value: comparison with DS ≥1 as reference.

0.513
89.4 (82.0–96.0)
0.001
0.340
85.2 (71.8–98.6)
<0.001
0.688
93.7 (87.6–99.7)
0.031
0.774
76.7 (61.5–91.8)
1.000
DS > 50 positive cells 29.0 (20.1–39.4)
(n = 27)

<0.001

0.725
0.238
0.071
94.5 (88.5–100.0)
0.001
0.218
71.1 (56.6–85.5)
<0.001
0.063
82.5 (73.2–91.9)
0.500
0.109
90.0 (79.3–100.0)
0.089
40.9 (30.8–51.5)
DS ≥6 positive cells
(n = 38)

0.041

0.665
0.362
0.014
97.8 (93.5–100.0)
0.043
0.009
60.4 (46.6–74.3)
0.125
<0.001
69.8 (58.5–81.2)
1.000
0.021
96.7 (90.2–100.0)
0.557
51.6 (41.0–62.1)
DS ≥2 positive cells
(n = 48)

<0.002

0.605

0.602
Ref

NA
Ref

0.018
97.6 (87.1–99.9)

86.4 (75.7–93.6)
NA

Ref
0.001

Ref
77.8 (57.7–91.4)

55.8 (41.3–69.5)
Ref

NA
Ref

<0.001
63.5 (50.4–75.3)

90.5 (80.4–96.4)
NA

Ref
0.021

Ref
70.0 (50.6–85.3)

96.7 (82.8–99.9)
55.9 (45.6– 65.8) <0.001

NA
29.0 (20.6–39.2)
Cytology, ASC-US+

DS ≥1 positive cells
(n = 52)

Ref

pb
pa
NPV
% (95% CI)
pb
pa
PPV
% (95% CI)
pb
pa
Specificity
% (95% CI)
pb
pa
Sensitivity
% (95% CI)
pb
pa
Positivity
% (95% CI)
Characteristic

Performance of p16/Ki67 dual stain for CIN2+ detection at different thresholds of p16/Ki67 dual stain positive cells (n = 93)
TA BL E 3
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Ref
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Youden's
index
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(68 years in our study versus 39 years in the study by Manley
et al.).31 To our knowledge, only one study has reported the
performance of DS in postmenopausal women.32 In that
study ‘histologic’ outcome was based on biopsies from the
ectocervix or cervical cytology in the case of a lack of referral for colposcopy, which may have affected the CIN2+ detection rate. They reported sensitivity, specificity, NPV and
PPV of 57.1%, 94.3%, 96.3% and 46.2%, respectively, with the
sensitivity being somewhat lower than in our study.32 This
discrepancy may be explained by differences in the study design and characteristics of the study population across studies. In a recent study,4 we found that biopsies missed more
than half of the CIN2+ cases detected in the LLETZ specimens, suggesting that the histological outcome of biopsies
may be suboptimal for use as reference in women with a TZ3.
Several countries have either switched to or are currently
transitioning to HPV-based screening, with triage being performed to improve specificity and reduce the risk of unnecessary colposcopy. The most used triage strategies include
cytology and partial, or in a few settings, extended HPV genotyping. However, the sensitivity of cytology decreases with
increasing age and may not be the optimal triage choice for
older HPV-screen-positive women.33 Other settings may use
genotyping with HPV 16-and/or HPV 18-positive women
being referred directly for colposcopy. Given that previous
studies34,35 have reported a significant decline in the prevalence of HPV 16 and HPV 18 in cervical cancer cases with increasing age, this triage strategy may be suboptimal as well.
More studies are needed to determine the best method for
triage of older HPV-screen-positive women.
Across countries, the diagnostic workup in postmenopausal women with a TZ3 poses a major clinical challenge.
There are different ways to obtain histological material from
the cervix, for example, by endocervical curettage (ECC).6,36
However, ECC has been reported to be painful and the diagnostic value of ECC to detect CIN2+ in women who have a
TZ3 is not well addressed.37,38 A recent study31 found DS of
cervical cytology samples from HPV-positive women with
low-grade cytology to have superior sensitivity, NPV and
PPV for CIN2+ detection compared with ECC. However,
as the mean age was 39 years, the value of ECC may not be
fully comparable to an older postmenopausal population.31
Another practice in the diagnostic work-up in postmenopausal women referred because of abnormal screening results and who have a TZ3 is a diagnostic LLETZ.5–7 However,
a diagnostic LLETZ in all women referred for colposcopy
will probably lead to a significant risk of overtreatment. For
example, in a previous study we found that 68% of women
referred for colposcopy had <CIN2 (normal and CIN1) detected in the LLETZ specimens.4
In the present study, our results suggest that DS is of great
value in clinical management because of a high sensitivity
and because a negative DS test provides greater reassurance
against CIN2+ than a negative cytology. Hence, DS may
enable a risk stratification of women into those in need of
immediate excisional treatment while allowing those with
a negative DS test to undergo follow up. However, future
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studies are needed to determine the appropriate follow-up
interval and to replicate our findings focusing on women
with a TZ3.
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The high NPV of DS suggests that postmenopausal women
with a negative DS can safely undergo follow up with repeated cervical sampling instead of diagnostic LLETZ.
Therefore, DS may be a valuable risk marker to guide clinical management of postmenopausal women with a TZ3 at
colposcopy.
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