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ABSTRACT
Introduction  Evidence supports high-risk human 
papilloma virus (HPV) testing as the primary cervical 
cancer screening tool. However, benefits and harms should 
be carefully considered before replacing liquid-based 
cytology. In women age 50 and older, we evaluated how 
a commercially available DNA amplification HPV test 
compares with routine liquid-based cytology.
Methods  This prospective study included 4043 patients 
who had a cervical sample analyzed from September 
2011 to September 2012. Patients were followed between 
64 and 76 months (median: 70 months). Samples were 
analyzed using both liquid-based cytology and the Cobas 
4800 HPV DNA test. We calculated the diagnostic efficacy 
of liquid-based cytology and HPV, with or without the 
opposite test as triage, using cervical intraepithelial 
neoplasia (CIN2+/CIN3+) as reference.
Results  The patients had a median age of 58 years, 
(range; 50–90). At baseline, HPV prevalence was 8.0%: a 
total of 3.7% of patients had atypical squamous cells of 
undetermined significance or worse (ASCUS+). Positive 
test results were 1.9% for liquid-based cytology with HPV 
triage and 3.0% for HPV with liquid-based cytology triage. 
The cumulative incidence of CIN3+ was 1.0% (40/4043). 
Sensitivities for CIN3+ were: liquid-based cytology 47.5% 
(31.5%–63.9%); liquid-based cytology with HPV triage 
45.0% (29.3%–61.5%); HPV 90.0% (76.3%–97.2%); and 
HPV with liquid-based cytology triage 67.5% (50.9%–
81.4%). Corresponding specificities were: liquid-based 
cytology 96.6% (96.0%–97.2%); liquid-based cytology 
with HPV triage 98.5% (98.0%–98.8%); HPV 92.8% 
(92.0%–93.6%); and HPV with liquid-based cytology 
triage 97.7% (97.2%–98.1%). At baseline, HPV testing 
overlooked five cases of gynecological cancer other than 
cervical cancer. Five cervical cancers were detected, two 
had been overlooked at baseline by liquid-based cytology 
and two by HPV testing
Conclusion  HPV screening using DNA amplification is a 
promising alternative to liquid-based cytology in women 
age 50 and older, but evaluation of alternative triage 
methods is warranted. The risk of overlooking cancers 
needs consideration when replacing liquid-based cytology 
with HPV testing as a method for primary screening.

INTRODUCTION

For decades, the primary screening test of cervical 
cancer has been Pap smear, which has now largely 
been replaced by liquid-based cytology. Human papil-
lomavirus (HPV) is recognized as a necessary agent 
for the development of most cervical cancers, and 
screening therefore often includes high-risk HPV 
testing. Some countries are shifting from primary 
microscopy to primary HPV testing.1 2

Randomized controlled trials have provided 
evidence to support the use of HPV testing as 
a primary screening tool in cervical cancer 
screening.3–10 However, these trials often used the 
hybrid capture 2 HPV DNA test and many compared 
the hybrid capture 2 test with Pap smears rather 
than liquid-based cytology. Hybrid capture 2 testing 
has been shown in a screening population to differ 
from tests such as COBAS, CLART, or ATPIMA, which 
are the preferred tests in most laboratories today.11 
In a major trial from the USA (ATHENA study) HPV 
testing using COBAS had better performance than 
both liquid-based cytology alone, and co-testing with 
cytology and HPV testing.12

A recognized hurdle in primary HPV testing is 
reduced specificity and reduced positive predictive 
value, and possible triage of primary positive test 
results remains to be identified for all age groups.13 
HPV testing may be especially favorable in older 
women, having the lowest HPV prevalence to avoid 
many unnecessary colposcopy referrals. Furthermore, 
in postmenopausal women, HPV screening may be 
favorable due to difficulties in distinguishing between 
atrophic changes and severe dysplasia at microscopy 
due to reduced estrogen levels.14

In this study on women age 50 and older, we aimed 
to estimate the diagnostic efficacy of liquid-based 
cytology, liquid-based cytology with HPV triage, HPV, 
and HPV with liquid-based cytology triage.

HIGHLIGHTS
•	 HPV testing showed the best sensitivity for CIN2+/CIN3+ lesions but specificity was low.
•	 In HPV screening new triage method alternative to liquid-based cytology are highly warranted.
•	 The risk of overlooking gynecological cancers when shifting from cytology to HPV screening needs further consideration.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-4074-6504
http://crossmark.crossref.org/dialog/?doi=10.1136/ijgc-2020-001457&domain=pdf&date_stamp=2020-010-15
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METHODS

Setting
The study was conducted in the Central Denmark Region covering 
23% of the Danish population.15 The target population for cervical 
cancer screening in the region is approximately 340 000 women.

The Danish national guidelines for cervical cancer screening are 
met by all regions in the country.16 Between the ages of 23 to 64, 
Danish women are invited every 3 (age 23–49) or 5 (age 50–64) 
years after their latest liquid-based cytology or their latest invita-
tion, if no testing has been performed since. Up to two reminders 
are sent after 3 and 6 months to non-responders in all age groups. 
Women accepting the screening invitation book an appointment 
with their general practitioner who obtains a liquid-based cytology 
from the cervix and mails it to a pathology department for analysis. 
Women can also be tested opportunistically or as part of a control 
program. The overall testing coverage is approximately 75%.17 18 All 
cervical cancer screening-related procedures are free of charge for 
the patient, including obtaining and analyzing samples, follow-up 
after positive test results, and treatment.

In the Central Denmark Region, all cervical cytology samples 
are routinely analyzed at the Department of Pathology, Randers 
Regional Hospital. The study protocol was presented to the Central 

Denmark Region’s Ethical Committee deciding that this was a study 
of laboratory methods and therefore obtaining informed consent 
from participants was not required (ref no. M-20110162). The study 
was approved by the Danish Data Protection Agency (ref no. 2011-
41-6903 and 2017-41-5020).

Population
Samples from all women age 50 and older who had a cervical 
cytology sample analyzed at the Department of Pathology, Randers 
Regional Hospital, between 1 September 2011 and 14 September 
2012 were included in the study.

We excluded women for whom the quality of the sample(s) did not 
allow proper microscopy or HPV analysis. If a woman had provided 
more than one sample in the inclusion period, the first adequate 
sample was categorized as the baseline sample. Any subsequent 
samples were categorized as follow-up samples.

Handling of Baseline Samples
All cytology samples were taken using liquid-based cytology 
(SurePathTM) and immediately mailed as per routine to the labo-
ratory. On arrival, samples were divided into two parts, one for 
microscopy and one for HPV analysis. Samples for microscopy 

Table 1  Baseline and follow-up samples in the study population (N=4043)

No. (%)

Age at baseline (years)
50–54
n=1138

55–59
n=1277

60–64
n=1218

65+
n=410

Total
N=4043

Baseline  �

Cytology alone  �

ASCUS+ 70 (6.2) 34 (2.7) 35 (2.9) 15 (3.7) 154 (3.8)

 � ASCUS 41 (3.6) 18 (1.4) 21 (1.7) 6 (1.5) 86 (2.1)

 � LSIL 9 (0.8) 5 (0.4) 6 (0.5) 2 (0.5) 22 (0.5)

 � HSIL+* 20 (1.8) 11 (0.9) 8 (0.7) 7 (1.7) 46 (1.1)

Cytology/HPV triage  �

 � Positive† 36 (3.2) 20 (1.6) 13 (1.1) 10 (2.4) 79 (2.0)

HPV alone  �

 � HPV 16/18‡ 31 (2.7) 25 (2.0) 20 (1.6) 8 (2.0) 84 (2.1)

 � HrHPV other types only 91 (8.0) 73 (5.7) 60 (4.9) 16 (3.9) 240 (5.9)

HPV/cytology triage  �

 � Positive*§ 52 (4.6) 32 (2.5) 23 (1.9) 13 (3.2) 120 (3.0)

Follow-up  �

 � At least one histology 225 (19.8) 188 (14.7) 148 (12.2) 79 (19.3) 640 (15.8)

 � At least one cytology 977 (85.9) 1098 (86.0) 462 (37.9) 279 (68.0) 2816 (69.7)

 � Total with follow-up result 998 (87.7) 1124 (88.0) 506 (41.5) 303 (73.9) 2931 (72.5)

Worst histology n=225 n=188 n=148 n=79 n=640

  �  CIN2+¶ 25 (11.1) 18 (9.6) 15 (10.1) 6 (7.6) 64 (10.0)

  �  CIN3+** 18 (8.0) 9 (4.8) 8 (5.4) 5 (6.3) 40 (6.3)

Percentages are per column.
*HSIL+ included HSIL, AGC, adenoCIS, ASCH, and malignant cells from cervical cancer.
†including HSIL+ and ASCUS/LSIL with concurrent positive hrHPV test result (all hr-types).
‡19 women had both HPV 16/18 and other types.
§including all HPV 16/18 positive and hrHPV other types with concurrent ASCUS+.
¶CIN2+ includes CIN2, CIN not specified, and diagnoses included in definition of CIN3+.
**CIN3 +includes CIN3, adenoCIS, AGC, and cervical cancer.
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were prepared and automatically pre-screened using a focal point 
slide profiler (BD diagnostics).19 The equipment identifies 10 areas 
of the slide of special interest. Hereafter, experienced cytotechnol-
ogists performed manual microscopy of the specimen while paying 
special attention to areas of interest. The Bethesda classification 
was used as per routine for establishing the diagnoses.20 The cyto-
technologists were unaware of the HPV test result when performing 
the microscopy. Samples for HPV analysis were analyzed using 
the Cobas 4800 HPV DNA test (Roche Diagnostics GmBH, Switzer-
land) according to the manufacturer’s protocols. The test identified 
HPV16, HPV18, and 12 other hrHPV types (31, 33, 35, 39, 45, 51, 52, 
56, 58, 59, 66, and 68) in a single pool.

The physician, who obtained the sample, was notified by the 
laboratory about the results and received recommendations for 
follow-up according to national guidelines.19 Thus, women with 
samples positive for HPV 16/18, women with ASCUS/low-grade 
squamous intraepithelial lesions (LSIL) being HPV-positive (all 
HPV types), and women with adeno-CIS, ASCH, AGC, high-grade 
squamous intraepithelial lesions (HSIL), or malignant cells (from 
cervix or other) were recommended direct referral to colposcopy 
in a gynecological clinic. Women whose cytology results showed 
ASCUS in combination with an HPV-negative test, women with 
normal cytology who were HPV-positive for other types than 16/18, 
and women with LSIL were recommended control cytology after 
6/12 months. All other women were recommended screening after 
5 years and received a screening invitation at that time if they were 
still in the screening age (50 to 64 years).

Follow-up
The population was followed until 31 December 2017. Thus, 
follow-up time was on average 5 years and 10 months.

Follow-up samples were tested according to routine guidelines. 
This was liquid-based cytology with HPV triage for all ages until 1 
August 2014. From that date HPV with liquid-based cytology triage 
was used in women aged 60 to 64. Histology samples were handled 
by experienced pathologists having gynaecologic pathology as their 
main competence, and according to current guidelines and classi-
fied into: CIN1, CIN2, CIN3, CIN not specified, adeno-CIS, cervical 
cancer, gynaecologic cancer not cervical cancer, benign tumor, 
cyst, or within normal limits.21

Handling of Data
All data on microscopy, HPV testing, and histology samples were 
registered into the Danish Pathology Data Bank using the unique 
civil personal registration number. The civil personal registration 
number was used for linking baseline data with follow-up data.22

Participants were stratified by age (5-year intervals). Baseline testing 
was reported using the following definitions of positive testing: liquid-
based cytology alone, a positive result was defined as ASCUS+; liquid-
based cytology with HPV triage,a positive test was HSIL +or ASCUS/
LSIL with concurrent positive HPV test result (all HPV types); HPV alone, 
a positive result included all hrHPV types; and HPV testing with liquid-
based cytology triage, we categorized a positive test result as either 
HPV 16/18 positive or positive for other hrHPV types with concurrent 
ASCUS+. For follow-up, the worst histological diagnosis was cate-
gorized into CIN3+ (including CIN3, adeno-CIS, and cervical cancer), 
CIN2+ (including CIN2, CIN not specified and diagnoses included in 

definition of CIN3+), or no significant abnormality (including CIN1, cyst, 
benign tumor, and malignancy not from cervix).

Baseline results using the two testing procedures (liquid-based 
cytology and HPV testing) were compared. Furthermore, the base-
line results were compared with the worst histology diagnosis from 
the cervix in the follow-up period. Finally, we calculated sensitivity 
(baseline-positive cases/all CIN2+ or CIN3+ cases), specificity 
(baseline-negative cases/all cases without subsequent CIN2 +or 
CIN3+), positive predictive value (baseline positive cases with 
subsequent CIN2+ or CIN3+/all baseline positive cases), and nega-
tive predictive value (baseline negative cases without subsequent 
CIN2 or CIN3+/all baseline negative cases with 95% confidence 
intervals). These figures were calculated for liquid-based cytology, 
liquid-based cytology with HPV triage, HPV, and HPV with liquid-
based cytology triage.

Statistical analyzes were performed using StataCorp LLC, release 15.

RESULTS

A total of 4043 women had at least one adequate sample in the base-
line period. Of these, 3694 (91.4%) samples were obtained in general 
practice, while the remaining were obtained in a gynecology depart-
ment or at a private gynecology practice. In the follow-up period, a 
total of 5476 samples (cytological or histological) were registered from 
women in the study population: 640 women (15.8%) had at least one 
histology sample and 2816 women (69.7%) had at least one addi-
tional cytology sample. The highest follow-up rates were seen among 
women aged 50–54 (87.8%) and 55–59 (88.0%) at baseline, reflecting 
that these women were re-invited to screening after 5 years (Table 1). 
At baseline, liquid-based cytology showed ASCUS+ in 154 cases 
(3.8%; 154/4,043): the HPV positivity rate was 8.0% (324/4,043), of 
which 2.1% (84/4,043) were HPV 16/18 positive and 5.9% (240/4,043) 
were positive only for other hrHPV types. The cumulative incidence of 
CIN2+ was 1.6% (64/4043): the cumulative incidence of CIN3 +1.0% 
(40/4043) (Table 1).

Table 2 shows the correlation between liquid-based cytology and 
HPV at baseline. A total of 66 of 84 HPV 16/18-positive samples 
were within normal limits in the liquid-based cytology, while 25 of 
46 HSIL +diagnoses and five cases of malignancies not from the 
cervix diagnosed at baseline were HPV-negative at baseline.

Table 3 shows that of the 64 CIN2 +cases, 30 were predicted by 
use of liquid-based cytology alone, 27 were predicted if HPV testing 
was added as a triage, 53 were predicted by the use of HPV testing 
alone, and 35 cases were predicted after adding liquid-based 
cytology triage to primary HPV testing. Of the 40 CIN3+ cases, 19 
were predicted by the use of liquid-based cytology alone, 18 were 
predicted if HPV testing was added as a triage, 36 were predicted 
by HPV testing alone, and 27 cases were predicted after adding 
liquid-based cytology triage to primary HPV testing.

Table  4 shows the diagnostic efficacy of the testing strategies. 
Sensitivity for CIN3+ was highest for HPV testing without triage (90.0% 
(76.3%–97.2%)) and lowest for liquid-based cytology with HPV triage 
(45.0% (29.3%–61.5%)). On the contrary, specificity was highest for 
liquid-based cytology with HPV triage (98.5% (98.0%–98.8%)) and 
lowest for HPV testing without triage (92.8% (92.0%–93.6%)). Similar 
patterns were seen using CIN2+ as the reference.

Five of the CIN2+ cases were cervical cancers (data not shown). 
Two of these were within normal limits at baseline in liquid-based 
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cytology and two others were HPV negative at baseline. Further-
more at baseline, liquid-based cytology detected five gynecological 
cancers other than cervical cancer, all of which were HPV-negative.

DISCUSSION

In this study of more than 4000 women aged 50 or older tested 
in the Danish cervical cancer screening program, we found that 
HPV testing without triage had a significantly better sensitivity 
for detecting CIN2+ and CIN3+ lesions than all other algorithms. 
Concurrently, specificity was significantly lower than that of all 
other algorithms. The use of HPV testing with liquid-based cytology 
triage improved specificity and, although sensitivity was concur-
rently reduced, it was still better than liquid-based cytology with or 
without HPV triage.

This study takes advantage of national routine registration of 
all cervical samples and data storage in a national register with 
high validity.22 Further, three out of four women had at least one 
sample in the follow-up period, and follow-up reached almost 90% 
among those still of screening age after their baseline testing. 
Among women aged 65+ at baseline, follow-up was 68.1%, which 
is probably explained by the one-time offer of an HPV test in 2017 
to all women born before 1948 (being 69+ in 2017).23 Finally, the 
usefulness of the study and the results in Danish and other settings 
is underlined by the fact that Cobas 4800 and liquid-based cytology, 
are still among the most used tests in laboratories around the world.

We do acknowledge that we do not know exactly why women 
were tested at baseline or follow-up, nor do we have data on 
histology indications, as such information is not registered 
routinely. Another limitation is that women aged 60–64 at baseline 

Table 2  Correlation between liquid-based cytology and HPV result at baseline (n=4043)

Baseline
Liquid-based cytology

Baseline HPV
No. (%)

HPV 16/18 hrHPV other types* hrHPV- negative Total

ASCUS 5 (6.0) 15 (6.3) 66 (1.8) 86 (2,1)

LSIL 4 (4.8) 9 (3.8) 9 (0.2) 22 (0.5)

HSIL+† 9 (10.7) 12 (5.0) 25 (0.7) 46 (1.1)

No cervix abnormality‡ 66 (78.6) 204 (85.0) 3619 (97.3) 3889 (96.2)

Total 84 (100) 240 (100) 3719 (100) 4043 (100)

Percentages are per column.
*excluding 19 having both HPV 16/18 and other types.
†HSI+ included HSIL, AGC, adenoCIS, ASCH, and malignant cells from cervical cancer.
‡Including five patients with malignancies not from cervix (all were hrHPV negative).

Table 3  Comparison of baseline test results and subsequent diagnosis in the follow-up period 2 (n=4043)

Worst histology diagnosis n (%)

CIN2+ n=64 CIN3+ n=40
No histological 
abnormality n=576

No histology 
n=3403 Total n=4043

Baseline

 � Cytology alone

 � ASCUS+ 30 (46.9) 19 (47.5) 95 (16.5) 29 (0.9) 154 (3.8)

  �  ASCUS 7 (10.9) 5 (12.5) 54 (9.4) 25 (0.7) 86 (2.1)

  �  LSIL 5 (7.8) 4 (10.0) 14 (2.4) 3 (0.1) 22 (0.5)

  �  HSIL+* 18 (28.1) 10 (25.0) 27 (4.7) 1 (0.0) 46 (1.1)

Cytology/HPV triage

 � Positive† 27 (42.2) 18 (45.0) 49 (8.5) 3 (0.1) 79 (2.0)

HPV alone

 � HPV 16/18 18 (28.1) 14 (35.0) 57 (9.9) 9 (0.3) 84 (2.1)

 � HrHPV other 35 (54.7) 22 (55.0) 103 (17.9) 102 (3.0) 240 (5.9)

HPV/cytology triage

 � Positive‡ 35 (54.7) 27 (67.5) 75 (13.0) 10 (0.3) 120 (3.0)

Percentages are per column.
*HSIL+ included HSIL, AGC, adenoCIS, ASCH, and malignant cells from cervical cancer.
†positive includes referrals to colposcopy: HSIL+, and ASCUS/LSIL with concurrent positive hrHPV test result (all hr-types).
‡positive includes referrals to colposcopy: all HPV 16/18 positive and hrHPV other types positive with concurrent ASCUS+.
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were neither routinely invited again for screening nor covered by 
the one-time screening offer.23

We found an overall HPV prevalence at baseline of 8.0%, which 
was highest (10.7%) among the youngest women (50–54 years) 
and lowest (5.8%) among the oldest women (65+). The figures 
for the youngest women were slightly higher than those reported 
in another Danish study of similar age groups from another area 
(Capital Region of Denmark) a few years' earlier (2002–2005).24 In 
this earlier study, the HPV prevalence was 8.7% for women aged 
45–54, 7.4% for women aged 55–64%, and 5.7% for women 65+. 
These minor differences may be due to differences between areas, 
differences in diagnostic test methods used as demonstrated in a 
study from Copenhagen, or a general rise in the spreading of the 
infection in these age groups in Denmark.13

Replacing liquid-based cytology screening by HPV screening 
deserves a thorough evaluation of benefits and harms.18 The main 
benefit of HPV screening is increased sensitivity for detecting 
severe dysplasia which, expectedly, will reduce the cervical cancer 
incidence. In our study, the sensitivity for CIN3+ almost doubled 
(from 47.5% to 90.0%) if liquid-based cytology alone was replaced 
by HPV alone. However, the specificity declined significantly (from 
96.0% to 92.8%), which will affect a relatively large number of 
women. Adding liquid-based cytology triage to HPV screening 
improved the specificity to 97.7%, which is more acceptable, 
however, at the same time, the sensitivity declined to 67.5%. It 
could be speculated that this is due to not yet established cytology 
changes that will follow the HPV infection or due to specimens not 
being representative. Whatever the reasons, our findings underline 
that the diagnostic efficacy of a sequence of tests is only as good 
as the most deficient single analysis. New triage methods such as 
p16/Ki-67 dual-stained cytology could be a future alternative.25

Referring screen positive women without dysplasia for gyneco-
logic evaluation should be minimized as it is costly and may consti-
tute an unnecessary burden for the women and the healthcare 
system. In our study, positive rates rose from 1.9% in liquid-based 
cytology with HPV triage to 3.0% in HPV with liquid-based cytology 
as triage. This is in opposition to a recent Swedish evaluation of 
similar test algorithms in women aged 56–60 where the referral rate 
was the lowest in HPV with liquid-based cytology triage.26 A lower 
HPV prevalence of 5.5% in the Swedish study population compared 
with 8.1% in our population may partly explain this difference. A 
Canadian study (HPV FOCAL) had a rather high referral rate to gyne-
cological examination compared with our setting, and the referrals 
doubled in hybrid capture 2 testing with liquid-based cytology as 
a triage compared with liquid-based cytology with hybrid capture 
2 testing as a triage (58.9/1,000 and 30.0/1,000, respectively).6 
The explanation for this is not straightforward. The prevalence in 
HPV FOCAL was 8.2% and similar to the prevalence reported in 
our study, but the Canadian study reported on the entire age span 
from 25 to 65 years. Nevertheless, alternative methods for triaging 
should be considered in the future to maintain high sensitivity and 
increase specificity, simultaneously.13 27

We found that five cancer cases from other sites than the cervix 
were identified by microscopy, but they were all HPV-negative. It is 
not expected to identify other cancers, and it can be argued that 
identification of non-cervix cancers is not the purpose of cervical 
cancer screening, still, earlier diagnosis may be a positive side 
effect that will disappear when switching to HPV screening.

Two cases of cervical cancer were not predicted by liquid-based 
cytology and another two cases of cervical cancer were not predicted 
by HPV test at baseline. We do not know the details of these cancers, 
but it could be speculated that the liquid-based cytology-negative 

Table 4  Diagnostic efficacy of liquid-based cytology, liquid-based cytology with HPV triage, HPV, and HPV with liquid-based 
cytology triage, using CIN2+ and CIN3+ as reference (n=4043)

Diagnostic test at baseline
% (95% CI)

Liquid-based cytology
Liquid-based cytology
+HPV triage HPV

HPV+ liquid-based 
cytology triage

Reference: CIN2+

 � Sensitivity 46.9% (30/64)
(34.3% to 59.8%)

42.2% (27/64)
(29.9% to 55.2%)

82.8% (53/64)
(71.3% to 91.1%)

54.7% (35/64)
(41.7% to 67.2%)

 � Specificity 96.9% (3,855/3,979)
(96.3% to 97.4%)

98.7% (3,927/3,979)
(98.3% to 99.0%)

93.2% (3,708/3,979)
(92.4% to 94.0%)

97.9% (3,894/3,979)
(97.4% to 98.3%)

 � Positive predictive value 19.5% (30/154)
(13.5% to 26.6%)

34.2 (27/79)
(23.9% to 45.7%)

16.4% (53/324)
(12.5% to 20.8%)

29.2% (35/120)
(21.2% to 38.2%)

 � Negative predictive value 99.1 (3,855/3,889)
(98.8% to 99.4%)

99.1% (3,927/3,964)
(98.7% to 99.3%)

99.7% (3,708/3,719)
(99.5% to 99.9%)

99.3% (3,894/3,923)
(98.9% to 99.5%)

Reference: CIN3+

 � Sensitivity 47.5% (19/40)
(31.5% to 63.9%)

45.0% (18/40)
(29.3% to 61.5%)

90.0% (36/40)
(76.3% to 97.2%)

67.5% (27/40)
(50.9% to 81.4%)

 � Specificity 96.6% (3,868/4,003)
(96.0% to 97.2%)

98.5% (3,942/4,003)
(98.0% to 98.8%)

92.8% (3,715/4,003)
(92.0% to 93.6%)

97.7% (3,910/4,003)
(97.2% to 98.1%)

 � Positive predictive value 12.3% (19/154)
(7.6% to 18.6%)

22.8% (18/79)
(14.1% to 33.6%)

11.1% (36/324)
(7.9% to 15.0%)

22.5% (27/120)
(15.4% to 31.0%)

 � Negative predictive value 99.5% (3,868/3,889)
(99.2% to 99.7%)

99.4% (3,942/3,964)
(99.2% to 99.7%)

99.9% (3,715/3,719)
(99.7% to 100.0%)

99.7% (3,910/3,923)
(99.4% to 99.8%)
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cervical cancer cases were adenocarcinomas, corresponding to the 
fact that the incidence of squamous cell carcinoma has declined over 
the past decades, which is not the case for adenocarcinomas.28 A 
recent Swedish study showed that HPV-negative cervical cancer has 
a poorer prognosis than HPV-positive cervical cancer.29 These findings 
underline the preventive purpose of the screening program and the 
need for continuous testing at regular intervals to reduce the burden of 
cervical cancer in the population.

In conclusion, HPV screening using DNA amplification is a prom-
ising alternative to liquid-based cytology in women aged 50 or older 
because of its much higher sensitivity. However, even in this age 
group of women with a relatively low HPV prevalence, the specificity 
is concurrently significantly reduced. Adding liquid-based cytology as 
a triage increases the specificity, but at the same time significantly 
reduces sensitivity. We do not yet know the optimal strategy if we shift 
from liquid-based cytology to HPV screening in an otherwise well-
functioning cervical cancer screening program. The significance of 
overlooking cervical cancers or non-cervical cancers in HPV screening 
needs further evaluation.
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