
Cochrane
Library

 

Cochrane Database of Systematic Reviews

 
Cytology versus HPV testing for cervical cancer screening in the
general population (Review)

 

  Koliopoulos G, Nyaga VN, Santesso N, Bryant A, Martin-Hirsch PPL, Mustafa RA, Schünemann H,
Paraskevaidis E, Arbyn M

 

  Koliopoulos G, Nyaga VN, Santesso N, Bryant A, Martin-Hirsch PPL, Mustafa RA, Schünemann H, Paraskevaidis E, Arbyn M. 
Cytology versus HPV testing for cervical cancer screening in the general population. 
Cochrane Database of Systematic Reviews 2017, Issue 8. Art. No.: CD008587. 
DOI: 10.1002/14651858.CD008587.pub2.

 

  www.cochranelibrary.com  

Cytology versus HPV testing for cervical cancer screening in the general population (Review)
 

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://doi.org/10.1002%2F14651858.CD008587.pub2
https://www.cochranelibrary.com


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

T A B L E   O F   C O N T E N T S

ABSTRACT..................................................................................................................................................................................................... 1

PLAIN LANGUAGE SUMMARY....................................................................................................................................................................... 2

SUMMARY OF FINDINGS.............................................................................................................................................................................. 4

BACKGROUND.............................................................................................................................................................................................. 6

OBJECTIVES.................................................................................................................................................................................................. 7

METHODS..................................................................................................................................................................................................... 8

RESULTS........................................................................................................................................................................................................ 10

Figure 1.................................................................................................................................................................................................. 11

Figure 2.................................................................................................................................................................................................. 13

Figure 3.................................................................................................................................................................................................. 14

Figure 4.................................................................................................................................................................................................. 18

Figure 5.................................................................................................................................................................................................. 19

Figure 6.................................................................................................................................................................................................. 21

Figure 7.................................................................................................................................................................................................. 22

Figure 8.................................................................................................................................................................................................. 23

Figure 9.................................................................................................................................................................................................. 24

Figure 10................................................................................................................................................................................................ 25

DISCUSSION.................................................................................................................................................................................................. 26

AUTHORS' CONCLUSIONS........................................................................................................................................................................... 27

ACKNOWLEDGEMENTS................................................................................................................................................................................ 28

REFERENCES................................................................................................................................................................................................ 29

CHARACTERISTICS OF STUDIES.................................................................................................................................................................. 36

DATA.............................................................................................................................................................................................................. 88

Test 1. CC (ASCUS+) for CIN2+.............................................................................................................................................................. 89

Test 2. CC (ASCUS+) for CIN3+.............................................................................................................................................................. 89

Test 3. CC (LSIL+) for CIN2+.................................................................................................................................................................. 90

Test 4. CC (LSIL+) for CIN3+.................................................................................................................................................................. 90

Test 5. LBC (ASCUS+) for CIN2+............................................................................................................................................................ 90

Test 6. LBC (ASCUS+) for CIN3+............................................................................................................................................................ 91

Test 7. LBC (LSIL+) for CIN2+................................................................................................................................................................ 91

Test 8. LBC (LSIL+) for CIN3+................................................................................................................................................................ 91

Test 9. HC2 (1pg/mL) for CIN2+........................................................................................................................................................... 92

Test 10. HC2 (1 pg/mL) for CIN3+........................................................................................................................................................ 92

Test 11. HC2 (2 pg/mL) for CIN2+........................................................................................................................................................ 93

Test 12. HC2 (2 pg/mL) for CIN3+........................................................................................................................................................ 93

Test 13. PCR (13 hr types or more) for CIN2+...................................................................................................................................... 93

Test 14. PCR (13 hr types or more) for CIN3+...................................................................................................................................... 93

Test 15. PCR (10-11 hr types) for CIN2+............................................................................................................................................... 93

Test 16. PCR (10-11 hr types) for CIN3+............................................................................................................................................... 94

Test 17. Aptima for CIN2+..................................................................................................................................................................... 94

Test 18. Aptima for CIN3+..................................................................................................................................................................... 94

Test 19. PCR (4 hr types) for CIN2+...................................................................................................................................................... 94

Test 20. Care HPV test (0.5 pg/ml) for CIN2+...................................................................................................................................... 94

Test 21. Care HPV test (0.5 pg/ml) for CIN3+...................................................................................................................................... 95

Test 22. Cobas for CIN2+....................................................................................................................................................................... 95

Test 23. Cobas for CIN3+....................................................................................................................................................................... 95

Test 24. NASBA (5 types) for CIN2+...................................................................................................................................................... 95

Test 25. NASBA (9 types) for CIN2+...................................................................................................................................................... 95

Test 26. HC2+4 (1 pg/ml) for CIN2+..................................................................................................................................................... 96

Test 27. HC2+4 (1 pg/ml) for CIN3+..................................................................................................................................................... 96

Test 28. HC2 (1pg/mL) for CIN2+ no verification bias........................................................................................................................ 96

Cytology versus HPV testing for cervical cancer screening in the general population (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

i



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Test 29. CC or LBC (ASCUS+) for CIN2+ no verification bias............................................................................................................... 96

Test 30. HC2 (1pg/mL) for CIN2+ women >30..................................................................................................................................... 97

Test 31. self HPV test for CIN2+............................................................................................................................................................ 97

ADDITIONAL TABLES.................................................................................................................................................................................... 97

APPENDICES................................................................................................................................................................................................. 99

WHAT'S NEW................................................................................................................................................................................................. 101

CONTRIBUTIONS OF AUTHORS................................................................................................................................................................... 101

DECLARATIONS OF INTEREST..................................................................................................................................................................... 101

SOURCES OF SUPPORT............................................................................................................................................................................... 101

DIFFERENCES BETWEEN PROTOCOL AND REVIEW.................................................................................................................................... 101

INDEX TERMS............................................................................................................................................................................................... 102

Cytology versus HPV testing for cervical cancer screening in the general population (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ii



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

[Diagnostic Test Accuracy Review]

Cytology versus HPV testing for cervical cancer screening in the general
population

George Koliopoulos1, Victoria N Nyaga2, Nancy Santesso3, Andrew Bryant4, Pierre PL Martin-Hirsch5, Reem A Mustafa3, Holger

Schünemann6, Evangelos Paraskevaidis7, Marc Arbyn8

1Department of Obstetrics and Gynaecology, Elena Venizelou Maternity Hospital, Athens, Greece. 2Unit of Cancer Epidemiology,

Scientific Institute of Public Health, Brussels, Belgium. 3Department of Clinical Epidemiology and Biostatistics, McMaster University,

Hamilton, Canada. 4Institute of Health & Society, Newcastle University, Newcastle upon Tyne, UK. 5Gynaecological Oncology Unit,

Royal Preston Hospital, Lancashire Teaching Hospital NHS Trust, Preston, UK. 6Departments of Health Research Methods, Evidence,

and Impact and of Medicine, McMaster University, Hamilton, Canada. 7Department of Obstetrics and Gynaecology, Ioannina University

Hospital, Ioannina, Greece. 8Unit of Cancer Epidemiology, Belgian Cancer Centre, Sciensano, Brussels, Belgium

Contact: George Koliopoulos, Department of Obstetrics and Gynaecology, Elena Venizelou Maternity Hospital, 1 Elena Venizelou Square,
Athens, 11521, Greece. georgekoliopoulos@yahoo.com.

Editorial group: Cochrane Gynaecological, Neuro-oncology and Orphan Cancer Group.
Publication status and date: Edited (no change to conclusions), published in Issue 7, 2018.

Citation:  Koliopoulos G, Nyaga VN, Santesso N, Bryant A, Martin-Hirsch PPL, Mustafa RA, Schünemann H, Paraskevaidis E, Arbyn M.
Cytology versus HPV testing for cervical cancer screening in the general population. Cochrane Database of Systematic Reviews 2017, Issue
8. Art. No.: CD008587. DOI: 10.1002/14651858.CD008587.pub2.

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Cervical cancer screening has traditionally been based on cervical cytology. Given the aetiological relationship between human
papillomavirus (HPV) infection and cervical carcinogenesis, HPV testing has been proposed as an alternative screening test.

Objectives

To determine the diagnostic accuracy of HPV testing for detecting histologically confirmed cervical intraepithelial neoplasias (CIN) of grade
2 or worse (CIN 2+), including adenocarcinoma in situ, in women participating in primary cervical cancer screening; and how it compares
to the accuracy of cytological testing (liquid-based and conventional) at various thresholds.

Search methods

We performed a systematic literature search of articles in MEDLINE and Embase (1992 to November 2015) containing quantitative data and
handsearched the reference lists of retrieved articles.

Selection criteria

We included comparative test accuracy studies if all women received both HPV testing and cervical cytology followed by verification of the
disease status with the reference standard, if positive for at least one screening test. The studies had to include women participating in a
cervical cancer screening programme who were not being followed up for previous cytological abnormalities.

Data collection and analysis

We completed a 2 x 2 table with the number of true positives (TP), false positives (FP), true negatives (TN), and false negatives for each
screening test (HPV test and cytology) used in each study. We calculated the absolute and relative sensitivities and the specificities of
the tests for the detection of CIN 2+ and CIN 3+ at various thresholds and computed sensitivity (TP/(TP + TN) and specificity (TN/ (TN +
FP) for each test separately. Relative sensitivity and specificity of one test compared to another test were defined as sensitivity of test-1
over sensitivity of test-2 and specificity of test-1 over specificity of test-2, respectively. To assess bias in the studies, we used the Quality
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Assessment of Diagnostic test Accuracy Studies (QUADAS) tool. We used a bivariate random-eNects model for computing pooled accuracy
estimates. This model takes into account the within- and between-study variability and the intrinsic correlation between sensitivity and
specificity.

Main results

We included a total of 40 studies in the review, with more than 140,000 women aged between 20 and 70 years old. Many studies
were at low risk of bias. There were a suNicient number of included studies with adequate methodology to perform the following test
comparisons: hybrid capture 2 (HC2) (1 pg/mL threshold) versus conventional cytology (CC) (atypical squamous cells of undetermined
significance (ASCUS)+ and low-grade squamous intraepithelial lesions (LSIL)+ thresholds) or liquid-based cytology (LBC) (ASCUS+ and LSIL
+ thresholds), other high-risk HPV tests versus conventional cytology (ASCUS+ and LSIL+ thresholds) or LBC (ASCUS+ and LSIL+ thresholds).
For CIN 2+, pooled sensitivity estimates for HC2, CC and LBC (ASCUS+) were 89.9%, 62.5% and 72.9%, respectively, and pooled specificity
estimates were 89.9%, 96.6%, and 90.3%, respectively. The results did not diNer by age of women (less than or greater than 30 years old),
or in studies with verification bias. Accuracy of HC2 was, however, greater in European countries compared to other countries. The results
for the sensitivity of the tests were heterogeneous ranging from 52% to 94% for LBC, and 61% to 100% for HC2. Overall, the quality of the
evidence for the sensitivity of the tests was moderate, and high for the specificity.

The relative sensitivity of HC2 versus CC for CIN 2+ was 1.52 (95% CI: 1.24 to 1.86) and the relative specificity 0.94 (95% CI: 0.92 to 0.96), and
versus LBC for CIN 2+ was 1.18 (95% CI: 1.10 to 1.26) and the relative specificity 0.96 (95% CI: 0.95 to 0.97). The relative sensitivity of HC2
versus CC for CIN 3+ was 1.46 (95% CI: 1.12 to 1.91) and the relative specificity 0.95 (95% CI: 0.93 to 0.97). The relative sensitivity of HC2
versus LBC for CIN 3+ was 1.17 (95% CI: 1.07 to 1.28) and the relative specificity 0.96 (95% CI: 0.95 to 0.97).

Authors' conclusions

Whilst HPV tests are less likely to miss cases of CIN 2+ and CIN 3+, these tests do lead to more unnecessary referrals. However, a negative
HPV test is more reassuring than a negative cytological test, as the cytological test has a greater chance of being falsely negative, which
could lead to delays in receiving the appropriate treatment. Evidence from prospective longitudinal studies is needed to establish the
relative clinical implications of these tests.

P L A I N   L A N G U A G E   S U M M A R Y

Human papillomavirus (HPV) test compared to the Papanicolaou (Pap) test to screen for cervical cancer

Review question
We assessed studies comparing two tests to screen for cervical cancer: the HPV test (Human papillomavirus test) and the Pap test otherwise
known as cervical smear or Papanicolaou test. The aim was to find out which test detects precancerous changes of the cervix more
accurately.

Background
The HPV and the Pap tests are tests that a doctor performs to check for the development of cervical cancer or precancerous changes to the
cells of the cervix (called lesions). These lesions can develop into cervical cancer within about 10 to 20 years. The HPV test checks whether a
woman has an HPV infection which may lead to cervical cancer. If the HPV test is positive, it may mean that there are precancerous changes
in the cervix. There are many types of HPV tests. One of them is called the HC2 test. The Pap test checks for whether cells in the cervix are
abnormal. Abnormal cervical cells that are tested as ‘low grade to high grade’ may mean that there are precancerous changes in the cervix
that may lead to cervical cancer. One type of Pap test is ‘conventional cytology' and another is 'liquid-based cytology'. Depending on the
test, if it is positive a woman may need to have the cervix examined or could receive surgery to have the precancerous lesion removed.

Study characteristics
We searched for all relevant studies up to November 2015. Forty studies compared the HPV test to the Pap test on over 140,000 women
between 20 to 70 years old who attended for their routine cervical screening. The studies examined which test can detect precancerous
cervical changes which are called cervical intraepithelial neoplasias (CIN 2 and CIN 3).

Quality of the evidence
There were enough studies with enough women in them to allow us to draw conclusions. However, some of the results from the studies
were diNerent from each other. For example, tests were more accurate in studies in Europe than in Asia or Central or South America. Overall,
the quality of the evidence was moderate to high.

Key results
A perfect test would correctly say if a woman has precancerous changes or if a woman does not. But most tests are not perfect.

This review found that for every 1000 women screened, around 20 women will have precancerous changes. The HPV test will correctly
identify 18 of these women (but will miss 2 women). The Pap test will identify 15 of the women (but will miss 5 women). The women who
are missed could develop cervical cancer.
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For every 1000 women screened, there will be 980 women who will not have precancerous changes. The HPV test will correctly identify
881 women (but 99 women will be incorrectly told that they have a lesion). The Pap test will correctly identify 885 women (but 95 will be
incorrectly told that they have a lesion). Women who are incorrectly told that they have a lesion may have their cervix examined or may
receive surgery unnecessarily.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   HPV (HC2, 1 pg/mL) vs Pap (LBC, ASCUS)

Human papillomavirus (HPV) compared to Papanicolaou (Pap) test for detection of cervical intraepithelial neoplasia (CIN 2+) in asymptomatic women

Patient or population: adult asymptomatic women

Settings: outpatient screening programmes

New Test: HPV, HC2 test Cut-o? value: 1 pg/mL

Comparison Test: Pap, liquid-based cytology (LBC) test Cut-o? value: atypical squamous cells of undetermined significance (ASCUS)

Reference Test: a colposcopy exam with or without biopsy as clinically indicated

HPV 138,230 women
(25 studies)

Pooled sensitivity 
(95% CI)

89.9%

(88.6 to 91.1%)

Pooled specificity
(95% CI)

89.9%

(89.7 to 90.0%)

Pap 82,003 women
(15 studies)

Pooled sensitivity 
(95% CI)

72.9%

(70.7 to 75%)

Pooled specificity
(95% CI)

90.3%

(90.1 to 90.5%)

Number of results per 1000 women test-
ed
(95% CI)

Prevalence of CIN 2+, 2%1

Test results

HPV Pap

Quality of the evi-
dence
(GRADE)

Comments

True positives (TP) 18

(18 to 18)

15

(14 to 15)

TP absolute differ-
ence

3 more

Women will be correctly classified and will receive further confirmatory testing
or treatment

False negatives (FN) 2

(2 to 2)

5

(5 to 6)

FN absolute differ-
ence

3 fewer

⊕⊕⊕⊝
moderate
due to inconsisten-

cy2,3

Women will be falsely reassured that they do not have CIN 2+, and the poten-
tially beneficial treatment may be missed or will be delayed

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



C
y

to
lo

g
y

 v
e

rsu
s H

P
V

 te
stin

g
 fo

r ce
rv

ica
l ca

n
ce

r scre
e

n
in

g
 in

 th
e

 g
e

n
e

ra
l p

o
p

u
la

tio
n

 (R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2018 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

5

True negatives (TN) 881

(879 to 882)

885

(883 to 887)

TN absolute differ-
ence

4 fewer

Women will be correctly reassured that they do not have CIN 2+

False positives (FP) 99

(98 to 101)

95

(93 to 97)

FP absolute differ-
ence

4 more

⊕⊕⊕⊕

high3

Women will likely receive unnecessary further testing and possibly also unnec-
essary treatment; additionally further testing and unnecessary treatment may
lead to adverse effects and use of resources without any health benefits

CI: Confidence interval; HPV human papillomavirus; Pap: Papanicolaou test, CIN: cervical intraepithelial neoplasia

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Prevalence of 2% (20 women out of 1000) was assumed to be the average prevalence of cervical intraepithelial neoplasia 2+ in non HIV asymptomatic women.
2Serious inconsistency in sensitivity among studies with sensitivity ranging from 52%-94% for Pap, and 61% to 100% for HPV.
3We did not downgrade for risk of bias, but the few limitations with studies were considered with inconsistency.
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B A C K G R O U N D

Screening for cervical cancer meets the prerequisites that the
World Health Organization (WHO) dictates as necessary for a
useful mass screening programme (Wilson 1968). The disease
is common enough to justify mass screening, it is associated
with significant mortality, eNective treatment is available for
pre-invasive or early invasive disease and, finally, detection and
treatment of a presymptomatic state results in benefits beyond
those obtained through treatment of symptomatic disease. An
eNective mass screening test, the Pap test, was introduced in the
1940s by George Papanicolaou and is based on the cytological
morphology assessment of exfoliated cervical cells (Papanicolaou
1941). Organised screening programmes based on the Pap test have
been successful in reducing the incidence of and mortality from the
disease, although cancer still does occurs in women who attend
for screening (Laara 1987). It has been established that cervical
cancer has a strong causal relationship with persistent infection
with high-risk human papillomavirus (HPV) types (IARC 2007). Since
then, research eNorts have focused on the evaluation of a test for
the detection of HPV DNA as an alternative method of screening for
cervical cancer precursors.

Target condition being diagnosed

Worldwide, there are approximately half a million cases of cervical
cancer annually and 85% of cases occur in low- and middle-income
countries. Cervical cancer accounts for 10% of all female cancers,
making it the fourth leading cause of cancer death in women (Arbyn
2011). It is the third most common gynaecological cancer in the
UK, aSer ovarian and endometrial cancer, although before the
introduction of the screening programme it was the most common
(Quinn 1999). In high-income countries, the incidence of and
mortality from cervical cancer appears to be falling, particularly
in countries with systematic screening programmes (Arbyn 2009).
Despite this trend, cervical cancer remains the second most
common cancer in women in high-income countries under 45 years
of age (Arbyn 2011).

Infection of the uterine cervix with the high-risk types of HPV is
necessary for the development of cervical cancer, although the
HPV infection alone is usually not suNicient to cause cancer. The
presence of additional co-factors is required (Bosch 2002; IARC
2007). Most high-risk HPV infections clear spontaneously but in a
small proportion of women the infection persists. It is these women
who are at risk of developing high-grade cervical intraepithelial
neoplasia (CIN) grades 2 or 3 and adenocarcinoma in situ, which are
cancer precursors (SchiNman 2007). CIN 2 and 3 can be eNectively
treated by excision or ablation of the lesion. Over a period of 30
years, untreated CIN 3 has a risk of progressing to invasive disease in
approximately 25% to 30% of cases (McCredie 2008; McIndoe 1984).

Index test(s)

HPV test

Considering that HPV cannot be grown in conventional cell
cultures, and serological assays have only limited sensitivity (Dilner
1999), the diagnosis of HPV infection requires the detection of
its genome in cellular samples collected from the site under
investigation. In the case of the uterine cervix the test is performed
by collecting exfoliated cervical cells, similar to the Pap test.
Specimens can be collected either by a healthcare provider during
a pelvic examination, or through self-sampling in the convenience

of the woman’s home. Molecular technologies for the detection of
HPV DNA can be broadly divided into amplified and non-amplified.
The tests mainly used in clinical research use amplification
methods, which are further divided into signal amplified and target
amplified. The main representative techniques of each category are
the hybrid capture 2 (HC2; Digene Corporation, Gainthersburg, MD,
USA) assay and polymerase chain reactions (PCR), respectively.

HC2 is a Food and Drug Administration- (FDA) approved test for
HPV detection. The B probe of HC2 can detect infection from any of
13 high-risk types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and
68) but separate typing is not possible. The number of viral copies
that have to be present per sample in order to obtain a positive
result is 5000. HC2 succeeded an earlier test, the hybrid capture
tube, which detected four fewer high-risk types and had a higher
threshold for positivity (50,000 viral copies per sample). That is, it
had lower sensitivity than HC2 and is therefore not currently used.

PCR is a chemical reaction resulting in the synthesis of a large
number of target HPV DNA copies. It allows testing on scanty cell
samples, small amounts of DNA, or few viral copies and consists
of two main steps. The first step is the amplification of the target
DNA. This is performed with a thermocycling process (heating and
cooling) and the use of oligonucleotide primers. The primers are
usually consensus or general, meaning that they can be used to
amplify a broad spectrum of HPV genotypes. They are aimed mainly
at the L1 region of their genome. More recently PCR assays have
been developed that target sequences of the E genes of the virus.
Type-specific primers that amplify a particular HPV genotype can
also be used, though rarely. There are various designs of general
primers currently available. They diNer in the size of the DNA
region they amplify and in measures taken to compensate for the
problem of intertypic sequence variation of the target DNA sites.
The GP5+/6+ primers amplify a 150 bp fragment and have to be
used at a low annealing temperature in order to compensate for
the mismatches with diNerent genotypes. The MY09/11 primers
amplify a 450 bp fragment and consist of a complex mixture of
oligonucleotides in order to make up for intertypic variation. The
PGMY primers amplify the same region of DNA as MY09/11 but
contain inosine, which matches any nucleotide. The SPF10 system
is another example of inosine-containing primers and targets a 65
bp region. Finally the CPI/II primers amplify a 188 bp region of the
E1 gene.

The second step of the PCR process is the detection and analysis
of the PCR products. The amplified DNA sequence can be detected
by agarose gel electrophoresis. However type-specific analysis is
possible and this can be achieved by a variety of methods such
as restriction fragment length polymorphism, Southern blotting,
microtiter plate hybridisation, direct sequence analysis and reverse
hybridisation.

There are several new HPV assays that identify separate HPV
genotypes: only the two main oncogenic types HPV16, HPV18 (for
instance Cobas 4800, Cervista, Abbott RTPCR) or the full range of
high-risk HPV types and even a limited or extended number of non
high-risk HPV types. A review of the range of new HPV tests In the
current review can be found in Poljak 2012. Only detection of high-
risk HPV types is addressed in the current review.

The basic disadvantage of HPV DNA detection methods in clinical
practice is their low specificity. This is because HPV infections
are usually transient and most of them do not cause any serious
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consequences. Only a small proportion of HPV infections initiate
an oncogenic process that will eventually lead to the development
of precancer CIN and invasive cancer. Women with active HPV
infection will express E6/E7 oncogenes. These are required for
malignant transformation, by inhibiting the tumour suppressors
p53 and RB. The E6/E7 mRNA transcripts are detected by mRNA-
based molecular techniques and may therefore be of higher
prognostic value, improving the specificity and positive prognostic
value compared with the HPV DNA testing used in screening. The
most widely used mRNA tests, are the PreTect HPV Proofer assay
(NorChip AS, Klokkarstua, Norway), which detects only five (16, 18,
31, 33 and 45) high-risk HPV types (Chan 1999) and the APTIMA test
(Hologic, Add Cyty, USA), which detect E6/E7 RNA of 14 high-risk
HPV types (Arbyn 2012).

This review will not examine other molecular markers of HPV
infection such as P16 and L1 immunostaining.

Comparator test: Pap test

Until recently, in the developed world, screening for cervical cancer
was carried out by means of cytological examination of a cervical
smear (the Pap test). ASer visualisation of the cervix with the use
of a speculum the specimen is obtained with a sampling device,
usually a spatula or a brush, which is rotated on the cervix. The
collected material is applied to a glass slide (for conventional
cytology) or the sampling device is rinsed in or leS in a preservative
solution (for liquid-based cytology (LBC)).

Cytologists reading the Pap tests usually follow the Bethesda
classification system for reporting cervical cytologic diagnoses
(Solomon 2002). In this system the smears are reported as negative
for intraepithelial lesion or malignancy; atypical squamous cells
of undetermined significance (ASC-US); atypical squamous cells,
cannot exclude high grade lesion (ASC-H); low-grade squamous
intraepithelial lesion (LSIL); high-grade squamous intraepithelial
lesion (HSIL); squamous cell carcinoma; atypical glandular cells
(ACG); adenocarcinoma in situ (AIS); or adenocarcinoma. Women
with an abnormal Pap test should be referred for further
investigation, which includes either repetition of the cytology,
HPV triage or colposcopy (Jordan 2008; Wright 2006). Cervical
smears in the UK are reported using the British Society of Cervical
Cytopathology (BSCC) terminology, which includes the categories
of negative, inadequate, mild dyskaryosis, moderate dyskaryosis,
severe dyskaryosis, possible invasive cancer, glandular neoplasia,
and borderline changes. Women in the UK are referred for
colposcopy if three consecutive smears are reported as inadequate;
two consecutive smears as borderline; or any smear is reported as
mild, moderate or severe dyskaryosis, possible invasive cancer or
glandular neoplasia (NHSCSP 2004).

The European executive policy is that women between the ages of
25 and 65 years are invited to have a cervical smear test every three
to five years (Arbyn 2010). The establishment of a population-based
screening programme with the ideal screening interval involves
considerable infrastructure, workforce and equipment costs, which
can be a barrier for implementation in low- and middle-income
countries.

Rationale

It is proven that 80% of cervical cancer can be prevented by well-
organised, high-quality screening programmes using Pap smears
with three- to five-year screening intervals (IARC 2005). With well-

organised programmes, mortality from the disease can be reduced
by up to 80% (IARC 2005). Some of the Nordic countries are good
examples in this respect (Sigurdsson 1999). On the other hand, in
several countries a decrease in cervical cancer incidence of only
40% to 65% has been documented. There are still countries with
very high death and morbidity rates from this disease and with no
historical decrease in the rates (Arbyn 2009; IARC 2005).

Various shortcomings of cervical cytology screening have been
suggested as the source of this observation. One of them is the
relatively low sensitivity of a single Pap test, even though the
longitudinal sensitivity of repeated cytology is higher. In cancer
screening a high rate of false negative results is a serious weakness.
Therefore a more sensitive screening test is desirable. A systematic
review of cervical screening failures in countries with organised
screening programmes showed that, among the women who
developed cervical cancer, 20% to 55% had had false-negative
smears 0 to 6 years prior to the diagnosis (Spence 2007). However,
this result should be interpreted cautiously as the percentage
of cancers that are cytologically negative is in direct proportion
to screening coverage. In a population with complete coverage
all cervical cancers that still occur would necessarily be due to
screening or follow-up failures.

Apart from the issue of low sensitivity, there are other concerns
about the Pap smear test. There is considerable variation
in the organisation and implementation of cervical cancer
screening programmes within European countries (Anttila 2004).
Infrastructure and resources in health care are not suNicient
in many areas to build up an eNective programme based on
cytology. Even in several high-income countries, a large proportion
of the target women remain totally unscreened (Breitenecker
2004), forming a high-risk group for cervical cancer. Moreover, very
frequent screening intervals of young women may be associated
with growing anxiety, over-treatment and unfounded costs. Finally,
there are concerns about the quality of the Pap test.

Given that HPV is the cause of cervical cancer and that HPV DNA is
detected in virtually all cervical cancers (Walboomers 1999), new
screening techniques based on HPV DNA testing have raised hopes
and expectations for better prevention of the disease. Testing for
HPV DNA is one of the most intensively studied alternatives to
cervical cytology screening. The role of HPV testing has already
been established and its use has gained wide acceptance in certain
areas such as the triage of Pap smears with atypical squamous
cell changes (ASCUS smears) and follow-up aSer treatment (Arbyn
2004; Arbyn 2006). Its role in general population screening is still
being discussed.

O B J E C T I V E S

The main objective of this review was to determine the diagnostic
accuracy of HPV testing for detecting histologically confirmed CIN
2 or worse (CIN 2+), including adenocarcinoma in situ, in women
participating in primary cervical cancer screening; and how it
compares to the accuracy of cytological testing (liquid-based and
conventional) at various thresholds.

Secondary objectives

Secondary objectives of the review were:
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• to determine the accuracy for each test at prespecified
thresholds and the accuracy of diNerent HPV testing techniques;

• to investigate sources of heterogeneity of test accuracy in
the included studies. As possible sources of heterogeneity
we assessed the influence of the following covariates: the
geographical location where the study was conducted, the age
limits of the study population, the number of HPV types that the
HPV test detects, and the likelihood of verification bias.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We looked for comparative test accuracy studies where all
participants had received both HPV testing and cervical cytology
(paired studies) followed by partial or complete verification of the
disease status with the reference standard (see below). Studies
where participants were randomised to receive either only the
index test or only the comparator test were not eligible to be
included. Our review focuses on paired studies because the
comparison of index tests in such studies is (potentially) more valid
because key factors can be held similar, including population and
reference standard procedure.

Participants

Women participating in a cervical cancer screening programme
who were not being followed up for previous cytological
abnormalities. The study population could not be part of a case-
control design (with a predetermined proportion of known disease
positives to known disease negatives). Rather, women had to form
a consecutive series; they had to be recruited as a single group
with their disease status being unknown at the time of recruitment.
The women had to be close to or within the age range suitable for
cervical screening according to international guidelines (20 to 70
years).

Index tests

Only HPV tests that are still currently used in clinical research
practice were considered. These are:

• HC2 or newer improved signal amplification methods;

• PCR using the following primers GP5+/GP6+, MY09/11, SPF10, or
CPI/II;

• Aptima (HPV E6/E7 mRNA testing);

• other techniques that were identified during the search process.

For the HC2 method we considered two thresholds for the
definition of a positive result: 1 pg/mL and 2 pg/mL; and for the
other techniques the threshold used by the researchers.

Comparator tests

For conventional cytology or liquid-based cytology we considered
two thresholds that define an abnormal Pap smear: ASCUS or
worse, and LSIL or worse (Solomon 2002). In studies where
the cytology was reported in other systems (that is the BSCC
terminology or the Second Munich Cytological Classification) we
converted the results to the nearest equivalent in the Bethesda
system (Solomon 2002). We considered the borderline category of
the BSCC and the Pap IIw category of the Munich classification
as equivalent to the ASC-US category. We considered the mild

dyskaryosis category of the BSCC and the Pap IIID category of the
Munich classification as equivalent to the LSIL category.

Target conditions

The target condition was high grade CIN 2 or worse. Some studies
used the threshold of CIN 3. We included these in the review but
analysed them separately.

Reference standards

As a reference standard, we used the combination of colposcopy
and histology. If colposcopy was normal, we did not require a
histologic result for proof of absence of disease. If colposcopy
was abnormal and a biopsy was taken, then we used the
histologic result as the reference standard. We assumed that
the histologic examination of material obtained by colposcopy-
directed biopsy, loop excision or endocervical curettage provided
complete assessment of the considered disease status.

Colposcopy as a reference standard is a subjective examination
and has low sensitivity for the detection of small CIN 3 lesions
(Jeronimo 2006). On the other hand its performance in quality-
assured settings is not at all insensitive for clinically important
CIN 3. The ideal reference standard for the evaluation of a cervical
screening test would be the excision of the whole transformation
zone and its subsequent histopathological examination. Given that
such a procedure in healthy women is ethically unjustifiable, due
to its morbidity, studies have to rely on colposcopy with directed
biopsies even with its limitations.

In this review we included studies where the reference standard
was used in one of three ways:

• applied to all women;

• applied to all women with a positive screening test and to a
random sample of screen-negative women in order to correct for
verification bias;

• restricted to those with a positive screening test.

This last category of studies is prone to verification bias if the
double test negatives are considered to be true negatives. However,
verification bias will be limited when one of the screen tests is very
sensitive. These studies can produce unbiased estimates of relative
sensitivity and relative false positive rates (Arbyn 2009a; Schatzkin
1987).

Search methods for identification of studies

Electronic searches

We performed a systematic literature search of articles (1992 to
November 2015) that contained quantitative data. We started our
search from 1992 because HPV testing for clinical use was not
introduced until a few years later.

We retrieved articles from the electronic bibliographic databases:

• MEDLINE, through PubMed (January 1992 to November 2015);

• Embase (January 1992 to November 2015).

The search strategies for MEDLINE and Embase are given in
Appendix 1. The service provider that we used to access Embase
was Ovid. We used studies that we had identified as relevant as
seeds in Scopus to identify articles citing the relevant studies, and
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used the 'related articles' feature in PubMed, to retrieve articles
which were similar in terms of keywords and database subject
headings to the original included studies.

The search was restricted to articles written in the English language.

Searching other resources

We checked the reference lists of articles identified as relevant for
additional relevant articles, and the reference lists of these were
in turn checked for relevance. We contacted authors of relevant
articles in order to obtain missing data.

Data collection and analysis

Selection of studies

One review author (GK) assessed the titles and abstracts from
the literature search to determine whether they met the eligibility
criteria. If there was any doubt we retrieved the full text of the
article. Another review author (PMH) then reviewed the search
results and the articles detected by the first review author in order
to increase the specificity of the search. For any disagreements the
third review author (MA) was consulted. The selection process was
not blind (that is the names of the authors and institutions were not
concealed). A list of the excluded studies is provided including the
reasons for exclusion (Characteristics of excluded studies).

Data extraction and management

One review author (GK) collected data on the following using an
electronic data collection form:

• study design;

• number of participants;

• age range of participants;

• threshold for the definition of a positive screening result;

• index and comparator tests;

• method used as reference standard;

• threshold used for the definition of disease (e.g. CIN 2+, or CIN
3+);

• the number of true positives, false positives, true negatives, and
false negatives in a 2 x 2 table completed for each screening test
used in each study.

A second review author (PMH) double-checked the electronic data
collection form.

Assessment of methodological quality

To assess the methodological quality of the included studies,
two review authors (GK, PMH) used the 'Quality Assessment of
Diagnostic test Accuracy Studies (QUADAS) tool (Whiting 2003). The
results for each study are presented in table form. The application
of QUADAS items to the current review is explained in Appendix 2.

Statistical analysis and data synthesis

We extracted the numbers of true positives, false negatives,
false positives and true negatives defined at the considered
thresholds from each study. We calculated the absolute and relative
sensitivities and the specificities of the tests for the detection of CIN
2+ and CIN 3+ at various thresholds and we computed sensitivity
(TP/(TP + TN) and specificity (TN/ (TN + FP) separately for each test.
Relative sensitivity and specificity of one test compared to another

test were defined as sensitivity of test-1 over sensitivity of test-2 and
specificity of test-1 over specificity of test-2, respectively.

We used a bivariate random-eNects model analysis (BRMA) as
has been described by Chu 2006 and Reitsma 2005. The BRMA
preserves the two-dimensional nature of the original data. It
allows the meta-analyst to take into account the within- and
between-study variability and the intrinsic correlation between
sensitivity and specificity. When there were only three studies,
a reduced BRMA model with zero covariance component was
fitted (univariate random-eNects model; URMA). When there were
only two studies, we further reduced the BRMA by excluding the
random-eNects to a univariate fixed-eNects model (UFMA). The
BRMA, URMA and UFMA were all programmed and fitted using SAS
PROC NLMIXED in SAS 9.4 (SAS 9.4; Takwoingi 2010). We performed
direct comparison, comparing two tests, by including one test
as a covariate in the BRMA model. We first derived the relative
measures from the parameters of the models in the log scale
and later exponentiated. Using STATA 14 (STATA 14), the binomial
distribution using the cii command was used to compute the exact
confidence intervals when there was only one study. The standard
errors for the log relative sensitivity and specificity were obtained
using the delta method, which was internally implemented in SAS.
For one study, the asymptotic standard error of the log relative
sensitivity and specificity was computed in STATA 14. The resulting
95% Wald confidence intervals for the log relative sensitivity
and specificity were subsequently exponentiated to yield relative
accuracy measures within the 0 to infinity range.

Given that heterogeneity is likely to be present in many meta-
analyses, we considered that a mixed model that uses all of the
available data seemed preferable to conducting multiple analyses
on subsets of the data using a range of statistical methods. In
particular, in the studies where a random sample of test negatives
was verified (Reference standards category 2) we did not put the 2 x
2 data directly into Review Manager 5 (RevMan 5) but first calculated
the adjusted number of screening test true and false positives and
negatives given the proportion of the verified population (RevMan
2014).

Investigations of heterogeneity

For investigation of the sources of heterogeneity, we performed
multiple BRMA regressions, each one including one covariate.
The covariates that we considered for such analyses were the
geographical location where the study was conducted (continent or
sub-continent), the age limits of the study population, the number
of HPV types that the HPV test detects, and the likelihood of
verification bias.

The possible eNect of some other important possible quality-
related variables that could cause heterogeneity, such as the
type of cytology (liquid-based or conventional), the type of HPV
testing (HC2 or PCR), and the positivity thresholds was avoided
by considering conventional cytology, LBC, HC2, PCR at diNerent
thresholds as separate tests.

Sensitivity analyses

We performed a separate analysis on the accuracy of HPV testing
in women over 30 years of age. Studies where the population was
strictly over 30 years of age were included in this analysis. This age
group was selected as the likelihood of persistent HPV infection and
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subsequent development of (pre-cancer) is substantially higher in
women older than 30.

R E S U L T S

Results of the search

Total hits from MEDLINE: 9387

Total hits from Embase: 9934

The PRISMA flow chart with details of the results of the search, the
exclusions and the inclusions is given in Figure 1 (Moher 2009).
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Figure 1.   Study flow diagram detailing the number of the initially retrieved articles and consequent exclusions
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Ultimately 40 studies were included in this systematic review, which
used the following tests.

• Conventional cytology was used in 22 studies

• Liquid-based cytology in 20 studies

• HC2 for HPV DNA testing was used in 27 studies

• HC2+4 for HPV DNA testing (an expanded version of HC2 that
tests for 4 additional HPV types) in one study

• PCR for HPV DNA testing in 10 studies

• The Cobas HPV DNA test in two studies

• The Care HPV DNA test in two studies

• The SNIPER HPV DNA test in one study

• The NASBA HPV E6/E7 mRNA test in one study

• The Aptima HPV E6/E7 mRNA test in four studies

Regarding the geographical location of the studies, 18 studies took
place in European countries, three studies were in Africa, four
studies in Central and South America, 10 studies in Asia (China and
India), two studies in the Pacific, and three studies in North America.
The earliest study was published in 1995, with the majority of the
studies published between 2002 and 2011.

Methodological quality of included studies

A description of each QUADAS item is given in Appendix 2. The
first QUADAS item was answered 'yes' (i.e. the tests are done on a
random sample of women within the cervical screening age range
(20 to 70 years) not being followed up for cervical abnormalities)
in 37 of the 40 studies. An appropriate reference standard (QUADAS
3) was used in all studies (colposcopy with directed biopsies as
minimum). The fourth QUADAS item (i.e. the total interval between
cytology, HPV testing and verification with the reference standard
was less than 12 weeks) was answered 'yes' in 38 of the40 studies,
the fiSh (i.e. all women or at least a random sample of all women
tested with cytology or HPV testing had disease status verification
by the reference standard) in 26 of the 40 studies, the sixth (i.e. all
women who had disease status verification, had this done by the
same method) in 39 of the 40 studies, the seventh (i.e. the reference
standard used for disease status verification is not composed in any
part by cervical cytology or HPV testing) in 39 of the 40 studies, the
tenth (i.e. the cytologists and the technicians interpreting the Pap
smear and the HPV test were not aware of the colposcopy/biopsy
results) in 19 of the 40 studies, the eleventh (i.e. the colposcopists
and the pathologists were not aware of the cytology and HPV test
results when interpreting the results of the reference standard)

in 34 of the 40 studies, the twelSh (i.e. the cytologist was aware
of the woman's basic history) in 2 of the 40 studies (this item
was scored yes only if it was explicitly stated in the study that
the cytologists were given the relevant information about each
woman), the thirteenth (i.e. the numbers of inadequate cytology
and HPV test results are given) in 29 of the 40 studies, and the
fourteenth (i.e. it is clear what happened to all participants who
entered the study including the withdrawals) in 34 of the 40 studies.

The criteria that were the hardest to be scored as 'yes' in this meta-
analysis were the fiSh, the tenth, the twelSh and the thirteenth.
The fiSh criterion (was partial verification avoided?) was answered
'no' in 14 studies that applied the reference standard (colposcopy)
only to women with a positive screening test (Belinson 2003;
Belinson 2010; Clavel 2001; Cuzick 1995; Cuzick 1999; Labani
2014; McAdam 2010b; Naucler 2009, Nieves 2013; Ronco 2006,
Salmeron 2003; Shipitsyna 2011; Syrjanen 2002; Wu 2010). The
tenth criterion (were the reference standard results blinded?)
was answered 'no' in 11 studies where colposcopists were aware
of the cytology or the HPV test results, and 'unclear' in 10
studies where there was no specific mention in the paper. The
twelSh criterion (relevant clinical information given to the people
reporting the screening test?) was answered as 'unclear' in 38
studies, as most papers did not clarify whether the cytologists
were given the routine information required for the reporting of a
Pap smear (last menstrual period, relevant smear history, age etc).
The thirteenth criterion (were un interpretable results reported?)
was answered as 'no' or 'unclear' in 11 studies where there was
no mention on the numbers of inadequate smears and invalid
HPV assays Figure 2. There were 23 studies with two or fewer
items answered 'no' or 'unclear' (Agorastos 2005; Agorastos 2015;
Belinson 2003; Cardenas-Turanzas 2008; Castle 2011a; Cuzick 1995;
Cuzick 1999; Cuzick 2003; de Cremoux 2003; Ferreccio 2013; Gravitt
2010; ISner 2015; Mahmud 2012; McAdam 2010a; Monsonego 2011;
Kulasingam 2002; Li 2009; Moy 2010; Pan 2003; Petry 2003; Qiao
2008; Sankaranarayanan 2004a; Schneider 2000). On the other
hand there seven studies with more than three items answered 'no'
or unclear (Clavel 2001; Depuydt 2011; Hovland 2010; Labani 2014;
McAdam 2010b; Sarian 2005; Syrjanen 2002) (Figure 3). Overall
the impression of the reviewers was that there was an adequate
number of good quality studies for the completion of this meta-
analysis. Two issues that reduced the quality of many studies were
the issue of verification bias (QUADAS 5) and the issue of the
blinding of the reference standard. The first was addressed in a
sensitivity analysis
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Figure 2.   Methodological quality graph: review authors' judgements about each methodological quality item
presented as percentages across all included studies
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Figure 3.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study
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Figure 3.   (Continued)

 

Findings

Cervical cytology

Conventional cytology (CC) at the threshold of ASCUS+ for the
detection of CIN 2+ and CIN 3+

There were 16 cross-sectional studies assessing CC for the detection
of CIN 2+ (Data table 1) with 61,099 participants. Nine studies
were conducted in Europe, two in Africa, two in Asia, one in North
America, and two in Central and South America. Seven studies
were undertaken in a population aged strictly over 30 years. The
median sample size was 2256 (range 305 to 10,358) and the median
prevalence of CIN 2+ was 1.66% (range 0.3% to 4.9%). The earliest
study was published in 1995, with the majority published between
2003 and 2010.

There were nine cross-sectional studies assessing CC using the
threshold of CIN 3+ (Data table 2) with 51,857 participants. Four
studies were conducted in Europe, two in Asia, one in Africa and
two in Central and South America. Six studies were undertaken in a
population aged strictly over 30 years. The median sample size was
6194 (range 1386 to 10,358) and the median prevalence of CIN 3+
was 0.8% (range 0.2% to 1.5%) The earliest study was published in
1999, with the majority published between 2003 and 2010.

Sensitivity of CC ranged from 43% to 96% (pooled 65.9% (95% CI
54.9 to 75.3)) for the outcome CIN 2+ and from 39% to 85% (pooled
70.3% (95% CI 57.9 to 80.3)) for the outcome CIN 3+. The specificity
ranged from 86% to 98% (pooled 96.3% (95% CI 94.7 to 97.4)) for
CIN 2+ and 85% to 98% (pooled 96.7% (95% CI 94.6 to 98.0)) for CIN
3+ Table 1.

CC at the threshold of LSIL+ for the detection of CIN 2+ and CIN
3+

There were nine cross-sectional studies assessing CC for the
detection of CIN 2+ (Data table 3) with 41,494 overall participants.
Four studies were conducted in Europe, three in Africa, one in
Asia, and one in Central and South America. Three studies were
undertaken in a population aged strictly over 30 years. The median
sample size was 2199 (range 305 to 10,591) and the median
prevalence of CIN 2+ was 2% (range 0.8% to 9.5%). The earliest
study was published in 2001, with the majority published between
2004 and 2011.

There were five cross-sectional studies assessing CC using the
threshold of CIN 3+ (Data table 4) with 35,648 overall participants.
Two studies were conducted in Europe, one in Asia, one in
Africa and one in Central and South America. Two studies were
undertaken in a population aged strictly over 30 years. The median
sample size was 10,138 (range 1386 to 10,591) and the median
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prevalence of CIN 3+ was 1% (range 0.7% to 1.5%). The earliest
study was published in 2002, with the majority published between
2002 and 2005.

Sensitivities of the tests ranged from 18% to 89% (pooled 62.8%,
95% CI 46.8% to 76.5%) and 64% to 80% (pooled 74.4%, 95% CI
67.8% to 80.1%). Specificities ranged from 92% to 100% (pooled
97.7%, 95% CI 96.1% to 98.7%) and 95% to 98% (pooled 96.9%,
95 % CI 94.9% to 98.1%) for the detection of CIN 2+ and CIN 3+,
respectively.

Liquid-based cytology (LBC) at the threshold of ASCUS+ for the
detection of CIN 2+ and CIN 3+

There were 15 cross-sectional studies assessing LBC for the
detection of CIN 2+ (Data table 5) with 82,003 overall participants.
Seven studies were conducted in Europe, one in Africa, six in
Asia, and one in North America. Five studies were undertaken in a
population aged strictly over 30 years. The median sample size was
3843 (range 301 to 16,516) and the median prevalence of CIN 2+ was
2.3% (range 0.4% to 5%). The earliest study was published in 2001,
with the majority published between 2006 and 2011.

There were 13 cross-sectional studies assessing LBC using the
threshold of CIN 3+ (Data table 6) with 71,919 overall participants.
Five studies were conducted in Europe, five in Asia, one in Central
and South America and one in North America. Five studies were
undertaken in a population aged strictly over 30 years. The median
sample size was 3843 (range 979 to 16,516) and the median
prevalence of CIN 3+ was 0.9% (range 0.2% to 3.5%). The earliest
study was published in 2002, with the majority published between
2009 and 2011.

Sensitivities of the tests ranged from 52% to 94% (pooled 75.5%,
95% CI 66.6% to 82.7%) and 52% to 98% (pooled 76.0%, 95% CI
64.7% to 84.5%) for the detection of CIN 2+ and CIN 3+ respectively.
Specificities ranged from 73% to 97% (pooled 91.9%, 95% CI 90.1%
to 90.5%) for detection of CIN 2+ and from 73% to 97% (pooled
91.2%, 95% CI 90.1 to 90.5%) for CIN 3+.

LBC at the threshold of LSIL+ for the detection of CIN 2+ and CIN
3+

There were 10 cross-sectional studies assessing LBC for the
detection of CIN 2+ (Data table 7) with 33,519 overall participants.
Three studies were conducted in Europe, one in Africa, four in Asia,
and two in Oceania and Pacific. Six studies were undertaken in a
population aged strictly over 30 years. The median sample size was
2475 (range 301 to 9451) and the median prevalence of CIN 2+ was
3.6% (range 1% to 5.3%). The earliest study was published in 2003,
with the majority published between 2009 and 2011.

There were five cross-sectional studies assessing LBC using the
threshold of CIN 3+ (Data table 8) with 21,166 overall participants.
Three studies were conducted in Europe, and two in Asia. Three
studies were undertaken in a population aged strictly over 30 years.
The median sample size was 2905 (range 1993 to 9451) and the
median prevalence of CIN 3+ was 0.9% (range 0.4% to 2.2%). The
earliest study was published in 2003, with the majority published
between 2008 and 2011.

Sensitivities of the tests ranged from 42% to 87% (pooled 70.3%,
95% CI 59.7% to 79.1%) and 48% to 93% (pooled 71.9%, 95%
CI 61.2% to 76%). Specificities ranged from 90% to 98% (pooled

96.2%, 95% CI 94.6% to 97.4%) and 92% to 98% (pooled 96.1%,
95% CI 93.5% to 97.6%) for the detection of CIN 2+ and CIN 3+,
respectively.

HPV testing

Hybrid capture II (HC2) at the threshold of 1 pg/mL for the
detection of CIN 2+ and CIN 3+

There were 25 cross-sectional studies assessing HC2 for the
detection of CIN 2+ (Data table 9) with 138,230 overall participants.
Nine studies were conducted in Europe, two in Africa, eight in Asia,
one in North America, two in Oceania and Pacific, and three in
Central and South America. Thirteen studies were undertaken in a
population aged strictly over 30 years. The median sample size was
4195 (range 491 to 16,410) and the median prevalence of CIN 2+ was
1.8% (range 0.5 to 10.1%). The earliest study was published in 2001,
with the majority published between 2001 and 2008.

There were 19 cross-sectional studies assessing HC2 for the
detection of CIN 3+ (Data table 10) with 120,380 overall participants.
Seven studies were conducted in Europe, seven in Asia, one in
Africa and four in Central and South America. Nine studies were
undertaken in a population aged strictly over 30 years. The median
sample size was 4429 (range 1352 to 16,410) and the median
prevalence of CIN 3+ was 0.8% (range 0.2% to 2.2%). The earliest
study was published in 2002, with the majority published between
2002 and 2008.

Sensitivities of the tests ranged from 61% to 100% (pooled 92.6%,
95% CI 89.6% to 95.3%) and 81% to 100% (pooled 96.5%, 95%
CI 94% to 97.9%). Specificities ranged from 64% to 95% (pooled
89.3%, 95% CI 87% to 91.2%) and 69% to 95% (pooled 89.2%,
95% CI 86.7% to 91.3%) for the detection of CIN 2+ and CIN 3+,
respectively.

HC2 at the threshold of 2 pg/mL for the detection of CIN 2+ and
CIN 3+

Only two cross-sectional studies reported diagnostic data on HC2
at the threshold of 2 pg/mL for the detection of CIN 2+ (Data table
11) and CIN 3+ (Data table 12) with 26,768 overall participants.
Sensitivity was 96% in both studies for the detection of CIN 2+
and specificity was similar at 94% and 95%. The sensitivity and
specificity when HC2 was assessed at the threshold of 2 pg/mL for
the detection of CIN 3+ was nearly identical to the test for detection
of CIN 2+ (sensitivity was 95% and 96% in the two studies and
specificity was 94% and 95%).

Polymerase chain reaction (PCR) for 13 high-risk types or more
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) for the
detection of CIN 2+ and CIN 3+

There were six cross-sectional studies assessing PCR for 13 high-risk
types for the detection of CIN 2+ (Data table 13) with 16,343 overall
participants. Four studies were conducted in Europe, one in Africa,
and one in Asia. Two studies were undertaken in a population aged
strictly over 30 years. The median sample size was 2100 (range 313
to 6089) and the median prevalence of CIN 2+ was 2% (range 0.3%
to 5%). The earliest study was published in 2000, with the majority
published between 2009 and 2011.

There were four cross-sectional studies assessing PCR for 13 high-
risk types for the detection of CIN 3+ (Data table 14) with 14,048
overall participants. Two studies were conducted in Europe, one in
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Asia, and one in North America. Two studies were undertaken in a
population aged strictly over 30 years. The median sample size was
3490 (range 979 to 6089) and the median prevalence of CIN 3+ was
1.3% (range 0.8% to 3.3%). The earliest study was published in 2002,
with the majority published between 2009 and 2011.

Sensitivities of the tests ranged from 75% to 100% and 88% to
100%, specificities from 85% to 97% and 79% to 94% for the
detection of CIN 2+ and CIN 3+, respectively.

PCR for 10 to 11 high-risk types for the detection of CIN 2+ and
CIN 3+

Only two cross-sectional studies reported diagnostic data on PCR
for 10 to 11 high-risk types for the detection of CIN 2+ (Data table
15) with 3964 overall participants, and just one study for CIN 3+
(Data table 16). Sensitivity was 74% and 89% in both studies for
the detection of CIN 2+ and specificity was 95% and 79%. The
sensitivity and specificity for the detection of CIN 3+ was 79% and
95%, respectively.

Aptima (HPV E6/7 mRNA testing) for the detection of CIN 2+ and
CIN 3+

Three cross-sectional studies reported diagnostic data on Aptima
for the detection of CIN 2+ (Data table 17) with 15,895 overall
participants and four reported data on CIN 3+ (Data table 18) with
17,944 overall participants. Sensitivity range was 91% to 100%
(pooled 92.7%, 95% CI 31.7% to 99.7%) for the detection of CIN
2+ and 93% to 100% (pooled 96%, 95% CI 72.9% to 99.5%) for the
detection of CIN 3+. Specificity range for CIN 2+ was 91% to 97%
(pooled 93.3%, 95% CI 47.3% to 99.5%) and for CIN 3+ 90% to 96%
(pooled 92.8%, 95% CI 86.2% to 96.3%).

Cobas HPV test

Two cross-sectional studies reported diagnostic data on Cobas for
the detection of CIN 2+ Data table 24 and CIN 3+ Data table 25 with
11,666 overall participants. Sensitivity range for CIN 2+ was 88% to
100% and 92% to 100% for CIN 3+. Specificity range was 58% to 90%
for CIN 2+ and 57% to 90% for CIN 3+.

Other tests

Only single studies reported diagnostic data on the following tests;
PCR for four high-risk types for CIN 2+ (Data table 19), care HPV test
(0.5 pg/mL) for CIN 2+ (Data table 20) and CIN 3+ (Data table 21)),
care HPV test (1 pg/mL) for CIN 2+ (Data table 22) and CIN 3+ (Data
table 23), NASBA (five types (Data table 26) and nine types (Data
table 27)) for CIN 2+ and HC2+4 (1 pg/mL) for CIN 2+ (Data table 28)
and CIN 3+ (Data table 29). Of these single study tests, sensitivity
was lowest (81%) in the NASBA (five types) for CIN 2+ and highest
(94%) in the NASBA (nine types) for CIN 2+. Similarly, specificity was
lowest (83%) in the care HPV test (0.5 pg/mL) for CIN 3+ and highest
(97%) in the NASBA (five types) for CIN 2+.

Comparisons between cervical cytology and HPV testing for
detection of CIN 2+ and CIN 3+

Comparisons could not be made for all tests, as the number of
studies evaluating some of the test types were inadequate to
provide stable ROC estimates (mainly analyses which included
fewer than four studies). HPV testing for all or most high-risk
HPV types such as HC2 or certain PCR assays had higher pooled
sensitivity for CIN 2+ or CIN 3+ than CC or LBC at any threshold
(ASCUS or LSIL). The pooled sensitivity of LBC was higher than CC.
Conversely HPV testing had lower pooled specificity than cytology
at any threshold (ASCUS or LSIL), with the diNerence being more
evident with CC rather than LBC. We did not compare tests when
there were fewer than two studies presenting paired data Table 2.

When restricting the analysis only for studies with a population
strictly over age 30, HC2 had slightly improved sensitivity and
specificity for CIN 2+.

CC at cut-o6 ASCUS versus HC2

There were nine studies comparing conventional cytology (ASCUS
+) to HC2 (1 pg/mL) for the detection of CIN 2+ (Figure 4) and six
studies for CIN 3+ (Figure 5). Only the Cuzick 2003 study examined
the accuracy of conventional cytology (ASCUS+) versus HC2 (2 pg/
mL) for detection of both CIN 2+ and CIN 3+.
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Figure 4.   Summary ROC plot of 2 tests for detection of CIN 2+ (verified with histology): Conventional Cytology
(ASCUS+) and HPV testing with hybrid capture 2 (1pg/mL). The black and red solid circles correspond to the
summary estimates of sensitivity and specificity, and are shown with a 95% confidence region.
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Figure 5.   Summary ROC plot of 2 tests for detection of CIN 3+ (verified with histology): Conventional Cytology (CC)
(ASCUS+) and HPV testing with hybrid capture (HC) 2 (1pg/mL). The black and red solid circles correspond to the
summary estimates of sensitivity and specificity, and are shown with a 95% confidence region.

 
The HC2 test at the 1 pg/mL threshold appeared to be a better test
than CC at the threshold of ASCUS (for CIN 2+) in terms of summary
(S)ROC curve, and the meta-analytic sensitivity was considerably
lower than in the HC2 tests. However, the specificity was slightly
higher in the CC ASCUS test compared to the HC2 tests.

The relative sensitivity of HC2 versus CC for CIN 2+ was 1.52 (95%
CI: 1.24 to 1.86) and the relative specificity 0.94 (95% CI 0.92 to
0.96).The relative sensitivity of HC2 versus CC for CIN 3+ was 1.46

(95% CI 1.12 to 1.91) and the relative specificity 0.95 (95% CI 0.93
to 0.97).

CC ASCUS versus PCR (for more than 12 high-risk types)

There were three studies comparing CC (ASCUS+) to PCR for the
detection of CIN 2+ (Figure 5) and just one (Naucler 2009) for CIN 3+.
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The PCR SROC curve for detection of CIN 2+ appeared to indicate
a better test than CC (ASCUS+) but this was only based on three
studies that oNered paired data. The meta-analytic sensitivity and
specificity were reasonably high and the PCR test seemed to have
better overall discrimination than the CC test. The specificity in the
CC test was very high but sensitivity was too low to make this test
acceptable based on the limited data available.

The relative sensitivity of PCR (more than 12 types) versus CC for
CIN 2+ was 1.37 (95% CI 0.58 to 3.21) and the relative specificity was
0.95 (95% CI 0.76 to 1.19). The relative sensitivity of PCR (more than

12 types) versus CC for CIN 3+ was 1.30 (95% CI 1.09 to 1.54) and the
relative specificity was 0.95 (95% CI 0.94 to 0.96).

CC LSIL versus HC2

There were six studies comparing conventional cytology (LSIL+) to
HC2 (1 pg/mL) for the detection of CIN 2+ (Figure 6) and five studies
for CIN 3+ (Figure 7). Only the Cuzick 2003 study examined the
accuracy of CC (LSIL+) versus HC2 (2 pg/mL) for detection of CIN 2+.
There were no studies reporting data with CIN 3+ outcome for this
test comparison.
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Figure 6.   Summary ROC plot of 2 tests for detection of CIN 2+ (verified with histology): Conventional Cytology
(CC) (LSIL+) and HPV testing with hybrid capture (HC) 2 (1pg/mL). The black and red solid circles correspond to the
summary estimates of sensitivity and specificity, and are shown with a 95% confidence region.
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Figure 7.   Summary ROC plot of 2 tests for detection of CIN 3+ (verified with histology): Conventional Cytology
(CC) (LSIL+) and HPV testing with hybrid capture (HC) (1pg/mL). The black and red solid circles correspond to the
summary estimates of sensitivity and specificity, and are shown with a 95% confidence region.

 
The SROC curves show that both tests are not accurate at correctly
classifying women with and without the disease. Although the
meta-analytic sensitivity was higher in the HC2 tests compared to
the CC test, the specificity was considerably lower. Specificity was
very high in the CC test but sensitivity was not at an acceptable
level.

The relative sensitivity of HC2 versus CC for CIN 2+ was 1.28 (95%
CI 1.15 to 1.41) and the relative specificity was 0.91 (95% CI 0.87 to

0.95).The relative sensitivity of HC2 versus CC for CIN 3+ was 1.22
(95% CI 1.12 to 1.32) and the relative specificity was 0.91 (95% CI
0.87 to 0.95).

CC LSIL versus PCR (for more than 12 high-risk types)

There were two studies comparing CC (LSIL+) to PCR for the
detection of CIN 2+ and none for CIN 3+. From the SROC the PCR test
seemed far superior at detecting CIN 2+ compared to the CC test,
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but this was only based on two studies so it is diNicult to draw any
conclusions.

LBC ASCUS versus HC2

There were 10 studies comparing LBC (ASCUS+) to HC2 (1 pg/mL)
for the detection of CIN 2+ (Figure 8) and seven studies for CIN 3+

(Figure 9). Only the Ronco 2006 study examined the accuracy of LBC
(ASCUS+) versus HC2 (2 pg/mL) for detection of both CIN 2+ and CIN
3+.

 

Figure 8.   Summary ROC plot of 2 tests for detection of CIN 2+ (verified with histology): Liquid Based Cytology (LBC)
(ASCUS+) and HPV testing with hybrid capture (HC) 2 (1pg/mL). The black and red solid circles correspond to the
summary estimates of sensitivity and specificity, and are shown with a 95% confidence region.
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Figure 9.   Summary ROC plot of 2 tests for detection of CIN 3+ (verified with histology): Liquid Based Cytology (LBC)
(ASCUS+) and HPV testing with hybrid capture (HC) 2 (1pg/mL). The black and red solid circles correspond to the
summary estimates of sensitivity and specificity, and are shown with a 95% confidence region.

 
The HC2 SROC curves at all thresholds appeared to represent good
tests, whereas the LBC test at the threshold of ASCUS (for both CIN
2+ and CIN 3+) appeared inferior. The meta-analytic sensitivity was
considerably lower than in the HC2 tests whereas the specificity is
not much lower in the HC2 test compared to LBC. The HC2 tests
appeared to have better overall discrimination.

The relative sensitivity of HC2 versus LBC for CIN 2+ was 1.18 (95%
CI 1.10 to 1.26) and the relative specificity was 0.96 (95% CI 0.95 to

0.97). The relative sensitivity of HC2 versus LBC for CIN 3+ was 1.17
(95% CI 1.07 to 1.28) and the relative specificity was 0.96 (95% CI
0.95 to 0.97).

LBC ASCUS versus PCR (for more than 12 high-risk types)

There were three studies comparing LBC (ASCUS+) to PCR for the
detection of CIN 2+ (Figure 10) and three for CIN 3+.
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Figure 10.   Summary ROC plot of 2 tests for detection of CIN 2+ (verified with histology): Liquid Based Cytology
(LBC) (LSIL+) and HPV testing by hybrid capture (HC) 2 (1pg/mL). The black and red solid circles correspond to the
summary estimates of sensitivity and specificity, and are shown with a 95% confidence region.

 
From the SROC the PCR test seemed superior at detecting CIN 2+
compared to the LBC test, but this was only based on two studies so
it is diNicult to draw any conclusions. The meta-analytic sensitivity
was very high for detection of CIN 2+ and CIN 3+ but specificity was
much lower, based on these limited data. Sensitivity in the LBC test
was very low.

The relative sensitivity of PCR (more than 12 types) versus LBC for
CIN 2+ was 1.53 (95% CI 0.53 to 4.44) and the relative specificity was
0.90 (95% CI 0.82 to 0.99).The relative sensitivity of PCR (more than
12 types) versus LBC for CIN 3+ was 1.47 (95% CI 0.64 to 3.35) and
the relative specificity was 0.94 (95% CI 0.80 to 1.09).
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LBC LSIL versus HC2

There were eight studies comparing LBC (LSIL+) to HC2 (1 pg/mL)
for the detection of CIN 2+ (Figure 9) and four studies for CIN 3+. No
study examined the accuracy of LBC (LSIL+) versus HC2 (2 pg/mL)
for detection of CIN 2+ or CIN 3+.

The HC2 SROC curves at all thresholds appeared very sensitive,
but specificity was lower. The LBC tests at the threshold of LSIL
(for both CIN 2+ and CIN 3+) appeared superior in specificity but
sensitivity was too low. The HC2 test appeared to have better overall
discrimination.

The relative sensitivity of HC2 versus LBC for CIN 2+ was 1.35 (95%
CI 1.19 to 1.53) and the relative specificity was 0.92 (95% CI 0.89 to
0.95).The relative sensitivity of HC2 versus LBC for CIN 3+ was 1.30
(95% CI 0.49 to 1.96) and the relative specificity was 0.92 (95% CI
0.84 to 1.00).

LBC LSIL versus PCR (for more than 12 high-risk types)

There were two studies comparing LBC (LSIL+) to PCR for the
detection of CIN 2+ and one (Depuydt 2011) for CIN 3+.

From the SROC the PCR test seemed superior at detecting CIN 2+
compared to the LBC test, but this was only based on two studies
so it is diNicult to draw any conclusions.

LBC ASCUS versus APTIMA

There were three studies comparing LBC (ASCUS+) to APTIMA for
the detection of CIN 3+.

The APTIMA test appeared to have superior sensitivity to LBC with
similar specificity. The relative sensitivity of APTIMA versus LBC for
CIN 3+ was 1.30 (95% CI 0.49 to 3.41) and the relative specificity was
0.98 (95% CI 0.93 to 1.04).

Investigations of heterogeneity

The influence of factors on the accuracy of HC2 (defined at cut-oN 1
pg/mL) for CIN 2+, and CIN 3+, assessed by bivariate random-eNects
meta-analyses with one covariate each time is shown in Table 3. The
sensitivity was significantly higher in studies enrolling women older
than 30 years than in studies enrolling women of any age: relative
sensitivity of 1.13 (95% CI 1.03 to 1.25) and 1.10 (95% CI 1.02 to 1.19)
for outcomes CIN 2+ and CIN 3+, respectively. The specificity was
also higher in women older than 30 years, but the diNerence was
only significant for the outcome CIN 3+ (relative specificity of 1.04,
95% CI 1.00 to 1.08.

The sensitivity was higher in studies with high versus low risk for
verification bias, but the diNerence was only significant for the
outcome of CIN 3+ (relative sensitivity of 1.09, 95% CI 1.01 to 1.18).
The specificity estimates were not aNected by risk of verification
bias.

To assess geographical eNect, locations were recorded as high-
income (North-America, Australia/New Zealnd, Europe) or middle-
and low-income (other countries). We could not identify any
significant eNects on accuracy estimates.

The eNect of the number of HPV types targeted by the HPV assay
could not be assessed for HC2, since this test always detects 13 high-
risk types. Also for other assays, insuNicient data were available to
assess the eNect of the number of types by BRMA analyses.

Sensitivity analysis

The pooled sensitivity and specificity of HC2 at threshold of 1 pg/
mL for CIN 2+ was 89.0% (95% CI 81.1% to 93.9%) and 88.6% (95%
CI 84.2% to 91.9%), respectively, when the meta-analysis included
only the 11 studies where the reference standard was used on all
women (Data table 28). The sensitivity and specificity of CC or LBC
at cut-oN ASCUS+ for CIN 2+, pooled from nine studies (Data table
29), where all women were submitted to the reference standard,
was 72.2% (95% CI 57.5% to 83.3%) and 93.6% (95% CI 88.9% to
96.4%).

When the meta-analysis was restricted to 13 studies where only
women of age 30 or older were enrolled (Data table 30), the pooled
sensitivity of HC2 at 1 pg/mL for CIN 2+ was 93.9% (95% CI 89.3% to
96.6%), whereas the specificity for CIN 1 or below at the same cut-
oN was 91.3% (95% CI 88.9% to 93.2%).

Influence of the number of types targeted by HPV assays is included
in the results by HPV test (see above). HC2 always included 13
high-risk types, APTIMA and Cobas 4800 always included 14 types.
Several distinct PCR-based assays were used targeting diNerent
high-risk HPV types: four high-risk HPV types in one study (Cuzick
1995), 10-11 high-risk HPV types in two studies (Cuzick 1999,
Paraskevaidis 2001) and 13 or more HPV types in six studies (Data
table 13). All these PCR systems were distinct assays, so the eNect
of the choice and number of high-risk HPV types could not be
assessed separately from the test platform. Only for the NASBA test
did we retrieve one study where the same assay targeted five types
(HPV16, 18, 31, 33 and 45) or nine types (the same five types plus
HPV35, 51, 52 and 58). The sensitivities were 13/16 (81%) and 15/16
(94%) and the specificities were 287/297 (97%) and 279/297 (84%),
respectively.

D I S C U S S I O N

Summary of main results

We evaluated the accuracy of two cervical cancer screening
methods: cervical cytology and HPV testing in a large body of
clinical studies. We focused mainly on the sensitivity and the
specificity of the tests. Predictive values depend on the local
disease prevalence, and therefore generalisation of the results is
usually of limited value.

The results show that the HC2 and the PCR (for more than 12 HPV
types) have higher sensitivity than cytology even at the lowest
cytological positivity threshold of ASCUS, showing that these HPV
tests are less likely to miss CIN 2+ (and CIN 3+) than cytological
tests. The specificity on the other hand is significantly higher for
cytology at the threshold of LSIL than either for HC2 or PCR. Whilst
the predictive value of a negative HPV test approached 100%,
HPV tests are associated with more unnecessary referrals (for false
positives) than cytological tests. The accuracy of the test depends
on how well the test separates the group being tested into those
with and without the disease in question. The HC2 tests appeared
to have better overall discrimination. The same conclusion can be
extrapolated for other methods of DNA testing for all or most high-
risk HPV types by PCR although there were fewer studies available
for robust conclusions. The four studies that used E6 and E7 mRNA
detection with APTIMA showed higher sensitivity and equivalent
specificity to cytology.
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There was large inter-study variation in the sensitivity and
specificity estimations of all screening tests. For cytology, this
was partly expected because the reproducibility of the cytological
interpretation of smears is oSen problematic (Stoler 2001). The
sensitivity of cytology is exceptionally low in the German studies
(Petry 2003; Schneider 2000), which raises concerns regarding the
sampling technique and cytologic interpretation in these studies. In
one of these studies (Petry 2003), the instrument used for sampling
was a cotton-tipped swab, which is not recommended, but this
alone cannot explain the very low sensitivity of cytology. For
PCR, the inter-study variation could be explained by the diNerent
primers used and other variations in the technique between
laboratories. For the HC2 method, however, the variation was
surprising and was mainly caused by the low sensitivity of HPV
testing, which was oSen observed in low- and middle-income
countries (Blumenthal 2001; Gravitt 2010; McAdam 2010a; McAdam
2010b; Sankaranarayanan 2004a). This could be attributed to the
variable quality of verification procedures (Arbyn 2008; Arbyn
2009). In one particular study classified as low risk of bias, CC and
HC2 are shown to have almost equal sensitivity (Sankaranarayanan
2004a). Possible explanations for the low HC2 sensitivity in our
study could be contamination of the sample by acetic acid or
Lugol’s iodine or deterioration of the sample because of exposure
at high temperature. Contamination of the sample by acetic acid or
Lugol’s iodine could normally not have occurred, since, according
to the protocol, the sample for HC2 was collected before application
of vinegar or iodine solution. Finally, misclassification of the
outcome could also explain the low observed sensitivity of HC2. The
policy of random biopsies, which was employed in some studies,
might have increased the detection rate of lesions, although the
value of random biopsies is disputed (Wentzensen 2015). The low
pooled specificity of HC2, which was observed in studies conducted
in Africa, is mainly due to the outlying specificity of one study
(Blumenthal 2001).

It has been proposed that the specificity of HPV testing is age-
related and higher in older women, something that should be
borne in mind when evaluating the cost-eNectiveness of HPV test
screening. This was not confirmed by this meta-analysis, which
showed only a mild but not significant increase in sensitivity and
specificity for the HC2 test in women over 30 years compared to the
general population. However this particular analysis was not done
on paired studies.

Strengths and weaknesses of the review

Strengths of the review

A relatively large number of studies fulfilling the inclusion criteria
was identified. Many studies reported results for various cytologic,
virologic and histologic thresholds. This enabled us to perform
meta-analyses for many of these thresholds. The studies had a wide
geographical distribution with all continents being represented
in more than one study, with the exception of Oceania. Most of
the studies were of good methodological quality according to the
QUADAS criteria. Also the design of concomitant testing of the
subjects with both tests limited the risk of selection bias.

Limitations of the review

In most studies, the presence or absence of disease was not verified
with colposcopy and histology in all women, leading to potential
verification bias. It is likely that false-negative results are missed
for either test without adequate verification of test negatives.

Theoretically this causes an overestimation of the sensitivity of the
tests, but it should not aNect the relative sensitivity (sensitivity
ratio) or false-positivity rate. The pooled sensitivity of HC2 was
higher in the high-risk-of-verification-bias group but surprisingly,
the pooled sensitivity of cytology was higher in the low-risk group.
This was mainly the eNect of one study classified as low risk of bias
where the two tests were shown to have almost equal sensitivity
(Sankaranarayanan 2004a).

It is likely that the contrast between HPV testing and cytology was
inflated by the inclusion of the two German studies, where cytology
had very low sensitivity. In most studies colposcopists were aware
of the screening test results, which could bias their colposcopic
diagnosis and their decision to take a biopsy or not. Finally, the
use of colposcopy or even punch biopsies as a gold standard can
also be sub-optimal as their performance is operator-dependent
(Stoler 2001) and could have influenced the findings of each study
and subsequently these meta-analyses.

The review included only studies in the English language. It was
presumed that this would cover the vast majority of the existing
studies on the subject. The thoroughness of the search would have
otherwise been questionable. However, during the search process
we did not identify any relevant studies in a non-English language
that were excluded solely because of it.

Applicability of findings to the review question

Our study was restricted to cross-sectional outcomes such
as sensitivity and specificity where the performance of one
application of the screening tests is compared to a gold standard
(colposcopy and histology). It is known that the precancerous
lesions of the cervix take several years to progress to cancer.
During this time, women are subjected to a number of cytological
examinations. Therefore, even though it is likely, it cannot be
argued that the superior cross-sectional sensitivity of HPV testing
will certainly mean superiority within an actual cervical screening
setting. In addition, since CIN2–3 is potentially regressive, it has not
yet been shown that HPV screening does more than just finding
more small-size lesions, which would clear without intervention.
For this reason, high-risk HPV-based cervical cancer screening
was not yet recommended in the second edition of the European
Guidelines for Cervical Cancer Screening, considering evidence
available in 2006 (Arbyn 2010).

In conclusion, this meta-analysis has shown clearly that HC2 has a
superior sensitivity to CC and LBC. However, the improved cross-
sectional accuracy does not guarantee a better performance in
terms of reduction on the incidence of cervical cancer if the HPV test
is implemented in primary screening. The longitudinal outcomes
of the ongoing randomised studies should clarify this issue. In
the meantime, data from the second screening round of RCTs,
comparing cytology with HPV screening, have demonstrated a
significant reduction of CIN 3+, and even of invasive cancer, among
women in the first round who had a negative HPV test, compared
to women in the control arm who had a negative Pap smear (Arbyn
2012; Ronco 2014).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

For a screening test, a high sensitivity such as the one produced
by human papillomavirus (HPV) testing is very important as it
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reduces false-negative results. Under the assumption that HPV
also detects more progressive lesions not detectable by cytology,
one may expect that HPV-based screening would result in a lower
incidence of and mortality from cervical cancer. On the other
hand, its lower specificity could have cost implications because
of the referral of a large number of women with false-positive
results to colposcopy (Mandelblatt 2002). Apart from producing
more referrals for colposcopy, the hybrid capture 2 (HC2) test
was, until recently, more expensive as a test than the cervical
cytologic examination (Meera 2002). However, since recent years,
the cost price of HPV assays has decreased dramatically. Massive
centralised purchase of HPV tests could even make virological
screening cheaper than cytological screening.

The increased false positive rate of HPV testing exposes women
to unnecessary psychological morbidity (McCaNery 2004) and
an increase in the referral rate for colposcopy. The number of
colposcopy referrals could be limited by oNering cytological triage
of HPV-positive results, or reflex testing for HPV16 or 18 (Castle
2011b; Cuzick 2003; Dijkstra 2013; Rijkaart 2012a).The negative
predictive value of HPV testing approaches 100% in most studies.
It has been shown that the five-year disease-free rate following a
negative HPV test is equivalent to the two-year disease-free rate
following negative cytology (Kjaer 2004). This suggests that the use
of HPV testing could allow the lengthening of screening intervals
with subsequent reduction in costs. Although eNiciency of cervical
cancer screening may be optimised by switching to HPV-screening
at longer intervals, greater gains might be obtained by increasing
coverage, access to treatment and follow-up.

Based on the accuracy data from nine of the 35 cross-sectional
studies included in our meta-analyses, and considering also
longitudinal results from the Sherman 2003 study, the US Food and
Drug Administration approved the use of a high-risk probe cocktail
of HC2 as an adjunct to cervical cytology screening in women
aged 30 years or more (Saslow 2012). In Europe, however, use of
HPV tests was not recommended in the 2008 EU guidelines for
quality assurance in cervical cancer screening (Arbyn 2010). In these
guidelines, a possible switching to HPV-based screening was going
to be proposed only when randomised controlled trials (RCTs)
would demonstrate lower incidence of cervical intraepithelial
neoplasia (CIN) 3+ in the second screening round in women
screened with HPV; This new evidence is currently being translated

in the updated EU guidelines recommending HPV-based screening
as the primary screening test.

Implications for research

As the aim of the cervical screening programme is to reduce the
incidence of and mortality from cervical cancer, the most desired
outcome measure would be the eNect of each screening test on
incidence and mortality in the long term and detection rates of pre-
invasive disease in the short term, together with other outcomes
such as economic and psychological morbidity of awareness of
HPV status. Longitudinal studies are required to examine whether
the relatively low sensitivity of cytology would be improved by the
repeated cytological examinations, which would detect initially-
missed lesions.

The role of HPV-related markers other than HPV DNA testing,
such as HPV genotyping, E6 and E7 mRNA expression, E6 and E7
protein and p16 will have to be investigated in a similar manner.
Considering that simultaneous HPV and Pap testing (co-testing) is
used for primary screening in the USA and Canada, it would be
useful to compare the accuracy of co-testing to HPV testing alone
in another meta-analysis.

Another important issue is that most of the studies were performed
before the introduction of the HPV vaccine. It will be interesting
to study how the accuracy of the two tests compares in a widely-
vaccinated population.
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Characteristics of included studies [ordered by study ID]

 

Clinical features and set-
tings

Women >17 years old attending the outpatient clinics of six hospitals in Northern Greece for routine
cervical screening. No history of hysterectomy or treatment for CIN.

Participants 1296 women (mean age 43) from Greece

Study design Cross-sectional study of women receiving both CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies. When colposcopy was normal biopsies were not taken. Col-
poscopy was performed in all screen-positives and in a random 5% of screen-negatives

Index and comparator
tests

IT: HPV testing by PCR (PGMY09/PGMY11) for the detection of 27 HPV types (6, 11, 16, 18, 26, 31, 33, 35,
39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 57, 58, 59, 66, 68, 73, 82, 83, 84). Referred for colposcopy if positive

CT: CC, referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description
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Representative spectrum? 
All tests

Yes Women >17 years attending for routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes 5% of screen-negatives also underwent colposcopy

Differential verification
avoided? 
All tests

Yes Same RS was applied in all cases

Incorporation avoided? 
All tests

Yes Screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

Yes Pathologists were blinded to the screening tests

Index test results blinded? 
All tests

Yes RS performed after the screening tests' interpretation

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was available to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Agorastos 2005  (Continued)

 
 

Clinical features and set-
tings

Women aged 25–55 attending routine cervical screening at the outpatient clinics of 9 Gynaecology De-
partments (2 in Athens, 4 in Thessaloniki, 1 in Larissa, 1 in Patras and 1 in Alexandroupolis) were asked
to be enrolled in the study. Exclusion criteria were current pregnancy, current or previous history of CIN
in the past 5 years, follow-up for cytological abnormalities and hysterectomy

Participants 4009 women attending for cervical screening in Greece. The mean age was 39.9 years

Study design Cross-sectional study of women receiving both LBC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies. When colposcopy was normal biopsies were not taken. Col-
poscopy was performed in all screen-positives and in a random 3% of screen-negatives

Agorastos 2015 
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Index and comparator
tests

IT: HPV testing by Cobas HPV test (Roche). Referred for colposcopy if positive

CT: LBC. Referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 25-55 years old

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy and colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes 3% of screen-negatives also underwent colposcopy

Differential verification
avoided? 
All tests

Yes Same RS was applied in all cases

Incorporation avoided? 
All tests

Yes Screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

No Pathologists were aware of the cytology and colposcopy result, but not of the
HPV DNA test result.

Index test results blinded? 
All tests

Yes RS performed after the screening tests' interpretation

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was available to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Agorastos 2015  (Continued)
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Clinical features and set-
tings

Non-pregnant women 35-50 years old with no history of pelvic radiation or hysterectomy from villages
in the Shanxi Province in China, were invited to participate

Participants 8497 women (mean age 40.9) from rural China

Study design Cross-sectional study of women receiving both cytology, direct and self-HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy, if colposcopy was normal random biopsies were taken. Only for
screen-positives

Index and comparator
tests

IT: HPV testing by HC2 direct cervical sampling (Digene), positivity threshold at 1 pg/mL. Referred for
colposcopy + biopsies if positive

IT: HPV testing by HC2 self-vaginal sampling (Digene), positivity threshold at 1 pg/mL. Referred for col-
poscopy + biopsies if positive

CT: LBC. Referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 35-50 years old

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes 3 months between self-sampling and direct-sampling

Partial verification avoid-
ed? 
All tests

No Colposcopy only performed when the tests were positive

Differential verification
avoided? 
All tests

Yes The same RS was performed on all occasions

Incorporation avoided? 
All tests

Yes The RS did not consist of cytology or HPV testing

Reference standard results
blinded? 
All tests

Yes Pathologists were blinded to the test results

Index test results blinded? 
All tests

Yes The RS was applied after the screening tests

Relevant clinical informa-
tion? 

Unclear It is not clear what information was given to the cytologists

Belinson 2003 
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All tests

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Belinson 2003  (Continued)

 
 

Clinical features and set-
tings

1000 women were recruited by the Renmin Hospital in the Buyi-Miao Autonomous District (BMAD) of
Guizhou Province, China. Women were excluded if they were pregnant, younger than 30, did not have
an intact uterus, or had a history of pelvic irradiation or cervical cancer

Participants 979 women aged 30-54 examined in a colposcopy clinic in Guizhou, China

Study design Cross-sectional study of women receiving both LBC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy, if colposcopy was normal random biopsies were taken. Only for
screen-positives

Index and comparator
tests

IT: HPV testing by SNIPER (Genetel Pharmaceuticals). Referred for colposcopy + biopsies if positive

CT: LBC. Referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women aged 30-54 years

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Both tests performed at the same visit

Partial verification avoid-
ed? 
All tests

No Only women with positive results were invited for colposcopy

Differential verification
avoided? 
All tests

Yes The same RS applied for all occasions

Incorporation avoided? Yes The tests were not part of the RS

Belinson 2010 
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All tests

Reference standard results
blinded? 
All tests

Unclear It is not clear whether the colposcopists had knowledge of the test results

Index test results blinded? 
All tests

Yes Colposcopy was performed after the test results were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

No There is no mention of un interpretable results

Withdrawals explained? 
All tests

Yes Of the 211 women asked to return, all but 21 or 90% of the women returned for
colposcopy

Belinson 2010  (Continued)

 
 

Clinical features and set-
tings

Women mainly 30 or older attending mainly private gynaecologists in Switzerland

Participants 13,842 women (mean age 44.4 years, range 17-93) from Switzerland

Study design Cross-sectional study of women receiving both LBC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies, if colposcopy was normal random biopsies were taken. Screen-
positives and a random 5% sample of screen-negatives were referred

Index and comparator
tests

IT: HPV testing by HC2, positivity threshold 1 pg/mL, referred for colposcopy if positive

CT: LBC (Surepath), referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women > 17 years attending for routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Bigras 2005 
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Partial verification avoid-
ed? 
All tests

Yes A random 5% sample of screen-negatives was also verified

Differential verification
avoided? 
All tests

Yes The same RS was used in all cases

Incorporation avoided? 
All tests

Yes The screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

Unclear It is unclear whether the pathologists had knowledge of the test results

Index test results blinded? 
All tests

Yes The RS was applied after the tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is unclear whether cytologists had knowledge of any clinical information

Uninterpretable results re-
ported? 
All tests

No Unsatifactory smears were not reported

Withdrawals explained? 
All tests

Yes Were explained

Bigras 2005  (Continued)

 
 

Clinical features and set-
tings

Women 25-55 years old attending primary care clinics in Zimbabwe were invited. No hysterectomy or
previous diagnosis of cervical cancer

Participants 2073 women from Chitungwiza and the greater Harare area in Zimbabwe

Study design Cross-sectional study of women receiving both conventional cytology, VIA and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopy with or without biopsies was performed on all women. If colposcopy was normal, biop-
sies were not taken

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold 1 pg/mL

IT: VIA

CT: CC. For the calculation of the accuracy indices the threshold of LSIL+ was used

Follow-up  

Notes Some of the data were extracted from the publication by Womack 2000

Table of Methodological Quality

Item Authors' judgement Description

Blumenthal 2001 
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Representative spectrum? 
All tests

Yes Women 25-55 years old attending primary care clinics

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy with biopsy (no biopsy if colposcopy was normal)

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes All women underwent colposcopy

Differential verification
avoided? 
All tests

Yes The same RS was applied to all women

Incorporation avoided? 
All tests

Yes The screening tests were not part of the RS

Reference standard results
blinded? 
All tests

Yes Colposcopists were not aware of the screening test results

Index test results blinded? 
All tests

Unclear It is not clear whether cytologists were aware of the colposcopic diagnosis

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether cytologists had the routine clinical information

Uninterpretable results re-
ported? 
All tests

No The numbers of inadequate smears and HPV tests are not given

Withdrawals explained? 
All tests

Yes Withdrawals are explained

Blumenthal 2001  (Continued)

 
 

Clinical features and set-
tings

Women > 30 years old without prior cervical abnormalities, attending two cancer centres and one gen-
eral hospital

Participants 835 women (mean age 46.7 years) undergoing routine screening in the USA and Canada

Study design Cross-sectional study of women receiving both cytology and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy, if colposcopy was normal random biopsies were taken. All women
were referred for colposcopy

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL

Cardenas-Turanzas 2008 
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CT: CC For the calculation of the accuracy indices an abnormal result was considered any smear show-
ing ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women > 30 years without prior cervical abnormalities

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies and random biopsies if colposcopy was neg-
ative

Acceptable delay between
tests? 
All tests

Yes Both tests were serially performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes All women were referred for colposcopy

Differential verification
avoided? 
All tests

Yes The same RS was applied in the case of positive cytology and persistent type-
specific positive HPV test

Incorporation avoided? 
All tests

Yes The RS was not composed of the index and comparator tests

Reference standard results
blinded? 
All tests

Yes The pathologists were not aware of the screening tests results

Index test results blinded? 
All tests

Yes The personnel reporting the screening test results were not aware of the RS re-
sults

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether clinical information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes All results including inadequate specimens were reported

Withdrawals explained? 
All tests

Yes Withdrawals were explained

Cardenas-Turanzas 2008  (Continued)

 
 

Clinical features and set-
tings

Women presenting for routine cervical cancer screening were enrolled into the ATHENA study at 61 clin-
ical centres in 23 US states. Eligible women were aged 21 years or older and were not pregnant. Eligible
women had an intact uterus, had not received treatment for CIN with 12 months of enrolment, and had

Castle 2011a 
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no present or planned participation in a clinical trial for HPV treatment. For this sub-analysis, the popu-
lation was restricted to
women aged 25 years and older

Participants 41,955 women aged 25 years or older (mean age 41.9) in the USA

Study design Cross-sectional study of women receiving both cytology and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: Colposcopy with or without biopsies was performed on all women with a positive screening test
and a random sample of women with negative tests

Index and comparator
tests

IT: HPV testing by Cobas HPV test (Roche). Positivity was not a criterion for referral. Referred for col-
poscopy + biopsies if a first-generation HPV test (Amplicor or Linear Array) was positive. That leS only
48/4275 Cobas-positive women without referral for colposcopy

CT: LBC. Referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women aged ≥ 25 years attending routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy with or without biopsies

Acceptable delay between
tests? 
All tests

Yes All tests performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes A random sample of 1041 screen-negative women had colposcopy

Differential verification
avoided? 
All tests

Yes The same RS applied to all women

Incorporation avoided? 
All tests

Yes The screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

Yes Colposcopists and pathologists were masked to cytology and HPV test results

Index test results blinded? 
All tests

Yes Colposcopy was performed after the tests were reported

Relevant clinical informa-
tion? 

Unclear It is not clear what information was available to the cytologists

Castle 2011a  (Continued)
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All tests

Uninterpretable results re-
ported? 
All tests

Yes 1054 women had missing or invalid test results

Withdrawals explained? 
All tests

Yes Withdrawals were explained

Castle 2011a  (Continued)

 
 

Clinical features and set-
tings

Asymptomatic non-pregnant women 15-76 years old without recent cervical cytological abnormalities,
or untreated cervical lesion in the last 2 years, or AIDS, attending a central urban hospital for routine
screening

Participants 7932 women (median age 34) undergoing biennial or triennial routine screening, Rheims, France

Study design Longitudinal study of women receiving both cytology and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-proven HSIL

RS: colposcopically-directed biopsy or LEEP. Colposcopy only if no lesion was seen. Only for screen-
positives

Index and comparator
tests

IT: HPV testing by HC2 (DIgene), positivity threshold at 1 pg/mL. If cytology was negative, women with a
positive HPV test were referred for the RS 6 months later if a second HPV test was also positive

CT: CC in 2281 women, LBC (Thinprep) in 5651 women. Referred for RS if the result was ASCUS or worse

Follow-up 368/773 women with positive HPV test but negative cytology did not return for a second HPV test

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 15-76 years old undergoing routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsy or LEEP

Acceptable delay between
tests? 
All tests

Yes Test serially performed at the same examination

Partial verification avoid-
ed? 
All tests

No The RS was applied only if one of the test results were positive

Differential verification
avoided? 
All tests

Yes The RS was the same in all situations

Incorporation avoided? Yes The RS was not composed of the index and comparator tests

Clavel 2001 
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All tests

Reference standard results
blinded? 
All tests

No Colposcopists were aware of the test results

Index test results blinded? 
All tests

Yes The RS was applied after the screening tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear There is not sufficient information

Uninterpretable results re-
ported? 
All tests

No The numbers of uninterpretable results that would be expected to have oc-
curred were not given

Withdrawals explained? 
All tests

No The withdrawals were not completely explained

Clavel 2001  (Continued)

 
 

Clinical features and set-
tings

Women attending a family planning clinic in London for routine smear. No history of CIN or abnormal
smear in the last 3 years

Participants 1985 women (median age 29 years, 93% between 20 and 45) in London, UK

Study design Cross-sectional study of women receiving both CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy. If colposcopy was normal a biopsy might have not been taken. RS
applied only to screen-positives

Index and comparator
tests

IT: HPV testing by PCR for 4 high-risk types (16, 18, 31, 33). Referred for colposcopy if positive

CT: CC referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women of the appropriate age spectrum attending for routine cervical screen-
ing

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Cuzick 1995 
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Partial verification avoid-
ed? 
All tests

No Only screen-positives had colposcopy

Differential verification
avoided? 
All tests

Yes The same RS in all cases

Incorporation avoided? 
All tests

Yes Screening tests not part of the RS

Reference standard results
blinded? 
All tests

Yes Pathologists were blinded to the results of the screening tests

Index test results blinded? 
All tests

Yes RS performed after the interpretation of the screening tests

Relevant clinical informa-
tion? 
All tests

Unclear It is unclear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Cuzick 1995  (Continued)

 
 

Clinical features and set-
tings

Women aged ≥ 35 years attending for a routine smear in general practitioner practices in the UK , no
previous treatment, no cytologic abnormality in the last 3 years.

Participants 2988 women (mean age 46) in the UK

Study design Cross-sectional study of women receiving both CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy, if colposcopy was normal a biopsy was not taken. Only screen-
positives were referred for colposcopy

Index and comparator
tests

IT: HPV testing by PCR (MY09/11) for the detection of 10 high-risk types (16, 18, 31, 33, 35, 45, 51, 52, 56,
58). Referred for colposcopy if positive

CT: CC, referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Cuzick 1999 

Cytology versus HPV testing for cervical cancer screening in the general population (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

48



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Representative spectrum? 
All tests

Yes Women > 34 years attending for routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsy

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

No Only screen-positives underwent colposcopy

Differential verification
avoided? 
All tests

Yes The same RS was applied to all screen-positives

Incorporation avoided? 
All tests

Yes The screening tests were not part of the RS

Reference standard results
blinded? 
All tests

Yes Pathologists were blinded to the results of the screening tests

Index test results blinded? 
All tests

Yes The RS was performed after the screening tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether cytologists were given the routine clinical information

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Cuzick 1999  (Continued)

 
 

Clinical features and set-
tings

Women 30-60 years old attending for routine cervical screening were recruited from 161 family prac-
tices in the UK. No treatment for CIN, no abnormal smear in the last 3 years

Participants 10,358 women (mean age 42 years) from the UK

Study design Women received both CC and HPV testing. Then an RCT on the management of women with minor ab-
normalities (borderline smears and HPV positives with negative smears) was conducted. Women were
randomised to either surveillance at 6-12 months or immediate colposcopy

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies, if colposcopy was negative biopsies were not taken. All screen-
positives eventually underwent colposcopy although some with a 12-month delay (the ones with minor

Cuzick 2003 
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abnormalities randomised to surveillance). A random 5% sample of screen-negatives also underwent
colposcopy

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold 1 pg/mL, referred for colposcopy if positive

CT: CC, referred for colposcopy if ASCUS+

Follow-up Women with ASCUS or HPV-positive with negative smears were randomised either to immediate col-
poscopy or to surveillance at 6 and 12 months with colposcopy performed at the end of the 12 months

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 30-60 years old attending for routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

No In 296 women colposcopy was performed 12 months after the screening tests

Partial verification avoid-
ed? 
All tests

Yes Colposcopy was also performed in 5% of screen-negatives

Differential verification
avoided? 
All tests

Yes Same RS in all cases

Incorporation avoided? 
All tests

Yes Screening tests not part of the RS

Reference standard results
blinded? 
All tests

No Colposcopists and pathologists were aware of the results

Index test results blinded? 
All tests

Yes Screening tests done before the RS

Relevant clinical informa-
tion? 
All tests

Yes Cytologists received routine clinical information

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Cuzick 2003  (Continued)
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Clinical features and set-
tings

Women older than 18, not pregnant, without a recent (< 1 year) history of surgery or laser treatment of
the cervix, whose cervix was visible by the physician, attending for cervical smear in a French university
hospital or private practices

Participants 1757 women (mean age 33.3) in France

Study design Cross-sectional study of women receiving CC LBC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy, if colposcopy was normal, biopsies were not taken. Colposcopy
was performed in all women

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold 1 pg/mL

CT: CC, positivity threshold ASCUS+

CT: LBC, positivity threshold ASCUS+

Follow-up  

Notes Some cytological data are taken from the article Coste 2003

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women > 18 years attending for routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsy

Acceptable delay between
tests? 
All tests

Yes Performed at the same time

Partial verification avoid-
ed? 
All tests

Yes RS applied to all women

Differential verification
avoided? 
All tests

Yes The same RS in all cases

Incorporation avoided? 
All tests

Yes Screening tests not part of the RS

Reference standard results
blinded? 
All tests

Yes Pathologists were blinded to the screening tests

Index test results blinded? 
All tests

Yes Cytologist were blinded to other results

Relevant clinical informa-
tion? 

Unclear It is not clear what information was available to the cytologists

de Cremoux 2003 
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All tests

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Unclear It is not clear whether there were any withdrawals

de Cremoux 2003  (Continued)

 
 

Clinical features and set-
tings

Women undergoing routine screening in 9 gynaecological practices in Flanders (Belgium). Exclusion
criteria included pregnancy and history of cervical disease

Participants 3126 women with a median age of 42.7 years (range 18.0–84.3) in Flanders, Belgium

Study design Cross-sectional study of women receiving LBC, HPV testing and BD ProExC ICC staining

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+ and CIN 3+

RS: colposcopically-directed biopsy, if colposcopy was normal, biopsies were not taken. Colposcopy
was performed in all women

Index and comparator
tests

IT: HPV testing by PCR for the detection of 13 high-risk types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
68)

IT: BD ProExC immunocytochemistry

CT: LBC, positivity threshold ASCUS+

Follow-up Women were followed up for the detection of CIN 2+ for a further period of 24 months

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women attending for routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes Colposcopy performed in all women

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Depuydt 2011 
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Incorporation avoided? 
All tests

Yes The tests did not form part of the RS

Reference standard results
blinded? 
All tests

No In the initial colposcopy yes but in the subsequent one the colposcopist was
aware of the results

Index test results blinded? 
All tests

Unclear Unclear whether cytologists were aware of the colposcopy results

Relevant clinical informa-
tion? 
All tests

Unclear It is unclear what information was available to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes None had an inadequate smear

Withdrawals explained? 
All tests

Unclear It does not seem as if there have been any withdrawals from follow-up

Depuydt 2011  (Continued)

 
 

Clinical features and set-
tings

Women residing in Santiago, Chile, were invited to participate through an outreach campaign, exclud-
ing women who were pregnant, hysterectomised or virgins

Participants 8407 women from Santiago, Chile (mean age 42.2 years)

Study design Cross-sectional study of women receiving CC, HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+ and CIN 3+

RS: colposcopically-directed biopsy. Colposcopy was also performed in a random sample of screen-
negatives

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold 1 pg/mL

CT: CC, positivity threshold ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women aged 25–64 years

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy and colposcopically-directed biopsies

Acceptable delay between
tests? 

Yes Performed at the same visit

Ferreccio 2013 
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All tests

Partial verification avoid-
ed? 
All tests

Yes Colposcopy was also performed in sample of high-risk (VIA positive) screen-
negatives

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Incorporation avoided? 
All tests

Yes The tests did not form part of the RS

Reference standard results
blinded? 
All tests

No Pathologists were blind to the HPV test result, but not necessarily to the Pap
test result

Index test results blinded? 
All tests

Yes Screening tests done before the RS

Relevant clinical informa-
tion? 
All tests

Unclear It is unclear what information was available to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Ferreccio 2013  (Continued)

 
 

Clinical features and set-
tings

Women > 25 years old mentally competent with an intact uterus were invited from 42 villages in a peri-
urban rural community

Participants 2331 women (mean age 37) from Andhra Pradesh, India

Study design Cross-sectional study of women receiving CC, VIA and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+ or CIN 3+

RS: colposcopically-directed biopsy, colposcopy only if no lesion was seen. Only for screen-positives

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL. Referred for colposcopy if positive

IT: VIA, referred for colposcopy if positive

CT: CC. Referred for colposcopy if ASCUS+

Follow-up  

Notes A random 20% sample of screen-negative women also underwent colposcopy. For the calculation of
the accuracy indices in this meta-analysis only the adjusted-for verification bias estimates are used

Table of Methodological Quality

Gravitt 2010 
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Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women > 25 years

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy with biopsies if indicated

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes A random sample of screen-negative women also underwent colposcopy

Differential verification
avoided? 
All tests

Yes The same RS applied in all occasions

Incorporation avoided? 
All tests

Yes The RS did not include the screening tests

Reference standard results
blinded? 
All tests

Yes Colposcopists were not aware of screening test results

Index test results blinded? 
All tests

Yes Screening tests were performed before the RS

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether cytologists had the routine information

Uninterpretable results re-
ported? 
All tests

No Inadequate or unsatisfactory specimens were not reported

Withdrawals explained? 
All tests

Yes Withdrawals were explained

Gravitt 2010  (Continued)

 
 

Clinical features and set-
tings

Women attending 3 gynaecological clinics in Bukavu, Democratic Republic of Congo, during November
and December 2003 were recruited for the study. Exclusion criteria were pregnancy, severe gynaecolog-
ical bleeding, previous hysterectomy and age < 25 or > 60 years

Participants 343 women between 25 and 60 years of age (median: 37 years) in DR Congo

Study design Cross-sectional study of women receiving conventional and LBC, HPV DNA testing and HPV E6/E7 mR-
NA testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

Hovland 2010 
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RS: colposcopically-directed biopsy, if no lesion was seen a random biopsy was taken. Colposcopy was
performed in all women

Index and comparator
tests

IT: HPV testing by PCR (GP5+/6+),for the detection of 14 high-risk types (16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, 68)

IT: E6/E7 mRNA testing (NASBA) for the detection of 5 high-risk types (16, 18, 31, 33, 45) or 9 high-risk
types (16, 18, 31, 33, 45, 35, 51, 52, 58)

CT: CC.

CT: LBC

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Unclear Women aged 25-60 years attending gynaecological clinics. The reason was not
specified

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes Colposcopy performed in all women

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Incorporation avoided? 
All tests

Yes The tests did not form part of the RS

Reference standard results
blinded? 
All tests

Unclear It is not clear whether the pathologist had knowledge of the test results

Index test results blinded? 
All tests

Unclear It is not clear whether cytologists had knowledge of the pathology results

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Nine Pap (2.6%) and 14 liquid-based smears (4.1%) were assessed as unsatis-
factory

Hovland 2010  (Continued)
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Withdrawals explained? 
All tests

Yes Histology was unsatisfactory in 30 cases (8.7%), and these cases were leS out
of the overall statistical calculations

Hovland 2010  (Continued)

 
 

Clinical features and set-
tings

Women 30-60 years of age who were undergoing routine cervical screening at 3 German centres, in
Tübingen, Saarbrücken, and Freiburg, were invited to participate in the study. Exclusion criteria were
hysterectomy or destructive therapy of the cervix, pregnancy, an abnormal cytological result within the
past 6 months, HIV infection, and organ transplantation

Participants 9451 women attending routine screening

Study design Cross-sectional study of women receiving conventional and LBC, HPV DNA testing and HPV E6/E7 mR-
NA testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+ or CIN 3+

RS: colposcopy with colposcopically-directed biopsy (if required) for screen-positives and 3.6% of
screen-negatives

Index and comparator
tests

IT: HPV testing by HC2 (1 pg/mL), referred for colposcopy if positive

IT: E6/E7 mRNA testing by Aptima HPV assay, referred for colposcopy if positive

CT: LBC, referred for colposcopy if LSIL+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 30-60 years of age who were undergoing routine cervical screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy with biopsies if indicated

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes A random sample of screen negative women also underwent colposcopy

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Incorporation avoided? 
All tests

Yes The tests did not form part of the RS

ILner 2015 
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Reference standard results
blinded? 
All tests

Yes All LBC-positive samples and samples with abnormal histological findings
were collected by the respective clinical departments, and a blinded review
was performed by independent external experts, for quality control

Index test results blinded? 
All tests

Yes Screening tests were performed before the RS

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

ILner 2015  (Continued)

 
 

Clinical features and set-
tings

Women aged 18-50 years without hysterectomy, chronic immune suppression or treatment for CIN,
presenting for annual examinations at planned parenthood clinics

Participants 4075 women (mean age 25) in Washington State, USA

Study design Cross-sectional study of women receiving LBC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 3+

RS: colposcopically-directed biopsy, if colposcopy was normal random biopsies were taken. Only for
screen-positives and 7% of screen-negatives.

Index and comparator
tests

IT: HPV testing by PCR (MY09, MY11, HMB01) for the detection of 18 high-risk HPV types (16, 18, 26, 31,
33, 35, 39, 45, 51, 52, 55, 56, 58, 59, 68, 73, 82, 84). Referred for colposcopy and biopsies if positive

IT: HPV testing by HC2 (Digene) only for the last 1150 women. Positivity threshold at 1 pg/mL. Referred
for colposcopy + biopsies if positive

CT: LBC. Referred for colposcopy if ASCUS+

Follow-up  

Notes 7% of women with negative results also underwent colposcopy. For the calculation of the accuracy in-
dices in this meta-analysis only the corrected estimates (adjusted for verification bias and loss to fol-
low-up) are used

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 18 to 50 years old attending for annual routine examinations

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy with biopsies

Kulasingam 2002 
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Acceptable delay between
tests? 
All tests

Yes Both tests performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes A random sample of women (7%) with negative tests also received colposcopy

Differential verification
avoided? 
All tests

Yes The RS was the same for all women

Incorporation avoided? 
All tests

Yes Cytology and HPV testing were not included in the RS

Reference standard results
blinded? 
All tests

Yes Pathologists had no knowledge of clinical data

Index test results blinded? 
All tests

Yes The RS was applied after the screening tests were reported

Relevant clinical informa-
tion? 
All tests

No Cytologists had no clinical information

Uninterpretable results re-
ported? 
All tests

Yes Inadequate or unsatisfactory results were reported

Withdrawals explained? 
All tests

Yes Withdrawals were explained

Kulasingam 2002  (Continued)

 
 

Clinical features and set-
tings

All ever-married women aged 30 to 59 years were targeted for screening. Women who had undergone
a total hysterectomy, or who had been diagnosed with cancer or precancer, were excluded from the
study. Menstruating women were excluded temporarily. Pregnant women were eligible to participate in
the study 12 weeks after the end of their pregnancy

Participants 5032 women from Uttar Pradesh, India. The mean age of all women screened was 37.9 (SD 7.5) years

Study design Cross-sectional study of women receiving CC, clinician-collected HPV testing, self-collected HPV testing
and VIA

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+ or CIN 3+

RS: colposcopically-directed biopsy, colposcopy only if no lesion was seen. Only for screen-positives

Index and comparator
tests

IT: HPV testing by care HPV, positivity threshold at 1 pg/mL. Referred for colposcopy if positive

IT: HPV self-testing by vaginal care HPV, positivity threshold at 1 pg/mL. Referred for colposcopy if posi-
tive

IT: VIA, referred for colposcopy if positive

Labani 2014 
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CT: CC. Referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women aged 30-59

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy with or without directed biopsy

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

No Only screen-positives had colposcopy

Differential verification
avoided? 
All tests

Yes The same RS applied in all cases

Incorporation avoided? 
All tests

Yes Cytology and HPV testing were not included in the RS

Reference standard results
blinded? 
All tests

Unclear Relevant information was not given

Index test results blinded? 
All tests

Unclear Relevant information was not given

Relevant clinical informa-
tion? 
All tests

Unclear Unclear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Labani 2014  (Continued)

 
 

Clinical features and set-
tings

Women aged 15-69, mentally and physically competent, married, non-pregnant without a hysterecto-
my were contacted at home by village doctors

Participants 2562 women from three provinces (Shanxi, Lianoning, Guangdong) in China

Li 2009 

Cytology versus HPV testing for cervical cancer screening in the general population (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

60



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study design Cross-sectional study of women receiving LBC, HPV testing, VIA, screening colposcopy and fluores-
cence spectroscopy

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy, if colposcopy was normal random biopsies were taken. Only for
screen-positives

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL. Referred for colposcopy + biopsies if
positive

IT: VIA, Rreferred for colposcopy + biopsies if positive

IT: fluorescence spectroscopy, referred for colposcopy + biopsies if positive

IT: screening colposcopy, referred for colposcopy + biopsies if positive

CT: LBC (AutoCyte). Referred for colposcopy + biopsies if LSIL+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 15-59 years old

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies and random biopsies if colposcopy was nor-
mal

Acceptable delay between
tests? 
All tests

Yes Both tests taken at the same visit

Partial verification avoid-
ed? 
All tests

Yes Women received the RS not only if they had positive cytology or HPV test, but
also if they had positive VIA, spectroscopy or screening colposcopy

Differential verification
avoided? 
All tests

Yes The same RS was applied in the case of positive cytology and positive HPV test

Incorporation avoided? 
All tests

Yes The RS was not composed of the LBC and HPV tests

Reference standard results
blinded? 
All tests

No Doctors performing the final colposcopy were aware of screening results

Index test results blinded? 
All tests

Yes The RS was applied after the screening tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether clinical information was given to the cytologists

Li 2009  (Continued)
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Uninterpretable results re-
ported? 
All tests

Yes All results including inadequate specimens were reported

Withdrawals explained? 
All tests

Yes Withdrawals were explained

Li 2009  (Continued)

 
 

Clinical features and set-
tings

Women residing in a suburb of Kinshasa, Democratic Republic of Congo. Women were eligible if they
were ≥ 30 years and had an intact uterus but were not pregnant

Participants 1528 women in DR Congo

Study design Cross-sectional study of women receiving CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy, in 20% of women where colposcopy was normal random biopsies
were taken. Colposcopy was performed in all women

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL.

IT: HPV testing by HC2+4 (Digene), positivity threshold at 1 pg/mL.

CT: CC

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Unscreened women 30 or older

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy and directed biopsy

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes Colposcopy was performed in all women

Differential verification
avoided? 
All tests

Yes The same RS was used in all situations

Incorporation avoided? 
All tests

Yes The screening tests did not form part of the RS

Mahmud 2012 
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Reference standard results
blinded? 
All tests

Yes Pathologists and colposcopists were not aware of the screening test results

Index test results blinded? 
All tests

Unclear Cytopathologists were blinded to the results of the colposcopy and the HPV
tests, but unclear if blinded to results of the pathology

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Mahmud 2012  (Continued)

 
 

Clinical features and set-
tings

A pilot study recruited women aged 30-50 years in 2006 by poster and flier advertisement, radio public-
ity, and nurse ‘‘awareness’’ visits to villages round Port Vila, Efate Island, Vanuatu. Women with a histo-
ry of gynaecological surgery were excluded

Participants 499 apparently healthy Ni-Vanuatu women (mean age 39.3 years)

Study design Cross-sectional study of women receiving CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy. Colposcopy was performed in all women

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL

IT: VIA

IT: VILI

CT: LBC

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Apparently healthy women 30-50 years old

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsy

Acceptable delay between
tests? 

Yes Performed at the same visit

McAdam 2010a 

Cytology versus HPV testing for cervical cancer screening in the general population (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

63



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

All tests

Partial verification avoid-
ed? 
All tests

Yes Colposcopy was performed in all women

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Incorporation avoided? 
All tests

Yes The screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

Yes The colposcopists and pathologists were not aware of the screening test re-
sults

Index test results blinded? 
All tests

Yes All cytology and histology examinations were blinded to the clinical and HPV
findings

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Rates of unsatisfactory results were given

Withdrawals explained? 
All tests

Unclear Not clear whether all women with an indication for LLETZ had the procedure

McAdam 2010a  (Continued)

 
 

Clinical features and set-
tings

A pilot study recruited women aged 30-50 years in 2006 by poster and flier advertisement, radio public-
ity, and nurse ‘‘awareness’’ visits to villages round Port Vila, Efate Island, Vanuatu. Women with a histo-
ry of gynaecological surgery were excluded

Participants 512 apparently healthy Ni-Vanuatu women (mean age 38.36 SD 5.6)

Study design Cross-sectional study of women receiving CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: LLETZ only in screen-positive women

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL

CT: LBC

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

McAdam 2010b 
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Representative spectrum? 
All tests

Yes Apparently healthy women 30-50 years old

Acceptable reference stan-
dard? 
All tests

Yes LLETZ

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

No LLETZ was performed only in screen-positives

Differential verification
avoided? 
All tests

Unclear The same RS applied in all situations

Incorporation avoided? 
All tests

Unclear The screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

Unclear The colposcopists and pathologists were not aware of the screening test re-
sults

Index test results blinded? 
All tests

Unclear All cytology and histology examinations were blinded to the clinical and HPV
findings

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Unclear Rates of unsatisfactory results were given

Withdrawals explained? 
All tests

Yes Number of women who did not consent to LLEZT was given

McAdam 2010b  (Continued)

 
 

Clinical features and set-
tings

From April 2008-February 2009, women aged 20–65 years who were seen for their annual exam in 17
private gynaecology practices in Paris, France, were invited to participate in this voluntary screening.
Women were not eligible if they had undergone total hysterectomy, were pregnant or had an abnormal
cytology in the past 6 months

Participants 4429 women in Paris, France

Study design Cross-sectional study of women receiving CC, HPV DNA testing and HPV mRNA testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies, for screen-positives and a random sample 14% of screen-nega-
tives. If colposcopy was negative random biopsies were taken

Monsonego 2011 
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Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL. Referred for colposcopy if positive

IT: HPV mRNA testing by Aptima (Gen-Probe). Referred for colposcopy if positive

CT: LBC. Referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 20-65 years old attending routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes Colposcopy was performed on a random sample of screen-negatives

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Incorporation avoided? 
All tests

Yes The screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

No Histopathologists were not blinded to cytology results

Index test results blinded? 
All tests

Yes Colposcopy was performed after the tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is unclear what information was given to the pathologists

Uninterpretable results re-
ported? 
All tests

Yes Reported

Withdrawals explained? 
All tests

Yes Explained

Monsonego 2011  (Continued)
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Clinical features and set-
tings

Screening activities were conducted in 4 women’s and children’s hospitals in 3 provinces (Shanxi,
Jiangxi, and Gansu) in China. From 2003-2005, women who were 30-49 years of age were eligible. In
2006, women who were 30-54 years of age were eligible. For all screening years, women were eligible
if they were married or reported previous sexual activity; had no clinical suspicion of pregnancy (last
menstrual period began < 5 weeks previously in non-menopausal women); were able to give informed
consent; had no reported history of CIN, cancer of cervix, or hysterectomy; had no debilitating dis-
ease (physically unable to undergo study procedures); and had no reported history of cervical cancer
screening

Participants 9057 women (mean age 39) in China

Study design Cross-sectional study of women receiving LBC, HPV testing, VIA and VILI

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 3+

RS: colposcopically-directed biopsy. The criteria for referral varied by year. In 2003 and 2005, if a
woman was VIA- or VILI-positive, she was referred for colposcopy. In 2004 and 2006, all women had col-
poscopy regardless of the results of VIA and VILI. Directed biopsy was performed on any visible lesion. If
a woman was VIA- or VILI-negative, but with either a Pap test of ASC-H, AGUS, LSIL or higher, or positive
for HR-HPV DNA by HC2 testing, she was recalled after 2 weeks for colposcopy and received four-quad-
rant biopsy

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL.

IT: VIA

IT: VILI

CT: LBC. Positivity threshold LSIL+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 30-54 without prior screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes Colposcopy was not limited to screen-positives

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Incorporation avoided? 
All tests

Yes The tests did not form part of the RS

Moy 2010 
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Reference standard results
blinded? 
All tests

Yes The pathologists had no knowledge of the test results

Index test results blinded? 
All tests

Yes Colposcopy was performed after the test results were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Reported

Withdrawals explained? 
All tests

Unclear It is not clear whether all women that should have had colposcopy attended

Moy 2010  (Continued)

 
 

Clinical features and set-
tings

Women aged 32-38 attending the Swedish Cervical Cancer Screening Programme

Participants 6257 women attending cervical screening in 5 Swedish cities (Stockholm, Uppsala, Malmo, Umea,
Gothenburg)

Study design RCT of HPV testing and CC versus CC alone. Only the cross-sectional results of the first screening round,
from the experimental arm only were included in this meta-analysis

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy, if colposcopy was normal, random biopsies were taken

Index and comparator
tests

IT: HPV testing by PCR (GP5+, GP6+) for the detection of 14 high-risk HPV types (16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 66, 68). If cytology was negative, women with a positive HPV test were referred for the
RS if a second HPV test 12 months later was also type-specific positive

CT: CC. For the calculation of the accuracy indices an abnormal result was considered any smear show-
ing ASCUS+. However in 4 cities the option of a repeat smear was given after a result of ASCUS

Follow-up 73 of 328 women who were HPV-positive and CC-negative in the first exam did not return for a second
exam one year later

Notes Apart from the histology specimens taken inside the protocol colposcopy, the study had access to his-
tology specimen taken outside the protocol through the national pathology registry

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

No Only women aged 32-38 years were included

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies and random biopsies if colposcopy was nor-
mal

Naucler 2009 
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Acceptable delay between
tests? 
All tests

Yes Both tests taken at the same visit

Partial verification avoid-
ed? 
All tests

No Only women with positive tests were referred for colposcopy

Differential verification
avoided? 
All tests

Yes The same RS was applied in the case of positive cytology and persistent type-
specific positive HPV test

Incorporation avoided? 
All tests

Yes The RS was not composed of the index and comparator tests

Reference standard results
blinded? 
All tests

Yes The women and the clinical personnel were not aware of the screening test re-
sults

Index test results blinded? 
All tests

Yes The RS was applied after the screening tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether clinical information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes All results including inadequate specimens were reported

Withdrawals explained? 
All tests

Yes Withdrawals were explained

Naucler 2009  (Continued)

 
 

Clinical features and set-
tings

The study was conducted in rural Mexico. Women aged 30-50 years, non-pregnant, with no history of
hysterectomy or pelvic irradiation and varied histories of screening, participated

Participants 2049 women in rural Mexico, median age 39.2 years (range, 30-50 years)

Study design Cross-sectional study of women receiving LBC, HPV DNA testing, HPV mRNA testing, self-HPV DNA test-
ing, self-HPV mRNA testing and VIA

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 3+

RS: colposcopically-directed biopsy for all women, if colposcopy was normal random biopsies were
taken. Colposcopy was performed to screen-positives only

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL. Referred for colposcopy if positive

IT: HPV mRNA testing by Aptima (Gen-Probe). Referred for colposcopy if positive

IT: self-HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL. Referred for colposcopy if positive

IT: self-HPV mRNA testing by Aptima (Gen-Probe). Referred for colposcopy if positive

IT: VIA

Nieves 2013 
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CT: LBC. Referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 30-50 years

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy and biopsies

Acceptable delay between
tests? 
All tests

Yes Performed on the same visit

Partial verification avoid-
ed? 
All tests

No Only screen-positives had colposcopy

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Incorporation avoided? 
All tests

Yes The tests were not part of the RS

Reference standard results
blinded? 
All tests

Unclear Not clear whether pathologists had access to test results

Index test results blinded? 
All tests

Yes Technicians and cytologists were not aware of the other test results

Relevant clinical informa-
tion? 
All tests

Unclear Not clear what information was given to cytologists

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Nieves 2013  (Continued)

 
 

Clinical features and set-
tings

Previously unscreened women 35-45 years old, with no history of pelvic radiation or hysterectomy re-
siding in the Shanxi Province in China

Participants 1993 women (mean age 39.1) from rural China

Pan 2003 
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Study design Cross-sectional study of women receiving self-HPV testing, LBC, direct HPV testing and VIA

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: Colposcopically-directed biopsy for all women, if colposcopy was normal random biopsies were
taken. Colposcopy was performed on all women

Index and comparator
tests

IT: HPV testing by HC2 direct sampling (Digene), positivity threshold at 1 pg/mL.

IT: HPV testing by HC2 self sampling (Digene), positivity threshold at 1 pg/mL.

CT: LBC. For the calculation of the accuracy indices an abnormal result was considered any smear
showing ASCUS+

Follow-up  

Notes Some data were obtained from the publication by Belinson 2001

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

No Very limited age spectrum of previously unscreened women

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes The RS was applied to all women

Differential verification
avoided? 
All tests

Yes The same RS was performed on all occasions

Incorporation avoided? 
All tests

Yes The screening tests were not part of the RS

Reference standard results
blinded? 
All tests

Yes Pathologists had no knowledge of the screening tests

Index test results blinded? 
All tests

Yes Cytologists were not aware of the final diagnosis

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether cytologists had the routine clinical information

Uninterpretable results re-
ported? 
All tests

Yes The numbers of inadequate smears were given

Pan 2003  (Continued)
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Withdrawals explained? 
All tests

Yes It does not seem as if there were any withdrawals

Pan 2003  (Continued)

 
 

Clinical features and set-
tings

Women 17-79 years old without prior history of cervical pathology attending the outpatient clinics of a
university hospital for routine screening

Participants 977 women (mean age 38) in Ioannina, Greece

Study design Cross-sectional study of women receiving both CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy. Colposcopy only if no lesion was seen. Only for screen-positives

Index and comparator
tests

IT: HPV testing by PCR (MY09, MY11) for the detection of 11 high-risk types (16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58). Referred for colposcopy if positive

CT: CC. Referred for colposcopy if reactive cellular changes+

Follow-up  

Notes For the calculation of CC accuracy indices the thresholds of ASCUS+ and LSIL+ were used in this meta-
analysis. Since women with reactive cellular changes also underwent colposcopy, this limits verifica-
tion bias

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 17-79 years old attending routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy with biopsies if necessary

Acceptable delay between
tests? 
All tests

Yes Both tests performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes Women with less than ASCUS were also referred for the RS

Differential verification
avoided? 
All tests

Yes The same RS was used in all occasions of positive screening test

Incorporation avoided? 
All tests

Yes The RS was not composed of the screening tests

Reference standard results
blinded? 
All tests

No Colposcopists were aware of the results

Paraskevaidis 2001 
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Index test results blinded? 
All tests

Yes RS performed after the screening tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether relevant clinical information was revealed to the cytolo-
gists

Uninterpretable results re-
ported? 
All tests

No Inadequate and unsatisfactory results were not reported

Withdrawals explained? 
All tests

Yes Withdrawals were explained

Paraskevaidis 2001  (Continued)

 
 

Clinical features and set-
tings

Women > 30 years old attending urban, suburban or rural office-based gynaecology practices in Han-
nover and Tuebingen for routine screening. No hysterectomy, not pregnant, no history of atypical cy-
tology or CIN in the last year

Participants 8101 women (mean age 42.7) from Germany

Study design Cross-sectional study of women receiving both CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies. If colposcopy was negative a biopsy might have not been taken.
Screen-positives and a random 3.4% sample of screen-negatives underwent colposcopy

Index and comparator
tests

IT: HPV testing by HC2 (DIgene), positivity threshold 1 pg/mL, referred for colposcopy if positive

CT: CC, referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women > 30 years old attending for routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes 3.4% of screen-negatives were also verified

Petry 2003 
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Differential verification
avoided? 
All tests

Yes The same RS was applied in each case

Incorporation avoided? 
All tests

Yes Screening tests were not part of the RS

Reference standard results
blinded? 
All tests

Unclear It is not clear whether colposcopists and pathologists had knowledge of the
screening test results

Index test results blinded? 
All tests

Yes RS was performed after the screening tests were reported

Relevant clinical informa-
tion? 
All tests

Yes Cytologists were given routine clinical information

Uninterpretable results re-
ported? 
All tests

Unclear Unsatisfactory smears were reported as Pap IIw, which also included ASCUS.
There was no mention of unsatisfactory HPV testing specimens

Withdrawals explained? 
All tests

Yes Were explained

Petry 2003  (Continued)

 
 

Clinical features and set-
tings

Women aged 30-54 living in rural villages in Shanxi Province, China. Non pregnant, no history of CIN,
pelvic radiation or hysterectomy

Participants 2530 women (mean age 43.4) from rural China

Study design Cross-sectional study of women receiving self-HPV testing, direct-HPV testing, LBC and VIA

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy for all women. Colposcopy only if no lesion was seen

Index and comparator
tests

IT: HPV testing by HC2 (Digene). For the calculation of the accuracy indices the test was considered pos-
itive at the threshold of 1 pg/mL

IT: HPV testing by Care HPV test (self-sampling). For the calculation of the accuracy indices the test was
considered positive at the threshold of 1 pg/mL.

IT: HPV testing by Care HPV test (directed sampling). For the calculation of the accuracy indices the test
was considered positive at the threshold of 1 pg/mL.

CT: LBC (Surepath). For the calculation of the accuracy indices the test was considered positive at the
threshold of LSIL+

Follow-up  

Notes  

Table of Methodological Quality

Qiao 2008 
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Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women aged 30-54

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy with directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes All women underwent colposcopy and biopsies

Differential verification
avoided? 
All tests

Yes The same RS was applied in all circumstances

Incorporation avoided? 
All tests

Yes The screening tests were not part of the RS

Reference standard results
blinded? 
All tests

Unclear It is not clear whether pathologists were aware of the screening test results

Index test results blinded? 
All tests

Yes Cytologists were not aware of the histology results

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether cytologists had the routine clinical information

Uninterpretable results re-
ported? 
All tests

Yes Unsatisfactory results were reported

Withdrawals explained? 
All tests

Yes Withdrawals were explained

Qiao 2008  (Continued)

 
 

Clinical features and set-
tings

Women > 35 years attending routine cervical screening without hysterectomy, without treatment for
CIN in the last 5 years, non pregnant

Participants 16,706 women (median age 45) in Italy

Study design RCT of HPV testing and LBC versus CC. Only the cross-sectional results of the first screening round, from
the experimental arm only were included in this meta-analysis

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy only for screen-positives. Colposcopy only if no lesion was seen

Ronco 2006 

Cytology versus HPV testing for cervical cancer screening in the general population (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

75



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL or 2 pg/mL. Referred for colposcopy if
positive

CT: LBC (Thinprep). Referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women >35 years attending routine screening

Acceptable reference stan-
dard? 
All tests

Yes Colposcopy with biopsy if required

Acceptable delay between
tests? 
All tests

Yes At the same visit

Partial verification avoid-
ed? 
All tests

No RS not applied if both tests were negative

Differential verification
avoided? 
All tests

Yes The RS was the same in all situations

Incorporation avoided? 
All tests

Yes The RS was not composed of the index and comparator tests

Reference standard results
blinded? 
All tests

No Colposcopists were aware of the test results

Index test results blinded? 
All tests

Yes The RS was applied after the screening tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear There was not sufficient information

Uninterpretable results re-
ported? 
All tests

Yes All results were reported

Withdrawals explained? 
All tests

Yes Withdrawals were explained

Ronco 2006  (Continued)
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Clinical features and set-
tings

Women attending the cervical cancer screening services in Morelos state, Mexico. Non pregnant, no
hysterectomy, without history of CIN 2+

Participants 7732 women (mean age 42.5) in Morelos, Mexico

Study design Cross-sectional study of women receiving both CC, self-collected HPV testing and direct HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsy only for screen-positives

Index and comparator
tests

IT: HPV testing by HC2 (Digene) direct sampling, positivity threshold 1 pg/mL, referred for colposcopy if
positive

IT: HPV testing by HC2 (Digene) self-sampling, positivity threshold 1 pg/mL, referred for colposcopy if
positive

CT: CC, referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women attending a cervical cancer screening programme

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

No Only screen-positives received the RS

Differential verification
avoided? 
All tests

Yes Same RS in all cases

Incorporation avoided? 
All tests

Yes Screening tests not part of the RS

Reference standard results
blinded? 
All tests

No Colposcopists were aware of screening tests

Index test results blinded? 
All tests

Yes RS performed after screening tests were reported

Relevant clinical informa-
tion? 

Unclear It is not clear what information was available to the cytologists

Salmeron 2003 
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All tests

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Salmeron 2003  (Continued)

 
 

Clinical features and set-
tings

Opportunistic recruitment of healthy asymptomatic women aged 25-65, with an intact uterus and no
previous history of cervical neoplasia from three different locations in India. None had been previously
screened

Participants 11,518 women from Kolkata, Muumbai and Trivandum, India

Study design Cross-sectional study of women receiving both CC, HPV testing, VIA and VILI

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies for all women, if colposcopy was negative biopsies were not tak-
en

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold 1 pg/mL

IT: VIA

IT: VILI

CT: CC, for the calculation of the accuracy indices the threshold of LSIL+ was used

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women aged 25-65 without history of cervical neoplasia

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsy

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

Yes All women received the RS

Differential verification
avoided? 

Yes The same RS was applied to all cases

Sankaranarayanan 2004a 
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All tests

Incorporation avoided? 
All tests

Yes The screening tests were not part of the RS

Reference standard results
blinded? 
All tests

Yes Colposcopists were not aware of screening test results

Index test results blinded? 
All tests

Yes Laboratory personnel were not aware of RS results

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was given to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes Were reported

Withdrawals explained? 
All tests

Yes Were explained

Sankaranarayanan 2004a  (Continued)

 
 

Clinical features and set-
tings

Women aged 18-60, with an intact uterus, no history of abnormal Pap test in the last year, not under
treatment for genital warts, not immunosuppressed, were invited by the local health units to attend for
screening in Brazil and Argentina

Participants 10,138 women (mean age 37.9) from the cities of Campinas, Sao Paolo, Porto Alegre (Brazil) and
Buenos Aires (Argentina)

Study design Cross-sectional study of women receiving CC, HPV testing, VIA and VILI

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies. If colposcopy was negative biopsies were not taken unless the
smear was HSIL. Colposcopy was performed in screen-positives and in a random 5% of screen-nega-
tives

Index and comparator
tests

IT: HPV testing by HC2 (Digene), referred for colposcopy if > 1 pg/mL

IT: VIA, referred for colposcopy if positive

IT: VILI, referred for colposcopy if positive

CT: CC, referred for colposcopy if LSIL+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? Yes Women 18-60 years old

Sarian 2005 
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All tests

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Screening tests performed at the same visit, colposcopy 45 days later

Partial verification avoid-
ed? 
All tests

Yes 5% random sample of screen-negatives had colposcopy plus the VIA and VILI
positives

Differential verification
avoided? 
All tests

Yes The same RS in all occasions

Incorporation avoided? 
All tests

Yes Screening tests not part of the RS

Reference standard results
blinded? 
All tests

No Colposcopists and pathologists were aware of test results

Index test results blinded? 
All tests

Yes RS performed later

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was available to the cytologists

Uninterpretable results re-
ported? 
All tests

No Not reported

Withdrawals explained? 
All tests

No Not explained

Sarian 2005  (Continued)

 
 

Clinical features and set-
tings

Women 18-70 years old visiting the offices of 10 private gynaecologists in East Thirungia, Germany for
screening. Non-pregnant, no history of cervical conisation, no hysterectomy or CIN, no atypical cytol-
ogy in the last year

Participants 4761 women (median age 35) from Germany

Study design Cross-sectional study of women receiving both CC, HPV testing and screening colposcopy

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies. If colposcopy was negative random biopsies were taken. Only for
screen-positive women

Index and comparator
tests

IT: HPV testing by PCR (GP) for the detection of 14 high-risk types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66, 68). Referred for colposcopy if positive

Schneider 2000 
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CT: CC. Referred for colposcopy if LSIL+

Follow-up A second screening round was done for women negative for all three tests 4-8 months later

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 18-70 years old

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

No 8 months elapsed between screening tests and verification

Partial verification avoid-
ed? 
All tests

Yes The presence of a third screening test (colposcopy) and the referral of the
screen-positives for verification limits the problem of partial verification

Differential verification
avoided? 
All tests

Yes The same RS was used for all tests

Incorporation avoided? 
All tests

Yes The screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

Yes Pathologists were not aware of the screening test results

Index test results blinded? 
All tests

Yes The RS was performed later

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear whether cytologists were given the routine clinical information

Uninterpretable results re-
ported? 
All tests

Yes The numbers were given

Withdrawals explained? 
All tests

Yes The reasons for withdrawals were explained

Schneider 2000  (Continued)

 
 

Clinical features and set-
tings

Consecutive women aged 30–65 years, not pregnant and with no history of treatment for CIN grade 2
and higher (CIN 2+), receiving routine gynaecological care at the outpatient department of the D.O. Ott
Research Institute of Obstetrics and Gynaecology, St. Petersburg, Russia from June 2008-April 2009
were enrolled

Shipitsyna 2011 
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Participants 823 women (mean age 39.5 + 8.4 years ) in St. Petersburg, Russia

Study design Cross-sectional study of women receiving CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies only for screen-positives

Index and comparator
tests

IT: HPV testing by HC2 (Digene), referred for colposcopy if > 1 pg/mL

CT: CC, referred for colposcopy if LSIL+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women 30-65 years old

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

No Only screen-positives were verified

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Incorporation avoided? 
All tests

Yes The screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

Unclear It is not clear what information was available to the pathologists and colpo-
scopists

Index test results blinded? 
All tests

Yes Colposcopy was performed after the tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was available to the cytologists

Uninterpretable results re-
ported? 
All tests

Yes In six (0.7%) women, samples were initially graded unsatisfactory for cytolog-
ical assessment. Those women were called for repeated cytology and were
tested negative

Withdrawals explained? Yes 44 women did not return for colposcopy

Shipitsyna 2011  (Continued)
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All tests
Shipitsyna 2011  (Continued)

 
 

Clinical features and set-
tings

Consecutive women attending 6 different outpatient clinics in 3 New Independent States of the for-
mer Soviet Union. The study focused on 3 target populations 1. women participating locally organised
screening programmes for cervical cancer, 2. those attending regular gynaecology clinics for various in-
dications, 3. those attending STD clinics

Participants 3175 women (mean age 32.7) from Belarus, Russia and Latvia

Study design Cross-sectional study of women receiving both CC and HPV testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 3+

RS: colposcopically-directed biopsies, if colposcopy was normal a biopsy might have not been taken.
Only for screen-positives

Index and comparator
tests

IT: HPV testing by HC2, positivity threshold 1 pg/mL, referred for colposcopy if positive

CT: CC, referred for colposcopy if LSIL+

Follow-up  

Notes For the calculation of the accuracy indices the results from primary screening and not from re-screen-
ing were used

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Most of the women were attending a local cervical screening programme

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Partial verification avoid-
ed? 
All tests

No Only screen-positives were verified

Differential verification
avoided? 
All tests

Yes The same RS was performed in all cases

Incorporation avoided? 
All tests

Yes Screening tests were not part of the RS

Reference standard results
blinded? 
All tests

Unclear It is not clear what information was available to the colposcopists and pathol-
ogists

Syrjanen 2002 
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Index test results blinded? 
All tests

Yes The RS was performed after the screening tests were reported

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was available to the cytologists

Uninterpretable results re-
ported? 
All tests

No Not reported

Withdrawals explained? 
All tests

Yes Were explained

Syrjanen 2002  (Continued)

 
 

Clinical features and set-
tings

The Shenzhen Cervical Cancer Screening Trial I (SHENCCAST I) took place in the city of Shenzhen,
Guangdong Province, in southern China. Women were eligible if they were 25 to 59 years of age, were
non pregnant, had had no cervical cancer screening for at least 3 years, had no prior hysterectomy, and
had no prior pelvic radiation

Participants 2098 women in southern China (mean age 35)

Study design Cross-sectional study of women receiving CC, HPV DNA testing and HPV mRNA testing

Target condition and ref-
erence standard(s)

TC: histologically-confirmed CIN 2+

RS: colposcopically-directed biopsies. If colposcopy was negative random biopsies were taken. Only for
screen-positives

Index and comparator
tests

IT: HPV testing by HC2 (Digene), positivity threshold at 1 pg/mL. Referred for colposcopy if positive

IT: HPV mRNA testing by Aptima (Gen-Probe). Referred for colposcopy if positive

CT: LBC. Referred for colposcopy if ASCUS+

Follow-up  

Notes  

Table of Methodological Quality

Item Authors' judgement Description

Representative spectrum? 
All tests

Yes Women aged 25-59

Acceptable reference stan-
dard? 
All tests

Yes Colposcopically-directed biopsies

Acceptable delay between
tests? 
All tests

Yes Performed at the same visit

Wu 2010 
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Partial verification avoid-
ed? 
All tests

No Only screen-positives were referred

Differential verification
avoided? 
All tests

Yes The same RS applied in all situations

Incorporation avoided? 
All tests

Yes The screening tests did not form part of the RS

Reference standard results
blinded? 
All tests

Yes Pathologists were blinded to HPV test results

Index test results blinded? 
All tests

Yes Cytologists were blinded to the pathology and the HPV tests

Relevant clinical informa-
tion? 
All tests

Unclear It is not clear what information was available to the pathologists

Uninterpretable results re-
ported? 
All tests

No Were there any invalid results?

Withdrawals explained? 
All tests

Yes 95 women who were requested to return for colposcopy based on their test re-
sults did not return

Wu 2010  (Continued)

ASCUS: atypical squamous cells of undetermined significance; CC: conventional cytology; CIN: cervical intraepithelial neoplasia; CT:
comparator test; HC2: hybrid capture 2; HPV: human papillomavirus; HSIL: high-grade squamous intraepithelial lesion; IT: index test; LBC:
liquid-based cytology; LEEP: loop electro-excision procedure; LLETZ – large loop excision of the transformation zone; LSIL: low-grade
squamous intraepithelial lesion; Pap: Papanicolaou; PCR: polymerase chain reactions; RS: reference standard; RCT: randomised controlled
trial; TC: target condition; VIA: visual inspection with acetic acid; VILI: visual inspection with Lugol's iodine
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

An 2003 The reference standard was biopsy without colposcopy and the criteria for the reference standard
application were undetermined

Belinson 2001 Presents data on the same participants as the study by Pan 2003

Belinson 2010a Data on cytology were not given

Belinson 2011 Data on cytology were not given

Belinson 2012 Data on cytology were not given

Benevolo 2011a Retrospective study on selected population with a positive HC2 test

Benevolo 2011b Retrospective study on selected population consisting mainly of abnormal smears

Benoy 2011 The outcome was CIN 2+ detection within 24 months of the screening round
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Study Reason for exclusion

Castle 2010 The population consisted of women with abnormal (ASCUS) smears

Chao 2010 A longitudinal study of baseline HPV and cytology-negative women

Coquillard 2011 The study sample was a mix of low and high risk populations

Costa 2000 HC1 was used for HPV testing which is no longer used in clinical practice

Coste 2003 Contained only data on cytology. Referred to the included study de Cremoux 2003

Dai 2006 HPV testing not a criterion for reference standard application

de Andrade 2011 Population consisted of HIV-infected women

De Vuyst 2005 105 of 653 women included in this study were being investigated because of an abnormal Pap
smear

Denny 2000 HC1 was used for HPV testing which is no longer used in clinical practice

Depuydt 2012 Accuracy given for cumulative diagnosis of CIN 2+ over the follow-up period

Diamantopoulou 2013 No appropriate reference standard

Fereccio 2003 Refers to the study by Schiffman 2000, which was also excluded because the HPV testing was not a
criterion for the gold standard application

Huang 2010 Selected population with high rate of CIN2+

Idelevich 2011 Selected population with high rates of CIN2+

Junyangdikul 2013 No appropriate reference standard

Katki 2011 A retrospective study. Has as outcome measure the cumulative incidence of CIN2+ over 5 years. Da-
ta to calculate cross-sectional accuracy immediately after screening were not given. Data on how
many women had colposcopy were not given

Kelesidis 2011 The sample was not representative of the population attending routine screening (archived cyto-
logical samples of women with archived histological samples)

Kim 2013 Histology given as normal or abnormal (CIN1+)

Kitchener 2011 HC2 was not a criterion for immediate colposcopy referral. A second positive test one year later was
required

Kuhn 2000 HC1 was used for HPV testing which is no longer used in clinical practice

Li 2010a HPV testing was not a criterion for colposcopy referral

Li 2010b Not general population (30% had CIN 2+)

Longatto-Filho 2012 Refers to the study Sarian 2005

Ma 2010 Cytology results were not given
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Study Reason for exclusion

Masumoto 2003 HPV testing was performed only on 477/3000 women. The population included women under in-
vestigation for abnormal smears

Mesher 2010 Provides the longitudinal data of the Cuzick 2003 study

Monsonego 2012 Same population as in the Monsonego 2011 study

Nieminen 2004 A positive HPV test was not a criterion for the application of the reference standard. The sample
was not representative of the general population

Oh 2001 Reference standard (biopsy) not applied in all screen positives. The criteria for the application of
the reference standard were unclear. Colposcopy was not a part of the reference standard

Ozcan ES 2011 Unclear what the referral criteria for colposcopy were

Quincy 2012 Not appropriate gold standard

Ratnam 2000 69% of women received HCI as HPV testing and 31% HCII. HPV testing results were not presented
separately for the two methods

Riethmuller 1999 The target condition was not CIN but HPV infection. CIN rates were not reported. 130/596 women
were referred because of an abnormal smear

Rijkaart 2012b Not all screen-positives would be offered verification (ie HPV-positive/cyto-negative and low-grade
cyto/HPV neg)

Sankaranarayanan 2004b Presented data on the same population as the study Sankaranarayanan 2004a, which is included in
the analysis

Sankaranarayanan 2005 RCT where women received either VIA or cytology or HPV testing

Schiffman 2000 A positive HPV test was not a criterion for the application of the reference standard

Shastri 2005 Presented data on a subgroup of the population of the study Sankaranarayanan 2004a which is in-
cluded in the analysis

Sherman 2003 It is a longitudinal study of the risk of CIN 3 10 years after a baseline Pap smear and HPV test. It is
not a cross-sectional comparison of diagnostic accuracy. HPV testing was not a criterion for refer-
ence standard application

Siriaunkgul 2014 HPV test positivity was not a criterion for reference standard application

Surabhi 2011 HPV testing was only done on a selected subgroup of the population

Wang 2013 Severe selection bias

Womack 2000 Presented data on the same population as the study by Blumenthal 2001

Zhao 2010 A pooled analysis of individual participant data. The published studies that have contributed their
participants to this paper are already included in our meta-analysis. However this paper also in-
cluded data from unpublished studies

ASCUS: atypical squamous cells of undetermined significance; CIN: cervical intraepithelial neoplasia; HC2: hybrid capture 2; HPV: human
papillomavirus;Pap: Papanicolaou
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D A T A

Presented below are all the data for all of the tests entered into the review.

 

Table Tests.   Data tables by test

Test No. of studies No. of participants

1 CC (ASCUS+) for CIN2+ 16 61099

2 CC (ASCUS+) for CIN3+ 9 51857

3 CC (LSIL+) for CIN2+ 9 41494

4 CC (LSIL+) for CIN3+ 5 35648

5 LBC (ASCUS+) for CIN2+ 15 82003

6 LBC (ASCUS+) for CIN3+ 13 71919

7 LBC (LSIL+) for CIN2+ 10 33519

8 LBC (LSIL+) for CIN3+ 5 21166

9 HC2 (1pg/mL) for CIN2+ 25 138230

10 HC2 (1 pg/mL) for CIN3+ 19 120380

11 HC2 (2 pg/mL) for CIN2+ 2 26768

12 HC2 (2 pg/mL) for CIN3+ 2 26768

13 PCR (13 hr types or more) for CIN2+ 6 16343

14 PCR (13 hr types or more) for CIN3+ 4 14048

15 PCR (10-11 hr types) for CIN2+ 2 3965

16 PCR (10-11 hr types) for CIN3+ 1 2988

17 Aptima for CIN2+ 3 15895

18 Aptima for CIN3+ 4 17944

19 PCR (4 hr types) for CIN2+ 1 1985

20 Care HPV test (0.5 pg/ml) for CIN2+ 2 7044

21 Care HPV test (0.5 pg/ml) for CIN3+ 2 7046

22 Cobas for CIN2+ 2 11666

23 Cobas for CIN3+ 2 11666

24 NASBA (5 types) for CIN2+ 1 313
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Test No. of studies No. of participants

25 NASBA (9 types) for CIN2+ 1 313

26 HC2+4 (1 pg/ml) for CIN2+ 1 1352

27 HC2+4 (1 pg/ml) for CIN3+ 1 1352

28 HC2 (1pg/mL) for CIN2+ no verification bias 12 53013

29 CC or LBC (ASCUS+) for CIN2+ no verification bias 8 31341

30 HC2 (1pg/mL) for CIN2+ women >30 13 69334

31 self HPV test for CIN2+ 4 23474

 
 

Test 1.   CC (ASCUS+) for CIN2+.

 
 

Test 2.   CC (ASCUS+) for CIN3+.
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Test 3.   CC (LSIL+) for CIN2+.

 
 

Test 4.   CC (LSIL+) for CIN3+.

 
 

Test 5.   LBC (ASCUS+) for CIN2+.
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Test 6.   LBC (ASCUS+) for CIN3+.

 
 

Test 7.   LBC (LSIL+) for CIN2+.

 
 

Test 8.   LBC (LSIL+) for CIN3+.

 
 

Cytology versus HPV testing for cervical cancer screening in the general population (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

91



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Test 9.   HC2 (1pg/mL) for CIN2+.

 
 

Test 10.   HC2 (1 pg/mL) for CIN3+.
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Test 11.   HC2 (2 pg/mL) for CIN2+.

 
 

Test 12.   HC2 (2 pg/mL) for CIN3+.

 
 

Test 13.   PCR (13 hr types or more) for CIN2+.

 
 

Test 14.   PCR (13 hr types or more) for CIN3+.

 
 

Test 15.   PCR (10-11 hr types) for CIN2+.
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Test 16.   PCR (10-11 hr types) for CIN3+.

 
 

Test 17.   Aptima for CIN2+.

 
 

Test 18.   Aptima for CIN3+.

 
 

Test 19.   PCR (4 hr types) for CIN2+.

 
 

Test 20.   Care HPV test (0.5 pg/ml) for CIN2+.
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Test 21.   Care HPV test (0.5 pg/ml) for CIN3+.

 
 

Test 22.   Cobas for CIN2+.

 
 

Test 23.   Cobas for CIN3+.

 
 

Test 24.   NASBA (5 types) for CIN2+.

 
 

Test 25.   NASBA (9 types) for CIN2+.
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Test 26.   HC2+4 (1 pg/ml) for CIN2+.

 
 

Test 27.   HC2+4 (1 pg/ml) for CIN3+.

 
 

Test 28.   HC2 (1pg/mL) for CIN2+ no verification bias.

 
 

Test 29.   CC or LBC (ASCUS+) for CIN2+ no verification bias.
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Test 30.   HC2 (1pg/mL) for CIN2+ women >30.

 
 

Test 31.   self HPV test for CIN2+.

 

 

A D D I T I O N A L   T A B L E S
 

Test Disease thresh-
old

studies Pooled sensitivity (95% CI) Pooled specificity (95% CI)

CC (ASCUS+) CIN 2+ 16 65.87% (54.94 to 75.33) 96.28% (94.72 to 97.39)

LBC (ASCUS+) CIN 2+ 15 75.51% (66.57 to 82.68) 91.85% (88.43 to 94.32)

CC (LSIL+) CIN 2+ 9 62.84% (46.79-76.50) 97.73% (96.09-98.70)

LBC (LSIL+) CIN 2+ 10 70.33% (59.73 to 79.11) 96.20% (94.57 to 97.36)

HC2 (1 pg/mL) CIN 2+ 25 92.60% (99.45 to 95.30) 89.30% (87.03 to 91.20)

PCR (> 12 types) CIN 2+ 6 95.13% (89.50 to 97.84) 91.89% (83.79 to 96.13)

APTIMA CIN 2+ 3 92.66% (31.77 to 99.71) 93.31% (47.30 to 99.54)

CC (ASCUS+) CIN 3+ 9 70.27% (57.87 to 80.30) 96.67% (94.56 to 98.00)

LBC (ASCUS+) CIN 3+ 13 75.97% (64.72 to 84.49) 91.19% (87.21 to 94.01)

Table 1.   Pooled diagnostic accuracy of tests 
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CC (LSIL+) CIN 3+ 5 74.43% (67.81 to 80.10) 96.86% (94.87 to 98.10)

LBC (LSIL+) CIN 3+ 5 71.91% (51.68 to 86.00) 96.05% (93.53 to 97.60)

HC2 (1 pg/mL) CIN 3+ 19 96.50% (94.00 to 97.90) 89.20% (86.70 to 91.30)

PCR (> 12 types) CIN 3+ 4 93.57% (69.90 to 98.91) 86.49% (68.16 to 95.04)

APTIMA CIN 3+ 4 96.04% (72.91 to 99.54) 92.80% (86.15 to 96.39)

Table 1.   Pooled diagnostic accuracy of tests  (Continued)

Tests with fewer than three studies are not included in the table.
 
 

Comparison Disease
threshold

Relative sensitivity
(95% CI)

Relative specificity
(95% CI)

Studies Analysis
number

HC2 vs CC (ASCUS+) CIN 2+ 1.52 (1.24 to 1.86) 0.94 (0.92 to 0.96) 9 1

HC2 vs CC (ASCUS+) CIN 3+ 1.46 (1.12 to 1.91) 0.95 (0.93 to 0.9) 6 2

PCR (> 12 types) vs CC
(ASCUS+)

CIN 2+ 1.37 (0.58 to 3.21) 0.95 (0.76 to 1.19) 3 5

HC2 vs CC (LSIL+) CIN 2+ 1.28 (1.15 to 1.41) 0.91 (0.87 to 0.95) 6 7

HC2 vs CC (LSIL+) CIN 3+ 1.22 (1.12 to 1.32) 0.91 (0.87 to 0.95) 5 8

HC2 vs LBC (ASCUS+) CIN 2+ 1.18 (1.10 to 1.26) 0.96 (0.95 to 0.97) 10 11

HC2 vs LBC (ASCUS+) CIN 3+ 1.17 (1.05 to 1.30) 0.96 (0.95 to 0.98) 8 12

PCR (> 12 types) vs LBC
(ASCUS+)

CIN 2+ 1.53 (0.53 to 4.44) 0.90 (0.89 to 0.92) 3 15

PCR (> 12 types) vs LBC
(ASCUS+)

CIN 3+ 1.47 (0.64 to 3.35) 0.94 (0.8 to 1.09) 3 16

HC2 vs LBC (LSIL+) CIN 2+ 1.35 (1.19 to 1.53) 0.92 (0.89 to 0.95) 8 17

HC2 vs LBC (LSIL+) CIN 3+ 1.30 (0.86 to 1.96) 0.92 (0.8 to 1.00) 4 18

APTIMA vs LBC (ASCUS+) CIN 3+ 1.30 (0.49 to 3.41) 0.98 (0.93 to 1.04) 3 22

Table 2.   Test comparisons 

Comparisons with fewer than three studies are not included in the table
 
 

Comparison Studies Disease thresh-
old

Relative sensitivity (95% CI) Relative specificity (95% CI)

17 vs 20 CIN 2+ 1.13 (1.03 to 1.25) 1.01 (0.98 to 1.04)Age > 30 vs any age

13 vs 14 CIN 3+ 1.10 (1.02 to 1.19) 1.04 (1.00 to 1.08)

Table 3.   Variation in the accuracy of HC2 by covariates 
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17 vs 20 CIN 2+ 1.05 (0.95 to 1.16) 1.00 (0.97 to 1.04)Increased vs low risk of

verification bias 12 vs 15 CIN 3+ 1.09 (1.01 to 1.18) 1.00 (0.96 to 1.05)

21 vs 16 CIN 2+ 1.01 (0.91 to 1.12) 1.03 (1.00 to 1.07)High-income vs

middle-/low-income
countries

13 vs 14 CIN 3+ 0.94 (0.87 to 1.02) 1.01 (0.96 to 1.05)

Table 3.   Variation in the accuracy of HC2 by covariates  (Continued)

Assessed by bivariate random-eNects meta-analysis including one covariate each time.
 

 

A P P E N D I C E S

Appendix 1. Search strategy

MEDLINE (Pubmed):

((Uterine Cervical Neoplasms [MeSH Terms] OR Uterine Cervical Dysplasia [MeSH Terms] OR Cervical Intraepithelial Neoplasia [MeSH
Terms] OR ((cervix [tw] OR cervical [tw] OR cervico* [tw]) AND (cancer* [tw] OR carcinoma OR adenocarcinoma OR neoplas* [tw] OR dysplas*
[tw] OR dyskaryos* [tw] OR squamous [tw] OR CIN [tw] OR CINII* [tw] OR CIN2* [tw] OR CINIII* [tw] OR CIN3* [tw] OR SIL [tw] OR HSIL [tw]
OR H-SIL [tw] OR LSIL [tw] OR L-SIL [tw] OR ASCUS [tw] OR AS-CUS [tw])))
AND
(papillomaviridae [MeSH:NoExp] OR alphapapillomavirus [MeSH Terms] OR “DNA, viral” [MeSH Terms] OR Papillomavirus Infections [MeSH
Terms] OR Tumor Virus Infections [MeSH Terms] OR “Cervix Uteri/virology” [MeSH Terms] OR HPV [tw] OR “human papillomavirus” [tw]
OR papillomaviridae [tw] OR PCR OR “hybrid capture*” [tw] OR HC2 [tw] OR HCII [tw] OR “HC 2” [tw] OR “HC II” [tw] OR ((viral [tw] OR
virolog* [tw]) AND (DNA [tw])))
AND
(Vaginal smears [MeSH Terms] OR Cytodiagnosis [MeSH Terms] OR Cell Transformation, Viral [MeSH Terms] OR Cytopathogenic ENect, Viral
[MeSH Terms] OR ((pap [tw] OR papanicolaou [tw] OR vagina* [tw] OR cervical [tw] OR cervix [tw] OR cervico* [tw] OR cytolog* [tw]) AND
(smear* OR test [tw] OR tests [tw] OR testing [tw] OR tested [tw] OR swab* OR scrap*))))

Embase (Ovid):

1. exp uterine cervix tumor/

2. exp uterine cervix dysplasia/

3. exp uterine cervix carcinoma in situ/

4. (cervi$ adj3 (cancer or carcinoma or adenocarcinoma or neoplasm$ or dysplas$ or dyskaryo$ or or squamous or CIN$ or HSIL or LSIL
or ASCUS).mp.

5. or/1-4

6. papillomaviridae/

7. exp alphapapillomavirus/

8. exp DNA, viral/

9. exp Papillomavirus Infections/

10.exp Tumor Virus Infections/

11.exp uterine cervix

12.HPV.mp.

13.human papillomavirus.mp.

14.papillomaviridae.mp.

15.PCR.mp.

16.hybrid capture$.mp.

17.HC2.mp.

18.HCII.mp.

19.HC 2.mp.

20.HC II.mp.

21.((viral or virology$) adj3 DNA).mp.
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22.or/6-21

23.exp Vaginal smears/

24.exp Cytodiagnosis/

25.exp Cell Transformation, Viral/

26.exp Cytopathogenic ENect, Viral/

27.((pap or papanicolaou or vagina$ or cervical or cervix or cervico$ or cytology$) adj3 (smear$ or test or tests or testing or tested or swab
$ or scrap$)).mp.

28.or/ 23-27

29.5 and 22 and 28

Appendix 2. Quality Assessment of Diagnostic test Accuracy Studies (QUADAS) items

• Item 1 of the QUADAS tool (representative spectrum of participants) will be scored as 'yes' if the tests are done on a representative
population of women attending cervical cancer screening within the age range 20-70 not being followed up for cervical abnormalities.
The item will be scored as 'no' if the majority of the population is outside this range and 'unclear' if there is not suNicient information.
Studies with a case-control design would score 'no' but they are excluded anyway from this review.

• Item 2 of the QUADAS tool (selection criteria clearly described) will not be used as suggested in Chapter 9 of the Cochrane Handbook
for Diagnostic Test Accuracy ReviewsReitsma 2009.

• Item 3 of the QUADAS tool (acceptable reference standard) will be scored as 'yes' if the reference standard used is colposcopy with
directed biopsies as minimum, or better yet by histological examination of the whole excised transformation zone. The item will be
scored 'no' if the reference standard used is colposcopy alone without histology, and 'unclear' if there is not suNicient information.

• Item 4 of the QUADAS tool (acceptable delay between tests) will be scored as 'yes' if the total interval between cytology, human
papillomavirus (HPV) testing and verification with the reference standard was less than 12 weeks, as the status of the condition is unlikely
to change within this time period. The item will be scored 'no' if the interval was equal to or more than 12 weeks, and 'unclear' if there
is not suNicient information.

• Item 5 of the QUADAS tool (partial verification avoided) will be scored as 'yes' if all women or at least a random sample of all women
tested with cytology or HPV testing had disease status verification by the reference standard (colposcopy with directed biopsies) or
when all women being positive for at least one screen test were verified together with a random sample of women being negative for
all screen tests . The item will be scored 'no' if the selection of women who will receive verification is influenced by the results of the
screening tests (i.e. if all screen-positives are verified and not all screen-negatives). The item will be scored as 'unclear' if there is not
suNicient information.

• Item 6 of the QUADAS tool (diNerential verification avoided) will be scored as 'yes' if all women who had disease status verification, had
this done by the same method. The item will be scored 'no' if the method of verification diNered between groups of participants, and
'unclear' if there is not suNicient information.

• Item 7 of the QUADAS tool (incorporation avoided) will be scored as 'yes' if the reference standard used for disease status verification is
not composed in any part by cervical cytology or HPV testing. A reference standard such as colposcopy would score 'yes'. If cytology is
used as a reference standard the item will be scored as 'no', and 'unclear' if there is not suNicient information

• Item 8 of the QUADAS tool (suNicient index test description) will not be used as suggested in Chapter 9 of the Cochrane Handbook for
Diagnostic Test Accuracy ReviewsReitsma 2009.

• Item 9 of the QUADAS tool (suNicient reference standard description) will not be used as suggested in Chapter 9 of the Cochrane
Handbook for Diagnostic Test Accuracy ReviewsReitsma 2009.

• Item 10 of the QUADAS tool (index test results blinded) will be scored as 'yes' if the cytologists and the technicians interpreting the Pap
smear and the HPV test were not aware of the colposcopy/biopsy results. The item will be scored 'no' if they were made aware of the
reference standard results prior to the interpretation of the screening tests, and 'unclear' if there is not suNicient information given in
the text.

• Item 11 of the QUADAS tool (reference standard results blinded) will be scored as 'yes' if the colposcopists and the pathologists were not
aware of the cytology and HPV test results when interpreting the results of the reference standard. The item will be scored 'no' if either
was aware of the screening test results (which is the case in clinical practice), and 'unclear' if there is not suNicient information in the text.

• Item 12 of the QUADAS tool (relevant clinical information) will be scored as 'yes' if the cytologist was aware of the woman's basic history
(age, symptoms, previous cervical surgery). If the cytologist was not aware the item will be scored 'no', and if this information is not
given in the text it will be scored 'unclear'.

• Item 13 of the QUADAS tool (un-interpretable results reported) will be scored as 'yes' if the numbers of inadequate cytology and HPV
test results are given. It will be scored 'no' if the numbers of inadequate tests are not given, and 'unclear' if it is not certain whether all
test results have been reported.

• Item 14 of the QUADAS tool (withdrawals explained) will be scored as 'yes' if it is clear what happened to all participants who entered
the study, including the withdrawals. The item will be scored 'no' if it is not explained why no outcome could be obtained for some
women, and if it is not clear whether all participants who entered the study were accounted for it will be scored 'unclear'.
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