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A B S T R A C T

Aim: Based on data from randomised controlled trials (RCT) on primary cervical screening,

it has been reported that the problem of more frequent false-positive tests in Human Pap-

illomavirus (HPV) DNA screening compared to cytology could be overcome. However, these

reports predominantly operated with a narrow definition of a (false-)positive test. The aim

of this paper was to illustrate how the narrow definition affected the measured adverse

effects of HPV DNA screening compared with cytology screening.

Methods: In the European RCT data, we measured the impact of the narrow definition of a

positive screening test on the published relative positive predictive values (PPV), an indica-

tor of the relative frequency of false-positive screening tests.

Results: Using the trialists’ definitions of positive screening tests, HPV screening combined

with cytology triage had relative PPVs of 0.87 (95% confidence interval (CI): 0.60–1.26) for

PCIN3 based on Swedish RCT data, and 0.78 (0.52–1.16) for PCIN2 in the Italian Phase 1

RCT (25–34 years). These PPVs changed to 0.44 (0.30–0.64) and 0.51 (0.33–0.79), respectively,

when all positive HPV or cytology screening tests were accounted for. In the Finnish RCT

data, HPV screening using the cut-off point of P10 pg/ml had a relative PPV of 0.27 (0.15–

0.50) for PCIN3, which changed to 1.84 (0.99–3.41).

Conclusion: The relative PPV was incorrectly estimated in six out of seven studies. In three

of those six studies, the relative PPV changed significantly after inclusion of the previously

erroneously excluded false-positive HPV or cytology tests.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The recently introduced Human Papillomavirus (HPV) vaccine

represents a major step forward in control of cervical cancer,

but as it is expected to prevent only around 70% of cervical

cancers, screening will still be needed as a supplementary

tool. For the currently sexually active women screening will

furthermore remain the most important preventive strategy.

While observational studies have shown that cytological

screening reduced both the incidence and mortality from cer-

vical cancer,1 one-third of all cervical cancer patients had pre-
er Ltd. All rights reserved
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vious negative cytology.2 Randomised controlled trials (RCT)

comparing cytology with HPV DNA testing in primary screen-

ing showed that the latter detects about 50% more high-grade

cervical intraepithelial neoplasia (PCIN2).3 An added benefit

of the switch from cytology to HPV DNA screening is the pos-

sibility of widening the screening intervals.4–6 As a conse-

quence, several countries may in the near future switch

from cervical screening with cytology to screening for HPV

infection.

However, test-positive rates are up to three times higher

with HPV DNA screening than with cytology.3,6 Increased
.
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Fig. 1 – Definition of a positive screen in cervical cancer

screening.
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test-positive rates seem to persist over the course of subse-

quent screening rounds.3,7 HPV DNA screening consequently

causes more false-positive tests, i.e. positive screening tests

without underlying CIN: about seven extra women above

age 30 had a false-positive test for each additionally detected

PCIN2 compared with cytology screening in most European

RCTs.3 These false-positive tests, found predominantly in

HPV DNA positive/cytology normal women, decrease the po-

sitive predictive value (PPV) and specificity, two standard indi-

cators of adverse effects of screening.

The problem with many false-positive tests has been

acknowledged by the authors of the RCTs, and some trialists

suggested HPV DNA screening strategies appearing to have a

positive predictive value (PPV) or specificity comparable to

those of cytology screening.8–14 For example, in the Swedish

RCT primary HPV DNA screening with cytology triage and re-

peated testing after 1 year in HPV DNA positive/cytology nor-

mal women was found to give a PPV for PCIN3 similar to that

of conventional cytology screening, relative PPV 0.87 (95%

confidence interval (CI) 0.60–1.26).9 A similar HPV DNA

screening strategy resulted in a relative PPV for PCIN2 of

0.78 (0.52–1.16) for women aged 25–34 years in one of the Ital-

ian RCTs.10
Definition A True disease N
Screen-positive A B

Screen-negative C D

Total A+C B

Definition B True disease N
Screen-positive A B

Screen-negative C D

Total A+C B
X = women not referred for colposcopy. 

Fig. 2 – Distribution of
While the numerator of the PPV for PCIN2 or PCIN3 was

in all published reports defined as the number of women diag-

nosed with the relevant CIN lesions, the definition of the

denominator, i.e. the number of women regarded as positive

on the screening test, varied. One may define the denomina-

tor as the number of women with a screening test value above

the threshold recommended for any type of follow-up (Fig. 1:

definition A). However, some trialists used a narrower defini-

tion of a positive screening test by including only the number

of women referred for colposcopy (Fig. 1: definition B).4,8–13

The difference between definitions A and B represents the

women recommended for repeated testing and not later re-

ferred for colposcopy (Fig. 1). As no CIN is found in these wo-

men, they should be regarded as having had a false-positive

screening test. Effectively, however, the narrower definition

B shifts these women from the group with positive screening

tests to the group with negative screening tests. As illustrated

in Fig. 2, this makes both the PPV and the specificity appear

more favourable. Assuming no disease in women not referred

for colposcopy (denoted as X), which is reasonable for screen-

ing with high sensitivity, the use of definition A leads to

PPV1 = A/(A + B) and Specificity1 = D/(B + D), while the use of

definition B leads to PPV2 = A/(A + B ) X) and Specificity2 =

(D + X)/(B + D), with PPV2 > PPV1 and Specificity2 > Specificity1.

In most European RCTs, at least half of the women with

positive HPV DNA screening tests were not later referred for

colposcopy.4,5,10,13,15 The aim of this paper was to illustrate

how severely their inclusion among women with negative

screening tests affected the measured adverse effects of

HPV DNA screening as compared with cytology screening.

2. Material and methods

2.1. Selection of RCTs

We selected the RCTs undertaken in settings with well-estab-

lished population-based, organized screening programmes.16

Because the RCT in India was undertaken in women screened

for the first time,17 and the Canadian RCT recruited women if

they sought screening,18 we excluded these two RCTs from

the present overview. The data were obtained by searching

the PubMed database for articles published anytime until

December 2009. The terms ‘HPV’ or ‘Human Papillomavirus’

and the names of the principle investigators were used as

search terms.
o disease Total 
 A+B 

 C+D 

+D A+B+C+D 

o disease Total 
-X A+B-X 
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screening results.
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2.2. Selection of HPV DNA screening strategies

The trialists had suggested one optimal HPV DNA screening

strategy from the Swedish (SWEDESCREEN)9 and the UK RCTs

(ARTISTIC),14 and two from the Italian (NTCC Phase 110,11 and

Phase 212) and the Finnish RCTs (Finnish Public Health

Trial).8,13 For the Dutch RCT (POBASCAM),4 the authors pre-

sented a calculation of the efficiency of screening strategies,

which can be interpreted as PPV. This was done for the HPV

DNA screening strategy actually used in the RCT.

2.3. Analysis

We extracted the reported measures of PPV for cytology

screening and the selected HPV DNA-screening strategies as

observed at the baseline screening rounds. As it was not sys-

tematically specified in all original reports which definition

of a positive test had been used, we indirectly determined it

by extracting additional data and study design information,

if necessary from earlier publications,15 so that we could

reconstruct the reported PPV. For one of the proposed screen-

ing strategies from the Finnish RCT only specificity was re-

ported,8 and we calculated the PPV using the same

definitions of positive tests as the trialists had used to calcu-

late the specificity. For the strategy proposed from the UK

RCT,14 only the PPV of HPV DNA screening was reported, and

we calculated the PPV of cytology screening using the same

definition of the denominator. This corresponds to the defini-

tions the same trialists used in an earlier publication using the

data from the same RCT.7 Where the PPV was reported only

separately for HPV DNA and cytology screening, we calculated

the relative PPV for HPV DNA versus cytology screening. Final-

ly, we systematically calculated the relative PPV based on def-

inition A of a positive test, i.e. accounting for all women

eligible for any type of follow-up (Fig. 1). Whenever the num-

bers used for the calculation of the PPV were not directly re-

ported in the original publications but were arrived at for

instance by adding two numbers from the same reports, we

annotated this by square brackets in line with the tradition

used for e.g. the International Agency for Research on Cancer

monographs. Inadequate quality tests were not considered

positive tests and were thus not included in the definition A.

Apart from varying the definition of positive screening tests,

we sought to keep all other definitions the same as in the ori-

ginal reports. Thus, we used the focal endpoints from the ori-

ginal RCT publications: PCIN2 for the UK and both Italian

RCTs,10–12,14 and PCIN3 for other RCTs.4,8,9,13 In line with the

original reports, we did not stratify the calculated PPVs by

age. 95% confidence intervals for the relative PPVs were calcu-

lated by assuming that the logarithms of relative PPVs were

approximately normally distributed.

3. Results

The suggested optimal HPV DNA-screening strategies can be

broadly classified into two groups: those that involve reacting

to all positive HPV DNA screening tests, defined as such in

RCTs using Polymerase Chain Reaction (PCR) GP5+/6+ testing

or using the cut-off point of P1 pg/ml in RCTs using Hybrid
Capture 2 (HC2) testing (Table 1), and those setting a higher

HC2 cut-off point (Table 2).

In the published calculations from Italy (for both tests),

The Netherlands (for both tests), Sweden (for HPV DNA only)

and Finland (for cytology only in one strategy,8 and for both

tests in another13), definition B was used to determine the

number of women with a positive screening test, i.e. it in-

cluded only the women referred for colposcopy. On the other

hand, in the published calculations from Finland (for HPV

DNA only in one strategy),8 Sweden (for cytology only) and

the UK definition A was used, i.e. it included all the women

with screening tests at or above the threshold that made

them eligible for any type of follow-up.

For strategies reacting to all positive HPV DNA-screening

tests (defined as such in RCTs using PCR testing, and using

the cut-off point of P1 pg/ml in RCTs using HC2 testing),

the published reports based predominantly on definition B

from Sweden, Italy Phase 1 (25–34 years), The Netherlands

and Finland showed the PPVs of HPV DNA screening to be

similar to the PPVs of cytology screening (Table 1): relative

PPVs were 0.87 (95% CI 0.60–1.26) for PCIN3, 0.78 (0.52–1.16)

for PCIN2 and 1.02 (0.68–1.53) and 1.22 (0.78–1.92) for PCIN3,

respectively. However, when we calculated the relative PPVs

based on our definition A of a positive test, the relative PPVs

decreased to 0.44 (0.30–0.64), 0.51 (0.33–0.79), 0.82 (0.55–1.23)

and 1.10 (0.70–1.73), respectively.

Using the trialists’ definitions of positive screening tests,

the strategy of reacting to HC2 HPV DNA tests at the P2 pg/

ml cut-off point had relative PPVs for PCIN2 of 0.95 (0.83–

1.09) in the UK, and of 0.85 (0.66–1.09) in the Italian (35–60

years) data (Table 2). While the UK relative PPV was already

based on definition A of a positive screening test, the relative

PPV in the Italian data changed to 1.07 (0.81–1.39) when defi-

nition A was used. The reported relative PPV for PCIN3 from

the Finnish RCTusing the HC2 cut-off point P10 pg/ml of 0.27

(0.15–0.50) changed to 1.84 (0.99–3.41) when we used defini-

tion A.

4. Discussion

While a shift from cytology to HPV DNA screening is expected

to increase the sensitivity of cervical screening, the increased

risk of false-positive tests and the associated unnecessary fol-

low-up have been of concern. All seven published reports based

on the European RCTs concluded that these adverse effects

could be overcome, basing their conclusion on calculation of

relative PPVs. However, these calculations predominantly

operated with a narrow definition of a false-positive test. Only

the UK reports defined all the tests recommended for any fol-

low-up as positive, whereas the six other reports defined (en-

tirely or partly) only the tests followed by colposcopy as

positive. When we recalculated the original data and took into

account all the tests recommended for any follow-up, three of

the six reported relative estimates of the adverse effects of HPV

DNA screening changed significantly. For two screening strate-

gies using HPV DNA testing combined with cytology triage the

originally reported adverse effects appeared to be similar to

those of conventional cytology screening. In our recalculation,

the adverse effects became significantly higher (Table 1). For



Table 1 – Relative positive predictive values (PPV) for PCIN2 or PCIN3 compared with cytology screening: suggested
screening strategies reacting to all positive HPV DNA-screening tests (defined as such in RCTs using PCR testing, and using
the cut-off point of P1 pg/ml in RCTs using HC2 testing).

Sweden9 Italy, Phase 1e10 The Netherlands4 Finland13

Analysis based on
RCT data from

Intervention arm Intervention and control
arms

Intervention and control
arms

Intervention and control
arms

Age group (years) 32–38 25–34 29–56 25–P65

Control test Conventional
cytology

Conventional cytology Conventional cytology Conventional cytology

Referral for
colposcopy in
control group

PHSIL! colposcopy,
ASCUS/
LSIL! colposcopy or
repeated
conventional
cytologyc

PLSIL! colposcopy,
ASCUS! colposcopy or
repeated conventional
cytology with colposcopy
if PLSILf

PHSIL! colposcopy,
ASCUS/LSIL! repeated
conventional cytology 6
or 18 months after initial
screening with
colposcopy if PASCUS

PLSIL! colposcopy,
Papanicolaou class
II! repeated cytology 12
months after initial
screening with
colposcopy if cytology
Papanicolaou class IIi

Reported
definition of a
positive cytology
test

PASCUS PASCUS and underwent
colposcopy

Referred for colposcopy Referred for colposcopy

Intervention tests GP5+/6+ PCR HPV
DNA screening with
conventional
cytology triage

HC2 HPV DNA P1pg/ml
screening with liquid-
based cytology triage

Combined GP5+/6+ PCR
HPV DNA and
conventional cytology
screening

HC2 HPV DNA P1pg/ml
screening with
conventional cytology
triage

Referral for
colposcopy in
intervention
group given
normal cytologya

Type-specific HPV
DNA positive 1 year
after initial screening

HPV DNA P1pg/ml or
cytology PASCUS 1 year
after initial screening

HPV DNA positive or
conventional cytology
PHSIL 6 or 18 months
after initial screening

HPV DNA positive 12
months after initial
screeningi

Reported
definition of a
positive HPV DNA
test

Referred for
colposcopyd

Referred for and
underwent colposcopy

Referred for colposcopy Referred for colposcopy

Reported: relative
PPV for PCIN2 or
PCIN3b (95% CI)

0.87 (0.60–1.26)
(48/218)/(37/146)

0.78 (0.52–1.16)
[(54/448g)/(33/213)]

[1.02 (0.68–1.53)]
(66/201)/(37/115)

1.22 (0.78–1.92)
([42]/424)/([34]/420)

Definition A:
relative PPV for
PCIN3 or PCIN2b

(95% CI)

0.44 (0.30–0.64)
(48/433)/(37/146)

[0.51 (0.33–0.79)
(54/836)/(33/261)]

[0.82 (0.55–1.23)]
(66/[515])/(37/[238])h

[1.10 (0.70–1.73)
(42/2795j)/(34/2486j)]

[ ] = calculated by the authors of the present overview. HC2 = hybrid capture 2. PCR = polymerase GP5+/6+ chain reaction.
a In these RCTs, women with concurrently abnormal cytology largely followed the standard referral procedures for cytology.
b PCIN2 for the Italian Phase 1 RCT, and PCIN3 for the data from the Swedish, Finnish and the Dutch RCT.
c The timing of repeated cytology and the procedure thereafter were not described. In case of a positive HPV test and no record of referral due to

abnormal cytology the women in the intervention arm were offered a second round of HPV and Pap tests at least 12 months later, and were

offered colposcopy if they continued to be infected with the same high-risk type of HPV.5

d Due to RCT study centre variation in follow-up recommendations for women with ASCUS or LSIL, the group may include some women with

repeated testing instead of a referral for colposcopy.
e We did not include data from the Phase 2 RCT because no cytology triage was done in its experimental arm.
f The timing of repeated cytology was not described.
g Women with immediate colposcopy, and women with colposcopy based on follow-up testing after 1 year.
h Excluding two PCIN3 cases in the HPV DNA + cytology screening arm and three PCIN3 cases in the cytology arm found by opportunistic

screening, which the trialists included in the calculation of the relative detection rate. If these PCIN3 were included, the relative PPV using the

definition A would change to [0.79 (0.53–1.16)].
i Outcomes of repeated testing not reported.13

j Estimated from proportions reported by Leinonen and colleagues.13
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one HPV-screening strategy using a cut-off point of P10 pg/ml

the adverse effects appeared to be higher than for conventional

cytology screening using the original definitions. In our recal-
culation, the adverse effects became significantly lower (Ta-

ble 2). In these three reports, the definitions of positive

screening test were not adequately balanced. Whereas in the



Table 2 – Relative PPV for PCIN2 or PCIN3 compared with cytology screening: suggested screening strategies not reacting to
all HPV DNA-screening tests with HC2 using the cut-off point of P1 pg/ml.

Italy, Phase 1 + Phase
211,12

UK14 Finland8

Analysis based on RCT data
from

Intervention and control
arms

Intervention arm Intervention and control arms

Age group (years) 35–60 20–64 30–60

Control test Conventional cytology Liquid-based cytology Conventional cytology

Referral for colposcopy in
control group

PLSIL! colposcopy,
ASCUS! colposcopy or
repeated conventional
cytology with colposcopy
if PLSILc

PHSIL! colposcopy,
ASCUS/LSIL! repeated
liquid-based cytology
and HPV DNA testing 6
and 12 months after
initial screening with
colposcopy if PASCUS or
HPV DNA P1 pg/ml

PLSIL! colposcopy,
Papanicolaou class
II! repeated cytology 12
months after initial
screening with colposcopy if
cytology Papanicolaou class
IId

Reported definition of a
positive cytology test

PASCUS and underwent
colposcopy

PASCUS PLSIL

Intervention tests HC2 HPV DNA P2 pg/ml
screening

HC2 HPV DNA P2 pg/ml
screening

HC2 HPV DNA P10 pg/ml
screening

Referral for colposcopy in
intervention group

HPV DNA P2 pg/ml
! colposcopy

HPV DNA P2 pg/ml and
PHSIL! colposcopy,
HPV DNA P2 pg/ml and
ASCUS/LSIL! repeated
liquid-based cytology
and HPV DNA testing 6
and 12 months after
initial screening with
colposcopy if PASCUS or
HPV DNA P1 pg/ml

HPV DNA P10 pg/ml and
PLSIL! colposcopy, other
HPV DNA P10 pg/ml
! repeated testing 12
months after initial
screening with colposcopy if
HPV DNA positived

Reported definition of a
positive HPV DNA test

HPV DNA P2 pg/ml and
underwent colposcopy

HPV DNA P2 pg/ml HPV DNA P10 pg/ml

Reported:a relative PPV for
PCIN3 or PCIN2 (95% CI)b

0.85 (0.66–1.09)
[(137/1583)/(87/851)]

As below [0.27 (0.15–0.50)]
(20/797)/(20/216)

Definition A: relative PPV for
PCIN3 or PCIN2 (95% CI)b

[1.07 (0.81–1.39)
(137/1697)/(87/1149)]

[0.95 (0.83–1.09)]
(409/2403)/
([421/2344])

[1.84 (0.99–3.41)]
(20/797)/(20/[1463])

[ ] = calculated by the authors of the present overview. HC2 = hybrid capture 2.
a Or calculated using the same definition of a positive screening test as used for the reported estimate of specificity from the same RCT.
b PCIN2 for the Italian Phase 1, Phase 2 and the UK RCT, and PCIN3 for the Finnish RCT.
c The timing of repeated cytology not described.
d Outcomes of repeated testing not reported.
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first two reports, a complete follow-up of cytology-positive wo-

men was compared with selective referral for colposcopy of

HPV DNA positive women,9,10 in the third selective referral for

colposcopy in cytology-positive women was compared with

complete follow-up of HPV DNA positive women.8

It may be somewhat surprising that despite originally

using the definition B of positive screening tests, the Finnish

and Dutch relative PPVs for HPV DNA screening with cytology

triage/double testing changed only slightly when the defini-

tion A was used instead (Table 1). However, in Finland conven-

tional cytology screening had an abnormality rate virtually

equal to that of HPV DNA screening (definition A), and a virtu-

ally equal number of women were referred for colposcopy

(definition B). Thus, a complete follow-up of all women using

a cut-off point of P1 pg/ml on the HPV test (8.0%)15 did in Fin-
land not represent a significantly more intensive screening

strategy than the currently recommended follow-up of all wo-

men with Pap class II cytology (6.8%).15 It is to be noted, how-

ever, that the Finnish relative PPV may again increase

somewhat when follow-up data for women with repeated

testing become available. In The Netherlands, HPV DNA test-

ing increased both the referral for colposcopy (definition B)

and the screening test-positivity rates (definition A). Both in-

creases were, however, balanced by an increase in the detec-

tion of PCIN3.4 Therefore, HPV DNA screening combined

with cytology appeared to have had a somewhat more favour-

able balance of positive and adverse effects in The Nether-

lands than elsewhere.

In Europe, the burden of HPV infection and the outcomes

of cervical screening vary greatly by country.19,20 It appears
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that some aspects of this variation will remain if HPV testing

will replace cytology. For example, it appears from our analy-

sis that the degree to which the use of cytology triage in HPV

DNA screening can resolve the problem of false-positive tests

may vary depending on the RCT’s context. The findings from

one RCT may not be easily generalised across countries.

The focus on the women referred for colposcopy presum-

ably originates from the practice adopted in earlier non-ran-

domised studies comparing HPV DNA and cytology in

primary screening.21,22 In those studies, the women were

tested with both screening tests simultaneously. Not yet hav-

ing established evidence regarding the basic properties rela-

tive to cytology, the women tended to be referred for

colposcopy if any of the two screening tests was positive.

When this is the case, the use of definition B of a positive

screening test is equal to using definition A. The aim of Euro-

pean RCTs, i.e. the next generation of studies investigating

the use of HPV DNA testing in primary screening, was on

the other hand to investigate the use in everyday screening

practice in Europe. The RCTs thus differed from the preceding

non-randomised studies in that the virtually complete refer-

ral for colposcopy of women with positive screening tests

was replaced by a more conservative follow-up. Therefore,

the standard methodology of describing adverse effects in

non-randomised studies by focusing on women referred for

colposcopy ceased to be appropriate. When the narrower def-

inition B was used instead of definition A in the evaluation of

the given RCTs, the resulting relative PPVs did not anymore

include the total amount of adverse effects caused by the

two compared screening tests. It should have more correctly

been interpreted as a measure of triage to colposcopy.

For women, a referral for colposcopy has important psy-

chosocial sequelae.23–26 However, the psychosocial sequelae

of repeated testing do not appear to be considerably weak-

er.23,25–28 The women advised to undergo repeated testing re-

main in follow-up for several years before they are discharged

to normal screening rounds.29,30 Each repeated test generates

anxiety,25,31 which is coupled with the women’s prolonged

uncertainty regarding their future health.28,31,32 On the popu-

lation level, these extra tests and uncertainty will lead to a

decrement in the gain of quality-adjusted life years (QALY)

from preventing cervical cancer. Furthermore, repeated test-

ing will increase the related health service workload and

financial costs of screening.

In conclusion, six out of seven published reports exploring

solutions to minimising false-positive HPV DNA-screening

tests relative to cytology entirely or partly ignored the women

with false-positive tests not referred for colposcopy. In those

cases, the published relative PPVs were incorrectly estimated.

In our re-analysis of the trialists’data, inclusion of the errone-

ously excluded false-positive HPV DNA or cytology tests chan-

ged the relative PPV substantially in three out of six published

reports.

Sources of funding

Olga and Esper Boels Fund, Aase og Ejnar Danielsens Fond,

Augustinus Fonden, Fabrikant Mads Clausens Fond, Familien

Hede Nielsens Fond, Else og Mogens Wedell-Wedelsborgs
Fond, Carl og Ellen Hertz’ Legat til Dansk Læge- og Natur-

videnskab and Købmand Sven Hansen og hustru Ina Hansens

Fond. None of these sources of funding had any role in the

study design, the collection of data, the analysis, the interpre-

tation of the data, the writing of the paper and in the decision

to submit the paper for publication.

Conflict of interest statement

The authors declare that they have no conflict of interest.
Acknowledgements

The authors would like to thank Sisse Helle Njor for statistical

advice. We are indebted to Guglielmo Ronco for providing

information on the Italian randomised controlled trials.
R E F E R E N C E S
1. IARC. IARC handbooks of cancer prevention, vol. 10: cervix
cancer screening. Lyon: International Agency for Research on
Cancer Press; 2005.

2. Spence AR, Goggin P, Franco EL. Process of care failures in
invasive cervical cancer: systematic review and meta-
analysis. Prev Med 2007;45:93–106.

3. Lynge E, Rebolj M. Primary HPV screening for cervical cancer
prevention: results from European trials. Nat Rev Clin Oncol
2009;6:699–706.

4. Bulkmans NW, Berkhof J, Rozendaal L, et al. Human
papillomavirus DNA testing for the detection of cervical
intraepithelial neoplasia grade 3 and cancer: 5-year follow-up
of a randomised controlled implementation trial. Lancet
2007;370:1764–72.

5. Naucler P, Ryd W, Tornberg S, et al. Human papillomavirus
and Papanicolaou tests to screen for cervical cancer. N Engl J
Med 2007;357:1589–97.

6. Dillner J, Rebolj M, Birembaut P, et al. Long term predictive
values of cytology and human papillomavirus testing in
cervical cancer screening: joint European cohort study. BMJ
2008;337:969–72.

7. Kitchener HC, Almonte M, Thomson C, et al. HPV testing in
combination with liquid-based cytology in primary cervical
screening (ARTISTIC): a randomised controlled trial. Lancet
Oncol 2009;10:672–82.

8. Kotaniemi-Talonen L, Malila N, Nieminen P, et al. Test
positivity cutoff level of a high risk human papillomavirus
test could be increased in routine cervical cancer screening.
Int J Cancer 2008;123:2902–6.

9. Naucler P, Ryd W, Tornberg S, et al. Efficacy of HPV DNA
testing with cytology triage and/or repeat HPV DNA testing in
primary cervical cancer screening. J Natl Cancer Inst
2009;101:88–99.

10. Ronco G, Giorgi-Rossi P, Carozzi F, et al. Human
papillomavirus testing and liquid-based cytology in primary
screening of women younger than 35 years: results at
recruitment for a randomised controlled trial. Lancet Oncol
2006;7:547–55.

11. Ronco G, Segnan N, Giorgi-Rossi P, et al. Human
papillomavirus testing and liquid-based cytology: results at
recruitment from the new technologies for cervical cancer
randomized controlled trial. J Natl Cancer Inst 2006;98:765–74.



E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 2 5 5 – 2 6 1 261
12. Ronco G, Giorgi-Rossi P, Carozzi F, et al. Results at
recruitment from a randomized controlled trial comparing
human papillomavirus testing alone with conventional
cytology as the primary cervical cancer screening test. J Natl
Cancer Inst 2008;100:492–501.

13. Leinonen M, Nieminen P, Kotaniemi-Talonen L, et al. Age-
specific evaluation of primary human papillomavirus
screening vs conventional cytology in a randomized setting. J
Natl Cancer Inst 2009;101:1612–23.

14. Sargent A, Bailey A, Turner A, et al. Optimal threshold for a
positive hybrid capture 2 test for detection of human
papillomavirus: data from the artistic trial. J Clin Microbiol
2010;48:554–8.

15. Kotaniemi-Talonen L, Anttila A, Malila N, et al. Screening
with a primary human papillomavirus test does not increase
detection of cervical cancer and intraepithelial neoplasia 3.
Eur J Cancer 2008;44:565–71.

16. Davies P, Arbyn M, Dillner J, et al. A report on the current
status of European research on the use of human
papillomavirus testing for primary cervical cancer screening.
Int J Cancer 2006;118:791–6.

17. Sankaranarayanan R, Nene BM, Shastri SS, et al. HPV
screening for cervical cancer in rural India. N Engl J Med
2009;360:1385–94.

18. Mayrand MH, Duarte-Franco E, Rodrigues I, et al. Human
papillomavirus DNA versus Papanicolaou screening tests for
cervical cancer. N Engl J Med 2007;357:1579–88.

19. De Vuyst H, Clifford G, Li N, Franceschi S. HPV infection in
Europe. Eur J Cancer 2009;45:2632–9.

20. Ronco G, van Ballegooijen M, Becker N, et al. Process
performance of cervical screening programmes in Europe. Eur
J Cancer 2009;45:2659–70.

21. Ratnam S, Franco EL, Ferenczy A. Human papillomavirus
testing for primary screening of cervical cancer precursors.
Cancer Epidemiol Biomarkers Prev 2000;9:945–51.
22. Cuzick J, Szarewski A, Terry G, et al. Human papillomavirus
testing in primary cervical screening. Lancet
1995;345:1533–6.

23. Bell S, Porter M, Kitchener H, et al. Psychological response to
cervical screening. Prev Med 1995;24:610–6.

24. Idestrom M, Milsom I, Andersson-Ellstrom A. Women’s
experience of coping with a positive Pap smear: a register-
based study of women with two consecutive Pap smears
reported as CIN 1. Acta Obstet Gynecol Scand 2003;82:756–61.

25. Jones MH, Singer A, Jenkins D. The mildly abnormal cervical
smear: patient anxiety and choice of management. J R Soc Med
1996;89:257–60.

26. Wardle J, Pope R. The psychological costs of screening for
cancer. J Psychosom Res 1992;36:609–24.

27. Gray NM, Sharp L, Cotton SC, et al. Psychological effects of a
low-grade abnormal cervical smear test result: anxiety and
associated factors. Br J Cancer 2006;94:1253–62.

28. Karasz A, McKee MD, Roybal K. Women’s experiences of
abnormal cervical cytology: illness representations, care
processes, and outcomes. Ann Fam Med 2003;1:196–202.

29. Insinga RP, Glass AG, Myers ER, Rush BB. Abnormal outcomes
following cervical cancer screening: event duration and
health utility loss. Med Decis Making 2007;27:414–22.

30. Rebolj M, van Ballegooijen M, Berkers LM, Habbema D.
Monitoring a national cancer prevention program: successful
changes in cervical cancer screening in the Netherlands. Int J
Cancer 2007;120:806–12.

31. Waller J, McCaffery K, Kitchener H, Nazroo J, Wardle J.
Women’s experiences of repeated HPV testing in the context
of cervical cancer screening: a qualitative study.
Psychooncology 2007;16:196–204.

32. Orbell S, Hagger M, Brown V, Tidy J. Appraisal theory and
emotional sequelae of first visit to colposcopy following an
abnormal cervical screening result. Br J Health Psychol
2004;9:533–55.


	False-positive Human Papillomavirus DNA tests in cervical screening: It is all in a definition
	Introduction
	Material and methods
	Selection of RCTs
	Selection of HPV DNA screening strategies
	Analysis

	Results
	Discussion
	Sources of funding
	Conflict of interest statement
	Acknowledgements
	References


