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OBJECTIVE: To compare test positivity rates of liquid-
based and conventional cytology.

METHODS: This study was a cluster randomized con-
trolled trial with family practice as the unit of randomiza-
tion, performed within the Dutch national cervical screen-
ing program. Women aged 30–60 years (n�89,784)
recruited from 246 family practices were included. One-
hundred twenty-two practices (49,222 individuals) were
randomly assigned to the experimental arm, and 124 prac-
tices (40,562 participants), to the conventional arm. Inclu-
sion was performed during a 3-year period between April
2003 and July 2006. Cytologic test positivity rates of liquid-

based compared with conventional cytology was compared
in terms of crude and adjusted odds ratios, applying a
per-protocol analysis.

RESULTS: Crude ratios of the odds of test positivity rates
of liquid-based compared with conventional cytology for
atypical squamous cells of undetermined significance or
more severe, low-grade squamous intraepithelial lesion
or more severe, and high-grade squamous intraepithelial
lesion or more severe were 0.95 (95% confidence interval
[CI] 0.82–1.10), 1.00 (95% CI 0.83–1.20), and 0.97 (95% CI
0.77–1.22), respectively. Liquid-based cytology resulted
in fewer unsatisfactory tests (odds ratio 0.30, 95% CI
0.23–0.38). The results did not change when the odds
ratios were adjusted for age, study site, study period,
and urbanization level. Of 128 women screened with
liquid-based cytology, one unsatisfactory preparation
is avoided.

CONCLUSION: This study found no statistically signifi-
cant difference in cytologic test positivity rates between
liquid-based and conventional cytology. However, liq-
uid-based cytology resulted in significantly fewer unsat-
isfactory tests.

CLINICAL TRIAL REGISTRATION: Nederlands Trial Reg-
ister, www.trialregister.nl, NTR1032
(Obstet Gynecol 2008;112:1327–34)

LEVEL OF EVIDENCE: I

Although successful in reducing the incidence of
and mortality from cervical carcinoma, the diag-

nostic accuracy of screening with conventional Pap
tests is hampered by the occurrence of both false-
negative and false-positive results. Besides sampling
issues during test taking, erroneous results are in great
part due to problems with sample preparation and
cytologic interpretation. Liquid-based cytology has
been developed to address these issues.1–3
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Numerous studies have been done comparing the
performance of liquid-based cytology with conven-
tional cervical cytology; however, these studies re-
sulted in substantial controversy about whether liq-
uid-based cytology performs better than conventional
cytology. Although most studies reported an in-
creased detection of squamous intraepithelial lesions
(SIL) and decreased inadequacy rates, several system-
atic reviews yielded contradictory results depending
on the choice of the outcome measure and selection
criteria for inclusion of individual studies.4–11

We initiated a large-scale population-based clus-
ter randomized controlled trial (RCT), including al-
most 90,000 cases. The objective was to prospectively
test the cytologic test positivity rates of atypical squa-
mous cells of undetermined significance or more
severe (ASCUS�), low-grade squamous intraepithe-
lial lesions or more severe (LSIL�), and high-grade
squamous intraepithelial lesions or more severe
(HSIL�) of the ThinPrep system (using the ThinPrep
3000 Processor, Cytyc Corporation, Boxborough,
MA) in comparison with conventional cervical cytol-
ogy. For practical reasons, we used family practices as
unit of randomization in the cluster design. This
report presents the baseline outcomes in terms of
odds ratio (OR) for the cytologic test positivity rates of
ASCUS�, LSIL�, and HSIL�, taking cluster design
into account and applying a per-protocol analysis.

MATERIALS AND METHODS
The randomized controlled trial was performed within
the framework of the national cervical screening pro-
gram in two regions in the Netherlands, in collaboration
with local gynecologists, pathologists, and family physi-
cians. The screening program invites women aged
30–60 years every 5 years to have a Pap test done by a
family physician. Two clinical laboratory sites (PAMM
Laboratories, Eindhoven, and Radboud University Ni-
jmegen Medical Centre, Nijmegen) participated in the
trial. All family practices feeding the study sites were
eligible for random assignment to the experimental arm
(preparation of the test using the liquid-based system) or
control arm (preparation of the test using conventional
cervical test preparation). Women who were visiting
their family practice for participation in the national
cervical screening program were all included in the
study and received a conventional Pap test or a liquid-
based sample according to the random allocation of
their respective family practice. Ethical approval for this
study was obtained from the Dutch Ministry of Health,
Welfare and Sport.

The sample size for this study was calculated
based on the baseline assumption of 0.6% HSIL� in

the participants and liquid-based cytology detection
of a 33% increase in cervical intraepithelial neoplasia
2 at ��5% and ��20%. With these parameters, we
initially computed the sample size of 28,269 by ignor-
ing the clustering of women within practices. To
account for the clustering effect, we assumed from the
previous routine data from the two sites, an intraclass
correlation coefficient of 0.05, with average cluster
size of 250 and standard deviation of 200. This led us
to the coefficient of variation of 0.8 and a design effect
of 1.59.12 By multiplying the design effect by sample
size without clustering effect, we obtained a sample
size of 44,947 women to be screened in each arm.

The inclusion of 89,960 women screened started in
April 2003 and was completed in July 2006. One
hundred seventy-six participants were excluded from
analysis because their general practitioner was not ran-
domly assigned. Identification data, clinical data, and
the screening results of the remaining 89,784 partici-
pants were stored in the local pathology databases.

Allocation was based on clusters rather than on
individuals, with family practice as the unit of ran-
domization. This was done to prevent contamination
by patient preference (selection bias) and for other
practical reasons. All practices connected to the two
study sites were ranked by postal code, and subse-
quently, the codes 0 (conventional) or 1 (liquid-based)
were allocated using a binomial random number
generator.13 The family practices in the catchment
areas of the two study sites were stratified by level of
urbanization (high urbanization meaning an urban
area with more than 100,000 inhabitants) by sorting
on postal code. They were assigned to one of the
study arms by assigning them at random to conven-
tional or liquid-based screening by the study database
manager. All practices participated in the randomiza-
tion procedure and agreed with the outcome of
randomization after being informed by mail. Family
practices allocated to the experimental arm were
provided with material for test taking with the liquid-
based system. Practices allocated to the control arm
were provided with the conventional test-taking ma-
terial. Adherence to the assignment was checked
periodically during the study. For obvious reasons
blinding for the method could not be realized for
sample taking and test reading.

Family physicians or their assistant took the cer-
vical samples. At the start of the trial, all family
practices were informed about the study and con-
sented to participation. Next, the practices that con-
verted to liquid-based cytology received additional
training, either by a regional course or by in-practice
training by the manufacturer.
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All cervical samples were obtained using the
Rovers Cervex-Brush (Rovers Medical Devices BV,
Oss, the Netherlands). Conventional tests were pre-
pared in the usual way, whereas liquid-based cytology
users were instructed to rinse their cell samples in
PreservCyt (Cytyc Corporation) transport medium
according to the manufacturer’s instructions by rotat-
ing the brush in the solution 10 times while pushing
against the PreservCyt vial wall.1 At the laboratory,
liquid-based samples were prepared using the Thin-
Prep 3000 Processor.

At the start of the trial, one of the participating
laboratories had experience with screening liquid-
based slides for 1 year; the other laboratory did not
have previous experience with liquid-based cytology.
Before implementation of the liquid-based method in
the laboratories, cytotechnologists and cytopatholo-
gists attended a 3-day training course, provided by the
manufacturer. The course finished with a test, which
was mandatory before starting to screen liquid-based
cytology slides. During the learning stage a minimum
of 200 liquid-based slides, taken from the routine
workload, were screened within a multiple screening
protocol by two cytotechnologists until cytologic con-
sensus was reached. After these 200 liquid-based
slides, cytotechnologists had a final test, and when
they passed they were allowed to screen liquid-based
cytology independently. Technical operators received
instruction for operating and maintenance of the
ThinPrep 3000 Processor from Cytyc Corporation.

Both liquid-based and conventional slides were
randomly examined by the trained cytotechnology staff
and routinely reported using the Dutch CISOE-A clas-
sification, which can be translated to the Bethesda 1991
subcategories (ASCUS/AGUS, LSIL, and HSIL).14,15

Abnormal slides with diagnosis HSIL� were reviewed
by a senior cytotechnologist and a trained pathol-
ogist as were slides with diagnosis ASCUS/AGUS/
LSIL, with an advice for referral to a gynecologist.
Cases of ASCUS/AGUS/LSIL with repeat advice
followed a multiple screening protocol, with review
by a senior cytotechnologist.

Cytologic diagnoses were categorized in four
diagnostic categories:

1. Normal (including benign cellular change)
2. ASCUS/AGUS
3. LSIL (low-grade intraepithelial squamous le-

sions with addition of low-grade glandular le-
sions)

4. HSIL/carcinoma (high-grade intraepithelial
squamous lesions or squamous cell carcinoma

with addition of adenocarcinoma in situ and
cervical adenocarcinoma)

All participants from the randomized practices
were included in an intention-to-treat analysis. Only
those participants who had the proper test (ie, the
study arm their family practice had been assigned to
by randomization) were included in the per-protocol
analysis. Proportions were compared by using �2 tests,
whereas continuous variables were compared by Stu-
dent t test. The test positivity rates of the experimental
(liquid-based cytology) arm relative to the control arm
were assessed for the cytologic outcome of ASCUS,
LSIL, ASCUS� (ASCUS, LSIL, HSIL, and carci-
noma), LSIL� (LSIL, HSIL, and carcinoma) and
HSIL� (HSIL and carcinoma), taking intracluster
coefficients into account for assessment of the confi-
dence intervals. Additionally, unsatisfactory rates
were analyzed.

Crude and adjusted (controlling for age, urbaniza-
tion level, study period [defined as first and second half
of the study, using the median preparation date as
separator] and clinical laboratory site) odds ratios (ORs)
for cytologic outcomes were computed using univari-
able and multivariable logistic regression analysis, also
taking the cluster design into account. The number
needed to screen was computed as the reciprocal of the
risk difference (1/(rateliquid-based–rateconventional). Analyses
were performed with SPSS 14.0.2 (SPSS Inc., Chicago,
IL) and Stata 9.2 (StataCorp LP, College Station, TX)
software.

RESULTS
As shown in Figure 1 and Table 1, there were 89,784
participants, recruited from 246 practices included in
the intention-to-treat analysis and 85,076 participants
from 246 practices in per-protocol analysis. The num-
ber of practices was evenly distributed over the two
study arms (122 in the experimental arm and 124 in
the control arm). Nevertheless, the overall distribu-
tion of individuals between the two study arms was
unbalanced, with more samples examined in the
experimental (liquid-based cytology) arm (n�49,222)
than in the control arm (n�40,562). This was mainly
caused by an uneven distribution of liquid-based and
conventional slides at site 1 (PAMM laboratory)
(57.7% liquid-based compared with 42.3% conven-
tional), due to allocation, by chance, of six large
(n�1,000) practices to liquid-based compared with
only one to the control arm. The largest clinical
laboratory (site 1) examined almost twice the number
of slides (57,045) as compared with site 2 (32,739). In
site 1, proportion of liquid-based cytology preparation
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was similar in high-urbanization areas as compared
with low-urbanization areas (site 1 was 57.9% liquid-
based in high-urbanization compared with 57.5% in
low-urbanization areas; P�.37). In site 2, more liquid-
based preparations were processed from practices in
high-urbanization areas (52.3% liquid-based in high-
urbanization areas and 48.9% in low-urbanization
areas, P�.001). Women aged younger than 45 years
were relatively more often examined with the exper-
imental method (55.8% liquid-based cytology) as
compared with women aged 45 years or older (53.7%
liquid-based cytology).

The crude ORs, taking the cluster effect into ac-
count, for the various cytologic diagnostic categories are

shown in Table 2. Only women with a satisfactory index
test were included for calculation of proportions of test
positivity. The ratios of the odds for test positivity of
liquid-based compared with conventional cytology were
never significantly different from unity. In contrast, the
crude OR of the unsatisfactory rate was 0.30 (95%
confidence interval 0.23–0.38), indicating that in the
experimental arm, significantly fewer tests were classi-
fied as unsatisfactory as compared with the control arm.
We also performed an intention-to-treat analysis on the
data set but this did not change the results.

As shown in the flow diagram (Fig. 1), test
positivity rates of the various cytologic categories
varied significantly with the study site (P�.001) as

Total screening population
Women: N=89,960
Practices: N=327
ASCUS+: 2.77%

LSIL+: 1.02%
HSIL+: 0.62%

Screening population, study site 1 (PAMM)
Women: n=57,175
Practices: n=204
ASCUS+: 2.10%

LSIL+: 0.95%
HSIL+: 0.53%

Screening population, study site 2 (RUN-MC)
Women: n=32,785
Practices: n=123
ASCUS+: 3.95%

LSIL+: 1.15%
HSIL+: 0.79%

Cluster randomization

Liquid cytology
Women: n=32,916

Practices: n=85
ASCUS+: 2.11%

LSIL+: 0.98%
HSIL+: 0.54%

Liquid cytology
Women: n=16,344

Practices: n=54
ASCUS+: 3.86%

LSIL+: 1.11%
HSIL+: 0.77%

Conventional
Women: n=24,259
Practices: n=119
ASCUS+: 2.09%

LSIL+: 0.91%
HSIL+: 0.53%

Conventional
Women: n=16,441

Practices: n=69
ASCUS+: 4.04%

LSIL+: 1.20%
HSIL+: 0.80%

Intention-to-treat analysis
Liquid cytology

Women: n=32,888
Practices: n=75
ASCUS+: 2.11%

LSIL+: 0.98%
HSIL+: 0.54%

Low urbanization
Women: n=19,122

Practices: n=46
ASCUS+:  1.93%

LSIL+: 0.81%
HSIL+: 0.46%

Per protocol analysis
Liquid cytology

Women: n=30,372
Practices: n=75
ASCUS+: 2.10%

LSIL+: 0.98%
HSIL+: 0.53%

Intention-to-treat analysis
Conventional

Women: n=24,157
Practices: n=78
ASCUS+: 2.08%

LSIL+: 0.91%
HSIL+: 0.53%

Per protocol analysis
Conventional

Women: n=23,269
Practices: n=78
ASCUS+: 2.09%

LSIL+: 0.92%
HSIL+: 0.54%

High urbanization
Women: n=11,250

Practices: n=29
ASCUS+: 2.39%

LSIL+: 1.26%
HSIL+: 0.65%

Low urbanization
Women: n=14,849

Practices: n=52
ASCUS+: 1.81%

LSIL+: 0.70%
HSIL+: 0.38%

High urbanization
Women: n=4,935
Practices: n=19
ASCUS+: 4.60%

LSIL+: 1.67%
HSIL+: 1.08%

High urbanization
Women: n=8,420
Practices: n=26
ASCUS+: 2.58%

LSIL+: 1.31%
HSIL+: 0.81%

Low urbanization
Women: n=10,759

Practices: n=28
ASCUS+: 3.55%

LSIL+: 0.90%
HSIL+: 0.65%

Low urbanization
Women: n=11,375

Practices: n=33
ASCUS+: 3.66%

LSIL+: 0.92%
HSIL+: 0.59%

High urbanization
Women: n=4,366
Practices: n=13
ASCUS+: 4.79%

LSIL+: 1.92%
HSIL+: 1.27%

Nonrandomized practices excluded
Women: n=28

Practices: n=10

Contaminants excluded
Women: n=2,516

Nonrandomized practices excluded
Women: n=10
Practices: n=7

Contaminants excluded
Women: n=640

Contaminants excluded
Women: n=664

Nonrandomized practices excluded
Women: n=36

Practices: n=23

Intention-to-treat analysis
Conventional

Women: n=16,405
Practices: n=46
ASCUS+: 4.03%

LSIL+: 1.20%
HSIL+: 0.79%

Per protocol analysis
Conventional

Women: n=15,741
Practices: n=46
ASCUS+: 3.97%

LSIL+: 1.20%
HSIL+: 0.78%

Per protocol analysis
Liquid cytology

Women: n=15,694
Practices: n=47
ASCUS+: 3.88%

LSIL+: 1.14%
HSIL+: 0.79%

Nonrandomized practices excluded
Women: n=102
Practices: n=41

Contaminants excluded
Women: n=888

Cluster randomization

Intention-to-treat analysis
Liquid cytology

Women: n=16,334
Practices: n=47
ASCUS+: 3.86%

LSIL+: 1.11%
HSIL+: 0.77%

Fig. 1. Flow diagram of enrolment and allocation in the trial and test positivity rates. ASCUS�, Atypical Squamous Cells of
Undetermined Significance or more severe; HSIL�, high-grade squamous intraepithelial lesions or more severe; LSIL�,
low-grade intraepithelial lesions or more severe; RUN-MC, Radboud University Nijmegen Medical Centre.
Siebers. Liquid-Based and Conventional Cytology. Obstet Gynecol 2008.
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well as with level of urbanization (P�.001). Test
positivity rates were higher for all three cytologic
cutoffs in study site 2. The same was seen for high-
urbanization level, both in study site 1 as well as study
site 2. The odds ratios for cytologic abnormalities
never differed significantly from unity. These findings
did not vary significantly by laboratory, urbanization,
or study period (data not shown).

To adjust for potentially confounding variables
(age, site, urbanization level, and experience with
liquid-based cytology) we used logistic regression.
Table 3 provides the crude ORs as well as adjusted
ORs (adjusted for differences in age, study site, study
period, and urbanization level). Again, none of the
diagnostic categories showed a significant difference
between the two study arms. The unsatisfactory rate
in the liquid-based cytology arm, however, remained
significantly lower as compared with the unsatisfac-
tory rate in the control arm (OR 0.29, 95% confidence
interval [CI] 0.23–0.38). The number needed to

screen to observe an additional cervical abnormality
was not statistically significantly different from zero.
Per 128 women screened with liquid-based cytology,
one unsatisfactory preparation is avoided (number
needed to screen –128, 95% CI –111 to –151).

DISCUSSION
In this large-scale, population-based, cluster randomized
controlled trial including almost 90,000 cases, we found
no difference in performance between the liquid-based
method (experimental arm) and conventional cytology
(control arm) in terms of cytologic test positivity rates for
the various cutoff points. The cluster randomization of
practices resulted in unequal numbers of subjects in the
two arms. The overrepresentation of cases in the exper-
imental arm in clinical laboratory site 1 was caused by
some large centers of family practices that had been
assigned to the experimental arm. These centers were
operating in a high-urbanization area that resulted in an
overrepresentation of liquid-based tests in this stratum.

Table 1. Population Characteristics (Intention-to-Treat Analysis)

Urbanization Liquid Based Conventional P Difference Total

Study site
Site 1 (PAMM Laboratories) High 12,206 (57.9) 8,877 (42.1) .37*

Low 20,682 (57.5) 15,280 (42.5)
Subtotal site 1 32,888 (57.7) 24,157 (42.3) 57,045

Site 2 (RUN-MC) High 5,036 (52.3) 4,602 (47.7) �.001*
Low 11,298 (48.9) 11,803 (51.1)

Subtotal site 2 16,334 (49.9) 16,405 (50.1) 32,739
Age (y)

Less than 30 325 (56.9) 246 (43.1)
30–34 10,364 (55.7) 8,233 (44.3)
35–39 7,233 (56.0) 5,673 (44.0)
40–44 8,959 (55.5) 7,181 (44.5)
45–49 5,935 (54.7) 4,910 (45.3) �.001*
50–54 6,183 (53.2) 5,450 (46.8)
55–59 8,698 (53.4) 7,602 (46.6)
More than 59 1,525 (54.6) 1,267 (45.4)
Less than 45 26,881 (55.8) 21,333 (44.2)
45 or more 22,341 (53.7) 19,229 (46.3) �.001*
Mean (y) 43.8 (�9.2) 44.1 (�9.2) �.001†

25th percentile 35 35
50th percentile 44 44
75th percentile 50 50

Number of cases in intention-to-treat analysis 49,222 (54.8) 40,562 (45.2) 89,784
Number of cases in per-protocol analysis 46,066 (54.1) 39,010 (45.9) 85,076
Practice characteristics

No. of practices 122 124 246
Age‡ (y) 43.9 (39.8–47.8) 44.2 (38.9–50.3) .099†

High 48 (55.2) 39 (44.8) .195*
Low 74 (46.5) 85 (53.5)

RUN-MC, Radboud University Nijmegen Medical Centre.
Data are n, n (%), mean (�standard deviation), or mean (range).
* Chi-square test.
† Student t test.
‡ Means are averages over practices; range in practices.
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Potential confounding, due to unequal distribution of
factors and the clustering, was controlled for by logistic
regression with and without correction for design effect.

Neither the crude nor the adjusted ORs were
found to differ significantly from unity in the per-
protocol analysis, suggesting that the test positivity
rates of liquid-based cytology are similar to conven-
tional cytology. On the other hand, we found a strong
reduction in unsatisfactory rates in the experimental
liquid-based arm as compared with conventional cy-
tology (OR 0.29, 95% confidence interval 0.23–0.38).
Applying an intention-to-treat analysis on the data set

did not change results, indicating that the per-protocol
analysis did not alter the outcome.

There were striking differences in test positivity
rates between the two participating clinical laboratory
sites as well as between women living in low- and
high-urbanization areas. The difference in test posi-
tivity rate between the study sites may reflect differ-
ences in cytologic interpretation of the laboratory, but
may also be the result of differences in the prevalence
of cervical abnormalities. The relation we found
between urbanization level and the prevalence of
abnormalities of the squamous and glandular epithe-
lium corroborates the results obtained by other inves-
tigators16: the higher the urbanization level the higher
the prevalence of cervical epithelial lesions. To eval-
uate a potential learning effect for liquid-based cytol-
ogy, we analyzed the results from the first half of the
trial as well as the second half, but we did not find a
significant effect on the ORs.

Most previously performed studies used a split
sample design. Although looking perfectly controlled,
this study design has raised concerns with respect to a
possible disadvantage for liquid-based cytology when
the collected cellular material is split, with a conven-
tional test made first and the residual material im-
mersed in the fixative solution.5 Studies using a
two-cohort design (in which conventional tests and
liquid-based samples are taken from women belong-
ing to separate but similar populations) frequently
found higher test positivity rates for liquid-based
cytology.17–23 In contrast, we found no difference in
test positivity rate between liquid-based and conven-
tional tests, irrespective of the diagnostic cutoff value.
Whereas we used a randomized study design, the

Table 2. Per-Protocol Analysis: Crude Rates of Cytologic Test Positivity and Unsatisfactory Samples of
Liquid-Based Compared With Conventional Method by Category of Cytologic Abnormality and
Unsatisfactory Tests and Odds Ratios of Liquid-Based Compared With Conventional Cytology,
Taking the Cluster Design Into Account

Cytologic Category Liquid-Based Conventional OR (95% CI)

ASCUS/atypical glandular cells 769 (1.67) 700 (1.81) 0.92 (0.77–1.10)
LSIL 191 (0.42) 154 (0.40) 1.04 (0.82–1.33)
ASCUS� 1,243 (2.71) 1,099 (2.85) 0.95 (0.82–1.10)
LSIL� 474 (1.03) 399 (1.03) 1.00 (0.83–1.20)
HSIL� 283 (0.62) 245 (0.64) 0.97 (0.77–1.22)
Subtotal 45,913 38,576
Unsatisfactory 153 (0.33) 434 (1.11) 0.30 (0.23–0.38)
Total 46,066 39,010

OR, odds ratio; CI, confidence interval; ASCUS, atypical squamous cells of undetermined significance; LSIL, low-grade squamous epithelial
lesion; HSIL, high-grade squamous epithelial lesion; ASCUS�, atypical squamous cells of undetermined significance/atypical glandular
cells or more severe; LSIL�, low-grade squamous epithelial lesion or more severe; HSIL�, high-grade squamous epithelial lesion or
more severe.

Data are n (%).

Table 3. Per-Protocol Analysis: Crude Odd Ratios
and Adjusted Odd Ratios for Observing
Cytologic Abnormalities (Defined at
Three Cytologic Cutoffs) or
Unsatisfactory Tests in Liquid-Based
Compared With Conventional Cytology,
Taking the Intracluster Coefficient Into
Account

Cytologic
Detection

Crude OR
(95% CI)

Adjusted OR*
(95% CI)

ASCUS� 0.95 (0.82–1.10) 0.97 (0.88–1.07)
LSIL� 1.00 (0.83–1.20) 0.98 (0.84–1.15)
HSIL� 0.97 (0.77–1.22) 0.96 (0.79–1.18)
Unsatisfactory rates 0.30 (0.23–0.38) 0.29† (0.22–0.37)

OR, odds ratio; CI, confidence interval; ASCUS, atypical squa-
mous cells of undetermined significance; LSIL, low-grade squa-
mous epithelial lesion; HSIL, high-grade squamous epithelial
lesion; ASCUS�, atypical squamous cells of undetermined
significance/atypical glandular cells or more severe; LSIL�,
low-grade squamous epithelial lesion or more severe; HSIL�,
high-grade squamous epithelial lesion or more severe.

* Adjusted for age, study site, urbanization level and study period.
† Statistically significant.
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other studies compared cytologic detection rates with
historical cohorts. Most of these studies reported a
substantial and statistically significant increase in cy-
tologically detected abnormalities for liquid-based
cytology, with the most impressive increase found in
screening centers with low rates of abnormalities.20,24

The present study was also performed in a low-risk
screening population, but we did not find higher
detection rates with liquid-based cytology. The higher
detection rates reported with the liquid-based tech-
nique in other studies may be caused by the introduc-
tion of the liquid-based technique, creating a higher
awareness and enthusiasm for the new technique (inten-
tion bias). Also, improved quality control, coinciding
with the introduction of the new technique, may have
resulted in an increased detection of cytologic abnor-
malities.8 Finally, when using historical data as a control
group, differences in the study populations may have
biased the results. On the other hand, it may also be the
case that the quality of conventional screening in the
Netherlands is so high that introduction of the new
technique has little additional value.

Only two other randomized controlled trials have
been published.25,26 The study from Obwegeser25 was
unpowered (n�1,999) and found no difference in test
positivity rates between liquid-based and conven-
tional cytology. Ronco et al26 found a significantly
higher test positivity rate for liquid-based cytology as
compared with conventional cytology (relative fre-
quency 1.57, 95% CI 1.13–2.18). However, this
higher test positivity rate in liquid-based cytology was
at the expense of a reduced positive predictive value.

Several other studies found higher rates of LSIL
and lower rates of ASCUS/AGUS.11,16–18,20 This ob-
servation was not found in the present study because
both ASCUS and LSIL detection rates did not differ
significantly between the liquid-based and conven-
tional study arm.

We did find significantly lower unsatisfactory
rates when using liquid-based cytology as preparation
technique, which will be advantageous in settings with
high proportions of unsatisfactory tests. However, in
the Netherlands the unsatisfactory rate for conven-
tional tests is already very low, which reduces the
added value of liquid-based cytology in terms of
absolute reduction of the number of unsatisfactory
tests. Use of the liquid-based method results in this
study in a reduction of unsatisfactory tests of 8 per
1,000 tests.

A clear additional benefit of the liquid-based
method is the availability of residual material for human
papillomavirus reflex testing in case of ASCUS or
LSIL.3,27 However, presently, negative triage of ASCUS

and LSIL in the Netherlands is not allowed on program
tests but only for the follow-up tests of borderline and
low-grade program tests.

The present study does not yet allow the conclu-
sion that the diagnostic accuracy of liquid-based and
conventional cytology is equal with respect to histo-
logically defined outcomes. It may be theoretically
possible that liquid-based cytology would be more
sensitive for cervical intraepithelial neoplasia and that
the conventional Pap test is less specific or vice versa.
Therefore, for definite conclusions, comparison with a
blindly verified reference standard is needed to assess
the relative sensitivity and positive predictive value
for histologically confirmed cervical intraepithelial
neoplasia and cancer. These results will be available
after completion of the follow-up period and be the
subject of a future report.

Our conclusions are that both methods perform
equally well in terms of test positivity rates within the
setting of the Dutch cervical screening program. The
liquid-based method does result in fewer unsatisfac-
tory tests, but in the framework of the Netherlands
cervical screening program, this adds little extra be-
cause unsatisfactory rates for conventional screening
are already very low. However, the liquid-based
technique does offer other additional advantages such
as availability of material for reflex human papilloma-
virus testing and other molecular tests.
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