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ABSTRACT

Objective To compare the accuracy of conventional

cytology with liquid based cytology for primary screening

of cervical cancer.

Design Randomised controlled trial.

Setting Nine screening programmes in Italy.

ParticipantsWomen aged 25-60 attending for a new

screening round: 22466 were assigned to the

conventional arm and 22708 were assigned to the

experimental arm.

Interventions Conventional cytology compared with

liquid based cytology and testing for human

papillomavirus.

Main outcome measure Relative sensitivity for cervical

intraepithelial neoplasia of grade 2 or more at blindly

reviewed histology, with atypical cells of undetermined

significance or more severe cytology considered a

positive result.

Results In an intention to screen analysis liquid based

cytology showed no significant increase in sensitivity for

cervical intraepithelial neoplasia of grade 2 or more

(relative sensitivity 1.17, 95% confidence interval 0.87 to

1.56) whereas the positive predictive value was reduced

(relative positive predictive value v conventional cytology

0.58, 0.44 to 0.77). Liquid based cytology detected more

lesions of grade 1 or more (relative sensitivity 1.68, 1.40

to 2.02), with a larger increase among women aged 25-34

(P for heterogeneity 0.0006), but did not detect more

lesions of grade 3 or more (relative sensitivity 0.84, 0.56

to 1.25). Results were similar when only low grade

intraepithelial lesions or more severe cytology were

considered a positive result. No evidence was found of

heterogeneity between centres or of improvement with

increasing time from start of the study. The relative

frequency of women with at least one unsatisfactory

result was lower with liquid based cytology (0.62, 0.56 to

0.69).

Conclusion Liquid based cytology showed no statistically

significant difference in sensitivity to conventional

cytology for detection of cervical intraepithelial neoplasia

of grade 2 or more. More positive results were found,

however, leading to a lower positive predictive value. A

large reduction in unsatisfactory smears was evident.

Trial registration Current Controlled Trials

ISRCTN81678807.

INTRODUCTION

Liquid based cytology is used widely for primary
screening of cervical cancer but high quality studies
on its accuracy are limited. Indeed almost all published
studies are based either on the comparison of non-ran-
domly assigned populations or on double testing the
same women. With the double testing design, cells
used for diagnosis could be removed with the conven-
tional sample, which is taken first, leading to an under-
estimation of the accuracy of liquid based cytology. In
addition only some of the published studies, in a pri-
mary screening setting, considered histologically con-
firmed cervical intraepithelial neoplasia as the end
point and only a few verified the diagnosis by colpohis-
tology in the large majority of women with abnormal
cytology results. A recent review identified one small
randomised trial only and concluded that large rando-
mised trials were needed.1

We carried out a large randomised trial, over two
phases, on new technologies for cervical cancer screen-
ing, including liquid based cytology and testing for
human papillomavirus. The main final end point of
the study will be long term rates of disease. Results at
recruitment from phase 1—mainly focused on testing
for human papillomavirus—have been published for
women aged 35-602 and 25-34.3 We compared con-
ventional cytology with liquid based cytology for the
entire age range (25-60). We also studied the influence
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of women’s age and interpreter’s experience on the
accuracy of liquid based cytology.

METHODS

We carried out a randomised controlled trial in nine
cervical cancer screening centres in Italy. These cen-
tres routinely invite women aged 25-64 for a smear test
every three years. Methods of recruitment and rando-
misation have been described.2 3 Briefly, during 2002-
3, after written informed consent had been obtained,
women aged 25-60 attending for a new routine screen-
ing round were alternately randomised by smear
takers to conventional cytology or to liquid based
cytology and testing for human papillomavirus. Ran-
domisation was generated by computer (two centres,
unblocked) or by the opening of sequentially num-
bered sealed envelopes (blocks of eight in three cen-
tres, unblocked in four). Women who consented to
receive the results were then told the outcome. We
excluded women who were pregnant, had undergone
hysterectomy, or had been treated for cervical intra-
epithelial neoplasia within five years.
A sample of cervical cells was taken using a plastic

Ayre’s spatula and cytobrush. A standard glass slide
was prepared for women randomised to the conven-
tional arm. For women randomised to the experimen-
tal arm cells were put into PreservCyt solution
(ThinPrep; Cytyc, Boxborough, MA) and used to
make liquid based cytology preparations and to test
for human papillomavirus. The slides were read in 14
laboratories participating in regular screening pro-
grammes, without knowledge of the results for
human papillomavirus. The same cytologists read
both the liquid based and the conventional slides in
each centre. Slides showing abnormal results were
reviewed by a supervisor (or by a panel of cytologists
in Florence) before the women were given the results.
The diagnosis was used for the women’s management
and study analysis.
Cytology was classified according to the Bethesda

1991 system except that we did not use the subcate-
gories for atypical cells of undetermined significance.
Two laboratories had no experience of interpreting
liquid based slides whereas seven had experience
with ThinPrep (range 500 to 10 000 slides read per
laboratory) and five had experience with another
liquid based system (about 1000 slides read per labora-
tory). The laboratories routinely carried out quality
assurance of cytology, including monitoring the

distribution of diagnoses andpositive predictive values
and the circulation and discussion of the results of
smear tests within and between laboratories. Quality
assurance continued during the study period. To
improve consistency between centres, 30 liquid based
slides that were considered difficult to classify were cir-
culated during the study and blindly read by each par-
ticipating centre. Slides with discrepant results were
discussed between representatives of each centre.
Women in the experimental arm were referred to

colposcopy if cytology showed atypical cells of unde-
termined significance or more severe results. Women
with normal cytology but positive for human papillo-
mavirus were referred directly to colposcopy if they
were aged 35-60 but if aged 25-34 were recalled for
testing after one year. These results are not considered
in the present analysis. Women in the conventional
arm were managed according to the standard protocol
of each centre. They were referred for colposcopy if
cytology showed a low grade or higher squamous
intraepithelial lesion. In seven centres (72% of rando-
mised women), women with atypical cells of undeter-
mined significance were referred directly to
colposcopy whereas the remaining two centres recom-
mended repeat testing and referral for colposcopy if
the result was at least low grade intraepithelial lesions.
In each centre the same colposcopists examined

women in both arms. They had access to the patients’
cytology and human papillomavirus results. Biopsy
samples were taken from suspicious areas.
Our primary end point was histologically confirmed

cervical intraepithelial neoplasia of grade 2 or more
detected during the recruitment phase as a result of
abnormal cytology. Therefore for the present analyses
we did not consider the results of cytological and his-
tological tests that were carried out because of a posi-
tive humanpapillomavirus test result in the presence of
normal cytology. These tests would not have been car-
ried out if cytology alone was used. Operationally we
included lesions detectedwithin one year from referral
to colposcopy. The biopsy results for women with a
histologically confirmed cervical intraepithelial neo-
plasia were reviewed independently and blindly to
study arm and cytology result.2

Statistical analysis

We calculated the relative frequency of cytology
results, including unsatisfactory results in the experi-
mental arm compared with the conventional arm.

Table 1 | Proportion ofwomenwith unsatisfactory cytology results by cytology group. Values are percentages (numbers) unless

stated otherwise

Unsatisfactory cytology* Conventional group (n=22 466) Liquid based group (n=22 708)
Relative frequency†

(95% CI)

Any reason 4.11 (923) 2.57 (583) 0.62 (0.56 to 0.69)

Obscuring inflammation 2.15 (483) 0.44 (100) 0.21 (0.17 to 0.25)

Other 1.96 (440) 2.13 (483) 1.09 (0.96 to 1.23)

*Women with at least one unsatisfactory result.

†Ratio of percentages. Liquid based cytology compared with conventional cytology.
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Given the randomised design, the same number of
lesions was expected in each of the arms except for
random variation and differences in the actual detec-
tion attributed to differences in sensitivity. Therefore
we estimated the relative sensitivity of liquid based
cytology compared with conventional cytology as the
relative detection rate comparedwith the conventional
arm.We included all randomised eligible women in an
intention to screen analysis. The relative positive pre-
dictive value of liquid based cytology compared with
conventional cytology was calculated only for women
who underwent colposcopy.We calculated confidence
intervals using methods appropriate for ratios of inde-
pendent proportions. We also calculated relative sen-
sitivity and positive predictive value when considering
only low grade intraepithelial lesions or more severe
cytology as a positive result (cut-off point was low
grade intraepithelial lesions).
We considered potential effect modifiers of relative

sensitivity and relative positive predictive value: age
(25-34 v 35-60), centre, protocol for dealing with
women with atypical cells of undetermined signifi-
cance in the conventional arm (centres directly refer-
ring women to colposcopy v those advising repeat
testing), and experience with liquid based cytology
(centres with experience of ThinPrep, of other types
of liquid based cytology, or no experience with liquid
based cytology). We tested for heterogeneity across
different groups using the Breslow-Day test. In addi-
tion we studied the learning effect by considering the
women’s date of recruitment as a modifier with linear
effect, using unconditional logistic regression and
adjusting by centre. SAS software version 8.2 was
used for analyses. P values are two sided.
The main final end point of the entire study will be

the long term rates of disease. The size (about 100 000
women) of the entire two phase study (present study
and study testing for human papillomavirus only in
experimental arm) was determined for 80% power to
show a significant reduction (relative detection rate
0.68) in the detection rate for cervical intraepithelial
neoplasia of grade 2 or more in the experimental arm
compared with the conventional arm at the screening
round after recruitment.2 On the other hand, at recruit-
ment we anticipated an increase in sensitivity in the
experimental arm. With the obtained study size in the
first phase of the study andwith the observed detection
rate of cervical intraepithelial neoplasia of grade 2 or
more of 0.37% in the conventional arm, the study had

over 80% power to detect as significant a 50% increase
in sensitivity (relative detection rate 1.5) with a two
sided 5% type I error probability and a 41% power
for a 30% increase.

RESULTS

Overall, 22 466 women were randomised to conven-
tional cytology and 22 708 to liquid based cytology
for primary screening of cervical cancer. The median
age was 41 in both arms (P=0.34 bymedian score test).
In total, 49% of women in both arms (10 906 and
11 149) had a cervical smear test registered in a pro-
gramme within the past four years (P=0.24).
The figure shows the trial profile. Three hundred

and one women in the experimental arm (1.3%) had
conventional cytology. At least one colposcopy was
carried out in 93% (1998/2154 of women referred
because of abnormal cytology results: 91% (661/724)
in the conventional arm and 93% (1337/1430) in the
experimental arm). Among women attending for col-
poscopy the mean number of colposcopies and mean
number of biopsies in the conventional arm were 1.33
(SD 0.53) and 0.76 (0.90) and in the experimental arm
were 1.33 (0.52) and 0.74 (0.94).
The overall proportion of women with at least one

unsatisfactory cytology result was significantly
reduced with liquid based cytology (table 1). This
reduction was larger (P=0.029) in women aged 25-34
(relative frequency v conventional cytology 0.53, 95%
confidence interval 0.44 to 0.63) than in women aged
35-60 (0.67, 0.59 to 0.76). The reduction was large for
results considered unsatisfactory because of obscuring
inflammation but not for other reasons (table 1).
The proportion of women with atypical squamous

cells of undetermined significance or atypical glandu-
lar cells of undetermined significance and low andhigh
grade squamous intraepithelial lesions was signifi-
cantly increased in the experimental arm (table 2).
The increase in atypical squamous or atypical glandu-
lar cells of undetermined significance was larger
(P=0.0199) in women aged 25-34 (relative frequency
v conventional cytology 1.92, 1.56 to 2.36) than in
women aged 35-60 (1.44, 1.27 to 1.64).
No significant increase was observed in sensitivity

for cervical intraepithelial neoplasia of grade 2 or
more for liquid based cytology comparedwith conven-
tional cytology with either atypical cells of undeter-
mined significance or low grade intraepithelial lesions
as cut-off points (table 3). Thepositive predictive value,

Table 2 | Most severe cytology finding in screening episode, by cytology group. Values are percentages (numbers) unless stated

otherwise

Finding Conventional group (n=22 466) Liquidbasedgroup (n=22708) Relative frequency* (95% CI)

ASCUS/AGUS 2.29 (514) 3.59 (815) 1.57 (1.41 to 1.75)

Intraepithelial lesions:

Low grade 1.26 (283) 2.32 (527) 1.84 (1.60 to 2.13)

High grade 0.26 (58) 0.41 (92) 1.57 (1.13 to 2.18)

ASCUS=atypical squamous cells of undetermined significance; AGUS=atypical glandular cells of undetermined significance.

*Ratio of percentages. Liquid based cytology compared with conventional cytology.

RESEARCH

BMJ | ONLINE FIRST | bmj.com page 3 of 7



however, was significantly reduced for liquid based
cytology when using any end point or cut-off point
(table 3). When the analysis was restricted to centres
referring all women with atypical cells of undeter-
mined significance directly to colposcopy, using such
cells as the cut-off point and cervical intraepithelial
neoplasia of grade 2 or more as the end point the rela-
tive sensitivity was 1.11 and the relative positive pre-
dictive value was 0.65.
Liquid based cytology showed an increased sensitiv-

ity for cervical intraepithelial neoplasia of grade 1 or
more when atypical cells of undetermined significance
or more severe cytology were considered and when
low grade intraepithelial lesions were the cut-off point
(table 3). This increased sensitivity was larger in
younger women (P=0.0006 with atypical cells as cut-
off point and P=0.02 with low grade lesions as cut-off
point): with atypical cells as the cut-off point the rela-
tive sensitivity was 2.21 (95% confidence interval 1.67
to 2.91) in women aged 25-34 and 1.33 (1.04 to 1.70) in
women aged 35-60. The corresponding values with
low grade lesions as the cut-off point were 2.23 (1.60
to 3.11) and1.32 (0.98 to 1.78).No increased sensitivity
was observed with cervical intraepithelial neoplasia of
grade 3 or more as the end point.
No significant heterogeneity was observed between

centres for relative sensitivity (smallest P=0.58) or rela-
tive positive predictive value (smallest P=0.13) when
cervical intraepithelial neoplasia of grades 2 or more
or 3 or more were used as end points. When centres
were compared according to experience with liquid

based cytology significant variability was not found
for relative sensitivity or for relative positive predictive
values (smallest P=0.21). In addition, after adjusting for
centre no significant effect was observed for the inter-
val from the start of the study either on relative sensi-
tivity (smallest P=0.27) or relative positive predictive
value (smallest P=0.26) with any end point or cut-off
point. When the analysis was restricted to laboratories
with experience of ThinPrep, the relative sensitivity
and relative positive predictive value with atypical
cells of undetermined significance as the cut-off point
and cervical intraepithelial neoplasia of grade 2 or
more as the end point were 1.12 and 0.63, respectively.
When only the second half of phase 1 of enrolment in
each centre was considered the corresponding values
were 1.04 and 0.54.

DISCUSSION

Liquid based cytology for primary screening of cervi-
cal cancer showed a significantly increased sensitivity
for cervical intraepithelial neoplasia of grade 1 but not
for lesions of grade 3 or more. We observed a relevant
reduction in unsatisfactory slides with liquid based
cytology as a result of a decrease in obscuring inflam-
mation.We observed a slight increase of the point esti-
mate for relative sensitivity of liquid based cytology
compared with conventional cytology for cervical
intraepithelial neoplasia of grade 2 or more (1.17 with
atypical cells of undetermined significance as the cut-
off point, 1.03 with low grade intraepithelial lesions as
the cut-off point) but this was far from significant.

Table 3 | Relative sensitivity and relative positive predictive value of experimental (mainly liquid based cytology) comparedwith

conventional arm (conventional cytology) for different histologically confirmed end points andwith different cut-off points

according to cytology result. Values are percentages (numbers) of womenunless stated otherwise

Histological cervical intraepithelial neoplasia end point

Grade 1 or more Grade 2 or more Grade 3 or more

Positive if cytology shows atypical cells of undetermined significance or more

Detection rate:

Conventional group 0.82 (184) 0.37 (84) 0.24 (53)

Liquid based group* 1.38 (313) 0.44 (99) 0.20 (45)

Relative sensitivity† (95% CI) 1.68 (1.40 to 2.02) 1.17 (0.87 to 1.56) 0.84 (0.56 to 1.25)

Positive predictive value:

Conventional group 27.84 12.7 8.02

Liquid based group* 23.41 7.4 3.37

Relative positive predictive value† (95% CI) 0.84 (0.72 to 0.98) 0.58 (0.44 to 0.77) 0.42 (0.29 to 0.62)

Positive if cytology shows low grade intraepithelial lesions or more

Detection rate:

Conventional group 0.55 (123) 0.31 (70) 0.20 (44)

Liquid based group* 0.95 (211) 0.32 (73) 0.14 (32)

Relative sensitivity† (95% CI) 1.70 (1.36 to 2.12) 1.03 (0.74 to 1.43) 0.72 (0.46 to 1.13)

Positive predictive value:

Conventional group 38.80 22.08 13.88

Liquid based group* 36.76 12.72 5.57

Relative positive predictive value† (95% CI) 0.95 (0.80 to 1.13) 0.58 (0.43 to 0.78) 0.40 (0.26 to 0.62)

For detection rate and relative sensitivity denominators are 22 466 women in conventional group and 22 708 in liquid based group.

For positive predictive values and relative positive predictive values denominators are women with positive cytology for atypical cells of undetermined

significance who had had colposcopy: 661 in conventional group and 1337 in liquid based group.

*Only cases of cervical intraepithelial neoplasia detected by cytology considered.

†Ratio of percentages. Liquid based cytology compared with conventional cytology.

RESEARCH

page 4 of 7 BMJ | ONLINE FIRST | bmj.com



Values between 0.87 and 1.56 were included in the
95% confidence interval of relative sensitivity with aty-
pical cells of undetermined significance as the cut-off
point. Therefore we cannot exclude increases and
decreases of sensitivity in this range. The study had a
80% power to detect as statistically significant a 50%
increase in sensitivity and a 41% power to detect a
30% increase. The study size was, however, deter-
mined for another objective (long term rates of cervical
intraepithelial neoplasia). These power calculations
are based on the observed number of women recruited
and the detection rate in the liquid based cytology arm.
We carried out a large randomised trial nested in

screening programmes, which was representative of
routine activity. Colposcopy was carried out in a high
proportion of women whose screening results were
positive. Colposcopists were not blinded to type of
cytology, but the number of biopsies per woman
undergoing colposcopy was similar in the two arms.
Histologywas independently reviewed,with reviewers
blinded to trial arm and cytology result. A few centres
adopted a different protocol between study arms for

the management of women with atypical cells of unde-
termined significance. However the results were
almost unchanged when the analysis was restricted to
the centres that applied the same protocol in both arms
and when low grade intraepithelial lesions were con-
sidered as the cut-off point for cytology.
Several reviews and meta-analyses of the perfor-

mance of liquid based cytology, based on non-rando-
mised studies, have been published but have reached
conflicting conclusions.14-9 A recent systematic review
on liquid based cytology1 found one small randomised
controlled trial only.10 The same review1 identified
only five “high quality” studies (slides read without
knowledge of the others’ results, with verification by
masked reference standard of at least all positive slide
results).11-15 Such studies did not show increased accu-
racy with liquid based cytology, in agreement with our
results. However four of them were split sampled and
this could affect the accuracy of liquid based cytology.
We also found that liquid based cytology had a lower

positive predictive value than conventional cytology.
This reductionwas the result of an increased frequency

Assessed for eligibility (n=61 209)

Eligible (n=58 700, 95.9%) Not eligible (n=2509, 4.1%)

Randomised (n=45 307, 77.2%) Not randomised (n=13 393, 22.8%)

Liquid based cytology (n=22 760) Conventional cytology (n=22 547)

Atypical cells of undetermined significance (n=514)

Exclusions (n=52):
  Out of age range (n=20)
  Not resident in area (n=3)
  Not new screening episode
    (n=18)
  Hysterectomised (n=3)
  Virgin (n=8)

Eligible (n=22 708)

Valid cytology (n=22 438)Incomplete testing (n=270):
  No cytology (n=50)
  Unsatisfactory only (n=220)

Normal cytology (n=21 004) Atypical cells of undetermined
significance or more severe

(n=1434)
Referred to colposcopy

(n=1430, carried out in 1337)

Exclusions (n=81):
  Out of age range (n=32)
  Not resident in area (n=2)
  Not new screening episode
    (n=24)
  Hysterectomised (n=3)
  Virgin (n=19)
  Treatment for cervical
    intraepithelial neoplasia in
    previous 5 years (n=1)

Eligible (n=22 466)

Referred to colposcopy
(n=376, carried out in 340)

Referred for repeat testing
(n=138)

Further referred to colposcopy
(n=7, carried out in 4)

Valid cytology (n=22 056)Incomplete testing (n=410):
  No cytology (n=45)
  Unsatisfactory only (n=365)

Normal cytology (n=21 201) Squamous intraepithelial lesion
(n=341)

All referred to colposcopy
(carried out in 317)

Trial profile
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of abnormal findings (usually low grade) without an
increase in high grade cervical intraepithelial neoplasia
on histology. An increased frequency of low grade
lesions with liquid based cytology has already been
observed.1 The relative frequency of atypical cells of
undetermined significance varied between studies,
but overall in high and medium quality studies more
slides were classified as atypical cells by liquid based
cytology than by conventional cytology.1

Interpretation of cytology is highly subjective.
Therefore the effect of moving from conventional to
liquid based cytology could vary across laboratories.
Our data do not, however, show evidence of heteroge-
neity between the centres in this study.We also did not
observe any difference in the performance of liquid
based cytology compared with conventional cytology
according to previous experience with liquid based
cytology, nor with increasing experience in the study.
Although the power of interaction test is usually lim-
ited, in this case all P valueswere far fromsignificant. In
addition, point estimates changed little when we
restricted the analysis to centres with experience of
ThinPrep, or to the second half of enrolment in each
centre. It is possible that greater experience could have
an effect but, in case of shift fromconventional to liquid
based cytology, this would mean a long period of
decreased accuracy before possible advantages.
On the basis of this analysis, the main advantage of

moving to liquid based cytology is a reduction in the
rate of unsatisfactory slides. Other established advan-
tages are the shorter time needed for interpretation12 16

and the possibility of using the same sample for testing
for human papillomavirus and for other molecular
tests.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Despite the widespread use of liquid based cytology only a few high quality studies and no
large randomised trial have examined its diagnostic accuracy

Systematic reviews have produced conflicting conclusions

WHAT THIS STUDY ADDS

Liquid based cytology shows no significant difference in sensitivity to conventional cytology

A significant reduction in positive predictive value was, however, apparent
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