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Purpose: To evaluate the accuracy of conventional and
new methods of Papanicolaou (Pap) testing when used to
detect cervical cancer and its precursors.

Data Sources: Systematic search of English-language
literature through October 1999 using MEDLINE, EMBASE,
other computerized databases, and hand searching.

Study Selection: All studies that compared Pap testing
(conventional methods, computer screening or rescreen-
ing, or monolayer cytology) with a concurrent reference
standard (histologic examination, colposcopy, or cytology).

Data Extraction: Two reviewers independently re-
viewed selection criteria and completed 2 3 2 tables for
each study.

Data Synthesis: 94 studies of the conventional Pap test
and three studies of monolayer cytology met inclusion
criteria. No studies of computerized screening were in-
cluded. Data were organized by cytologic and histologic
thresholds used to define disease. For conventional Pap
tests, estimates of sensitivity and specificity varied greatly
in individual studies. Methodologic quality and frequency
of histologic abnormalities also varied greatly between
studies. In the 12 studies with the least biased estimates,
sensitivity ranged from 30% to 87% and specificity ranged
from 86% to 100%.

Conclusions: Insufficient high-quality data exist to esti-
mate test operating characteristics of new cytologic meth-
ods for cervical screening. Future studies of these technol-
ogies should apply adequate reference standards. Most
studies of the conventional Pap test are severely biased:
The best estimates suggest that it is only moderately accu-
rate and does not achieve concurrently high sensitivity and
specificity. Cost-effectiveness models of cervical cancer
screening should use more conservative estimates of Pap
test sensitivity.
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Since the implementation of widespread screen-
ing with the Papanicolaou (Pap) test, rates of

cervical cancer in the United States have decreased
from 14.2 per 100 000 in 1973 to 7.8 per 100 000 in
1994. Nevertheless, cervical cancer is still the ninth-
leading cause of cancer deaths among U.S. women
(1). Most of these deaths occur in women who have
never had a Pap test, but some occur in women who
recently received negative test results. Approxi-
mately two thirds of false-negative results are
caused by sampling error, and the rest are caused
by detection error.

Sampling error occurs when abnormal cells are
not collected or are not transferred to the Pap slide,
and detection error occurs when abnormal cells on
the Pap slide are missed or misinterpreted. The
most common sampling error is lack of cells from
the cervical transformation zone. To reduce sam-
pling error, an endocervical cytobrush and a spatula
can be used instead of a cotton swab. However, a
recent meta-analysis found that the Pap test did not
differ in sensitivity or specificity when different sam-
pling devices were used (2). The Food and Drug
Administration (FDA) has approved another poten-
tial solution: liquid-based monolayer preparation
(ThinPrep, Cytyc Corp., Boxborough, Massachu-
setts). With this technique, the sample is collected
as in the conventional Pap test, but cells are then
placed in a fixative solution. The cells are dispersed,
collected onto a filter, and transferred to a micro-
scopic slide for interpretation. Because samples are
fixed immediately after collection, fewer cellular
morphologic artifacts occur. Fewer cells on the slide
are obscured because the process reduces the
amounts of other sampled material, such as blood
and mucus, and deposits cells on the slide in a
monolayer.

To reduce detection error, some researchers ad-
vocate rescreening slides initially reported to be
normal. The Clinical Laboratory Improvement
Amendments of 1988 mandate rescreening of a
10% random sample of normal slides as a quality
assurance measure. Rescreening can also be per-
formed on a higher proportion of slides by using
computerized technologies. The FDA has approved
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two such systems, one that is algorithm-based (Au-
toPap QC System, TriPath Imaging, Inc., Redmond,
Washington), and one that uses neural networks
(PAPNET, Neuromedical Systems, Inc., Suffern,
New York). PAPNET uses neural network comput-
erized imaging of Papanicolaou smear slides to
identify cells or clusters of cells that require review;
it then displays up to 128 images per slide that are
likely to contain abnormalities. A cytotechnologist
reviews these images and decides whether to review
the actual slide using light microscopy. AutoPap
uses its algorithm-based decision-making technology
to identify slides that exceed a certain threshold for
the likelihood of abnormal cells. The laboratory can
select different thresholds, corresponding to 10%,
15%, or 20% review rates. In contrast to random
rescreening, AutoPap selects a sample of slides that
is enriched with abnormalities, thereby including
most of the slides that contain abnormalities missed
by manual screening.

Another approach to reducing detection error is
improving the sensitivity of the initial screening
step. The FDA has recently approved a new method
(AutoPap Primary Screening System, TriPath Imag-
ing) for this indication. AutoPap Primary Screening
System uses proprietary computerized algorithms to
identify slides that exceed a certain threshold for
the likelihood of abnormal cells. A cytotechnologist
then reviews these slides. The system allows labora-
tories to concentrate on the 75% of slides that most
likely contain abnormal cells while immediately ar-
chiving the remainder.

Sampling and detection errors are reduced when
Pap test screening is repeated frequently. However,
cost-effectiveness analyses have concluded that if
persons are screened more than every 3 years, cost-
effectiveness ratios exceed $50 000 per life-year
saved (3, 4).

Precise estimates of cytologic test sensitivity and
specificity are important because they may be used
to determine policy decisions, such as recommenda-
tions for optimal frequency of screening, manage-
ment of mild abnormalities, and use of newer meth-
ods. Our primary objective was to systematically
review the operating characteristics of conventional
and new methods (computer screening and mono-
layer slide preparation) of Pap testing in the detec-
tion of cervical cancer and its precursors. We also
evaluated test performance among women with pre-
vious cytologic abnormalities. The Agency for
Healthcare Research and Quality (AHRQ), under
contract to Duke University (Durham, North Caro-
lina), funded the study. An AHRQ-approved advi-
sory panel assisted in the design, conduct, and re-
porting of this work, and the evidence report on
which this manuscript is based was reviewed by an
external peer review panel (5).

Methods

Data Sources

Data sources, including MEDLINE (from 1966),
EMBASE (from 1980), HealthStar (from 1975),
CancerLit (from 1983), and CINAHL (from 1983)
were searched through October 1999 by using a
strategy developed with a medical librarian (Table
1). Searches were limited to English-language stud-
ies in humans. We manually searched newly pub-
lished relevant journal issues, bibliographies of in-
cluded studies, and recent systematic reviews (6–9).
To locate unpublished studies, we also contacted
relevant professional societies and manufacturers of
cytologic devices.

Study Selection

We identified studies of conventional Pap testing
(with or without manual rescreening), Pap testing
using monolayer slide preparation (ThinPrep), Pap
testing with primary computer screening (AutoPap
or PAPNET), and Pap testing with computer re-
screening (AutoPap or PAPNET). Other recently
developed methods, the AutoCyte PREP System
and the AutoCyte SCREEN system (TriPath Imag-
ing, Inc., Burlington, North Carolina), had not been
approved by the FDA at the time of our review and
were not evaluated in this study.

Study samples included women undergoing Pap
testing for primary screening and those undergoing
evaluation for previous cytologic abnormalities. The
main outcome measures were the sensitivity and
specificity of the cytologic test for detecting “cases.”
Cytologic abnormality was defined by one of three
thresholds: atypical squamous cells of undetermined
significance (ASCUS), low-grade squamous intra-
epithelial lesions (LSIL), and high-grade squamous
intraepithelial lesions (HSIL). “Cases” were defined
as histologic diagnosis of cervical intraepithelial
neoplasia (CIN), grades I to III, or carcinoma.

Table 1. Search Strategy

1. Vaginal smears/
2. ((Pap or Papan$) and (smear$ or test$)).tw.
3. (PAPNET or autoPap or ThinPrep).tw.
4. 1 or 2 or 3
5. exp Cervix neoplasms/
6. Cervix dysplasia/
7. Cervical Intraepithelial Neoplasia/
8. dyskaryo$.tw.
9. 5 or 6 or 7 or 8
10. exp “Sensitivity and Specificity”/
11. (sensitivity or specificity).tw.
12. exp Diagnostic errors/
13. 4 and (10 or 11 or 12)
14. 13 and 9
15. limit 14 to (human and English language)
16. Papillomavirus, Human/
17. 15 not 16
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Equivalent categories in other classification schemes
(10–14) were also used (Figure).

We included studies of the conventional Pap test
if a reference standard of histologic examination or
colposcopy was reasonably concurrent to the cyto-
logic screening test (within 3 months) and if suffi-
cient data were reported to complete all four cells
of a 2 3 2 table. Comparison with such a reference
standard provides a more relevant outcome for clin-
ical decision makers because colposcopic or histo-
logic diagnoses form the basis of most clinical man-
agement decisions.

Only one study of ThinPrep (15) provided
enough information to allow us to extract data on
sensitivity and specificity compared with a gold stan-
dard of histologic examination or colposcopy. We
therefore used a separate set of screening criteria
for studies of the new methods, based on cytology
society guidelines (16, 17) and FDA documents
(18): 1) The study must prospectively compare
screening tests or test and reference standard on the
same set of patients or slides; 2) if cytologic exam-
ination is the reference standard, discordant results
from the two study tests must be adjudicated by an
independent panel of experienced cytology profes-
sionals; 3) at least 50% of patients testing positive
for HSIL must be verified by histologic examination
or colposcopy; and 4) the study design must allow
for separate analyses of sensitivity (or relative true-
positive rate) and specificity (or relative false-posi-
tive rate).

Data based on a cytologic reference standard
cannot be integrated with data based on a histologic
reference standard (19–23). However, when nega-
tive test results are not verified with the reference
standard, information about incremental character-
istics of test performance may be obtained by di-
rectly comparing independently applied conven-
tional and new tests (21). In this case, both tests
must be applied independently to all patients, and
all positive results on either test must be verified

with the reference standard. A relative true-positive
rate and a relative false-positive rate, which can be
used to determine relative estimates of the perfor-
mance of the new test, can then be calculated.

Two investigators independently screened each
study. Differences of opinion were reconciled by
consensus. The title and abstract of each citation
were screened first, and the full report was screened
second. Of the 1193 bibliographic references we
reviewed, 761 (approximately 64%) were excluded
on the basis of title or abstract. We reviewed the
full reports of 346 studies of the conventional Pap
test and 86 studies of the new methods (18 on
AutoPap, 42 on PAPNET, and 26 on ThinPrep).

We developed a numeric quality score to evalu-
ate included citations. Nine members of the study’s
working group (6 clinicians, 2 economists, and 1
health policy analyst) initially identified more than
12 evaluation criteria on the basis of previously
reported criteria (6, 24, 25). We used a consensus
process to narrow this list to 7. Blinded to the rest
of the group, each participant then independently
assigned numerical weights to the criteria. The
means of these “votes” were calculated. Each par-
ticipant received a copy of his or her responses,
depicted graphically in relation to the mean for
each criterion, and was requested to confirm or
reconsider his or her responses. The means of the
revised responses for each criterion were then cal-
culated and used as the assigned weights.

Only 94 studies of conventional Pap testing per-
mitted estimation of both sensitivity and specificity.
The most common reasons for excluding an article
on the conventional Pap test were lack of histologic
examination or colposcopy as a reference standard
and lack of sufficient data to complete all four cells
of a 2 3 2 table.

Only three studies of ThinPrep (15, 26, 27) per-
mitted estimation of both sensitivity and specificity.
No studies of PAPNET, the AutoPap 300 QC, or
the AutoPap Primary Screening System permitted

Figure. Map of classification schemes for cervical cytology. ASCUS 5 atypical squamous cells of undetermined significance; WHO 5 World Health
Organization.
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estimates of sensitivity or specificity. Studies that
applied manual screening followed by computerized
rescreening could not be evaluated because re-
screening is conditional on a negative initial screen;
thus, the two tests are not applied independently.
The other studies of the new methods were ex-
cluded because they were not two-armed prospec-
tive studies or because they failed to verify at least
50% of all patients who tested positive for HSIL on
histologic examination or colposcopy

Data Extraction

Two reviewers independently completed 2 3 2
tables for each study. Where available, we ab-
stracted data at four different combinations of cyto-
logic and histologic thresholds: ASCUS/CIN-I,
LSIL/CIN-I, LSIL/CIN-II–III, and HSIL/CIN-II–III.
Cases that were indeterminate because of uninter-
pretable cytologic results or lack of reference stan-
dard confirmation were documented but were ex-
cluded from the calculation of sensitivity and
specificity. If more than one study sample was in-
cluded in a single report and data for each sample
were provided separately, we treated the samples as
if they had been presented in individual studies.

Data Synthesis

Three studies described the accuracy of thin-layer
cytology relative to histologic examination or con-
ventional Pap testing. Bolick and Hellman (15)
compared ThinPrep Pap smear diagnoses of LSIL
or higher to a histologic reference standard of CIN-
II–III or higher, permitting direct estimation of
94.2% sensitivity and 57.7% specificity. Convention-
ally prepared Pap smears achieved a sensitivity of
84.6% and a specificity of 37.0% according to the
same thresholds. Most negative test results in this
study were not verified with histologic examination
(15). Both Roberts and colleagues (26) and
Hutchinson and coworkers (27) compared conven-
tional and ThinPrep slides prepared with a split
sample technique and used a combination of cyto-
logic and histologic examination as the reference

Table 2. Quality Evaluation of 94 Studies of the
Conventional Papanicolaou Test

Quality Criterion (Points) Studies, n (%)

Reference standard
Histologic examination (2) 67 (71)
Histologic examination or negative colposcopy or

colposcopy (1) 27 (29)
Independence of assessments

Blinded (2) 23 (24)
Not blinded (0) 71 (76)

Verification
All positive and negative test results verified (2) 48 (51)
Positive test results and random fraction of negative

test results verified (1) 1 (1)
Positive test results and selected sample of negative

test results verified (0) 45 (48)
Study sample

Consecutive or random (2) 77 (82)
Other (0) 17 (18)

Spectrum of disease/nondisease
Defined (1) 80 (85)
Not defined (0) 14 (15)

Publication type
Paper (1) 94 (100)
Abstract (0) 0 (0)

Industry relation
Not performed or supported by a manufacturer (1) 91 (97)
Supported by a manufacturer (0.5) 1 (1)
Performed by a manufacturer (0) 2 (2)

Table 3. Summary Statistics for Studies of the Conventional Papanicolaou Test*

Threshold Studies,
n

Sensitivity Specificity Positive Likelihood
Ratio

Negative Likelihood
Ratio

Prevalence

Mini-
mum

50% Maxi-
mum

Mini-
mum

50% Maxi-
mum

Mini-
mum

50% Maxi-
mum

Mini-
mum

50% Maxi-
mum

Mini-
mum

50% Maxi-
mum

ASCUS/CIN-I
Overall 37 0.18 0.74 0.98 0.17 0.68 0.99 0.96 1.93 81.9 0.08 0.47 1.18 0.02 0.51 0.94
Verification

All or random 21 0.31 0.68 0.92 0.17 0.75 0.99 0.96 2.38 81.9 0.11 0.50 1.18 0.02 0.36 0.91
Some or unclear 16 0.18 0.78 0.98 0.20 0.60 0.92 1.11 1.70 3.20 0.08 0.40 0.90 0.20 0.73 0.94

LSIL/CIN-I
Overall 71 0.17 0.69 0.99 0.09 0.81 1.0 1.0 2.90 1301.8 0.03 0.44 0.99 0.02 0.64 0.95
Verification

All or random 38 0.18 0.62 0.98 0.09 0.90 1.0 1.08 4.63 1301.8 0.13 0.49 0.86 0.02 0.43 0.94
Some or unclear 33 0.17 0.75 0.99 0.18 0.71 0.95 1.0 1.80 8.60 0.03 0.39 0.99 0.33 0.72 0.95

LSIL/CIN-II–III
Overall 54 0.23 0.83 1.0 0.06 0.66 0.99 0.78 1.92 52.6 0.01 0.32 2.76 0.01 0.32 0.91
Verification

All or random 31 0.23 0.81 0.99 0.06 0.77 0.99 0.78 2.27 52.6 0.01 0.37 2.76 0.01 0.24 0.91
Some or unclear 23 0.44 0.87 1.0 0.08 0.46 0.97 1.07 1.64 18.9 0.01 0.30 0.79 0.02 0.47 0.91

HSIL/CIN-II–III
Overall 43 0.06 0.58 1.0 0.21 0.92 1.0 1.27 4.46 289.0 0.01 0.52 0.95 0.02 0.41 0.91
Verification

All or random 25 0.18 0.53 0.92 0.64 0.96 1.0 2.10 9.95 289.0 0.12 0.53 0.84 0.02 0.28 0.91
Some or unclear 18 0.06 0.62 1.0 0.21 0.78 0.99 1.27 2.85 15.4 0.01 0.50 0.95 0.17 0.54 0.91

* ASCUS 5 atypical squamous cells of undetermined significance; CIN-I–III 5 cervical intraepithelial neoplasia, grades I–III. LSIL 5 low-grade squamous intraepithelial lesion; HSIL 5
high-grade squamous intraepithelial lesion.
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Table 4. Studies of the Conventional Papanicolaou Test in Screening Samples without Verification Bias*

Study (Reference) Year Patients and Methods Study Design and
Characteristics

Location and Time
Period

Outcomes

University of
Zimbabwe/
JHPIEGO Cervical
Cancer Project
(115)†

1999 Consecutive women undergoing primary
screening. Phase I included 8731
women (verification: some or unclear);
phase II included 2203 women, but
only 2147 had complete data (all veri-
fied). Mean age, 33 y.

Diagnostic test evalua-
tion of visual inspec-
tion with acetic acid
and Pap smear

Zimbabwe, 10/95–
8/97

Pap smear reported as $LSIL; refer-
ence standard: histology or nega-
tive colposcopy, reported as
$LSIL, HSIL

Davison and Marty
(59)

1994 200 consecutive nonpregnant premeno-
pausal women undergoing screening
(196 had complete data). Women
with previous abnormal smear were
excluded. All included patients were
verified.

Diagnostic test evalua-
tion of screening col-
poscopy and Pap
smear

United States, years
not specified

Pap smear reported as $mild dys-
plasia; reference standard: histol-
ogy or negative colposcopy, re-
ported as $CIN-I

Giles et al. (79) 1988 200 predominantly middle-class women
presenting for screening (24 smears
were unsatisfactory). Women with
previous cervical abnormalities were
excluded. Mean age, 39 y. All in-
cluded patients were verified.

Diagnostic test evalua-
tion of screening
colposcopy and
Pap smear

United Kingdom,
years not speci-
fied

Pap smear reported as $mild dys-
karyosis; reference standard: his-
tology or negative colposcopy,
reported as $CIN-I (koilocytosis
regarded as negative)

Baldauf et al. (70)‡ 1995 1539 consecutive women undergoing
routine prenatal or gynecologic exami-
nation. Mean age, 36 y. 10% random
verification of test-negative patients.

Diagnostic test evalua-
tion of cervicography
and Pap smear

France, 1/91–12/92 Pap smear reported as $atypical
cells; reference standard: histol-
ogy or negative colposcopy, re-
ported as $CIN-I

Guerra et al. (113) 1998 3658 consecutive pregnant women pre-
senting for prenatal care. Mean age,
29 y. All patients were verified.

Diagnostic test evalua-
tion of screening col-
poscopy and Pap
smear

Italy, 2/92–3/93 Pap smear reported as $ASCUS,
LSIL, HSIL, or microinvasion; refer-
ence standard: colposcopy, re-
ported as $abnormal transforma-
tion zone with minor and major
changes

Hockstad (47) 1992 73 consecutive women presenting with-
out previous abnormal Pap smear,
pelvic symptoms, or hysterectomy (2
declined and 1 did not follow-up).
Age range, 15–39 y. All patients were
verified.

Diagnostic test evalua-
tion of Pap smear,
HPV test, and col-
poscopy

United States,
1988–1989

Pap smear reported as $atypical or
condylomatous changes; refer-
ence standard: histology or nega-
tive colposcopy, reported as
$mild dysplasia. If women had
negative screening colposcopy
but positive Pap smear or HPV
test, second colposcopy with bi-
opsy was performed.

Garutti et al. (103) 1994 200 nonpregnant women referred to
clinic for screening. Mean age, 41 y.
All included patients were verified.

Diagnostic test evalua-
tion of Pap smear
and cervicography

Italy, 1/90–9/90 Pap smear reported as $HPV; refer-
ence standard: histology or nega-
tive colposcopy reported as $HPV

Loiudice et al. (108) 1998 3342 consecutive nonpregnant women
undergoing primary screening (42
protocol violations excluded). Women
who were menstruating; had previous
abnormal Pap smears, HPV, or HIV; or
were immunocompromised were ex-
cluded. Mean age, 33 y. All included
patients were verified.

Diagnostic test evalua-
tion of Pap smear
and speculoscopy

Italy, 2/95–11/95 Pap smear reported as $LSIL; refer-
ence standard: histology or nega-
tive colposcopy, reported as
$LSIL, high-grade

Kesic et al. (117) 1993 418 asymptomatic women referred for
screening (23 had defective cervico-
grams and were excluded). All pa-
tients were verified.

Diagnostic test evalua-
tion of Papanicolaou
smear and cervic-
ography

Yugoslavia, 1/88–
8/89

Pap smear reported as $ class III;
reference standard: histology or
negative colposcopy, reported as
$CIN-I, CIN-II–III

Londhe et al. (110) 1997 500 consecutive sexually active nonpreg-
nant women presenting to gynecol-
ogy clinic (only 372 were included in
the study). All included patients were
verified.

Diagnostic test evalua-
tion of Pap smear
and visual inspection
with acetic acid

India, years not
specified

Pap smear reported as $positive;
reference standard: histology or
negative colposcopy, reported as
$LSIL, HSIL

Mannino (114) 1998 3049 consecutive women presenting for
screening. Women with previous ab-
normal Pap smears, vaginitis, or
menopause were excluded. All pa-
tients were verified.

Diagnostic test evalua-
tion of Pap smear and
screening colposcopy

United States, un-
specified 10-year
period

Pap smear reported as $LSIL; refer-
ence standard: histology or nega-
tive colposcopy, reported as
$koilocytosis/CIN-I, CIN-II–III

Mann et al. (71) 1993 243 women presenting for screening.
Women with previous cervical or vagi-
nal pathologic characteristics were
excluded. Mean age, 29 y. All patients
were verified.

Diagnostic test evalua-
tion of Pap smear
and speculoscopy

United States,
1989–1992

Pap smear reported as $ atypia
with condylomatous features;
reference standard: histology or
negative colposcopy, reported as
$HPV/CIN-I, CIN-II–III

* ASCUS 5 atypical squamous cells of undetermined significance; CIN-I–III 5 cervical intraepithelial neoplasia, grades I–III; HPV 5 human papillomavirus; HSIL 5 high-grade squamous
intraepithelial lesion; JHPIEGO 5 Johns Hopkins Program for International Education in Gynecology and Obstetrics; LSIL 5 low-grade squamous intraepithelial lesion; NS 5 not
specified; Pap 5 Papanicolaou.

† Results of this study are given for phase II only.
‡ Results of this study were estimated from 10% of the patients whose negative test results were verified.
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Table 4—Continued

Study Results Quality Evaluation

Prevalence Sensitivity Specificity Quality
Score

Reference
Standard

Blinded Verifi-
cation

Consec-
utive

Spec-
trum

Publi-
cation

Industry

CIN-I: 487/2092 (0.23) LSIL/CIN-I: 0.30 LSIL/CIN-I: 0.92 10 1 2 2 2 1 1 1
CIN-II–III: 201/2092 (0.10) LSIL/CIN-II–III: 0.44 LSIL/CIN-I: 0.91

CIN-I: 30/196 (0.15) LSIL/CIN-I: 0.53 LSIL/CIN-I: 1.0 10 1 2 2 2 1 1 1

CIN-I: 17/176 (0.10) LSIL/CIN-I: 0.58 LSIL/CIN-I: 0.95 10 1 2 2 2 1 1 1

CIN-I: 62/1343 (0.05) ASCUS/CIN-I: 0.56 ASCUS/CIN-I: 0.98 9 1 2 1 2 1 1 1

CIN-I: 72/3658 (0.02) ASCUS/CIN-I: 0.90 ASCUS/CIN-I: 0.97 8 1 0 2 2 1 1 1
CIN-II–III: 55/3658 (0.02) LSIL/CIN-I: 0.87 LSIL/CIN-I: 0.98

LSIL/CIN-II–III: 0.96 LSIL/CIN-II–III: 0.98
HSIL/CIN-II–III: 0.88 HSIL/CIN-II–III: 1.0

CIN-I: 7/70 (0.10) ASCUS/CIN-I: 0.31 ASCUS/CIN-I: 0.96 8 1 0 2 2 1 1 1

CIN-I: 72/200 (0.36) LSIL/CIN-I: 0.42 LSIL/CIN-I: 0.86 8 2 2 2 0 0 1 1

CIN-I: 267/3300 (0.08) LSIL/CIN-I: 0.40 LSIL/CIN-I: 0.96 8 1 0 2 2 1 1 1
CIN-II–III: 25/3300 (0.01) LSIL/CIN-II–III: 0.75 LSIL/CIN-II–III: 0.93

CIN-I: 27/395 (0.07) LSIL/CIN-I: 0.52 LSIL/CIN-I: 0.94 7 1 2 2 0 0 1 1
CIN-II–III: 19/395 (0.05) LSIL/CIN-II–III: 0.53 LSIL/CIN-II–III: 0.93

CIN-I: 98/372 (0.26) NS/CIN-I: 0.14 NS/CIN-I: 0.96 7 1 0 2 2 0 1 1
CIN-II–III: 23/372 (0.06) NS/CIN-II–III: 0.23 NS/CIN-II–III: 0.95

CIN-I: 904/3049 (0.30) LSIL/CIN-I: 0.30 LSIL/CIN-I: 1.0 7 1 0 2 2 0 1 1
CIN-II–III: 60/3049 (0.02) LSIL/CIN-II–III: 0.99 LSIL/CIN-II–III: 0.93

CIN-I: 29/243 (0.12) LSIL/CIN-I: 0.32 LSIL/CIN-I: 0.99 6 1 0 2 0 1 1 1
CIN-II–III: 6/243 (0.02) LSIL/CIN-II–III: 0.64 LSIL/CIN-II–III: 0.97

16 May 2000 • Annals of Internal Medicine • Volume 132 • Number 10 815



standard. Although sensitivity and specificity could
not be calculated directly, the performance of Thin-
Prep and conventional Pap smears could be esti-
mated and compared. In the study by Roberts and
colleagues (26), any positive result on either test
was verified cytologically or histologically; histologic
verification was obtained on a majority of HSIL
samples. The relative true-positive rate was 1.13,
indicating that ThinPrep had higher sensitivity, and
the relative false-positive rate was 1.12, indicating
that ThinPrep had slightly lower specificity (26). In
the study by Hutchinson and coworkers (27), final
reference diagnoses were made by using a combi-
nation of cytologic and histologic examination, but
histologic verification was obtained for more than
90% of Pap smears that showed HSIL or cancer.
The relative true-positive rate was 1.19, indicating
higher sensitivity for ThinPrep, and the relative
false-positive rate was 2.05, indicating lower speci-
ficity for ThinPrep (27).

Only 94 studies of the conventional Pap test met
the inclusion criteria (Tables 2 and 3) (28–121).
Sample sizes ranged from 9 to 22 412 (median, 202).
Most of these studies were conducted in samples of
women who were referred for previous cytologic
abnormalities, had visible cervical lesions, or were at
high risk for cervical cancer (for example, immuno-
compromised patients). Few studies evaluated low-
prevalence screening samples. Most studies used
histologic examination as a reference standard, but
only 51% obtained verification of all or a random
fraction of patients whose test results were negative.
Few studies independently assessed the test and
reference standard. Although most studies used ad-
equate sample selection procedures, 15% did not
provide adequate information on the spectrum of
disease in their sample. All included studies were
published in full-length reports; no abstracts identi-
fied in the screening process provided enough data
to meet the inclusion criteria.

Data on sensitivity and specificity were available
at four different combinations of test and reference
standard thresholds: ASCUS/CIN-I (37 studies),
LSIL/CIN-I (71 studies), LSIL/CIN-II–III (54 stud-
ies), and HSIL/CIN-II–III (43 studies). Most studies
allowed construction of 2 3 2 tables using more
than one combination of test and reference stan-
dard threshold. For ASCUS/CIN-I, sensitivity esti-
mates ranged from 18% to 98% and specificity es-
timates ranged from 17% to 99% (Table 3). For
studies with data at the LSIL/CIN-I threshold, sen-
sitivity ranged from 17% to 99% and specificity
ranged from 9% to 100%. As expected, when a
higher disease threshold of CIN-II–III was used
with the same test threshold, sensitivity was higher
and specificity was lower.

Our primary objective was to obtain the best

estimates of Pap test performance that were appli-
cable to a low-prevalence screening sample. How-
ever, only 12 studies identified low-risk patients un-
dergoing screening Pap smears and also verified all
or a random fraction of patients with negative test
results (Table 4). For the 9 studies that provided
data at the LSIL/CIN-I threshold, sensitivity ranged
from 30% to 87% (mean, 47%) and specificity
ranged from 86% to 100% (mean, 95%). In 8 of
these 9 studies, sensitivity was less than 60%. For
the LSIL/CIN-II–III threshold, sensitivity was higher
(range, 44% to 99%) and specificity was lower
(range, 91% to 98%).

Discussion and Conclusions

Thin-layer cytology (ThinPrep), the computerized
rescreening device (PAPNET), and the algorithmic
classifier (AutoPap) have all received regulatory ap-
proval from the FDA. However, because of three
deficiencies in methods, most studies of these tech-
nologies were excluded from our review. First, many
studies did not apply the new technology and con-
ventional Pap testing prospectively to the same sam-
ple of women. Although this allows comparison of
detection rates in separate samples, it does not di-
rectly compare results in individual patients; there-
fore, even relative sensitivity and specificity cannot
be calculated. Second, almost all studies of thin-
layer cytology or computer screening or rescreening
failed to verify the disease status of women who had
negative test results on cytologic screening tests.
Most studies applied the reference standard (adju-
dicated cytologic or histologic examination) only to
cases in which diagnoses differed between conven-
tional and new methods. Concordant positive and
concordant negative test results are assumed to be
true-positives and true-negatives but may actually be
concordant false results. This study design has a
consistent underlying bias that can be expected to
overestimate the sensitivity and specificity of the
new test (122). When the conventional tests and the
new tests are conditionally dependent—that is,
when tests may have similar problems with sample
collection or interpretation of mild disease—this
bias can be substantial. Third, little evidence is
available with which to assess the effects of thin-
layer cytology or computer screening or rescreening
on specificity.

Conventional Pap testing is less efficient at dis-
criminating between women who have disease and
those who do not than is generally believed. How-
ever, the conventional Pap test is still the only
screening test that has definitively been shown to
reduce the incidence and mortality rates of cervical
cancer. Because cervical cancer is usually a slow-
growing disease and many low-grade lesions regress
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spontaneously, serial testing with Pap smears is effec-
tive. Decision analyses have shown that Pap testing
every 3 to 5 years is valuable because abnormalities
missed during one screening interval will probably
be detected during the next (3, 5). Most women
who develop cervical cancer do so because of lack
of screening rather than errors in cytodiagnosis.

Many studies of the conventional Pap test are
biased. Some studies were conducted in patients
from colposcopy clinics who were referred for pre-
vious cytologic abnormalities. In many of these stud-
ies, colposcopy or histologic examination was com-
pared with the original cytologic results, all of which
were abnormal. Therefore, only two cells of the 2 3
2 table could be filled in because no negative test
results were verified. Such studies were excluded
from our analysis. Other investigators repeated the
Pap smear at the time of colposcopy and compared
colposcopy or histologic examination with these re-
peated smears, some of which were negative. Al-
though this design allowed completion of a 2 3 2
table, it probably biased the spectrum of disease
because the study sample was taken from a popu-
lation that was referred because of abnormalities on
an initial Pap test (123). Women with subsequent
normal Pap smears must have had an initial false-
positive smear or a false-negative smear on re-
peated testing. We assumed the former, but if our
assumption was untrue, we could have underesti-
mated the accuracy of the test.

Our data included studies with several gold stan-
dards: histologic examination with cone biopsy, hys-
terectomy, or punch biopsy, and colposcopy. These
reference standards are themselves subject to inac-
curacy, and sensitivity and specificity may be under-
estimated when a diagnostic test is compared with
an imperfect reference standard (124). In this case,
the sensitivity and specificity of the test may vary
with frequency of disease. In the included studies,
the proportion of patients with disease ranged from
0.02 to 0.94.

When disease is preferentially verified among
women with abnormalities but not among all
women, the study sample is further biased. Many
studies performed colposcopy only on women with
abnormalities (on the Pap test or another test, such
as human papillomavirus testing or cervicography)
or those with condyloma or abnormal-appearing
cervixes. By selecting such patients for verification
of results, a high frequency of histologic abnormal-
ities are included in the study sample. This is an
example of verification (workup) bias, which can
lead to elevated estimates of sensitivity and lowered
estimates of specificity (125). In our analysis, studies
that verified some or an unclear proportion of pa-
tients who tested negative had higher sensitivity and
lower specificity than those that verified all patients

or a random sample (Table 3). This finding was con-
sistent across all cytologic and histologic thresholds.

In a previous systematic review of the accuracy of
the Pap test, Fahey and colleagues (6) identified 59
studies, many of which did not meet our strict in-
clusion criteria. We included 58 additional studies,
and many were published after the earlier review.
However, Fahey and colleagues (6) found that cy-
tologic methods had a mean sensitivity of 58% and
a mean specificity of 69% in screening samples, results
that are generally consistent with those of our study.

The few studies of Pap screening that were con-
ducted in low-prevalence samples and avoided ver-
ification bias provided the best estimates of sensi-
tivity and specificity. Although specificity was high,
the sensitivity estimates are much lower than gen-
erally believed. Future decision models, cost-effective-
ness studies, and health policy decisions should con-
sider these lower sensitivity estimates in their analyses.
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