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Background: The appropriate management of women with
minor cytologic lesions in their cervix is unclear. We per-
formed a meta-analysis to assess the accuracy of human
papillomavirus (HPV) DNA testing as an alternative to re-
peat cytology in women who had equivocal results on a
previous Pap smear. Methods: Data were extracted from
articles published between 1992 and 2002 that contained
results of virologic and cytologic testing followed by colpo-
scopically directed biopsy in women with an index smear show-
ing atypical cells of undetermined significance (ASCUS).
Fifteen studies were identified in which HPV triage and the
histologic outcome (presence or absence of a cervical intra-
epithelial neoplasia of grade II or worse [CIN2�]) was doc-
umented. Nine, seven, and two studies also documented the
accuracy of repeat cytology when the cutoff for abnormal
cytology was set at a threshold of ASCUS or worse, low-
grade squamous intraepithelial lesion (LSIL) or worse, or
high-grade squamous intraepithelial lesion (HSIL) or worse,
respectively. Random-effects models were used for pooling
of accuracy parameters in case of interstudy heterogeneity.
Differences in accuracy were assessed by pooling the ratio of
the sensitivity (or specificity) of HPV testing to that of repeat
cytology. Results: The sensitivity and specificity were 84.4%
(95% confidence interval [CI] � 77.6% to 91.1%) and 72.9%
(95% CI � 62.5% to 83.3%), respectively, for HPV testing
overall and 94.8% (95% CI � 92.7% to 96.9%) and 67.3%
(95% CI � 58.2% to 76.4%), respectively, for HPV testing in
the eight studies that used the Hybrid Capture II assay.
Sensitivity and specificity of repeat cytology at a threshold
for abnormal cytology of ASCUS or worse was 81.8% (95%
CI � 73.5% to 84.3%) and 57.6% (95% CI � 49.5% to
65.7%), respectively. Repeat cytology that used higher cyto-
logic thresholds yielded substantially lower sensitivity but
higher specificity than triage with the Hybrid Capture II
assay. The ratio of the sensitivity of the Hybrid Capture II
assay to that of repeat cytology at a threshold of ASCUS or
worse pooled from the four studies that used both triage tests
was 1.16 (95% CI � 1.04 to 1.29). The specificity ratio was
not statistically different from unity. Conclusion: The pub-
lished literature indicates that the Hybrid Capture II assay
has improved accuracy (higher sensitivity, similar specific-
ity) than the repeat Pap smear using the threshold of ASCUS
for an outcome of CIN2� among women with equivocal
cytologic results. The sensitivity of triage at higher cytologic
cutoffs is poor. [J Natl Cancer Inst 2004;96:280–93]

The main purpose of cytologic screening by Papanicolaou
(Pap) smears is to identify women with cervical lesions that
confer an increased risk of cervical cancer (1). Such women
require further follow-up and/or treatment to prevent progres-

sion to invasive disease. Consensus exists that women with
high-grade cytologic lesions should be referred immediately for
further exploration (2). However, the management of women
with minor cytologic lesions remains controversial (3).
Follow-up recommendations for women with atypical squamous
cells of undetermined significance (ASCUS) and low-grade
squamous intraepithelial lesions (LSILs) vary from conservative
repeat cytology (4–7) to immediate referral for colposcopy and
biopsy (8–11). Referral to the colposcopy clinic and the subse-
quent histologic examination result in substantial costs for the
health care system (12) and often create feelings of anxiety and
discomfort for women (13).

The natural history of minor cytologic lesions is difficult to
predict on the basis of cytomorphologic grounds. These lesions
often regress spontaneously and do not require treatment (14–
16). Referring all women with minor cytologic lesions for fur-
ther gynecologic exploration would, therefore, mean an increase
in overdiagnosis and overtreatment (12,17). Lack of availability
of colposcopic services at affordable prices often makes such an
approach unrealistic. Nevertheless, although most women with
an ASCUS smear result do not have clinically significant dis-
ease, a substantial proportion of them do have histopathologi-
cally confirmed high-grade cervical intraepithelial neoplasia or
worse (CIN2�) (18–20). Indeed, from a population of screened
U.S. women, it was estimated that one-third of CIN2� lesions
were discovered on follow-up of a previous smear with ASCUS
(20).

Given the evidence concerning the etiologic role of onco-
genic human papillomavirus (HPV) infections in the develop-
ment of cervical cancer and CIN (21–25), HPV testing has been
proposed as a triage method to identify women at increased risk
of cervical cancer and thus requiring referral for colposcopic
exploration (18,19). However, results concerning the utility of
HPV triage for women with equivocal cytology are inconsistent
(26–28). We therefore used meta-analytic tools to extract from
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the literature all available data concerning diagnostic accuracy
parameters, studied the variation in a systematic way, and ob-
tained overall synthetic measures.

METHODS

Research Question

In this meta-analysis, we addressed the following questions:
1) What is the accuracy (i.e., sensitivity, specificity, predictive
values, and likelihood ratios) of HPV DNA testing to detect
histologically confirmed CIN2� disease in women with an
index smear showing ASCUS? 2) In studies in which the Pap
smear was repeated, what is the accuracy of repeat cytology at
thresholds of ASCUS, LSIL, and HSIL (high-grade squamous
intraepithelial lesion) to detect CIN2�? and 3) What are the
differences in accuracy between both triage tests?

Retrieval Strategy

A systematic literature search identified articles published
between 1992 and 2002 that contained quantitative data allow-
ing assessment of one or more of the research questions. Articles
were retrieved from the electronic bibliographic databases
(MEDLINE, EMBASE, Cochrane Library) using the following
search terms: (((cervix OR cervical) AND (cancer OR carci-
noma OR neoplas* OR dysplas* OR CIN OR SIL)) OR (cervix
neoplasm)) AND (HPV OR human papillomavirus) AND (triage
OR management). The search was completed manually by
searching the reference lists of relevant articles and by screening
the tables of contents (for 1992–2002) of the following journals:
American Journal of Obstetrics and Gynecology, European
Journal of Gynecological Oncology, Journal of Gynecological
Oncology, Journal of Lower Genital Tract Disease, Journal of
Reproductive Medicine, and Obstetrics and Gynecology. Refer-
ences were selected if they fulfilled three inclusion criteria: 1)
women in the study presented with an index Pap smear of the
uterine cervix with atypical squamous/glandular cells of unspec-
ified significance (ASCUS/AGUS); 2) an HPV DNA detection
test was performed; and 3) women were subsequently subjected
to colposcopy and colposcopy-directed biopsies, with or without
endocervical curettage, for histologic verification. A fourth but
non-obligatory criterion was the repetition of the Pap test.

For several studies, we considered limited information. From
Ferris et al. (29,30), we selected the HPV DNA data from the
Hybrid Capture I assay because these data were contrasted with
repeat cytology; from Morin et al. (31), HPV data from the
Hybrid Capture II assay were used; and from the ASCUS-LSIL
Triage Study (ALTS) (32,33), we used results from two of the
three experimental arms: women randomly assigned to immedi-
ate colposcopic verification and women randomly assigned to
the HPV DNA testing arm, in which colposcopy was restricted
to women showing presence of high-risk HPV DNA or HSIL on
the repeat smear (32).

Thresholds for Triage Tests

We considered a single threshold for HPV positivity: the
presence of HPV DNA at a level greater than the cutoff for a
positive test as stated by the test manufacturer. The variation in
accuracy according to other thresholds of increasing viral load
was studied by a summary receiver operating characteristic

curve analysis and is reported elsewhere (34). We retrieved
information on the presence of oncogenic and high-risk HPV
types only. We considered three threshold levels for abnormal
cytology on the repeat Pap test: ASCUS or worse, LSIL or
worse, and HSIL or worse. The 1991 version of the Bethesda
Reporting System (35) was used for cytologic classification.

Outcome

The histologic result was used as the gold standard. We
assumed that histologic examination of material obtained by
colposcopy-directed biopsy, loop excision, or endocervical cu-
rettage provided complete ascertainment of the considered dis-
ease status. Throughout our systematic review, we used the CIN
nomenclature to describe histologic outcomes (36). We consid-
ered only the outcome of CIN2�.

Covariate Information

The following study properties were summarized in compre-
hensive tables: characteristics of the study population (place,
inclusion and exclusion criteria, study size, and age distribution),
properties of the HPV DNA testing systems (type of DNA
detection method, collection device, transport medium), repeat
cytology (conventional or liquid-based preparation, cytologic
threshold, collection device), procedures for gold standard ver-
ification, and the blinding of interpreters for other test results.

Definition of Accuracy Measures and Statistical Analysis

The numbers of true-positives, false-negatives, false-positives,
and true-negatives defined at the considered thresholds
were extracted from each study, and the following accuracy
parameters were calculated: sensitivity (true-positives/[true-
positives plus false-negatives]); specificity (true-negatives/
[true-negatives plus false-positives]); positive predictive value
(true-positives/[true-positives plus false-positives]); negative
predictive value (true-negatives/[true-negatives plus false-
negatives]); test-positivity rate ([true-positives plus false-
positives]/total number of patients), and prevalence of disease
defined as presence of CIN2� ([true-positives plus false-
negatives]/total number of patients). The positive likelihood ratio
(PLR � sensitivity/[1 – specificity]) and the negative likelihood
ratio (NLR � [1 – sensitivity]/specificity) express the likelihood
of the presence of CIN2� versus the absence of CIN2� when
tests are positive or negative, respectively. The positive likeli-
hood ratio should be greater than unity and as large as possible,
whereas the negative likelihood ratio should be less than unity
and tend toward zero. To assess differences in accuracy, we
determined the ratio of the sensitivity (or specificity) of HPV
testing to that of repeat cytology for those studies where both test
systems were evaluated on the same women and then pooled the
individual ratios. The variation in accuracy measures in the
individual studies and in the pooled measures were displayed
graphically using forest plots (37–39). Random-effects models
were used for pooling accuracy parameters in cases of statisti-
cally significant interstudy heterogeneity (i.e., when P�.10 for
Cochran’ s Q test) (40,41). In the absence of statistically signif-
icant heterogeneity, fixed models were used, with weighting of
each individual study parameter according to the reciprocal of its
variance (39). Meta-analyses were performed using the Stata
statistical package (version 7.0; Stata Corp., College Station,
TX) (42). Subgroup meta-analysis was used to assess the influ-
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ence of study characteristics on the outcome. Age-stratified data
on accuracy to detect CIN2� were published in only one study
(43). We also obtained age-stratified data from the ALTS di-
rectly from Dr. M. Schiffman (National Cancer Institute, Be-
thesda, MD) (33).

Publication Bias

Publication bias generally arises when smaller studies have a
higher chance of being published if their results are positive. We
assessed publication bias by using the asymmetry regression test
and asymmetry plots, in which the normal deviate of the accu-
racy measure is plotted against its precision, which is related to
the study size (44,45).

RESULTS

Study Characteristics

Initially, we identified 29 potential articles for inclusion
(18,19,29–33,43,46–66). However, we excluded 12 articles
concerning triage of patients with ASCUS or LSIL, because the
group with an ASCUS index smear could not be separated out
(55–66). In total, 17 articles reporting results of 15 studies met
the inclusion criteria (18,19,29–33,43,46–54). Among the 15
studies, data allowing computation of the accuracy of repeat
cytology at the thresholds ASCUS or worse, LSIL or worse, or
HSIL or worse were obtained from nine, seven, and two studies,
respectively. The characteristics of the included studies are
summarized in Table 1 and Table 2.

Study Size

In total, 5454 women in the 15 included studies had ASCUS
triage with HPV DNA testing. Nine studies were small, each
contributing fewer than 200 women; four studies were of inter-
mediate size, each contributing between 200 and 500 women;
and two studies were large, each contributing more than 500
women. One of the large studies, the ALTS, contributed more
than 2300 women (32,33).

Clinical Setting and Population Characteristics

For each study, patients were recruited from colposcopy
clinics or from gynecologic services to which women had been
referred because of a cytologic result of ASCUS. In four studies
(48,51,53,54), the referred women had had repeated atypical
cytology. Six studies (18,29,32,49,52,54) excluded women with
a history of CIN, cervical surgery, or biopsy. One study (19)
presented separate results for women with and without previous
CIN. One study (31) included only women with ASCUS occur-
ring after two sequential normal smears.

Blinding and Quality Review of Histologic Outcome

In six studies (18,29,43,47,49,52), it was explicitly stated that
the histologic interpretation was blinded to the triage test results.
In three studies (18,32,49), the histopathologic diagnosis was
subjected to review by expert histologists.

Triage Tests

Several different HPV detection methods were used in the
included studies. Two studies (46,47) used ViraPap and Vira-

Type. These are two older commercial DNA dot blot test kits
that use radioactive HPV RNA probes. The ViraPap contains a
cocktail of seven probes that detect HPV types 6, 11, 16, 18, 31,
33, and 35. ViraType contains two distinct high-risk HPV cock-
tails that detect the high-risk HPV types 16, 18, 31, 33, and 35.

Hybrid Capture techniques were the most frequently used
HPV DNA triage methods. The first generation Hybrid Capture
I assay or Hybrid Capture Tube, which detects nine high-risk
HPV types (i.e., 16, 18, 31, 33, 35, 45, 51, 52, and 56), was
evaluated in five studies (18,19,29,48,51). The Hybrid Capture II
assay, which contains a cocktail of probes that detect the same
nine high-risk HPV types and HPV types 39, 58, 59, and 68 (67),
was used in eight studies (31,32,43,49,50,52–54). In one study
(49), a prototype Hybrid Capture II assay was used that did not
contain probes for HPV types 59 and 68. For all Hybrid Capture
techniques, the hybridization yields a chemiluminescent signal
that is compared with positive controls containing a known
amount of HPV16 DNA. The detection limit is 10 pg of HPV
DNA/mL in the Hybrid Capture I assay and 1 pg/mL in the
Hybrid Capture II assay.

Cytology and Hybrid Capture II accuracy data from the same
subjects were available in four studies (31,32,49,50). The con-
ventional Pap smear was used as the cytologic triage method in
most studies, although the ThinPREP liquid-based technique
was used in two studies (32,49).

Triage by HPV Testing

The sensitivity to detect CIN2� varied from extremely low,
26.7% with the ViraPap test (47), to 95.9% (32) and 100.0% (52)
with the Hybrid Capture II assay (Table 3). The negative predictive
values ranged from 88.7% (47) to 100.0% (52). The specificity
ranged from 48.4% (32) to 97.1% (51). The positive predictive
values ranged from 7.8% (19) to 90.6% (51). The prevalence of
HPV positivity varied between 16.4% (46,48) and 56.8% (32).

Triage by Repeat Cytology at Cutoff ASCUS or Worse

The numbers of true- and false-positive and true- and false-
negative results for repeat cytology, defined at the cutoff ASCUS or
worse, and derived parameters are shown in Table 4. Sensitivity
ranged from 60.0% (46) to 85.0% (32), and specificity ranged
from 44.7% (29,32) to 71.7% (50). Positive predictive values
ranged from 3.8% (46) to 22.2% (47,50), and negative predictive
values ranged from 93.4% (47) to 97.8% (46). The test positivity
rate ranged from 32.4% (50) to 58.8% (32).

Triage by Repeat Cytology at Cutoff LSIL or Worse

The numbers of true- and false-positive and true- and false-
negative results for repeat cytology, defined at the cutoff LSIL or
worse, and derived parameters are shown in Table 4. Sensitivity
ranged from 20.0% (29) to 59.2% (32), and specificity ranged
from 77.9% (32) to 96.4% (46). Because of higher specificity in
triaging at cutoff LSIL, the positive predictive value increased
and ranged from 8.0% (29) to 32.5% (49). The negative predic-
tive value ranged from 93.6% (32) to 98.2% (46). Test positivity
was considerably lower than triage at cutoff ASCUS and varied
between 4.7% (46) and 26.4% (32).

Triage by Repeat Cytology at Cutoff HSIL or Worse

Both studies (32,49) in which the accuracy of the repeat
cytology was defined at the cutoff HSIL or worse had very low
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Table 1. Characteristics of the study populations recruited for included triage studies�

Author, reference Country Study location
Study population and inclusion

criteria Exclusion criteria
Study
size Age distribution, y

Goff et al., 1993 (46) United States Colposcopy clinic in
Boston, MA

Selected from 360 consecutive
patients consulting at a
colposcopy clinic, with an
ASCUS index smear

No information provided 171 Mean � 35; no
further details

Slawson et al., 1994
(47)

United States General practitioners in
Harrisburg, PA

Selected from a GP screening
population, with an ASCUS
index smear

Incomplete data, refusal of
colposcopy, women
claiming immediate
colposcopy

121 Mean � 25; range
� 15–45

Cox et al., 1995 (18) United States University of
California clinic in
Santa Barbara

Young women referred because
of ASCUS

Preference for follow-up with
cytology, refusal of
colposcopy, history of
treatment for CIN

217 Mean � 21;
	90% in 18–22
range

Wright et al., 1995 (19) United
States,
Canada

Colposcopy clinics in
New York and
Quebec

Women referred to a colposcopy
clinic (19% were previously
treated for CIN), with index
smear showing
ASCUS/AGUS

Results are presented for all
women (n � 181) and for
the subgroup of women
without history of
treatment (n � 136)

181 Median � 36

Fait et al., 1998 (48) Israel Colposcopy clinic in
Tel Aviv

Women with repeated ASCUS
and normal previous
colposcopy

No information provided 67 Mean � 28; range
� 17–49

Ferris et al., 1998
(29,30)

United States Six colposcopy clinics Women referred to colposcopy
clinic with a previous ASCUS
�4 mo earlier

Pregnancy, HSIL, or cervical
cancer �12 mo earlier,
immunosuppression, prior
colposcopy or CIN in last
12 mo; cervical evaluation
impossible

169 Mean � 27; SD �
2.4; range �
	18

Manos et al., 1999 (49) United States 12 gynecology clinics
belonging to the
Kaiser Permanente
Medical Care
Programme
(Northern California)

Screened women recalled for a
smear showing ASCUS,
consenting with participation
for triage, and gold standard
results were available

Pregnancy, treatment for
cervical neoplasia �6 mo
earlier, recalling
impossible

973 Mean � 40; range
� 14–92

Bergeron et al., 2000
(50)

France 41 private
gynecologists in
Paris

Screened women with index
smear showing ASCUS

Biopsy containing only
endocervical cylindrical
cells

111 Mean � 35; SD �
10; range �
15–75

Fait et al., 2000 (51) Israel Colposcopy clinic in
Tel Aviv

Women with two consecutive
smears showing ASCUS

Patients with colposcopically
visible HPV-related
disease in the anogenital
area

226 Mean � 28; range
� 17–48

Lin et al., 2000 (52) Taiwan Colposcopy clinic in
Chang Gung

Women with ASCUS �3 mo
earlier

Menopausal bleeding �6 mo
earlier, previous diagnosis
or treatment of CIN or
cancer,
immunosuppression,
gynecologic evaluation
impossible

74 Median � 62;
range � 50–78

Shlay et al., 2000 (43) United States Women’s clinic in
Denver, CO

Indigent women referred for
ASCUS or AGUS

Menstruation, pregnancy,
refusal of consent

195 �20 (6.2%), 20–
29 (32.8%), 30–
39 (29.7%),
�40 (31.3%)

Morin et al., 2001 (31) Canada Gynecology services,
University of
Quebec

Women with diagnosis of
ASCUS after two consecutive
normal smears; informed
consent

Pregnancy, previous biopsy
or treatment of the cervix

360 Range � 18–50

Rebello et al., 2001 (53) United
Kingdom

Colposcopy clinic in
Edinburgh

Women with persistent
borderline smears

No information provided 75 Median � 30;
range � 17–61

Solomon, 2001 (32);
Sherman et al., 2002
(33)

United States Gynecology clinics in
Birmingham, AL;
Oklahoma City, OK;
Pittsburgh, PA;
Seattle, WA

3600 women enrolled on
average 2 mo after an index
smear showing ASCUS
enrolled in ALTS in the
immediate colposcopy arm or
in the HPV arm

Pregnancy, ablative surgery,
or excisional therapy on
the cervix

2336 Mean � 29

Zielinski et al., 2001
(54)

The
Netherlands

General practitioners
and outpatient clinic
in Walcheren

278 women consulting at general
practitioners or outpatient
clinic with two previous
smears showing borderline or
mild dysplasia; 213 had a last
smear showing borderline
dysplasia

Known history of cervical
pathology, glandular
lesion, lost to follow-up

213 Mean � 41; range
� 20–76

�ASCUS � atypical squamous cells of undetermined significance; AGUS � atypical glandular cells of undetermined significance; CIN � cervical intraepithelial
neoplasia; HSIL � high-grade squamous intraepithelial lesion; HPV � human papillomavirus; ALTS � ASCUS-LSIL Triage Study.
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Table 2. Characteristics of test procedures applied in retrieved triage studies�

Author
HPV triage

test

Collection
device for

HPV

Transport
medium for

HPV
Cytologic
triage test

Cutoff for
cytologic triage

Collection
device for
cytology Gold standard Blinding of testing

Goff et al.,
1993 (46)

ViraType No information
provided

No information
provided

Pap smear �ASCUS
�LSIL

No information
provided

Colposycopy, ECC,
colposcopically oriented
biopsies when indicated

No information provided

Slawson et al.,
1994 (47)

ViraPap Dacron swab ViraPap Pap smear �ASCUS No information
provided

Colposcopy and directed
biopsies. ECC for all cases.
All histological results
were reviewed

Histological review was
blinded

Cox et al.,
1995 (18)

HC1 Cone brush ViraPap Pap smear �ASCUS
�LSIL

Ayre spatula
and
Cytobrush

Colposcopy and directed
biopsies from abnormal
zones. ECC if index smear
showed glandular atypia or
if atypical transformation
zone

Histological review was
blinded

Wright et al.,
1995 (19)

HCT Dacron swab ViraPap Pap smear �ASCUS
�LSIL

Ayre spatula
and
Cytobrush

Colposcopy and biopsy of
visible abnormalities ECC
for most cases, also when
no visible lesion was
observed

No information provided

Fait et al.,
1998 (48)

HC1 Cotton tip
applicator

STM None Not applicable Not applicable Colposcopy and cone biopsies No information provided

Ferris et al.,
1998 (29,30)

HCT Dacron swab ViraPap Pap smear �ASCUS
�LSIL

Ayre spatula
and
Cytobrush or
Ancellon
sampler

Biopsies from lesions under
colposcopic control. ECC
when indicated

Histology was blinded from
HPV

Manos et al.,
1999 (49)

HC2 Papette brush ThinPrep Pap smear
(and
LBC)

�ASCUS
�LSIL
�HSIL

Papette brush;
Cytobrush if
cervical
stenosis

Colposcopy with biopsy and/
or ECC for all cases. ECC
for cases in which no
lesion requiring biopsy was
seen. Double (and if
discordance, triple) reading
of histology

Colposcopy/histology was
blinded from triage test
results

Bergeron et al.,
2000 (50)

HC2, PCR,
SB

Cone brush STM Pap smear �ASCUS Ayre spatula
and
Cytobrush

Colposcopy and biopsies
taken from the
transformation zone

Pathologist was masked to
the other test results

Fait et al.,
2000 (51)

HCl Dacron swab STM None Not applicable Not applicable Punch biopsy from the most
severe lesion, diagnostic
cone biopsy if colposcopy
was normal and adequate

Colposcopy not blinded;
histology blinded

Lin et al., 2000
(52)

HC2 Cone brush STM None Not applicable Not applicable Punch biopsies from most
affected area, random
biopsies and/or ECC when
no visible lesion was
identified. Treatment of
CIN2� with cervical cone
or LEEP

Histology blinded to HPV
test results

Shlay et al.,
2000 (43)

HC2 Cone brush STM None Not applicable Not applicable Biopsy from colposcopically
abnormal areas. ECC and
endocervical brush sample
from all subjects

Histology blinded to clinic
and HPV results

Morin et al.,
2001 (31)

HC1/2
PCR

Dacron swab STM Pap smear �ASCUS
�LSIL

No information
provided

Colposcopy and directed
biopsies or ECC for all
lesions of the cervix

No information provided

Rebello et al.,
2001 (53)

HC2 Cone brush STM None Not applicable Not applicable Large loop excision on all
patients

No information provided

Solomon et al.,
2001 (32);
Sherman et
al., 2002 (33)

HC2 Papette brush ThinPrep LBC �ASCUS
�LSIL
�HSIL

Papette brush Biopsy from colposcopically
suspected CIN, ECC if
indicated (transformation
zone or extent of lesion not
completely visible). CIN2�
lesions treated with LEEP.
Quality review of
histology.

Histology not blinded from
cytology. Colposcopy
repeated when histology
was less severe than
cytology. No statement on
independence of histology
and/or virology. In arm 2,
almost all referred cases
were HPV-positive

Zielinski et al.,
2001 (54)

HC2 No information
provided

No information
provided

None Not applicable Not applicable Colposcopically directed
biopsies when a lesion was
visible

No information provided

�HC � Hybrid Capture; HCT � Hybrid Capture Tube; SB � Southern blot; PCR � polymerase chain reaction; ECC � endocervical curettage; LEEP � loop
electrosurgical excision procedure; STM � specimen transport medium; LBC � liquid-based cytology; ASCUS � atypical squamous cells of undetermined
significance; LSIL � low-grade squamous intraepithelial lesion; HSIL � high-grade squamous intraepithelial lesion; CIN � cervical intraepithelial neoplasia; HPV
� human papillomavirus; � � cutoff level or worse.
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sensitivities (34.8% and 25.4%, respectively) and high specific-
ities (96.8% and 99.2%, respectively).

Forest Plots

We created forest plots for the accuracy of all HPV tests
combined (Fig. 1, upper panel) and for the Hybrid Capture II
assay alone (Fig. 1, lower panel). Interstudy variation in
sensitivity and specificity among all the HPV testing methods
combined was large. The heterogeneity associated with the
sensitivity of the Hybrid Capture II assay was much less than
that for all HPV testing methods combined. Variation in the

specificity of the Hybrid Capture II assay was reduced but
was still substantial due to the low value observed in the
ALTS study (32).

The heterogeneity associated with sensitivity of repeat
cytology at the cutoffs ASCUS or worse and LSIL or worse
and with specificity at cutoff ASCUS was large, whereas the
interstudy variation in specificity at the cutoff LSIL or worse
was substantially smaller. Fig. 2 clearly shows that changing
the threshold from ASCUS or worse to LSIL or worse in-
creased the sensitivity values and decreased the specificity
values.

Table 4. Triage of atypical squamous cells of undetermined significance (ASCUS) by repeat cytology at cutoffs of ASCUS or worse, low-grade squamous
intraepithelial lesion (LSIL) or worse, and high-grade squamous intraepithelial lesion (HSIL) or worse for the detection of histologically confirmed cervical
intraepithelial neoplasia grade II or worse (CIN2�): number of true- and false-positives and true- and false-negatives, accuracy parameters, and test positivity
rate derived from different published studies�

Study Type
True-

positive
False-

negative
False-

positive
True-

negative Sensitivity Specificity

Positive
predictive

value

Negative
predictive

value
Test positivity

rate

Cutoff of ASCUS or worse

Goff et al., 1993 (46) CP 3 2 75 91 0.600 0.548 0.038 0.978 0.456
Slawson et al., 1994 (47) CP 10 5 35 71 0.667 0.670 0.222 0.934 0.372
Cox et al., 1995† (18) CP 11 4 NA NA 0.733 NA NA NA NA
Wright et al., 1995 (19) CP 8 3 81 89 0.727 0.524 0.090 0.967 0.492
Ferris et al., 1998 (29) CP 7 3 88 71 0.700 0.447 0.074 0.959 0.562
Manos et al., 1999 (49) ThinPr 48 15 324 570 0.762 0.638 0.129 0.974 0.389
Bergeron et al., 2000 (50) CP 8 4 28 71 0.667 0.717 0.222 0.947 0.324
Morin et al., 2001 (31) CP 14 5 126 214 0.737 0.629 0.100 0.977 0.390
Solomon et al., 2001 (32) ThinPr 227 40 1132 914 0.850 0.447 0.167 0.958 0.588

Cutoff of LSIL or worse

Goff et al., 1993 (46) CP 2 3 6 160 0.400 0.964 0.250 0.982 0.047
Cox et al., 1995† (18) CP 8 7 NA NA 0.533 NA NA NA NA
Wright et al., 1995 (19) CP 6 5 22 148 0.545 0.871 0.214 0.967 0.155
Ferris et al., 1998 (29) CP 2 8 23 136 0.200 0.855 0.080 0.944 0.148
Manos et al., 1999 (49) ThinPr 25 38 52 842 0.397 0.942 0.325 0.957 0.080
Morin et al., 2001 (31) CP 8 11 22 318 0.421 0.935 0.267 0.967 0.084
Solomon et al., 2001 (32) ThinPr 158 109 452 1593 0.592 0.779 0.259 0.936 0.264

Cutoff of HSIL or worse

Manos et al., 1999 (49) ThinPr 16 47 7 887 0.254 0.992 0.696 0.950 0.024
Solomon et al., 2001 (32) ThinPr 93 174 67 2002 0.348 0.968 0.581 0.920 0.068

�CP � conventional Pap smear; ThinPr � smear prepared using ThinPrep liquid-based technology. NA � data not available.
†Cox (18) was not included for computation of specificity of repeat cytology because of unavailability of data.

Table 3. Triage of atypical squamous cells of undetermined significance (ASCUS) by human papillomavirus (HPV) DNA testing for the detection of
histologically confirmed cervical intraepithelial neoplasia grade II or worse (CIN2�): number of true- and false-positives and true- and false-negatives, accuracy
parameters, test positivity rate, and prevalence of disease derived from different published studies�

Study Type
True-

positive
False-

negative
False-

positive
True-

negative Sensitivity Specificity

Positive
predictive

value

Negative
predictive

value

Test
positivity

rate
Prevalence
of disease

Goff et al., 1993 (46) VT 3 2 25 141 0.600 0.849 0.107 0.986 0.164 0.029
Slawson et al., 1994 (47) VP 4 11 20 86 0.267 0.811 0.167 0.887 0.198 0.124
Cox et al., 1995 (18) HC1 14 1 67 135 0.933 0.668 0.173 0.993 0.373 0.069
Wright et al., 1995 (19) HC1 6 5 71 99 0.545 0.582 0.078 0.952 0.425 0.061
Fait et al., 1998 (48) HC1 9 1 2 55 0.900 0.965 0.818 0.982 0.164 0.149
Ferris et al., 1998 (29) HC1 5 5 53 106 0.500 0.667 0.086 0.955 0.343 0.059
Manos et al., 1999 (49) HC2 58 7 326 582 0.892 0.641 0.151 0.988 0.395 0.067
Bergeron et al., 2000 (50) HC2 10 2 38 61 0.833 0.616 0.208 0.968 0.432 0.108
Fait et al., 2000 (51) HC1 48 8 5 165 0.857 0.971 0.906 0.954 0.235 0.248
Lin et al., 2000 (52) HC2 27 0 12 35 1.000 0.745 0.692 1.000 0.527 0.365
Shlay et al., 2000 (43) HC2 14 1 47 133 0.933 0.739 0.230 0.993 0.313 0.077
Morin et al., 2001 (31) HC2 17 2 88 253 0.895 0.742 0.162 0.992 0.292 0.053
Rebello et al., 2001 (53) HC2 18 3 13 41 0.857 0.759 0.581 0.932 0.413 0.280
Solomon et al., 2001 (32) HC2 256 11 1050 984 0.959 0.484 0.196 0.989 0.568 0.116
Zielinski et al., 2001 (54) HC2 11 1 63 138 0.917 0.687 0.149 0.993 0.347 0.056

�VT � ViraType; VP � ViraPap; HC � Hybrid Capture.
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Meta-analysis

We computed pooled estimates of the sensitivity and speci-
ficity (diamonds in Figs. 1 and 2) and of predictive values and
likelihood ratios (Table 5). Meta-analysis including all HPV
tests yielded a pooled sensitivity of 84.4% (95% CI � 77.6% to
91.1%) and a specificity of 72.9% (95% CI � 62.5% to 83.3%).
Consideration of just the eight studies (31,32,43,49,50,52–54) in
which the Hybrid Capture II assay was used for the detection of
high-risk HPV types yielded a sensitivity of 94.8% (95% CI �
92.7% to 96.9%) and a specificity of 67.3% (95% CI � 58.2%
to 76.4%).

The sensitivity and specificity of repeat cytology at cutoff
ASCUS or worse was 81.8% (95% CI � 73.5% to 84.3%) and
57.6% (95% CI � 49.5% to 65.7%), respectively. The sensitiv-
ity and specificity of repeat cytology at cutoff LSIL or worse
were 45.7% (95% CI � 34.0% to 57.4%) and 89.1% (95% CI �
82.1% to 96.2%), respectively—substantially lower and higher
than at a cutoff of ASCUS or worse.

The pooled ratio of the sensitivity of the Hybrid Capture II
assay to the sensitivity of repeat cytology at cutoff ASCUS or
worse, determined from four studies that evaluated both triage
methods, was 1.16 (95% CI � 1.04 to 1.29), suggesting that the
pooled sensitivity of the Hybrid Capture II assay was statisti-
cally significantly higher than that of repeat cytology at cutoff
ASCUS or worse. The pooled specificity of the Hybrid Capture

II assay was also higher, but the difference was not statistically
significant (1.05, 95% CI � 0.96 to 1.15). Comparison of the
Hybrid Capture II assay with repeat cytology at the respective
cutoffs LSIL or worse and HSIL or worse yielded sensitivity
ratios of 1.69 (95% CI � 1.54 to 1.85) and 2.80 (95% CI � 2.43
to 3.31), respectively, and specificity ratios of 0.71 (95% CI �
0.64 to 0.80) and 0.57 (95% CI � 0.44 to 0.74), respectively.

The negative likelihood ratio for the Hybrid Capture II assay
was substantially lower than that for repeat cytology. The pos-
itive likelihood ratio for cytologic triage at cutoff LSIL or worse
was substantially higher than that at cutoff ASCUS or worse
because of its high specificity despite a low sensitivity. Both
primary studies that provided data for cytologic triage at cutoff
HSIL or worse (32,49) had extremely low sensitivity (meta-
analysis data not shown).

The prevalence of CIN2� ranged from 3% (46) to 36% (52),
with a pooled mean of 10.5% (95% CI � 7.9% to 13.1%).
Studies in which women with repeated atypia were evaluated
had the highest prevalence of CIN2� (52,53).

Influence of Study Characteristics

We determined the change in pooled sensitivity and specific-
ity over technical and design variables for HPV DNA detection
methods and repeat cytology at cutoff ASCUS or worse (Table
6). The sensitivity varied by viral test technique: it was low for

Fig. 1. Forest plots of the sensitivity and the specificity of human papillomavirus
(HPV) DNA detection methods defined at the base level threshold for all 15
studies (upper panel) and for the eight studies in which the Hybrid Capture II
assay was used (lower panel). The value of the plotted parameter is represented

by a rectangle, the surface of which is proportional to the weight that the study
contributes to the meta-analysis. The width of the horizontal line depicts the 95%
confidence interval. The 95% confidence interval of the pooled estimate is
displayed at the bottom as a diamond.
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Fig. 2. Forest plots of the sensitivity and the specificity of repeat cytology
defined at thresholds greater than or equal to atypical squamous cells of unde-
termined significance (�ASCUS, upper panel) and greater than or equal to

low-grade squamous intraepithelial lesion (�LSIL, lower panel) for the pres-
ence of histologically confirmed cervical intraepithelial neoplasia grade II or
worse (CIN2�).

Table 5. Summary of the meta-analyses of the accuracy of atypical squamous cells of undetermined significance (ASCUS) triage to predict the presence of
cervical intraepithelial neoplasia grade II or worse (CIN2�): pooled estimates and confidence intervals, model of pooling, range (lowest to highest accuracy),
and number of included studies�

Triage test Test cutoff
Accuracy
parameter Model

Pooled estimate
(95% CI) Range

No. of
studies

HPV DNA
testing (all)

Positive signal Sensitivity
Specificity

R
R

0.844 (0.776 to 0.911)
0.729 (0.625 to 0.833)

0.267–1.000
0.484–0.971

15
15

PPV R 0.301 (0.203 to 0.398) 0.068–0.906 15
NPV R 0.985 (0.979 to 0.992) 0.887–1.000 15
PLR R 2.970 (2.380 to 3.690) 1.310–29.140 15
NLR R 0.240 (0.130 to 0.430) 0.010–0.660 14

HC2 RLU 	1 Sensitivity F 0.948 (0.927 to 0.969) 0.833–1.000 8
Specificity R 0.673 (0.582 to 0.764) 0.484–0.759 8
PPV R 0.264 (0.192 to 0.336) 0.149–0.906 8
NPV F 0.990 (0.985 to 0.994) 0.932–1.000 8
PLR R 2.820 (2.240 to 3.540) 1.860–3.920 8
NLR F 0.130 (0.090 to 0.190) 0.080–0.270 7

Repeat cytology ASCUS Sensitivity F 0.818 (0.735 to 0.843) 0.600–0.850 9
Specificity R 0.576 (0.495 to 0.657) 0.447–0.717 8
PPV R 0.118 (0.076 to 0.159) 0.038–0.222 8
NPV F 0.967 (0.960 to 0.975) 0.934–0.987 8
PLR R 1.750 (1.490 to 2.060) 1.260–2.360 8
NLR F 0.390 (0.320 to 0.480) 0.340–0.730 8

LSIL Sensitivity R 0.457 (0.340 to 0.574) 0.200–0.592 7
Specificity R 0.891 (0.821 to 0.962) 0.779–0.964 6
PPV R 0.232 (0.160 to 0.304) 0.080–0.325 6
NPV R 0.958 (0.943 to 0.974) 0.936–0.982 6
PLR R 4.440 (2.600 to 7.610) 1.380–11.070 6
NLR R 0.630 (0.520 to 0.770) 0.520–0.940 6

�CI � confidence interval; F � fixed model of pooling; HC � Hybrid Capture; HPV � human papillomavirus; LSIL � low-grade squamous intraepithelial lesion;
NLR � negative likelihood ratio; NPV � negative predictive value; PLR � positive likelihood ratio; PPV � positive predictive value; R � random-effects model
of pooling; RLU � relative light units.
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ViraPap and ViraType (38.1%, 95% CI � 7.1% to 69.1%),
higher for the Hybrid Capture I/Hybrid Capture Tube (78.8%,
95% CI � 67.0% to 90.5%), and even higher for the Hybrid
Capture II assay (94.8%, 95% CI � 92.7% to 96.9%). The use

of different HPV detection methods over time yielded a period
effect for test sensitivity. The sensitivity of HPV DNA detection
was also higher in studies in which a cervical broom or a conical
brush was used for sample collection and in which the histologic

Table 6. Variation of the sensitivity and specificity of human papillomavirus (HPV) DNA detection methods and repeat cytology by study characteristics�

Covariate Sensitivity (95% CI) Method† Specificity (95% CI) Method†

HPV testing for an outcome of CIN2�

HPV DNA detection method
ViraPap, ViraType 0.381 (0.071 to 0.691) R 0.836 (0.792 to 0.880) F
HC1, HCT 0.788 (0.670 to 0.905) R 0.789 (0.669 to 0.908) R
HC2 0.948 (0.927 to 0.969) F 0.673 (0.582 to 0.764) R

Sampling device
Dacron swab 0.635 (0.409 to 0.860) R 0.756 (0.601 to 0.911) R
Cone brush 0.919 (0.853 to 0.985) F 0.701 (0.650 to 0.752) R
Cotton applicator 0.900 (0.714 to 1.000) B 0.965 (0.917 to 1.000) B
Broom 0.936 (0.873 to 0.998) R 0.562 (0.408 to 0.716) R
Not documented 0.824 (0.542 to 1.000) R 0.759 (0.609 to 0.928) R

Transport medium
ViraPap 0.570 (0.215 to 0.925) R 0.682 (0.592 to 0.772) R
STM 0.891 (0.839 to 0.944) F 0.796 (0.689 to 0.902) R
ThinPrep 0.936 (0.873 to 0.998) R 0.562 (0.408 to 0.716) R
Not documented 0.824 (0.542 to 1.000) R 0.769 (0.609 to 0.928) R

Year of publication
�1998 0.638 (0.395 to 0.881) R 0.759 (0.638 to 0.880) R
	1998 0.943 (0.923 to 0.964) F 0.709 (0.564 to 0.854) R

Quality review of histological outcome
No 0.796 (0.696 to 0.896) R 0.763 (0.680 to 0.847) R
Yes 0.952 (0.930 to 0.975) F 0.596 (0.470 to 0.721) R

Blinding of outcome verification
No 0.878 (0.811 to 0.944) R 0.740 (0.578 to 0.902) R
Yes 0.786 (0.624 to 0.949) R 0.706 (0.650 to 0.762) R

Clinical history: old CIN cases included
No 0.920 (0.863 to 0.976) R 0.658 (0.567 to 0.750) R
Yes 0.754 (0.619 to 0.890) R 0.790 (0.688 to 0.892) R

Prevalence of CIN2�, %
�10 0.859 (0.779 to 0.939) R 0.698 (0.642 to 0.754) R
�10–�20 0.752 (0.487 to 1.000) R 0.719 (0.442 to 0.996) R
�20 0.883 (0.812 to 0.953) F 0.833 (0.658 to 1.000) R

Repeat cytology at cutoff ASCUS or worse for an outcome of CIN2�

Sampling device
Ayre and Cytobrush 0.712 (0.569 to 0.856) F 0.619 (0.429 to 0.809) R
Broom 0.820 (0.737 to 0.902) R 0.542 (0.355 to 0.729) R
Unknown 0.697 (0.569 to 0.825) F 0.574 (0.482 to 0.665) R

Year of publication
�1998 0.699 (0.579 to 0.819) F 0.545 (0.460 to 0.630) R
	1998 0.801 (0.728 to 0.873) R 0.604 (0.476 to 0.733) R

Preparation of smear
Conventional 0.704 (0.608 to 0.799) F 0.588 (0.513 to 0.663) R
LBC 0.820 (0.737 to 0.902) R 0.542 (0.355 to 0.729) R

Quality review of histological outcome
No 0.697 (0.591 to 0.803) F 0.588 (0.513 to 0.660) R
Yes 0.834 (0.795 to 0.873) F 0.542 (0.355 to 0.729) R

Blinding of outcome verification
No 0.836 (0.795 to 0.876) F 0.570 (0.467 to 0.673) R
Yes 0.740 (0.656 to 0.825) F 0.586 (0.463 to 0.708) R

Clinical history, old CIN cases included
No 0.828 (0.790 to 0.866) F 0.541 (0.422 to 0.660) R
Yes 0.677 (0.537 to 0.816) F 0.612 (0.521 to 0.703) R

Prevalence of CIN2�, %
�10 0.742 (0.665 to 0.819) F 0.563 (0.495 to 0.630) R
�10–�20 0.775 (0.636 to 0.914) R 0.608 (0.411 to 0.804) R

�CIN2� � cervical intraepithelial neoplasia grade II or worse; ASCUS � atypical squamous cells of undetermined significance; HC1 � Hybrid Capture I assay;
HCT � Hybrid Capture Tube test; HC2 � Hybrid Capture II assay; CI � confidence interval; STM � specimen transport medium; LBC � liquid-based cytology.

†A fixed (F) model was used for pooling. However, a random-effects pooling method (R) was chosen if the P value for the heterogeneity test 	0.2, because the
number of studies in the subgroups was often small. B � when only one study was concerned, confidence intervals were computed according to the binomial
distribution.

288 ARTICLES Journal of the National Cancer Institute, Vol. 96, No. 4, February 18, 2004

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/96/4/280/2606711 by guest on 21 August 2022



outcome was submitted to quality review. There was no differ-
ence in sensitivity or specificity among cytologic triage
subgroups.

Differences in accuracy by age group could be assessed from
only two studies (33,43) (data not shown). A statistically signif-
icant increase in specificity for triage with Hybrid Capture II and
cytologic triage at a cutoff of ASCUS or worse and a statistically
nonsignificant decrease in sensitivity for the Hybrid Capture II
assay were observed with increasing age.

Publication Bias

We found a lower sensitivity for cytologic triage and a higher
specificity for cytologic and virologic triage in smaller studies
than in larger studies. This relation was, to a large extent, driven
by the ALTS results (32,33), which include younger women.
However, no asymmetry was found when odds ratios of accu-
racy for HPV triage and repeat cytology were considered. We
conclude that the selective publication of smaller studies did not
affect our main conclusions.

DISCUSSION

In this meta-analysis, we evaluated the accuracy of two triage
tests used for women who had a previous equivocal Pap smear,
focusing on the internal test validity parameters of sensitivity
and specificity because of their more universal properties. We
identified several sources of interstudy variability from the re-
trieved literature and identified potential biases that can affect
the quality of the evaluation of test accuracy. Predictive values
are dependent on local disease prevalence and therefore have
limited generalizability. Likelihood ratios only have a relative
value—for pooling data dependent on local prevalence—they
are clinically less useful parameters than sensitivity and speci-
ficity parameters. For example, a high positive likelihood was
found for triage at LSIL or worse due to a relatively high
specificity (89%) despite a low sensitivity (46%).

Extent of Interstudy Heterogeneity

There was a wide range of sensitivities and specificities for
cytologic triage. This was expected because the reproducibility
of the cytologic interpretation of Pap smears is often reported as
moderate to poor, especially for women with atypia or border-
line disease (68–70).

In the ALTS, only 32.4% of women with an original inter-
pretation of ASCUS had a subsequent ASCUS result at enroll-
ment, on average 2 months later (71). In the other studies, the
proportion of women with ASCUS at index and enrollment
smears varied from 17% (47) to 41% (29). The low reproduc-
ibility of cytology decreases the capacity to detect or to exclude
intraepithelial disease and is likely to result in the variability in
accuracy observed in the forest plots (Fig. 2). Accuracy varied
even more for HPV triage methods than for cytology (Fig. 1),
largely because of the use of different HPV DNA detection
systems. It was therefore not recommended that they be com-
bined into one pooled measure of HPV DNA testing. Neverthe-
less, it was useful to describe this variability among historical
test systems, because we could clearly show that not all HPV
DNA detection systems have the same accuracy. The sensitivity
of the Hybrid Capture II assay showed low variability, reflecting
the improved reliability of HPV DNA detection with the Hybrid

Capture assay. Indeed, both the Hybrid Capture I and Hybrid
Capture II assays have excellent reproducibility (unweighted
kappa � 0.85 and 0.72, respectively) (19,72).

Specificity for the Hybrid Capture II assay was consistent
across studies, with the only exception being that it was consid-
erably lower in the ALTS. A possible explanation is that the
majority of women in the ALTS belong to younger age groups
in whom HPV infection may be common in the absence of
cervical lesions (33,73).

Other HPV DNA Detection Methods

Certain authors applied additional HPV detection methods
other than the Hybrid Capture assays. Morin et al. (31) used a
polymerase chain reaction (PCR) amplifying a 450-base-pair
sequence from the L1 region of the HPV genome, followed by
a probe targeting 11 high-risk types. Compared with that of the
Hybrid Capture II assay, the sensitivity of the PCR test to detect
women with CIN2� was equal (89.5% [95% CI � 66.9% to
98.7%]), but the specificity was substantially lower (59.0%
[95% CI � 53.6% to 64.1%] for PCR versus 74.2% [95% CI �
69.2% to 78.8%] for the Hybrid Capture II assay). In a popula-
tion of women with ASCUS or LSIL, Bergeron et al. (50) found
a statistically nonsignificantly higher sensitivity for a PCR test
that used MY9/11 HPV consensus primers (96%, 95% CI �
77% to 99%) than for the combined low- and high-risk probe of
the Hybrid Capture II assay (86%, 95% CI � 65% to 97%),
although the specificity for each test was similar (40% versus
41%). Bergeron et al. also used Southern blot hybridization to
detect HPV, which was considerably more specific (65%, 95%
CI � 60% to 71%) but also much less sensitive (46%, 95% CI
� 24% to 68%) than PCR and the Hybrid Capture II assay. From
Table 6, we conclude that certain HPV tests (ViraPap, ViraType,
and Hybrid Capture I) cannot be recommended for triage of
women with ASCUS. The performance of PCR-based systems is
insufficiently documented in the ASCUS triage setting and
needs further study.

Robustness of the Meta-analysis Results

This meta-analysis appears to corroborate the conclusions of
the ALTS (32,33,74). However, from the forest plots (Figs. 1
and 2), the results from the ALTS are rather extreme. Sensitivity
values were 85.0% and 59.2% for triage at cutoffs ASCUS or
worse and LSIL or worse, respectively, in the ALTS, but 81.8%
(95% CI � 73.5% to 84.3%) and 45.7% (95% CI � 34.0% to
57.4%), respectively, in our meta-analysis. The specificity was
44.7% for repeat cytology at the threshold of ASCUS or worse
in the ALTS and 57.6% (95% CI � 49.5% to 65.7%) in our
meta-analysis. The sensitivity of the Hybrid Capture II assay
was 95.9% in the ALTS and 94.8% (95% CI � 92.7% to 96.9%)
in our pooled data, and its specificity was 48.4% in the ALTS
and 67.3% (95% CI � 58.2% to 76.4%) in our pooled data.

To investigate whether the difference in sensitivity between
repeat cytology and Hybrid Capture II assay was influenced by
the ALTS results, we repeated the meta-analysis excluding the
ALTS results. A meta-analysis considering only three studies
(31,49,50) resulted in a pooled sensitivity ratio of 1.18 (95%
CI � 1.03 to 1.36) and a pooled specificity ratio of 1.03 (95%
CI � 0.89 to 1.19). Thus, inclusion of the ALTS data did not
influence the pooled relative accuracy values.
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Verification Bias

Because colposcopy was performed on every woman, with
the exception of those in the ALTS, there was no verification
bias in our analysis. In the ALTS, results from women in the
HPV arm were not verified if the Hybrid Capture II assay was
negative, if results from repeat cytology ranged from normal to
LSIL, or if no suspect macroscopic lesions were observed.
However, colposcopy was performed on all women in a second
arm of the ALTS. Because the detection rates of histologically
confirmed CIN2� were 11.3% (95% CI � 9.5% to 13.2%) for
women in the colposcopy arm and 11.7% (95% CI � 9.9% to
13.7%) for women in the HPV arm, we conclude that there is no
evidence of verification bias in the ALTS that could have po-
tentially influenced our results.

Validity of the Gold Standard

We used colposcopy and histology as the gold standard test.
An imperfect gold standard can influence the estimation of the
sensitivity and specificity of a triage test, which can be assessed
by examining the variation of accuracy by disease prevalence
(75). However, the accuracy did not change substantially, even
over wide ranges of disease prevalence (Table 6). The sensitivity
was higher when the colposcopist was aware of the triage test
results (for repeat cytology at cutoff ASCUS or worse: 81% if
unmasked versus 73% if masked; for HPV triage: 88% if un-
masked versus 79% if masked). Although this difference was not
statistically significant, it suggests variability in the validity of
the gold standard. The specificities were similar for masked and
unmasked evaluations.

Low Specificity of All Triage Methods

The specificity of triage with the Hybrid Capture II assay or
by repeat Pap smears at a low cytologic threshold was moderate
to poor. Colposcopy of all triage-positive women generates
considerable costs. Therefore, there is a need for more specific
tests with high predictive value that allow for the identification
of women at increased risk for cervical cancer. Nevertheless, a
recent cost–effectiveness simulation study of alternative scenar-
ios for ASCUS management (76) indicated that Hybrid Capture
II is more effective and cost-effective than repeat cytology. HPV
DNA testing can be done on residual fluid if liquid-based cy-
tology is performed or if an additional sample is collected with
the first smear, both of which reduce costs. In contrast, repeat
cytology requires multiple visits (77). When evaluating the
cost–effectiveness of HPV-based triage, it should be noted that
the specificity of the test is highly age-dependent and that cost
may therefore vary depending on the age of the population to be
screened.

Cross-sectional Outcome: Detection of CIN2�

Our analysis was restricted to studies documenting accuracy
of triage methods for the presence of moderate dysplasia or
worse (CIN2�). In a subsequent study, we will assess triage
considering severe dysplasia and carcinoma in situ (CIN3) as the
outcome. CIN3� may be a more relevant endpoint because its
potential to regress spontaneously is more limited than in CIN2
(15,78,79).

Our meta-analysis was further restricted to cross-sectional
outcomes in which sensitivity and specificity were measured

against a simultaneously applied gold standard (colposcopically
directed biopsy). Longitudinal studies are required to assess the
possibility of detecting missed lesions by repeat cytology before
invasive cancer occurs (80). The ALTS group recently published
their longitudinal trial outcomes, defined in terms of cumulative
incidence of histologic CIN3� over a period of 2 years, in which
all subjects were followed at 6-month intervals and finally sub-
mitted to a colposcopy/histology check-up (81). The longitudi-
nal sensitivity of HPV DNA testing only at enrollment for
cumulative CIN3� was estimated to be 92.4% (95% CI �
88.7% to 95.2%). Testing ASCUS women only once with Hy-
brid Capture II required referral of 53.1% (95% CI � 51.4% to
54.8%) of women in the HPV triage arm. However, repeat
cytology at every visit with a threshold of ASCUS would po-
tentially detect 97.2% (95% CI � 94.1% to 100%) of the
cumulative CIN3� cases. This repeat cytology scenario would
refer 73% (95% CI � 70.1% to 75.4%) of all women for
colposcopy and would require multiple successive visits and
cytologic examinations. Nevertheless, our meta-analysis of
cross-sectional accuracy for CIN2� is relevant because women
with ASCUS require a follow-up decision and CIN2� is the
usual threshold for treatment.

Delineation of the Categories of Atypical Squamous Cells
According to the 2001 Bethesda Reporting System

Our meta-analysis concerns women with a previous interpre-
tation of ASCUS, such as that defined at the 1988 and 1991
Bethesda Workshops (35,82). In 2001, a new version of the
Bethesda Reporting System for Cervical Cytology was adopted
that proposed a change in the subdivision of the global ASCUS
class from three to two classes: ASC-US (atypical squamous
cells of undetermined significance) and ASC-H (atypical squa-
mous cells, HSIL cannot be ruled out) (35,83). According to the
new reporting system, the previous classification of atypical
squamous cells favoring a benign reactive process (ASC-R) is
now classified as negative for intraepithelial lesions or malig-
nancy. The American Society for Colposcopy and Cervical
Pathology has also recently updated its guidelines for the man-
agement of cervical cytologic abnormalities according to the
new Bethesda terminology. Detection of high-risk HPV DNA was
proposed as the first choice for triage of women with a liquid-based
cytology result of ASC-US, whereas direct referral for colpo-
scopic exploration is proposed as the optimal approach for
women with ASC-H (84,85). ASC-H is estimated to account for
approximately 5%–10% of the ASC category (83,86–88). In the
ALTS, the prevalence of high-risk HPV types in the ASC-H
group was 86%, and the proportion of women with ASC-H that
contained CIN2� was 41% (87). HPV triage is therefore redun-
dant for women with ASC-H.

It is not clear to what extent the elimination of ASC-R from
the equivocal neoplastic changes will modify the conclusions of
our meta-analysis. ASC-R account for approximately 20%–50%
of all ASCUS results in U.S. women and a lower percentage in
European women (87–91). Because the prevalence of high-risk
HPV types in ASC-R lesions is substantially lower than in other
ASC lesions and because the positive predictive value of ASC-R
for high-grade disease is minimal, HPV triage is probably not
cost-effective for women with ASC-R results.

The accuracy of high-risk HPV DNA detection for triage of
women with ASC results defined according to the 2001 Be-
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thesda Reporting System guidelines is insufficiently docu-
mented. Nevertheless, we expect that restricting HPV triage to
women with ASC-US will reduce the volume of HPV testing
and considerably optimize its efficiency in the detection of
women with CIN2�.

Recent Reviews and Meta-analyses

HPV triage has recently been reviewed (28,92,93). Cuzick et
al. (28) concluded that the available evidence did not support
recommending widespread HPV testing in primary screening
but that limited use, such as in management of women with
borderline results, might be suggested. In the 2002 update of the
French guidelines for management of women with cytologic
abnormalities (92), high-risk HPV DNA testing is recommended
in triage of women with ASC-US. The Australian Medical
Services Advisory Committee team reviewed literature regard-
ing the management of women with low-grade epithelial abnor-
malities (LGEA) and concluded that there was insufficient evi-
dence to support reimbursement for HPV triage of LGEA (93).
The authors remarked that international data did not match the
particular Australian cytologic reporting system and that
throughout the cytologic literature different thresholds for triage
tests and outcomes were used, which made pooling data difficult
(93). However, no effort was made to pool data by separate test
thresholds and histologic outcomes. The Australian LGEA cat-
egory encompasses essentially low-grade squamous intraepithe-
lial lesions. Our meta-analysis concerned the triage of women
with ASCUS and not women with LSIL. However, in another
systematic review (34) and also in the ALTS (33,94,95) it was
found that HPV triage for LSIL had limited use because the test
positivity rate was too high. Disparities between the Australian
review and ours are likely the result of differences in the inclu-
sion criteria for the index smear.

In conclusion, evidence is available indicating improved
cross-sectional sensitivity of the Hybrid Capture II assay in
comparison with the repeat Pap smear considered at cutoff
ASCUS or worse for the outcome of high-grade CIN among
women with equivocal cytologic results. The specificity of both
triage methods is low. Cytologic triage of women with ASCUS
that considers higher cytologic cutoffs yields unacceptably low
sensitivity. We conclude that the Hybrid Capture II assay is a
better triage method than repeat cytology for women with
ASCUS.
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