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a b s t r a c t
Objective. New commercial HPV RNA assays require further validation studies in population-based cervical cancer screening settings.
To assess the performance of (FDA-approved) APTIMA® HPV Assay (AHPV), Hybrid Capture 2 (HC2), inhouse PCR genotyping, and ThinPrep LBC in population-based screening, stratiﬁed by three histological
gold standards.
Study design. A multi-center trial in 5006 women undergoing routine screening in France was designed
to compare the absolute and relative risks of diagnosing CIN3 + and CIN2 + lesions by different diagnostic
tests.
Results. Reproducibility between the primary and second pathology reading was excellent for CIN3 + and
CIN2 + endpoints (Cohen's kappa 0.948 and 0.854). Absolute risks (PPV) of different tests (AHPV, HC2, PCR
genotyping, LBC) in diagnosing CIN2 + (15–20%) and CIN3 + (4–6%) were similar for the ﬁrst, second, and
consensus pathology readings. The relative risks of diagnosing these lesions by the four tests were also similar when the ﬁrst, second or third pathology readings were employed. AHPV had the highest absolute risk of
both histological endpoints, and detects 5% to 15% more CIN3 + and CIN2 + lesions, respectively, than LBC.
Compared with HC2 assay, the relative risk of AHPV is 24% to 29% higher, with a signiﬁcant difference in
CIN2 + detection. With LBC as reference, AHPV had the best sensitivity/speciﬁcity balance measured by
AUC (area under ROC curve) comparison test (signiﬁcant for CIN2 +), and the colposcopy referral rate
(9.2%) comparable to that of LBC (8.7%).
Conclusions. These data corroborate the suitability of AHPV for the primary cervical cancer screening.
© 2012 Elsevier Inc. All rights reserved.

Introduction
Organized cervical cancer (CC) screening based on conventional
Pap smear has been effective in reducing this disease in countries
where implemented [1–6]. Liquid-based cytology (LBC) seems to be
more sensitive than conventional Pap for equivocal cytological abnormalities [7], but both tests have similar performance in detecting
high-grade cervical intraepithelial neoplasia (CIN2+) [8]. Comparison between different studies is complex, however, due to the low
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reproducibility of histological diagnosis of CIN2 [6], to some extent
amendable by consensus pathology reading.
High-risk human papillomaviruses (HR-HPV) are causally related
to virtually all CC cases and their precursors [9]. Testing for HR-HPV
DNA offers several potential advantages [10] in CC screening: i) detection of CIN earlier than by Pap smear [11]; ii) a negative HR-HPV
DNA test predicts a low risk for incident CIN2+ which enables extended screening intervals [12–14]; and iii) HPV testing is more sensitive and has a higher negative predictive value (NPV) than cytology
[15–18]. In the US, HPV DNA testing has been approved for the triage
of ASC-US and for adjunct screening in combination with cytology for
women older than 30 years.
Unfortunately, among women between 20 and 29 years, HPV DNA
assays have a relatively low speciﬁcity for CIN2+ [19–22], which may
be missed also by cytology. Therefore, cytological screening has little
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impact on CC incidence among women under 30 years of age [23–25].
Given that a substantial proportion of women ≥30 years are Pap
smear-negative [4,22] but HR-HPV DNA–positive (~5–10%), combining cytology and HPV DNA testing potentially results in unnecessary
colposcopy referrals (with substantial increase of costs) [15–18].
Compared with commercial HPV DNA assays, signiﬁcantly fewer
HPV RNA tests are available, all based on detection of HR-HPV E6
and E7 mRNA [26,27]. The rational is that detection of E6/E7 mRNA
transcripts may provide a higher speciﬁcity for CIN2+, because the
oncogenic potential of HPV infection depends on expression of
these two oncoproteins. The APTIMA® HPV Assay (AHPV; GenProbe Inc., San Diego, California) [28,29] detects HPV E6/E7 mRNA
of 14 HR types, has been shown to favorably compare with HPV
DNA tests (e.g. HC2 assay) in triage settings, and recently (October
2011) received an FDA approval [30–32].
The present multi-center trial was designed to compare the test
performance of AHPV, LBC and two HPV DNA tests (HC2, PCR genotyping) in a population-based CC screening in France [33]. In the present communication, we assessed the impact of different histology
readings (i.e., changing gold standard) on i) the sensitivity/speciﬁcity
balance of AHPV, HC2 assay, PCR genotyping assay, and LBC technique, ii) on the absolute risk (PPV) and relative risk of CIN2+ and
CIN3+ detection by each assays, as well as iii) on their referral
rates to colposcopy (an important measure of cost-effectiveness).
Material and methods
Study design
The design of the FASE (French APTIMA screening evaluation) study
and the baseline data have been described in detail [33]. In brief, this
population-based study recruited 5006 women (20–65 years of age;
1233 below 30 years of age) for CC screening from private practice gynecologists (17 centers) in Paris metropolitan area, from April 2008 to
February 2009. Women were not eligible, if they had undergone total
hysterectomy, were pregnant, or had an abnormal cytology in the past
6 months. The study protocol was conducted in accordance with the
Declaration of Helsinki, and approved by an Independent Ethics Committee (Pitié-Salpétrière University Hospital).
LBC sample collection and analysis
Cervical samples were collected from the transformation zone (TZ)
using a Cervex-Brush® (Rovers Medical Devices, Oss, The Netherlands),
which was rinsed into the LBC medium (PreservCyt®, ThinPrep liquid
PAP vial; Cytyc Corporation, Marlborough, Mass), and prepared for
ThinPrep LBC specimens according to the manufacturer's instructions
[33]. All LBC samples were classiﬁed according to the 2001 Bethesda
System (TBS 2001), and ﬁnal diagnoses were based on the consensus
reading of all discrepant cases by an external reviewer and original
cytopathologists.
HPV testing
The HC2 DNA assay is the ﬁrst FDA-approved HPV test, based on
qualitative detection of L1 in 13 HR-HPV types [34]. Specimens
were tested according to the manufacturer's instructions, and considered positive using the relative light units to control cut-off (RLU/CO)
of 1.0 pg/mL.
The (recently FDA-approved) AHPV RNA assay is based on the
qualitative detection of E6/E7 viral mRNA of 14 HR-HPV genotypes
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) from cervical
specimens collected into ThinPrep LBC vials [20,35]. All AHPV assays
were performed according to the manufacturer's instructions [30],
and considered positive when the signal to cut-off (S/CO) was ≥1.0
[35].

In LBC-, HC2- or AHPV-positive cases, HPV genotyping was performed by GP5/6 consensus-primer PCR [36–38]. HPV genotyping is
based on the detection of the virus by MGPs, capable of identifying
14 HR types (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68) and 2 LR types (HPV6, 11) by the ﬂuorescence-labeled probes,
using real-time PCR [37,38].
Colposcopy and biopsies
Women positive for LBC, HC2 or AHPV tests were referred for colposcopy. The criteria for referral included ASC-US or greater, or a positive result with HC2 or AHPV test. Colposcopy was performed
according to standard operating procedures, using the international
(IFCPC) nomenclature [39], and a standardized practice of taking biopsies, as detailed recently [33].
The 3-tier CIN nomenclature was used for biopsy classiﬁcation,
and the most severe abnormality selected for ﬁnal histological diagnosis. An independent reviewer (KS) re-examined all biopsies (the
second reading). In all discrepant cases, the ﬁnal diagnosis was
based on consensus reached by a panel of three pathologists (study
consensus reading).
Statistical analysis
Statistical analyses were done using two statistical packages: IBM
SPSS 19.0.1 for Windows (IBM, NY, USA) and STATA/SE 11.2 software
(STATA Corp., Texas, USA). The pair-wise reproducibility of the three
different histology readings was analyzed using regular (Cohen's)
kappa and weighted kappa; ICC (with 95%CI). We used the algorithm
of Seed et al. [40] to calculate the conventional performance indicators and the area under ROC curve (AUC) (with 95%CI; ROC curves
not presented), which characterises the SE/SP balance. The test for
equality of AUC (STATA; roccomp test) was used to compare the
four assays. In addition to the usual indicators, we focused on the
absolute risks for detecting CIN2+ and CIN3+ endpoints by the four
assays, as recently described by Zuna et al. [41]. The absolute risk is
equivalent to PPV, indicating the detection of true (biopsy-conﬁrmed)
disease among all samples testing positive with that assay. The four
assays were then compared by their relative risks (RR also called relative PPV; rPPV) for diagnosing CIN2+ and CIN3+, using the risk ratio
statistics. In addition, referral rates (%) to colposcopy were calculated
based on test positivity for each four assays. All statistical tests were
2-sided, and the values p b 0.05 were regarded statistically signiﬁcant.
Results
Table 1 shows the results measuring the reproducibility of the
three histology readings, assessed separately for i) all CIN categories,
ii) CIN2+ and iii) CIN3+. The ﬁnal pathology consensus reading was
decided in favor of the original pathology reading, resulting in an almost perfect agreement between the ﬁrst reading and the consensus
classiﬁcation. There was an almost perfect agreement for CIN3+ between the ﬁrst and second readings, and slightly less agreement for
CIN2+ (Cohen's kappa 0.948 and 0.854, respectively).
Table 2 shows the absolute and relative risks of the four tests, with
the three pathology readings as the gold standard. At both CIN3+ and
CIN2+ endpoints, the highest absolute risk was obtained with the
AHPV assay, its relative risk exceeding that of LBC by 7% for CIN3+
and 15% for CIN2+. As compared with the HC2 test, the absolute
risk was also consistently higher for the AHPV test, resulting in 24%
to 29% higher relative risks. The relative risks of the three HPV tests
did not signiﬁcantly deviate from that of the reference LBC standard,
but using HC2 as the reference, AHPV was superior in the detection
of the CIN2+ endpoint (but not CIN3+), with RRs varying between
1.27 and 1.29 (p = 0.010 to p = 0.002) (Table 2).
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Table 1
Reproducibility between the three histology readings of cervical biopsies.
Reproducibility between the gold standards (All CIN categories)a
Gold standard

Original reading

Re-reading by external pathology reviewer

Study consensus pathology reading

Kappa (95%CI)

Kappa (95%CI)
0.847 (0.829–0.864)

Kappa (95%CI)
0.996 (0.995–0.997)b
0.855 (0.838–0.871)b

Original reading
Re-reading by external pathology reviewer

Reproducibility between the gold standards (CIN3 + Category)c
Original reading
Re-reading by external pathology reviewer

0.948 (0.942–0.953)

0.983 (0.981–0.985)
0.966 (0.962–0.969)

Reproducibility between the gold standards (CIN2 + Category)c
Original reading
Re-reading by external pathology reviewer
a
b
c

0.854 (0.838–0.869)

0.971 (0.968–0.975)
0.879 (0.866–0.891)

Assessed by weighted kappa (ICC) for all CIN categories, including non-CIN (=ﬂat HPV without CIN).
The basically different practice of the two raters in classifying HPV and CIN1 lesions was decided in favor of the original readers, while making the study consensus diagnosis.
Assessed by non-weighted (Cohen) kappa for two CIN cutoffs (yes/no).

Table 3 shows the AUC values and colposcopy referral rates for the
four tests. The highest AUC values are obtained for the AHPV assay for
both CIN3+ and CIN2+ endpoints, exceeding that of LBC signiﬁcantly at the CIN2+ endpoint for all pathology readings. The AUC values
of the AHPV assay were signiﬁcantly higher than those of the HC2
assay for both CIN3+ and CIN2+ endpoints (Table 3; p values in
the footnote). Because based on the numbers of positive screening
tests, these referral rates remain the same for all pathology readings.
The referral rate for colposcopy of AHPV (9.2%) only slightly exceeds

that of LBC (8.7%) (p = 0.454). If ASC-US cases are left out from these
calculations, the referral rates increase only by 1.2% and 1.3% for
AHPV and HC2, respectively (data not shown).
Discussion
Randomized controlled trials (RCT) comparing HPV DNA testing
and cytology [15–18] implicate that all HPV DNA techniques are limited by their lower speciﬁcity, which may lead to unnecessary

Table 2
Absolute and relative risks of diagnosing CIN2+ and CIN3 + lesions by LBC, APTIMA, HC2, and PCR genotyping, using different gold standardsa.
ASSAY/endpoint

First reading CIN3+:
LBC consensuse
APTIMA
HC2
PCRf
First reading CIN2+:
LBC consensuse
APTIMA
HC2
PCRf
2nd reading CIN3+:
LBC consensuse
APTIMA
HC2
PCRf
2nd reading CIN2+:
LBC consensuse
APTIMA
HC2
PCRf
Consensus reading CIN3+:
LBC consensuse
APTIMA
HC2
PCRf
Consensus reading CIN2+:
LBC consensuse
APTIMA
HC2
PCRf

Performance indicators
Absolute risk
(95%CI)

Relative risk (LBC reference)b
(95%CI)

Relative risk (HC2 reference)c
(95%CI)

Signiﬁcance (Fisher's test)d
LBC Ref3 /HC2 refc

5.3
6.1
4.2
4.8

1.00
1.07 (0.82–1.39)
0.91 (0.72–1.14)
0.95 (0.73–1.24)

1.15 (0.86–1.64)
1.24 (0.92–1.67)
1.00
1.07 (0.79–1.46)

p = 0.660
p = 0.455
p = 0.762

1.00
1.15 (0.99–1.33)
0.95 (0.84–1.08)
1.02 (0.88–1.18)

1.08 (0.88–1.33)
1.29 (1.09–1.52)
1.00
1.10 (0.93–1.30)

p = 0.074
p = 0.455
p = 0.795

1.00
1.05 (0.81–1.37)
0.89 (0.70–1.14)
0.93 (0.71–1.23)

1.18 (0.83–1.68)
1.24 (0.92–1.68)
1.00
1.07 (0.78–1.47)

p = 0.766
p = 0.364
p = 0.646

1.00
1.14 (0.98–1.32)
0.95 (0.83–1.09)
1.02 (0.87–1.19)

1.08 (0.86–1.34)
1.27 (1.06–1.68)
1.00
1.10 (0.92–1.32)

p = 0.121
p = 0.524
p = 0.782

1.00
1.06 (0.83–1.38)
0.90 (0.72–1.13)
0.95 (0.73–1.23)

1.16 (0.82–1.64)
1.28 (0.95–1.72)
1.00
1.08 (0.80–1.45)

p = 0.665
p = 0.379
p = 0.765

1.00
1.14 (0.98–1.32)
0.93 (0.83–1.06)
1.01 (0.88–1.17)

1.10 (0.90–1.35)
1.29 (1.09–1.53)
1.00
1.11 (0.94–1.31)

p = 0.096
p = 0.321
p = 0.932

LBC ref
(3.3–7.9)
(4.1–8.7)
(2.8–5.9)
(3.1–6.9)

17.6
22.7
15.2
18.4
5.3
5.9
4.1
4.6

(3.3–7.9)
(3.9–8.5)
(2.7–5.8)
(2.9–6.8)

14.8
19.0
13.3
15.5
5.5
6.3
4.3
5.0

(14.0–21.7)
(18.9–26.8)
(12.6–18.1)
(15.2–22.0)

(11.5–18.7)
(15.5–22.9)
(10.9–16.1)
(12.5–18.9)

(3.5–8.3)
(4.3–8.9)
(2.9–6.1)
(3.3–7.2)

19.1
24.0
16.6
19.5

(15.4–23.3)
(20.2–28.2)
(13.9–19.6)
(16.2–23.2)

Signiﬁcant p values are bolded.
a
First, second and consensus reading; Absolute risk: equivalent to PPV; Relative Risk: test-speciﬁc absolute risks compared by risk ratio statistics.
b
LBC as the reference.
c
HC2 as the reference.
d
Risk ratio statistics, with two-sided Fisher's exact test.
e
In all LBC cytology, the ASC-US cut-off is used.
f
PCR, with GP5/GP6 primers, done for patients who were biopsied.

HC2 ref
p = 0.543
p = 0.165
p = 0.674
p = 0.445
p = 0.004
p = 0.246
p = 0.365
p = 0.160
p = 0.669
p = 0.524
p = 0.010
p = 0.282
p = 0.379
p = 0.101
p = 0.679
p = 0.321
p = 0.002
p = 0.199
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Table 3
Sensitivity/speciﬁcity balance and colposcopy referral rates of LBC, APTIMA, HC2, and
PCR genotyping in detecting CIN3+ and CIN2 + lesions, using different gold
standards#.
Assay/endpoint

First reading CIN3+:
LBC consensus1
APTIMA
HC2
PCR

2

First reading CIN2+:
LBC consensus1
APTIMA
HC2
PCR2
Second reading CIN3+:
LBC consensus1
APTIMA
HC2
PCR2
Second reading CIN2+:
LBC consensus1
APTIMA
HC2
PCR2
Consensus reading CIN3+:
LBC consensus1
APTIMA
HC2
PCR

2

Consensus reading CIN2+:
LBC consensus1
APTIMA
HC2
PCR2

Performance indicators
ROC area AUC
(95%CI)

Referral rate
to colposcopy*

Signiﬁcance (ROC
comparison)**

0.706
(0.623–0.788)
0.781
(0.734–0.828)
0.699
(0.663–0.735)
0.716
(0.656–0.777)

398/4.541
(8.7%)
458/4.976
(9.2%)
691/5.006
(13.8%)
522/1.225
(42.6%)3

Reference

0.689
(0.641–0.736)
0.796
(0.767–0.824)
0.691
(0.662–0.720)
0.736
(0.703–0.769)

398/4.541
(8.7%)
458/4.976
(9.2%)
691/5.006
(13.8%)
522/1.225
(42.6%)3

0.706
(0.623–0.788)
0.780
(0.731–0.829)
0.698
(0.662–0.735)
0.714
(0.652–0.776)

398/4.541
(8.7%)
458/4.976
(9.2%)
691/5.006
(13.8%)
522/1.225
(42.6%)3

0.687
(0.635–0.738)
0.788
(0.757–0.820)
0.712
(0.689–0.735)
0.739
(0.705–0.772)

398/4.541
(8.7%)
458/4.976
(9.2%)
691/5.006
(13.8%)
522/1.225
(42.6%)3

0.710
(0.630–0.791)
0.782
(0.736–0.828)
0.700
(0.665–0.734)
0.718
(0.660–0.777)

398/4.541
(8.7%)
458/4.976
(9.2%)
691/5.006
(13.8%)
522/1.225
(42.6%)3

0.699
(0.654–0.745)
0.799
(0.772–0.827)
0.715
(0.693–0.737)
0.740
(0.709–0.772)

398/4.541
(8.7%)
458/4.976
(9.2%)
691/5.006
(13.8%)
522/1.225
(42.6%)3

0.076*1
0.996
0.630

Reference
0.0001*2
0.201
0.038

Reference
0.076*3
0.995
0.631

Reference
0.0007*4
0.194
0.025

Reference
0.078*5
0.919
0.653

Reference
0.0002*6
0.315
0.050

#First, second and consensus reading; *All test positive cases referred to colposcopy in
each setting; ** Test for equality of ROC areas (STATA, roccomp test); 1In all LBC
cytology, the ASC-US cut-off is used; 2PCR, with GP5/GP6 primers, only done for patients who were biopsied (n = 1.225); 3If adjusted for all samples, the referral rate of
PCR would be 10.4%; *1–6AUC (Area Under ROC curve) comparisons between APTIMA
and HC2: *1p = 0.0054; *2p = 0.0001; *3p = 0.0075; *4p = 0.0001; *5p = 0.0038;
*6p = 0.0001; signiﬁcant p values are bolded.

referrals for colposcopy in a screening setting. In this respect, detection of E6/E7 mRNA transcripts e.g. by AHPV assay might provide a
more speciﬁc test in the primary screening [26–32]. Because of this,
AHPV recently (October 2011) received FDA approval for testing
women over 21 years with ASC-US cytology and also to screen
women >30 years of age as an adjunct to Pap test. The FASE is the

ﬁrst study designed to assess the performance of AHPV in a
population-based screening setting [33]. In our previous analysis of
a sub-cohort of 4429 of these women, we reported that both AHPV
and HC2 are more sensitive than LBC in detecting CIN2+ and CIN3+
[33]. Speciﬁcity of AHPV was higher than that of HC2 but similar to
that of LBC in all age groups and separately for women less and above
30 years of age [33]. These data substantiate the previous experience
in triage settings where APTIMA® HPV Assay was equally sensitive
but more speciﬁc than HC2 in detecting CIN2+/CIN3+ endpoints
[29,31]. Because extensively discussed in our previous communication
[33], the stratiﬁcation by age was not repeated in the present analysis.
Instead of conventional performance indicators, the present analysis focused on calculating the absolute risks of diagnosing CIN3+ or
CIN2+ by each assay. The absolute risk is equivalent to PPV, indicating the proportion of true clinical lesions (CIN2+, CIN3+) diagnosed
among all samples testing positive with each assay [41]. This is of particular interest in a screening setting, because the best screening test
should be the one with the highest PPV, as previously discussed [22].
A test with a high PPV only detects the true lesions without the need
to unnecessarily spend resources for adjunct (triage) tests to conﬁrm
the diagnosis [22,42]. Absolute risk is also an appropriate means to
estimate the risk of developing incident CIN in a longitudinal setting
[41]. Estimating the absolute risks for each assay also enables their
comparison by calculating the relative risks (or relative PPV, rPPV)
using risk ratio statistics (Table 2). This is an alternative to comparison
of the diagnostic tests by their AUC values, which reﬂect the differences
in their SE/SP balance [22]. In the present study, we present AUC values
only as indicators of the SE/SP balance of each test (without actual ROC
curves) and used the test for equality of AUC (roccomp) to compare the
different assays [22,43] (Table 3).
Another focus of this study was to determine the impact of different histology readings used as the gold standard. The agreement between the ﬁrst and second readings (and both of those with the
study consensus) was excellent (Table 1). In evaluating these exceptionally high kappa values, two issues need to be considered. First, the
basically different practice of the two raters in classifying HPV (with
no CIN) and CIN1 lesions was decided in favor of the original reader
while making the study consensus. This results in almost perfect
agreement between the ﬁrst reading and the study consensus. Second, because weighted kappa (used for calculating the agreement in
classifying all CIN categories) is more forgiving for one-grade discrepancies, the agreement between the second reading and the study consensus reading is almost perfect. This reproducibility assessment
clearly indicates an extremely high reproducibility of CIN grading between expert European pathologists. The discrepancies mostly affected classiﬁcation of low-grade lesions (HPV lesions vs. CIN1), and as
such do not have any impact on the performance indicators of the diagnostic tests calculated for the CIN2 + and CIN3+ endpoints.
There were not any dramatic changes in the test performance indicators when any of these three pathology readings was used as
the gold standard. In all three settings, the absolute risk of all four
tests falls within the range of 4–6% for CIN3+ and within 15–24%
for CIN2+. Similarly, the mutual comparison of the four tests by
their relative risks gives a similar proﬁle in all three pathology readings; compared with LBC as the reference, the relative risk is always
highest for AHPV, remaining practically unchanged (1.05–1.07) for
both CIN3+, and (1.14–1.15) for CIN2+. This is regularly followed
by PCR genotyping test, which has the second highest relative risk
for both CIN3+ (0.93–0.95) and CIN2 + (1.01–1.02). Using the risk
ratio statistics, none of the three HPV assays deviate signiﬁcantly
from the LBC test. However, when HC2 is used as the reference,
AHPV has a signiﬁcantly higher relative risk at CIN2+ endpoint of
all three histological readings (Table 2). In this comparison, AHPV
has relative risk ranging from 1.24 to 1.29, implicating 24% and 29%,
respectively, higher absolute risk of detecting CIN2+ as compared
with the HC2 assay.
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AHPV had the best balance between sensitivity and speciﬁcity, as
measured by the AUC values (Table 3), in addition to having the highest
absolute and relative risks of diagnosing CIN3+ and CIN2+ lesions (up
to 15% more than with LBC). The difference between AHPV and LBC was
signiﬁcant at CIN2+ endpoint, irrespective the gold standard, while at
the CIN3+ endpoint, the difference did not reach statistical signiﬁcance
(p= 0.076 to p = 0.078). However, when AHPV was compared with
HC2 assay, the difference is signiﬁcant for both CIN2+ and CIN3+ endpoints of all gold standards (Table 3; p values in the footnote).
As to the colposcopy referral rates based on test positivity, AHPV
has only a slightly higher (9.2%) referral rate as LBC (8.7%)
(p = 0.454). Noteworthy, however, is the fact that the colposcopy referral rate of PCR genotyping (42.6%) (Table 3) is not comparable
with the others, because the test was performed only for patients
who had any of the other screening tests positive (n = 1,225). If calculated similarly as for the other tests, the true referral rate after
PCR genotyping test would be 10.4%, i.e., not markedly different
from that of LBC and AHPV. The referral rate is highest for HC2
assay, 13.8%.
Despite its merits, our study also has some limitations. First, it is a
cross-sectional study, precluding the determination of the tests’
longitudinal NPV (to substantiate extended screening intervals) or
longitudinal PPV (to estimate the absolute risk of developing incident
CIN2+). Based on the cross-sectional equivalence of AHPV to HC2 in
this and other studies, however, AHPV screening intervals would
likely be the same as for HC2 [33]. Second, the cohort also includes
women younger than 30 years, among whom both LBC and all HPV
tests are known to perform less optimally than among older women
[22,33]. Third, histological results were obtained for all women who
tested HPV-positive or had an abnormal cytology, but only for a
small proportion (14%) of those who were HPV-negative and had
normal cytology. Thus, the estimates of SE/SP balance (AUC) are less
precise than in setting where histological results are available from
all women.
This study has several important implications. First, the inter-rater
agreement between experienced European gynecological pathologists
in grading cervical cancer precursor lesions in a screening setting in
France was excellent. Second, absolute and relative risks of different
tests in diagnosing CIN2+ and CIN3+ lesions are practically unaffected
by the three gold standards used. This implicates that the three
HPV tests (AHPV, HC2, PCR genotyping) compared here by their relative
risks (with LBC as the reference) of diagnosing CIN3+ and CIN2+
lesions did perform consistently across the changing histological gold
standard. In all three settings, AHPV had the highest absolute risk,
detecting 5% to 15% more CIN3+ and CIN2+ lesions, respectively, as
LBC in this trial. When HC2 was used as a reference, relative risk of
AHPV was even higher; 1.24–1.29. This situation did not change if the
four tests are compared using their SE/SP balance by the AUC equality
test; AHPV is clearly superior to LBC at CIN2+ endpoint and signiﬁcantly better than HC2 at both CIN2+ and CIN3+ endpoints.
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