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ABSTRACT

Background
We evaluated the performance of primary high-risk human papillomavirus (hrHPV) 
testing by hybrid capture 2 (HC2) with different thresholds for positivity, in comparison 
with conventional cytology.

Methods
We used data of 25 871 women (aged 30–60 years) from the intervention group of the 
VUSA-Screen study (VU University Medical Center and Saltro laboratory population-
based cervical screening study), who were screened by cytology and hrHPV. Primary 
outcome measure was the number of cervical intraepithelial neoplasia grade 3 or 
higher (CIN3+), detected within 3 years. We compared baseline cytology testing with 
three possible hrHPV screening strategies at different relative light unit/cutoff (RLU/
CO) thresholds.

Results
Compared with baseline cytology testing, hrHPV DNA testing as a sole primary screening  
instrument did not yield a superior sensitivity, as well as lower colposcopy referral rate 
and lower false positivity rate at any RLU/CO threshold. The hrHPV screening at 1 RLU/
CO threshold with cytology triage at baseline and at 12 months revealed the highest  
sensitivity for CIN3+ (relative sensitivity of 1.32), although still displaying a  
lower colposcopy referral rate than cytology testing (relative colposcopy rate of 
0.94). Higher thresholds (>1RLU/CO) yielded lower colposcopy rates, but resulted in 
substantial loss in sensitivity.

Conclusion
The hrHPV testing at the commonly used threshold of 1 RLU/CO with cytology triage at 
baseline and at 12 months showed a much higher sensitivity with a lower colposcopy 
referral rate compared with cytology testing.
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Introduction
New promising methods of cervical cancer prevention have been introduced since  
the recognition that infection with high-risk human papillomavirus (hrHPV) is the  
necessary cause of cervical cancer.1-3 The recently introduced prophylactic HPV 
vaccine may have a major impact on preventing this global disease. The  
prophylactic vaccines have shown to be highly effective in preventing premalignant 
lesions.4-7 However, it is generally agreed upon that cervical cancer screening will 
need to continue even for vaccinated women.8-10 

 Although cytological screening has reduced the incidence and mortality 
of cervical cancer,11 it has a limited sensitivity. The much more sensitive hrHPV test 
has been suggested as an alternative primary screening instrument,12-17 given that 
a clinically validated hrHPV assay is used.18 At present, the FDA approved hybrid 
capture 2 (HC2) assay is most commonly used. However, hrHPV testing using such 
a test has also shown a 4–6% lower specificity than conventional cytology,12;19 
because many detected infections are transient and regress without developing 
high-grade lesions. 
 In population-based screening, specificity is of utmost importance, as it basically  
determines the costs of the programme and the amount of unwanted adverse  
effects (anxiety, repetitive and confirmatory tests, as well as unnecessary colposcopy 
referrals and treatments) in the generally healthy population. Cytological triage of 
hrHPV DNA-positive women has been found to improve the specificity of the screening 
test.12;20;21 Another, easier and potentially cost saving option is to adapt the threshold, 
that is, increase the relative light unit/cutoff (RLU/CO) threshold, of the HC2 test. This 
would particularly be useful if it obviates the need for repeat testing. Several studies 
have examined baseline hrHPV testing strategies with triage of hrHPV-positive women  
at higher thresholds than the one conventionally used (i.e., RLU/CO of ≥1).16;22-25 
This did not result in a strategy that ensured higher sensitivity as well as higher specificity  
in terms of lower colposcopy referral rates compared with cytological screening. 
 The aim of this study was to investigate the effect of hrHPV HC2 testing with higher 
thresholds on the sensitivity and specificity in terms of colposcopy referral rate and 
false positivity rate, considering a number of different hrHPV screening strategies. We 
searched for strategies that improved the specificity of hrHPV screening by increasing 
the RLU/CO threshold, while maintaining a higher sensitivity than baseline cytologi-
cal testing. We used data from the intervention group of the VUSA-Screen study (VU  
University Medical Center and Saltro laboratory population-based cervical screening  
study), a study performed within the routine cervical programme of the Netherlands. 
Women participating in this cohort received combined hrHPV testing and cytology.  
The primary end points were cervical intraepithelial neoplasia grade 3 or higher 
(CIN3+), detected within 3 years.
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Materials and methods
Study design VUSA-screen
The VUSA-Screen is a population-based study designed to evaluate the effectiveness  
of combined cervical cytology screening with hrHPV testing by HC2 hybridisation  
assay (Qiagen, Gaithersburg, MD, USA). The study was carried out in the Utrecht  
province of the Netherlands in the setting of the regular screening programme that 
invites women, aged between 30 and 60 years of age, to be screened every 5 years. 
The design of the study has also been described elsewhere.26 Between October 2003 
and August 2005, women invited for the regular cervical screening programme were 
asked to participate in the VUSA-Screen study. Women were excluded from the analy-
sis if they had a history of cervical intraepithelial neoplasia grade 2 or higher (CIN2+) or 
abnormal cytology in the preceding 2 years. Women who agreed to receive cytology  
and hrHPV testing gave written informed consent. 
 Conventional cytological smears were taken with a cytobrush (Rovers, Oss, 
the Netherlands). After preparation of a conventional smear on a glass slide, 
the brush was placed in a vial containing 1ml UCM (Universal Collection Medium,  
Digine Corp., Gaithersburg, MD, USA) for hrHPV testing. Cervical cytology results were  
reported, blinded to the hrHPV testing results, according to the CISOE-A classification,  
which is routinely used in the Netherlands and can be converted into the 2001 Bethesda  
system.27 Cytological results were grouped as normal, BMD (borderline or mild 
dyskaryosis) and >BMD (moderate dyskaryosis or worse). In the 2001 Bethesda system, 
BMD corresponds to atypical squamous cells of undetermined significance; atypical  
squamous cells cannot rule out high-grade squamous intraepithelial lesions; or  
low-grade squamous intraepithelial lesions and >BMD corresponds to high-grade 
squamous intraepithelial lesions.
 Women with BMD or worse were informed about the hrHPV test result. The hrHPV- 
positive women with BMD and all women with >BMD were directly referred for  
colposcopy (Figure 1). Women with BMD at baseline and a negative hrHPV test were 
offered cytology testing at 6 and 18 months and referred if cytology was abnormal 
(threshold BMD) at one of these occasions. 
 In the women with normal cytology at baseline, a sub-study was carried out. In this 
sub-study, all (n = 1021) hrHPV-positive women as well as a subset of hrHPV-negative 
cytologically normal women (n = 3063) were included. To select the hrHPV-negative  
women, each hrHPV-positive woman was matched to three randomly chosen  
hrHPV-negative women of the same age. Women with normal cytology were not 
informed about the hrHPV test result. The hrHPV-positive women with normal cytology 
were offered cytology and a blinded hrHPV test at 12 months, and combined hrHPV 
testing and cytology at 24 months. A woman was referred at 12 months if cytology 
was abnormal and at 24 months if the hrHPV test was positive and/or cytology was 
abnormal. The hrHPV-negative, cytologically normal women in the sub-study were in-
vited for combined testing at 24 months, and referred if cytology was abnormal and/
or the hrHPV test was positive. If a woman with normal cytology and a negative hrHPV 
test was not invited for repeat testing after 24 months, cytological and/or histological 
follow-up results was not included.
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Figure 1 Flowchart of the study design. BMD, borderline or mild dyskaryosis; colpo, colposcopy; cyto, cytology; hrHPV, 

high-risk human papillomavirus; m, months.

 The VUSA-Screen study was approved by the Ministry of Public Health 
(2002/02-WBO; ISBN-10: 90-5549-452-6) and registered in the trial register (NTR215,  
ISRCTN64621295).

Colposcopy
Of the women who were referred to a gynaecologist for colposcopy, colposcopy- 
directed biopsies were taken from suspicious areas of the cervix, according to  
standard procedures in the Netherlands.28 Biopsy results were reported as normal, 
cervical intraepithelial neoplasia grade 1, 2, 3, or as invasive cancer, according to 
the international criteria.29;30 Cytology and histology results were retrieved from the 
nationwide network and registry of histopathology and cytopathology (PALGA;  
Bunnik, the Netherlands).

hrHPV testing
The hrHPV testing was performed by the HC2 high-risk HPV DNA test in an automated  
format on a rapid capture system according to the manufacturer’s instructions  
(Qiagen). This test uses a cocktail probe to detect 13 high-risk HPV types: 16, 18, 
31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68. Positive controls containing 1pgml-1 of 
cloned HPV-16 DNA and negative controls (provided by the manufacturer) were in-
cluded in each assay (Qiagen). The results of the HC2 assay were expressed as RLU/
CO ratio, representing the ratio between the emission from a sample to the average  
emission of three positive controls. Initially, the threshold of 1 RLU/CO, as proposed by the  
manufacturer, was used to classify a specimen as positive or negative.
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Statistical analysis
The primary outcome measure of the study was histologically confirmed CIN3+,  
detected cumulatively within 3 years after baseline. A secondary outcome was  
cumulatively detected CIN2+. In the calculations of the number of CIN3+ and CIN2+ 
lesions, cases of cervical adenocarcinoma and cervical adenocarcinoma in situ 
were also included. 
 The absolute specificity of hrHPV testing with RLU/CO thresholds between  
1 and 100 and the absolute specificity of cytology were computed as follows.  
Specificities were adjusted for nonattendance at repeat testing by applying Bayes’s 
rule, which means that the specificities were computed from the positive and negative 
predictive values for CIN3+ (and CIN2+), as well as the baseline prevalences of HC2 
and cytology test outcome strata.31;32 For this purpose, the baseline test outcomes were 
grouped into seven strata: (1) >BMD and hrHPV+, (2) >BDM and hrHPV-, (3) BMD and 
hrHPV+, (4) BMD and hrHPV-, (5) normal and hrHPV+, (6) normal and hrHPV-, and age  
≤35 years, and (7) normal and hrHPV-, and age >35 years. We defined two separate  
age strata for hrHPV-negative women with normal cytology at baseline because  
hrHPV-negative normal women were age-matched to hrHPV-positive normal women,  
and women ≤35 years were therefore overrepresented in follow-up. The positive 
and negative predictive values were computed only on the basis of women with at 
least one repeat test. For hrHPV-positive, cytologically normal women, the 12-month 
screening tests were used as repeat tests. The 24-month screening tests were used if 
the 12-month tests were missing. For BMD hrHPV-negative women, the 6-month results 
were used as repeat test results and the 18-month results were used if the 6-month 
results were missing. The specificities presented were therefore adjusted for women 
without repeat testing, but were not adjusted for differences in intensity of follow-up 
testing among women with at least one repeat test. 
 Furthermore, we compared baseline cytology (threshold BMD) with three  
possible hrHPV screening strategies at RLU/CO thresholds between 1 and 100. The 

 Table 1 Number of test positives and negatives, CIN3+ and CIN2+ detected, stratified for cytology and HC2 thresholds.

  Histology 

 End point CIN3+ End point CIN2+

   Test positive Test negative Detected Missed Detected Missed 

Test   n (% of total n=25 658) n	 n	 n	 n	 n

Baseline 462 (1.80) 1021 124 27 181 57

 cytology

(threshold BMD)

HC2 cutoff

   1 1303 (5.08) 180 146 5 227 11

   2 1147 (4.47) 336 144 7 224 14

   5 1006 (3.92) 477 141 10 216 22

   7 954 (3.72) 529 137 14 212 26

     10 877 (3.42) 606 131 20 203 35

    30 654 (2.55) 829 118 33 184 54

     50 572 (2.23) 911 104 47 162 76

   100 433 (1.69) 1050 89 62 133 105

BMD=borderline or mild dyskaryosis; CIN=cervical intraepithelial neoplasia (grade 2 or 3 or higher); HC2=hybrid  

capture 2.
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following hrHPV screeningstrategies were used: (1) baseline hrHPV testing only; (2) 
cytology triage of hrHPV-positive women at baseline and one repeat cytological test 
for cytologically normal women; and (3) cytology triage of hrHPV-positive women 
at baseline and one repeat combined cytology and hrHPV HC2 test (with RLU/CO  
values as used at baseline) for cytologically normal women. For each comparison, 
we computed the relative sensitivity for CIN3+ (and CIN2+), relative false positivity rate 
and relative colposcopy referral rate. Analogous to the calculation of the specificity, 
the relative rates were calculated by combining positive and negative predictive val-
ues (here for CIN3+, CIN2+ and colposcopy referral) and baseline test outcomes. Be-
cause double-negative women cancel out when calculating relative rates,33 we only 
needed to define five baseline strata: (1) >BMD and hrHPV+, (2) >BDM and hrHPV-, (3) 
BMD and hrHPV+, (4) BMD and hrHPV- and (5) normal and hrHPV+.
 The 95% confidence intervals (CIs) were calculated for absolute specificity  
using the Wilson Score method (Brown et al, 2001), in which the sample size was set 
equal to the number of cases observed in the cohort study. 
 Analyses were done with SPSS version 15.0 (LEAD Technologies Inc,  
Haddonfield, NJ, USA), and Excel (Microsoft Corporation, Redmond, WA, USA).

Results
Study subjects
Of the 25 871 women from the intervention group of VUSA-Screen study, 25 658 (99.2%) 
had an adequate baseline Pap smear. Among women with adequate Pap smears, 
25 196 had normal cytology of whom 1021 (4.1%) tested hrHPV-positive, 337 women 
had a BMD result of whom 167 (49.6%) tested hrHPV-positive and 125 women had a 
>BMD result of whom 115 (92.0%) tested hrHPV-positive. The median age of participat-
ing women was 44.0 years (range, 29–61 years). The hrHPV results of positive RLU/CO 
(i.e., RLU/ CO ≥1) showed a mean of 224.5 (range, 1.0–2565.7).
 The number of test positives and negatives, CIN3+ and CIN2+ detected,  
stratified for cytology and HC2 thresholds are presented in Table 1.

Table 2 Comparison of specificity between baseline hrHPV test with different RLU/CO thresholds and baseline cytology 

testing for CIN3+ and CIN2+, adjusted for non-attendance at repeat testing.

  End point CIN3+ End point CIN2+

Test Specificity (%) 95% CI Specificity (%) 95% CI

Baseline cytology 98.7 98.5–98.8 98.9 98.8–99.0

(threshold BMD)

 Baseline HC2 positivity threshold, RLU/CO

   1 95.5 95.3–95.8 95.9 95.7–96.2

   2 96.2 95.9–96.4 96.5 96.3–96.8

   5 96.7 96.5–96.9 97.1 96.8–97.3

   7 96.9 96.7–97.1 97.2 97.0–97.4

     10 97.2 96.9–97.4 97.5 97.3–97.7

     30 98.0 97.8–98.1 98.3 98.1–98.4

     50 98.2 98.0–98.4 98.5 98.3–98.6

   100 98.7 98.5–98.8 98.9 98.7–99.0

BMD=borderline or mild dyskaryosis; CI=confidence interval; CIN=cervical intraepithelial neoplasia (grade 2 or 3 or 

higher); HC2=hybrid capture 2; hrHPV=high-risk human papillomavirus; RLU/CO=relative light unit/cutoff.
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Table 3 Relative colposcopy referral rates, relative sensitivity, relative false positivity rate of HC2 RLU/CO thresholds at 

baseline alone vs baseline cytology testing, adjusted for non-attendance at repeat testing.

    End point CIN3+ End point CIN2+

 Relative colposcopy  Relative Relative false Relative Relative false

Test referral rate  sensitivity positivity rate sensitivity positivity rate

Baseline cytology Reference Reference Reference Reference Reference

(threshold BMD) 

Baseline HC2 positivity threshold, RLU/CO

   1    2.82 1.36 3.35 1.50 3.67

   2 2.48 1.34 2.89 1.48 3.12

   5 2.18 1.31 2.49 1.42 2.65

   7 2.06 1.28 2.34 1.40 2.48

    10 1.90 1.22 2.14 1.34 2.25

    30 1.42 1.08 1.53 1.20 1.55

    50 1.24 0.95 1.34 1.05 1.35

   100 0.94 0.80 0.99 0.82 1.01

BMD=borderline or mild dyskaryosis; CIN=cervical intraepithelial neoplasia (grade 2 or 3 or higher); HC2=hybrid capture 

2; RLU/CO=relative light unit/cutoff.

 Table 2 presents the specificity for detected CIN3+ and CIN2+ lesions for  
baseline cytology testing (threshold BMD) and for a strategy of primary HC2 testing 
without follow-up testing at different RLU/CO thresholds. Compared with baseline  
cytology testing, hrHPV testing at the standard threshold of 1 RLU/CO had a lower 
specificity for CIN3+ (95.5 vs 98.7%) and CIN2+ (95.9 vs 98.9%). The specificity for CIN3+ 
and CIN2+ increased with increasing RLU/CO thresholds. Only at a RLU/CO threshold 
of 100, hrHPV testing reached the same specificity for CIN2+ (i.e., 98.9%) and CIN3+ 
(i.e., 98.7%) as cytology. 
 The relative colposcopy referral rate, relative sensitivity and relative false  
positivity rate of primary HC2 testing at different RLU/CO thresholds vs baseline cytology 
testing are presented in Table 3. Compared with cytology, hrHPV testing at a thresh-
old of 1 RLU/CO would result in a 2.8-fold higher number of colposcopy referral rates. 
With increasing HC2 threshold, the relative colposopy referral rates decreased, result-
ing in a relative rate of 1.9 at 10 RLU/CO and 0.94 at 100 RLU/CO.

 At the standard test positivity threshold for HC2 (i.e., 1 RLU/CO), the relative sen-
sitivity of hrHPV was superior to that of cytology, both for CIN3+ (relative sensitivity of 
1.36) and CIN2+ relative sensitivity of 1.50). With increasing HC2 threshold values, the 
relative sensitivity for CIN3+ decreased, resulting in a relative sensitivity of 1.22 at 10 
RLU/CO and 0.80 at 100 RLU/CO. Results were comparable using CIN2+ as outcome 
measure.
 There was no HC2 threshold that resulted in an improved false positivity rate and  
concomitant colposcopy referral rate, without compromising its sensitivity. In fact, 
the HC2 threshold (i.e., 100 RLU/CO) at which a lower colposcopy referral rate was 
reached compared with cytology, also revealed lower sensitivities for CIN3+ and 
CIN2+ (Table 3). As no strategy of sole hrHPV testing at baseline improved on baseline 
cytology testing, some form of triage or follow-up testing is required.
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 Table 4 shows the impact of raising the HC2 threshold in the context of two  
triage and follow-up strategies for HC2-positive women compared with baseline  
cytology testing. For the strategy with cytology triage at baseline and at 12 months, 
HC2 screening at RLU/CO thresholds between 1  and 30 resulted in higher sensitivities 
for both CIN2+ and CIN3+, compared with baseline cytology testing. This strategy 
showed lower colposcopy referral rates and false positivity rates at all analysed RLU/
CO thresholds (1–100).
 For the strategy with cytology triage at baseline and combined cytology and HC2 
testing (with the same threshold as used at baseline) at 12 months, only at threshold 
30, a lower false positivity and colposcopy rate in combination with higher sensitivities 
for CIN3+ and CIN2+ than baseline cytology testing was found. However, at RLU/CO 
30, the gain in sensitivity compared with cytology was only marginal. 
 The relative sensitivity vs relative false positivity rate of the three investigated 
screening strategies, compared with baseline cytology testing, is graphically shown 
in Figure 2. Baseline cytology testing is presented in the origin (relative sensitivity = 1, 
relative specificity = 1). Quadrant II represents combinations of sensitivity and false 
positivity rates that are superior to baseline cytology testing. The strategy with base-

Table 4 Relative colposcopy referral rates, relative sensitivity, relative false positivity rate of HC2 positivity threshold with 

baseline triage and repeat testing strategy vs baseline cytology testing, adjusted for non-attendance at repeat testing.

  End point CIN3+ End point CIN2+

    Relative  Relative  Relative

    colposcopy Relative false positivity Relative false positivity

Test    referral rate sensitivity rate sensitivity rate

Baseline cytology   Reference Reference Reference Reference Reference

(threshold BMD)               

Baseline HC2 Baseline  Repeat test         

positivity threshold,  triage test at 12 months

RLU/CO

 1 Cytology Cytology 0.94 1.32 0.80 1.36 0.67

 2 Cytology Cytology 0.89 1.29 0.74 1.34 0.60

 5 Cytology Cytology 0.84 1.25 0.69 1.31 0.60

 7 Cytology Cytology 0.82 1.22 0.68 1.29 0.52

 10 Cytology Cytology 0.79 1.17 0.65 1.23 0.50

 30 Cytology Cytology 0.65 1.02 0.52 1.09 0.38

 50 Cytology Cytology 0.57 0.90 0.45 0.96 0.33

 100 Cytology Cytology 0.46 0.75 0.36 0.74 0.28

              

 1 Cytology Cytology and HC2a 1.88 1.36 2.07 1.50 2.12

 2 Cytology Cytology and HC2a 1.68 1.34 1.81 1.47 1.82

 5 Cytology Cytology and HC2a 1.45 1.30 1.51 1.40 1.48

 7 Cytology Cytology and HC2a 1.37 1.27 1.41 1.37 1.37

 10 Cytology Cytology and HC2a 1.30 1.21 1.33 1.29 1.30

 30 Cytology Cytology and HC2a 0.96 1.05 0.92 1.14 0.84

 50 Cytology Cytology and HC2a 0.81 0.93 0.76 1.01 0.68

 100 Cytology Cytology and HC2a 0.59 0.76 0.52 0.78 0.46

BMD=borderline or mild dyskaryosis; CIN=cervical intraepithelial neoplasia (grade 2 or 3 or higher); HC2=hybrid capture 

2; RLU/CO=relative light unit/cutoff. aHC2 RLU/CO threshold as at baseline.
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line HC2 testing alone was inferior to baseline cytology testing for all RLU/CO thres-
holds. The strategy with cytology triage of HC2-positive women and cytology testing 
at 12 months showed the best combination of relative sensitivity and false positivity 
rates for RLU/CO between 1 and 30. The RLU/CO data points for this strategy form 
a steep curve. This indicates that at increasing RLU/CO thresholds, the reduction  
in false positivity rate in this strategy is relatively small, whereas the decrease in  
sensitivity is substantial. Thus, low RLU/CO values are required to maintain high  
sensitivity.
 

is of particular importance for women of reproductive age, because
it has been shown that the rate of serious obstetrical complications,
such as preterm deliveries, low birth weight and premature rupture
of the membranes, is increased after excisional treatments for
precancerous lesions (Kyrgiou et al, 2006). Therefore, there is a
need to identify strategies that minimise the need for colposcopy
referrals with hrHPV testing, while maintaining its advantage in
terms of sensitivity. A number of studies have evaluated the
optimisation of cervical screening by studying the different hrHPV
HC2 cutoff levels for test positivity (Kuhn et al, 2000; Schiffman
et al, 2000; Clavel et al, 2001; Kulmala et al, 2004; Ronco et al,
2006a, b; Kotaniemi-Talonen et al, 2008; Sargent et al, 2010).
Kotaniemi-Talonen et al concluded that when used as a sole
screening test, the hrHPV test cutoff level can be increased to 10
RLU/CO. The specificity of hrHPV screening, however, remained
lower than that with conventional cytology testing even at the
threshold of 10 RLU/CO. This is in line with our findings for the
strategy of baseline HC2 testing only. It should be noted that the
hrHPV test may compare to be more favourable with cytology in
other countries. In the Netherlands and Finland, the specificity of
cytology is quite high. This is also the case for other European
screening programmes (Cuzick et al, 2006), but worldwide the
specificity of cytology is highly variable (Nanda et al, 2000). Ronco
et al (2006a, b) proposed only a slight increase of the threshold up
to 2.00 RLU/CO when HC2 is used for population-based screening.
The same threshold has been proposed by Sargent et al (2010). A
minimal increase in threshold reflects a preference for a sensitive
screening strategy. We found that, in an hrHPV DNA screening
strategy with cytology triage and cytology testing at one follow-up

visit, an increased sensitivity as well as decreased colposcopy
referral rate is possible with RLU/CO thresholds up to 30. Given
our observation that hrHPV testing cannot be used as a sole
screening instrument and that triage and repeated testing is
necessary anyhow, we also prefer a low threshold of 1 to maintain
the highest sensitivity.
There are some limitations in our study. In this study, women

received cytology and hrHPV testing, and based on both results,
women were referred for colposcopy. Therefore, we were not able to
compare different RLU/CO thresholds outcomes with current
cytology screening programme but only with baseline cytology
testing. Furthermore, we adjusted for non-attendance at repeat
testing, but the results were not adjusted for differences in intensity
of follow-up testing. In addition, actual colposcopies were not
reported. Another limitation of our study may be the use of a
subjective test, such as cytology, as a triage test for hrHPV-positive
women. Awareness of the negative or positive hrHPV test result may
affect the criteria for defining cellular abnormalities. However, in this
study, the cytotechnicians were not informed about the hrHPV test
result. Nevertheless, even in case cytotechnicians were aware of the
hrHPV test results, as in a Finnish trial (Leinonen et al, 2009), the
hrHPV test information only had a small effect on cytology
assessment, and therefore on the CIN3þ detection rate and the
number of colposcopies. In this context, it may be expected that in
the near future molecular biomarkers may be used as objective triage
tests of hrHPV-positive women. Suitable candidate novel biomarkers
such as HPV mRNA (Molden et al, 2005), p16 ink4a (Carozzi et al,
2008), methylation markers (Overmeer et al, 2008, 2009) or
genotyping might further enhance the efficacy of screening with
hrHPV DNA (Cuschieri et al, 2004). Presently, we are investigating
the possible value of such alternative triage tests in hrHPV-positive
women and preliminary results show that better results can be
obtained than with cytology (Heideman et al, 2010).
Our finding that hrHPV testing alone at the predefined assay

threshold of 1 RLU/CO had a somewhat lower specificity than
cytology for CIN2þ and CIN3þ is consistent with results from
other randomised and nonrandomised studies using HC2 testing
(Kotaniemi-Talonen et al, 2005; Arbyn et al, 2006; Cuzick et al,
2006, 2008; Ronco et al, 2006a, b; Mayrand et al, 2007; Kitchener
et al, 2009; Leinonen et al, 2009) or another clinically validated
hrHPV test (Bulk et al, 2007; Naucler et al, 2007). However,
compared with these studies, our observed specificity of the
hrHPV test was relatively high (i.e., 95.9% (95% CI 95.7–96.2) for
CIN2þ and 95.5% (95% CI 95.3–95.8) for CIN3þ ). At least in
part, this difference in specificity estimates may be explained by
differences in the design of hrHPV screening studies and study
populations. Our study included hrHPV testing combined with
cytology. In addition, it was conducted within the setting of an
organised cervical screening programme with high invitational
coverage and low incidence of cervical cancer.
A strong point of this study is the longitudinal design and the

older age range of study participants (30–60 years), which is the
age for which hrHPV testing is most widely advocated (Wright Jr
et al, 2004; Naucler et al, 2007; Ronco et al, 2009). The study was
population-based and part of a routine organised screening
activity in a low-risk population, indicating that the results could
be implemented in routine practice.
To conclude, no RLU/CO threshold was found for which HC2

testing at baseline resulted in a similar or lower colposcopy referral
rate than baseline cytology, while maintaining a higher sensitivity.
Superior combinations of sensitivity and colposcopy rate are

possible for HC2 testing with cytology triage at baseline and
repeated cytology testing after 1 year. As increasing the RLU/CO
threshold only marginally decreases colposcopy referral rate while
substantially reducing sensitivity, we suggest maintaining the
currently used RLU/CO threshold of 1. This results in more than
30% higher sensitivities for CIN3þ than cytology testing at a 20%
lower false positivity rate and 6% lower colposcopy referral rate.
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Figure 2 Relative sensitivity vs relative false positivity rate for three
strategies for hybrid capture 2 (HC2)-positive women at different relative
light unit/cutoff (RLU/CO) thresholds compared with baseline cytology
(cyto) testing, for detection of cervical intraepithelial neoplasia grade 3 or
higher (CIN3þ ). Relative sensitivity for detection of CIN3þ is plotted on
the y-axis, against the relative false positivity rate on the x-axis. The used
HC2 RLU/CO thresholds are indicated at the respective positions above
each plot. I: quadrant with relative sensitivity and relative false positivity rate
greater than cytology; II: panel with relative sensitivity greater than and
relative false positivity rate lower than cytology; III: panel with relative
sensitivity lower than and relative false positivity rate lower than cytology;
IV: panel with relative sensitivity and relative false positivity rate lower than
cytology. BMD, borderline or mild dyskaryosis.
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is of particular importance for women of reproductive age, because
it has been shown that the rate of serious obstetrical complications,
such as preterm deliveries, low birth weight and premature rupture
of the membranes, is increased after excisional treatments for
precancerous lesions (Kyrgiou et al, 2006). Therefore, there is a
need to identify strategies that minimise the need for colposcopy
referrals with hrHPV testing, while maintaining its advantage in
terms of sensitivity. A number of studies have evaluated the
optimisation of cervical screening by studying the different hrHPV
HC2 cutoff levels for test positivity (Kuhn et al, 2000; Schiffman
et al, 2000; Clavel et al, 2001; Kulmala et al, 2004; Ronco et al,
2006a, b; Kotaniemi-Talonen et al, 2008; Sargent et al, 2010).
Kotaniemi-Talonen et al concluded that when used as a sole
screening test, the hrHPV test cutoff level can be increased to 10
RLU/CO. The specificity of hrHPV screening, however, remained
lower than that with conventional cytology testing even at the
threshold of 10 RLU/CO. This is in line with our findings for the
strategy of baseline HC2 testing only. It should be noted that the
hrHPV test may compare to be more favourable with cytology in
other countries. In the Netherlands and Finland, the specificity of
cytology is quite high. This is also the case for other European
screening programmes (Cuzick et al, 2006), but worldwide the
specificity of cytology is highly variable (Nanda et al, 2000). Ronco
et al (2006a, b) proposed only a slight increase of the threshold up
to 2.00 RLU/CO when HC2 is used for population-based screening.
The same threshold has been proposed by Sargent et al (2010). A
minimal increase in threshold reflects a preference for a sensitive
screening strategy. We found that, in an hrHPV DNA screening
strategy with cytology triage and cytology testing at one follow-up

visit, an increased sensitivity as well as decreased colposcopy
referral rate is possible with RLU/CO thresholds up to 30. Given
our observation that hrHPV testing cannot be used as a sole
screening instrument and that triage and repeated testing is
necessary anyhow, we also prefer a low threshold of 1 to maintain
the highest sensitivity.
There are some limitations in our study. In this study, women

received cytology and hrHPV testing, and based on both results,
women were referred for colposcopy. Therefore, we were not able to
compare different RLU/CO thresholds outcomes with current
cytology screening programme but only with baseline cytology
testing. Furthermore, we adjusted for non-attendance at repeat
testing, but the results were not adjusted for differences in intensity
of follow-up testing. In addition, actual colposcopies were not
reported. Another limitation of our study may be the use of a
subjective test, such as cytology, as a triage test for hrHPV-positive
women. Awareness of the negative or positive hrHPV test result may
affect the criteria for defining cellular abnormalities. However, in this
study, the cytotechnicians were not informed about the hrHPV test
result. Nevertheless, even in case cytotechnicians were aware of the
hrHPV test results, as in a Finnish trial (Leinonen et al, 2009), the
hrHPV test information only had a small effect on cytology
assessment, and therefore on the CIN3þ detection rate and the
number of colposcopies. In this context, it may be expected that in
the near future molecular biomarkers may be used as objective triage
tests of hrHPV-positive women. Suitable candidate novel biomarkers
such as HPV mRNA (Molden et al, 2005), p16 ink4a (Carozzi et al,
2008), methylation markers (Overmeer et al, 2008, 2009) or
genotyping might further enhance the efficacy of screening with
hrHPV DNA (Cuschieri et al, 2004). Presently, we are investigating
the possible value of such alternative triage tests in hrHPV-positive
women and preliminary results show that better results can be
obtained than with cytology (Heideman et al, 2010).
Our finding that hrHPV testing alone at the predefined assay

threshold of 1 RLU/CO had a somewhat lower specificity than
cytology for CIN2þ and CIN3þ is consistent with results from
other randomised and nonrandomised studies using HC2 testing
(Kotaniemi-Talonen et al, 2005; Arbyn et al, 2006; Cuzick et al,
2006, 2008; Ronco et al, 2006a, b; Mayrand et al, 2007; Kitchener
et al, 2009; Leinonen et al, 2009) or another clinically validated
hrHPV test (Bulk et al, 2007; Naucler et al, 2007). However,
compared with these studies, our observed specificity of the
hrHPV test was relatively high (i.e., 95.9% (95% CI 95.7–96.2) for
CIN2þ and 95.5% (95% CI 95.3–95.8) for CIN3þ ). At least in
part, this difference in specificity estimates may be explained by
differences in the design of hrHPV screening studies and study
populations. Our study included hrHPV testing combined with
cytology. In addition, it was conducted within the setting of an
organised cervical screening programme with high invitational
coverage and low incidence of cervical cancer.
A strong point of this study is the longitudinal design and the

older age range of study participants (30–60 years), which is the
age for which hrHPV testing is most widely advocated (Wright Jr
et al, 2004; Naucler et al, 2007; Ronco et al, 2009). The study was
population-based and part of a routine organised screening
activity in a low-risk population, indicating that the results could
be implemented in routine practice.
To conclude, no RLU/CO threshold was found for which HC2

testing at baseline resulted in a similar or lower colposcopy referral
rate than baseline cytology, while maintaining a higher sensitivity.
Superior combinations of sensitivity and colposcopy rate are

possible for HC2 testing with cytology triage at baseline and
repeated cytology testing after 1 year. As increasing the RLU/CO
threshold only marginally decreases colposcopy referral rate while
substantially reducing sensitivity, we suggest maintaining the
currently used RLU/CO threshold of 1. This results in more than
30% higher sensitivities for CIN3þ than cytology testing at a 20%
lower false positivity rate and 6% lower colposcopy referral rate.
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Figure 2 Relative sensitivity vs relative false positivity rate for three
strategies for hybrid capture 2 (HC2)-positive women at different relative
light unit/cutoff (RLU/CO) thresholds compared with baseline cytology
(cyto) testing, for detection of cervical intraepithelial neoplasia grade 3 or
higher (CIN3þ ). Relative sensitivity for detection of CIN3þ is plotted on
the y-axis, against the relative false positivity rate on the x-axis. The used
HC2 RLU/CO thresholds are indicated at the respective positions above
each plot. I: quadrant with relative sensitivity and relative false positivity rate
greater than cytology; II: panel with relative sensitivity greater than and
relative false positivity rate lower than cytology; III: panel with relative
sensitivity lower than and relative false positivity rate lower than cytology;
IV: panel with relative sensitivity and relative false positivity rate lower than
cytology. BMD, borderline or mild dyskaryosis.
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Figure 2 Relative sensitivity vs relative false positivity rate for three strategies for hybrid capture 2 (HC2)-positive women 

at different relative light unit/cutoff (RLU/CO) thresholds compared with baseline cytology (cyto) testing, for detection of  

cervical intraepithelial neoplasia grade 3 or higher (CIN3+). Relative sensitivity for detection of CIN3+ is plotted on 

the y-axis, against the relative false positivity rate on the x-axis. The used HC2 RLU/CO thresholds are indicated at the  

respective positions above each plot. I: quadrant with relative sensitivity and relative false positivity rate greater than  

cytology; II: panel with relative sensitivity greater than and relative false positivity rate lower than cytology; III: panel with 

relative sensitivity lower than and relative false positivity rate lower than cytology; IV: panel with relative sensitivity and  

relative false positivity rate lowerthan cytology. BMD = borderline or mild dyskaryosis.
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Discussion
In this study, we evaluated three possible cervical screening strategies that are based 
on hrHPV testing with different HC2 thresholds and compared them with baseline  
cytology testing (threshold BMD). We aimed to improve the specificity of hrHPV 
screening by increasing the RLU/CO threshold, while maintaining a higher sensitiv-
ity than baseline cytological testing. The results are based on data from the VUSA-
Screen study, a population-based cohort study carried out in the Utrecht province of 
the Netherlands. We found that compared with baseline cytology testing, there was 
no HC2 RLU/CO threshold for which a screening strategy of hrHPV testing as a sole  
primary screening instrument resulted in both superior sensitivity as well as similar  
(or lower) colposcopy rate and equal (or higher) specificity. As baseline hrHPV testing 
cannot improve baseline cytology testing, even at increased RLU/CO thresholds, we 
conclude that some form of triage and follow-up is required in hrHPV screening. 
 Given that follow-up testing is required in hrHPV-positive women, we searched 
for a strategy that did not increase colposcopy referral rate compared with  
cytological testing. A screening strategy that was clearly superior to baseline  
cytological testing was primary hrHPV screening, with RLU/CO thresholds between  
1 and 30 and cytology triage at baseline and repeated cytology testing at 12 months. 
This strategy was not only more sensitive than baseline cytology testing but also  
resulted in lower false positivity rates and in fewer colposcopy referrals. Using HC2 RLU/
CO thresholds between 1 and 5 results in higher sensitivity (relative sensitivity between 
1.32 and 1.25, respectively) and a reduced colposcopy referral rate (between 6 and 
16%, respectively) compared with baseline cytology testing. The current threshold of 1 
RLU/CO makes optimal use of the superior sensitivity of the hrHPV test for CIN3+/CIN2+, 
without actually increasing the colposcopy referral rate compared with baseline  
cytology. The colposcopy referral rate of this strategy is therefore substantially lower 
than a screening scenario with baseline hrHPV testing only. In addition, a screening 
strategy with a high sensitivity may allow for extension of the screening interval, which 
in turn reduces colposcopy referral rates.34 
 An important issue in the debate about implementation of hrHPV testing has been 
the increased adverse effects in terms of unnecessary referrals for colposcopy among 
women with a positive hrHPV test. The issue of overdiagnosis and overtreatment  
is of particular importance for women of reproductive age, because it has been 
shown that the rate of serious obstetrical complications, such as preterm deliveries,  
low birth weight and premature rupture of the membranes, is increased after  
excisional treatments for precancerous lesions.35 Therefore, there is a need to identify 
strategies that minimise the need for colposcopy referrals with hrHPV testing, while 
maintaining its advantage in terms of sensitivity. A number of studies have evaluated 
the optimisation of cervical screening by studying the different hrHPV HC2 cutoff levels  
for test positivity.36;20;22;24;25;37-39 Kotaniemi-Talonen et al 24 concluded that when used 
as a sole screening test, the hrHPV test cutoff level can be increased to 10 RLU/
CO. The specificity of hrHPV screening, however, remained lower than that with  
conventional cytology testing even at the threshold of 10 RLU/CO. This is in line with our 
findings for the strategy of baseline HC2 testing only. It should be noted that the hrHPV 



HC2 testing at different thresholds

CHAPTER 6
106

C
H

A
PTER

 6

test may compare to be more favourable with cytology in other countries. In the  
Netherlands and Finland, the specificity of cytology is quite high. This is also the case for 
other European screening programmes,12 but worldwide the specificity of cytology  
is highly variable.40 Ronco et al 20;39 proposed only a slight increase of the threshold 
up to 2.00 RLU/CO when HC2 is used for population-based screening. The same 
threshold has been proposed by Sargent et al.25 A minimal increase in threshold 
reflects a preference for a sensitive screening strategy. We found that, in an hrHPV 
DNA screening strategy with cytology triage and cytology testing at one follow-up 
visit, an increased sensitivity as well as decreased colposcopy referral rate is possible 
with RLU/CO thresholds up to 30. Given our observation that hrHPV testing cannot be 
used as a sole screening instrument and that triage and repeated testing is necessary 
anyhow, we also prefer a low threshold of 1 to maintain the highest sensitivity. 
 There are some limitations in our study. In this study, women received cytology  
and hrHPV testing, and based on both results, women were referred for colposcopy.  
Therefore, we were not able to compare different RLU/CO thresholds outcomes 
with current cytology screening programme but only with baseline cytology testing.  
Furthermore, we adjusted for non-attendance at repeat testing, but the results were 
not adjusted for differences in intensity of follow-up testing. In addition, actual colpos-
copies were not reported. Another limitation of our study may be the use of a subjective  
test, such as cytology, as a triage test for hrHPV-positive women. Awareness of the 
negative or positive hrHPV test result may affect the criteria for defining cellular  
abnormalities. However, in this study, the cytotechnicians were not informed about 
the hrHPV test result. Nevertheless, even in case cytotechnicians were aware of the 
hrHPV test results, as in a  Finnish trial,41  the hrHPV test information only had a small 
effect on cytology assessment, and therefore on the CIN3+ detection rate and the 
number of colposcopies. In this context, it may be expected that in the near future 
molecular biomarkers may be used as objective triage tests of hrHPV-positive women.  
Suitable candidate novel biomarkers such as HPV mRNA,42 p16 ink4a,43 methy-
lation markers,44;45 or genotyping might further enhance the efficacy of screening with 
hrHPV DNA.46  Presently, we are investigating the possible value of such alternative 
triage tests in hrHPV-positive women and preliminary results show that better results 
can be obtained than with cytology.47

 Our finding that hrHPV testing alone at the predefined assay threshold of  
1 RLU/CO had a somewhat lower specificity than cytology for CIN2+ and CIN3+ is 
consistent with results from other randomised and nonrandomised studies using 
HC2 testing,12;14;19;20;39;41;48;49 or another clinically validated hrHPV test.15;50 However, 
compared with these studies, our observed specificity of the hrHPV test was relatively high  
(i.e., 95.9% (95% CI 95.7–96.2) for CIN2+ and 95.5% (95% CI 95.3–95.8) for CIN3+).  
At least in part, this difference in specificity estimates may be explained by differences 
in the design of hrHPV screening studies and study populations. Our study included 
hrHPV testing combined with cytology. In addition, it was conducted within the setting  
of an organised cervical screening programme with high invitational coverage and 
low incidence of cervical cancer. 
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 A strong point of this study is the longitudinal design and the older age range 
of study participants (30–60 years), which is the age for which hrHPV testing is most 
widely advocated.15;51;52 The study was population-based and part of a routine or-
ganised screening activity in a low-risk population, indicating that the results could be 
implemented in routine practice. 
 To conclude, no RLU/CO threshold was found for which HC2 testing at  
baseline resulted in a similar or lower colposcopy referral rate than baseline cytology, 
while maintaining a higher sensitivity. 
 Superior combinations of sensitivity and colposcopy rate are possible for HC2 testing  
with cytology triage at baseline and repeated cytology testing after 1 year. As  
increasing the RLU/CO threshold only marginally decreases colposcopy referral rate 
while substantially reducing sensitivity, we suggest maintaining the currently used RLU/
CO threshold of 1. This results in more than 30% higher sensitivities for CIN3+ than cytology  
testing at a 20% lower false positivity rate and 6% lower colposcopy referral rate.

References
 1.  Walboomers JM, Jacobs MV, Manos MM, et al. Human papillomavirus is a necessary cause of invasive cervical 

cancer worldwide. J Pathol 1999;189:12-1
 2.  Bosch FX, Lorincz A, Munoz N, et al. The causal relation between human papillomavirus and cervical cancer.  

J Clin Pathol 2002;55:244-65
 3.  Munoz N, Bosch FX, de Sanjose S, et al. Epidemiologic classification of human papillomavirus types associated 

with cervical cancer. N Engl J Med 2003;348:518-27
 4.  Harper DM, Franco EL, Wheeler CM, et al. Sustained efficacy up to 4.5 years of a bivalent L1 virus-like  

particle vaccine against human papillomavirus types 16 and 18: follow-up from a randomised control trial. 
Lancet 2006;367:1247-55

 5.   Quadrivalent vaccine against human papillomavirus to prevent high-grade cervical lesions. N Engl J Med 
2007;356:1915-27

 6.  Paavonen J, Naud P, Salmeron J, et al. Efficacy of human papillomavirus (HPV)-16/18 AS04-adjuvanted  
vacine against cervical infection and precancer caused by oncogenic HPV types (PATRICIA): final analysis of a 
double-blind, randomised study in young women. Lancet 2009;374:301-14

 7.  Romanowski B, de Borba PC, Naud PS, et al. Sustained efficacy and immunogenicity of the human papilloma-
virus (HPV)-16/18 AS04-adjuvanted vaccine: analysis of a randomisedplacebo-controlled trial up to 6.4 years. 
Lancet 2009;374:1975-85

 8.  Franco EL, Cuzick J, Hildesheim A, et al. Chapter 20: Issues in planning cervical cancer screening in the era of 
HPV vaccination. Vaccine 2006;24 Suppl 3:S171-S177

 9.  Goldhaber-Fiebert JD, Stout NK, Salomon JA, et al. Cost-effectiveness of cervical cancer screening with human 
papillomavirus DNA testing and HPV-16,18 vaccination. J Natl Cancer Inst 2008;100:308-20

 10.  Coupe VM, de Melker HE, Snijders PJ, et al. How to screen for cervical cancer after HPV16/18 vaccination in the 
Netherlands. Vaccine 2009;27:5111-19

 11.  Bray F, Loos AH, McCarron P, et al. Trends in cervical squamous cell carcinoma incidence in 13 European  
countries: changing risk and the effects of screening. Cancer Epidemiol Biomarkers Prev 2005;14:677-86

 12.  Cuzick J, Clavel C, Petry KU, et al. Overview of the European and North American studies on HPV testing in 
primary cervical cancer screening. Int J Cancer 2006;119:1095-101

 13.  Bulkmans NW, Berkhof J, Rozendaal L, et al. Human papillomavirus DNA testing for the detection of cervical 
intraepithelial neoplasia grade 3 and cancer: 5-year follow-up of a randomise controlled implementation trial. 
Lancet 2007;370:1764-72

 14.  Mayrand MH, Duarte-Franco E, Rodrigues I, et al. Human papillomavirus DNA versus Papanicolaou screening 
tests for cervical cancer. N Engl J Med 2007;357:1579-88

 15.  Naucler P, Ryd W, Tornberg S, et al. Human papillomavirus and Papanicolaou tests to screen for cervical cancer. 
N Engl J Med 2007;357:1589-97

 16.  Ronco G, Giorgi-Rossi P, Carozzi F, et al. Results at recruitment from a randomized controlled trial comparing 
human papillomavirus testing alone with conventional cytology as the primary cervical cancer screening test.  
J Natl Cancer Inst 2008;100:492-501

 17.  Ronco G, Giorgi-Rossi P, Carozzi F, et al. Efficacy of human papillomavirus testing for the detection of invasive 
cervical cancers and cervical intraepithelial neoplasia: a randomised controlled trial. Lancet Oncol 2010;



HC2 testing at different thresholds

CHAPTER 6
108

C
H

A
PTER

 6

 18.  Meijer CJ, Berkhof J, Castle PE, et al. Guidelines for human papillomavirus DNA test requirements for primary 
cervical cancer screening in women 30 years and older. Int J Cancer 2009;124:516-20

 19.  Arbyn M, Sasieni P, Meijer CJ, et al. Chapter 9: Clinical applications of HPV testing: A summary of meta-analyses. 
Vaccine 2006;24 Suppl 3:S78-S89

 20.  Ronco G, Segnan N, Giorgi-Rossi P, et al. Human papillomavirus testing and liquid-based cytology: results at 
recruitment from the new technologies for cervical cancer randomized controlled trial. J Natl Cancer Inst 
2006;98:765-74

 21.  Naucler P, Ryd W, Tornberg S, et al. Efficacy of HPV DNA testing with cytology triage and/or repeat HPV DNA 
testing in primary cervical cancer screening. J Natl Cancer Inst 2009;101:88-99

 22.  Clavel C, Masure M, Bory JP, et al. Human papillomavirus testing in primary screening for the detection of  
high-grade cervical lesions: a study of 7932 women. Br J Cancer 2001;84:1616-23

 23.  Hesselink AT, Bulkmans NW, Berkhof J, et al. Cross-sectional comparison of an automated hybrid capture 2 assay 
and the consensus GP5+/6+ PCR method in a population-based cervical screening program. J Clin Microbiol 
2006;44:3680-85

 24.  Kotaniemi-Talonen L, Malila N, Nieminen P, et al. Test positivity cutoff level of a high risk human papillomavirus 
test could be increased in routine cervical cancer screening. Int J Cancer 2008;123:2902-06

 25.  Sargent A, Bailey A, Turner A, et al. Optimal threshold for a positive hybrid capture 2 test for detection of human 
papillomavirus: data from the ARTISTIC trial. J Clin Microbiol 2010;48:554-58

 26.  Rijkaart DC, Berkhof J, van Kemenade FJ, et al. Comparison of HPV and cytology triage algorithms for women 
with borderline or mild dyskaryosis in population-based cervical screening (VUSA-screen study). Int J Cancer 
2010;126:2175-81

 27.  Bulk S, van Kemenade FJ, Rozendaal L, et al. The Dutch CISOE-A framework for cytology reporting increases 
efficacy of screening upon standardisation since 1996. J Clin Pathol 2004;57:388-93

 28.  Hopman EH, Rozendaal L, Voorhorst FJ, et al. High risk human papillomavirus in women with normal cervical 
cytology prior to the development of abnormal cytology and colposcopy. BJOG 2000;107:600-04

 29.  Anderson MC. Premalignant and malignant squamous lesions of the cervix. In:Fox H, Wells M, Haines, Taylor, eds. 
Obstetrical and gynaecological pathology. New York: Chruchill Livingstone; 1995; 292-297

 30.  Wright TC. Precancerous lesions of the cervix. RJ Kurman, Editor, Blaustein’s pathology of the female genital 
tract (4th edn ) 2009;Springer Verslag, New York (1995):248-57

 31.  Begg CB, Greenes RA. Assessment of diagnostic tests when disease verification is subject to selection bias.  
Biometrics 1983;39:207-15

 32.  Kulasingam SL, Hughes JP, Kiviat NB, et al. Evaluation of human papillomavirus testing in primary screening for 
cervical abnormalities: comparison of sensitivity, specificity, and frequency of referral. JAMA 2002;288:1749-57

 33.  Pepe MS, Alonzo TA. Comparing disease screening tests when true disease status is ascertained only for screen 
positives. Biostatistics 2001;2:249-60

 34.  Berkhof J, Coupe VM, Bogaards JA, et al. The health and economic effects of HPV DNA screening in the  
Netherlands. Int J Cancer 2010;

 35.  Kyrgiou M, Koliopoulos G, Martin-Hirsch P, et al. Obstetric outcomes after conservative treatment for  
intraepithelial or early invasive cervical lesions: systematic review and meta-analysis. Lancet 2006;367:489-98

 36.  Kuhn L, Denny L, Pollack A, et al. Human papillomavirus DNA testing for cervical cancer screening in  
low-resource settings. J Natl Cancer Inst 2000;92:818-25

 37.  Schiffman M, Herrero R, Hildesheim A, et al. HPV DNA testing in cervical cancer screening: results from women 
in a high-risk province of Costa Rica. JAMA 2000;283:87-93

 38.  Kulmala SM, Syrjanen S, Shabalova I, et al. Human papillomavirus testing with the hybrid capture 2 assay and 
PCR as screening tools. J Clin Microbiol 2004;42:2470-75

 39.  Ronco G, Giorgi-Rossi P, Carozzi F, et al. Human papillomavirus testing and liquid-based cytology in primary 
screening of women younger than 35 years: results at recruitment for a randomised controlled trial. Lancet 
Oncol 2006;7:547-55

 40.  Nanda K, McCrory DC, Myers ER, et al. Accuracy of the Papanicolaou test in screening for and follow-up of 
cervical cytologic abnormalities: a systematic review. Ann Intern Med 2000;132:810-19

 41.  Leinonen M, Nieminen P, Kotaniemi-Talonen L, et al. Age-specific evaluation of primary human papillomavirus 
screening vs conventional cytology in a randomized setting. J Natl Cancer Inst 2009;101:1612-23

 42.  Molden T, Kraus I, Karlsen F, et al. Comparison of human papillomavirus messenger RNA and DNA detection: a 
cross-sectional study of 4,136 women >30 years of age with a 2-year follow-up of high-grade squamous intra-
epithelial lesion. Cancer Epidemiol Biomarkers Prev 2005;14:367-72

 43.  Carozzi F, Confortini M, Dalla PP, et al. Use of p16-INK4A overexpression to increase the specificity of human 
papillomavirus testing: a nested substudy of the NTCC randomised controlled trial. Lancet Oncol 2008;9:937-45

 44.  Overmeer RM, Henken FE, Snijders PJ, et al. Association between dense CADM1 promoter methylation and 
reduced protein expression in high-grade CIN and cervical SCC. J Pathol 2008;215:388-97

 45.  Overmeer RM, Henken FE, Bierkens M, et al. Repression of MAL tumour suppressor activity by promoter  
methylation during cervical carcinogenesis. J Pathol 2009;219:327-36

 46.  Cuschieri KS, Whitley MJ, Cubie HA. Human papillomavirus type specific DNA and RNA persistence--implications 
for cervical disease progression and monitoring. J Med Virol 2004;73:65-70



HC2 testing at different thresholds

CHAPTER 6
109

C
H

A
PT

ER
 6

 47.  Heideman DAM, Steenbergen RDM, Hesselink AT, et al. Triage of HPV positive women by non-morphological 
methods. Abstract Eurogin 2010 [SS 8-1], 119. 2010. 

 48.  Kotaniemi-Talonen L, Nieminen P, Anttila A, et al. Routine cervical screening with primary HPV testing and  
cytology triage protocol in a randomised setting. Br J Cancer 2005;93:862-67

 49.  Kitchener HC, Almonte M, Thomson C, et al. HPV testing in combination with liquid-based cytology in primary 
cervical screening (ARTISTIC): a randomised controlled trial. Lancet Oncol 2009;10:672-82

 50.  Bulk S, Bulkmans NW, Berkhof J, et al. Risk of high-grade cervical intra-epithelial neoplasia based on cytology 
and high-risk HPV testing at baseline and at 6-months. Int J Cancer 2007;121:36167

 51.  Wright TC, Jr., Schiffman M, Solomon D, et al. Interim guidance for the use of human papillomavirus DNA testing 
as an adjunct to cervical cytology for screening. Obstet Gynecol 2004;103:304-09

 52.  Ronco G, Arbyn M, Segnan N. Cervical screening according to age and HPV status. BMJ 2009;339:b3005




