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Abstract

Background: The study presents cross-sectional accuracy of E6 and E7 (E6/E7) mRNA detection and p16/ki67 dual staining,
alone or in combination with cytology and human papillomavirus (HPV)16/18 genotyping, as a triage test in HPV DNA-
positive women and their impact on cervical intraepithelial neoplasia (CIN2þ) overdiagnosis. Methods: Women aged 25-64
years were recruited. HPV DNA-positive women were triaged with cytology and tested for E6/E7 mRNA and p16/ki67. Cytology
positive women were referred to colposcopy, and negatives were randomly assigned to immediate colposcopy or to 1-year
HPV retesting. Lesions found within 24 months since recruitment were included. All P values were 2-sided. Results: 40 509
women were recruited, and 3147 (7.8%) tested HPV DNA positive; 174 CIN2þwere found: sensitivity was 61.0% (95%
confidence interval [CI] ¼ 53.6 to 68.0), 94.4% (95% CI ¼ 89.1 to 97.3), and 75.2% (95% CI ¼ 68.1 to 81.6) for cytology, E6/E7
mRNA, and p16/ki67, respectively. Immediate referral was 25.6%, 66.8%, and 28.3%, respectively. Overall referral was 65.3%,
78.3%, and 63.3%, respectively. Cytology or p16/ki67, when combined with HPV16/18 typing, reached higher sensitivity with a
small impact on referral. Among the 2306 HPV DNA-positive and cytology-negative women, relative CIN2þ detection in those
randomly assigned at 1-year retesting vs immediate colposcopy suggests a -28% CIN2þ regression (95% CI ¼ -57% to þ20%);
regression was higher in E6/E7 mRNA-negatives (Pinteraction ¼ .29). HPV clearance at 1 year in E6/E7 mRNA and in p16/ki67 neg-
ative women was about 2 times higher than in positive women (Pinteraction < .001 for both). Conclusions: p16/ki67 showed
good performance as a triage test. E6/E7 mRNA showed the highest sensitivity, at the price of too high a positivity rate to be
efficient for triage. However, when negative, it showed a good prognostic value for clearance and CIN2þ regression.

Human papillomavirus (HPV) DNA-based screening has been
shown to be more effective than cytology-based screening, and
its implementation is fundamental for cervical cancer elimina-
tion (1,2). It is replacing cytology-based screening in most high
income countries and is now also the recommended strategy
for low-income countries (3).

Positivity to HPV DNA is too high and prevalence of lesions
in HPV DNA-positive women too low to refer all HPV DNA-
positive women to colposcopy (4). It is therefore necessary to
apply a triage test to identify those women who need immedi-
ate colposcopy and those who should undergo surveillance. To
date, cytology, alone or in combination with partial genotyping,
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is the only triage strategy recommended by European (4) and US
guidelines (5,6). Several biomarkers have been proposed as tri-
age tests (7), including those targeting molecular changes due to
overexpression of the viral oncogenes E6 and E7 (E6/E7), which
are technologically well developed and mature for implementa-
tion, if proven to have better performance (8-17).

HPV DNA-based screening can also potentially increase
false-positive histology results (18) and especially unnecessary
treatments of regressive lesions. High-grade cervical intraepi-
thelial neoplasia (CIN), particularly CIN2, is highly regressive,
and its treatment is associated with negative pregnancy out-
comes (19). Therefore, the ability of biomarkers to predict the
persistence of lesions is important. Very little evidence is, how-
ever, available about the association between biomarkers’ posi-
tivity and the probability of CIN2þ regression or virus clearance.

The clinical performance of a triage test depends on its accu-
racy as well as the algorithm of which it is part (eg, the se-
quence of tests, the interval for surveillance, and the test to be
used in surveillance). In some of the most widespread algo-
rithms, including that adopted by Italian screening programs
(Supplementary Figure 1, available online), HPV DNA-positive/
cytology-negative women are recalled after 12 months to be
retested for HPV DNA (4,6,20,21) and return to routine screening
if negative, whereas, if positive, they are referred to colposcopy.
With such algorithms, the association between being negative
to the triage test and clearance of HPV DNA is a strong determi-
nant of overall colposcopy referral (22). However, direct infor-
mation on how biomarkers predict clearance is lacking.

In the New Technologies for Cervical Cancer screening 2
(NTCC2) study, all of the HPV DNA-positive women were tested
for cytology and putative biomarkers (E6/E7 mRNA and p16/
ki67). Furthermore, HPV DNA-positive/cytology-negative
women were randomly assigned to immediate colposcopy or to
1-year HPV DNA retesting. This design permits a comparison of
the performance of these biomarkers, alone or in combination
with cytology and partial genotyping, as a triage test and of
their ability to predict CIN2þ regression and virus clearance.

Methods

Setting and Recruitment

Women were recruited from 5 Italian HPV DNA-based organized
cervical cancer screening programs using active call and recall

inviting systems (see Table 1). Colposcopies and follow-up visits
were managed with scheduled appointments at the screening
program facilities.

Study Design

The NTCC2 trial aimed at evaluating different biomarkers (E6/E7
mRNA [Aptima, Hologic, San Diego, CA]; p16/ki67 expression
[Roche Diagnostics, Basel, Switzerland]) as putative triage tests
for HPV DNA-positive women. Specific objectives were 1) to
compare the cross-sectional accuracy of cytology, HPV E6/E7
mRNA, and p16/ki67 as triage tests; 2) to measure the value of
these tests to predict CIN2 regression and HPV clearance in 1
year; and 3) to measure the 5-year CIN2þ and CIN3þ cumulative
detection in HPV DNA-positive/triage-negative women.

To assess point 2, HPV DNA-positive and cytology-negative
women were randomly assigned to immediate colposcopy or 1-
year HPV DNA retesting. Here, we report on points 1 and 2. Data
include all the CIN2þ found up to 24 months from recruitment,
so that the assessment of HPV DNA-positive women is com-
plete, and all the information necessary for the purpose is pre-
sented. Analyses include women recruited in 4 of the 5 centers
(see Table 1).

Women aged 25-59 years who reside in program areas and
are undergoing a new screening episode were eligible for the
study (see Figure 1). In Umbria, women aged 60-64 years were
also recruited and excluded from long-term follow-up but not
from the present analyses. Exclusion criteria were pregnancy
and treatment for a CIN2þ lesion in the previous 5 years. All
women meeting the inclusion criteria were asked to provide
written informed consent to participate in the trial. Women
who refused were screened by HPV DNA according to routine
practice. In these analyses, original histological diagnoses are
considered. In all centers, p16/ki67 staining for histology was
used only for equivocal cases.

Sample Size

The planned 60 000 women provided a 95% confidence interval
(CI) of þ/- 0.5 of 1000 of the CIN2þ cumulative incidence at
5 years in HPV-positive E6/E7 mRNA-negative women under the
following assumptions: a cumulative incidence of 1 of 1000 in
all the E6/E7 mRNA-negative women, 50% of the E6/E7 mRNA-

Table 1. Accrual timing, number of women, type of HPV DNA test, and HPV positivity rate, by NTCC2 study recruiting center

Recruiting center Age range, y No. of recruited women HPV DNA assay Date start Date stop HPV DNA positive (%)

Center
Umbria 35-64 15 145 Cobas 04/2013 07/2016 898 (5.9)
Veneto 25-59 7478 Cobas 05/2015 07/2016 447 (6.0)

25-59 2596 HC2 09/2014 05/2015 198 (7.6)
Florence 34-59 1049 Cobas 06/2016 10/2016 101 (9.6)

34-59 7136 HC2 06/2015 06/2016 710 (9.9)
Turin 30-59 7105 HC2 02/2016 01/2017 793 (11.2)
Total included in the present analyses 25-64 40 509 — 04/2013 01/2017 3147 (7.8)
Total Cobas of which HPV16 and/or 18 25-64 23 672 — 04/2013 10/2016 1446 (6.1)
Total HC2 25-59 16 837 — 09/2014 01/2017 1701 (10.1)
Trentoa 35-60 618 HC2 07/2016 10/2016 33 (5.3)
Total recruited 25-64 41 127 — 04/2013 01/2017 3180 (7.7)
Total Cobas 25-64 23 672 — 04/2013 10/2016 1446 (6.1)
Total HC2 25-60 17 455 — 09/2014 01/2017 1734 (9.9)

aData from Trento are not included in the analyses reported in this work. HPV ¼ human papillomavirus; NTCC2 ¼ New Technologies for Cervical Cancer screening 2.
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negative women who developed a lesion in the following 5
years were HPV DNA positive at recruitment, and 70% completed
follow up. This sample size would give an estimate of more than
400 CIN2þ lesions at baseline, in the hypothesis of a detection of
7 of 1000; with this number of CIN2þ the study would have more
than 90% power to observe as statistically significantly different
(alpha 0.05) two biomarkers with sensitivity 70% and 80%,

respectively(McNemar 2-tail test, under the hypothesis of correla-
tion � 0.01). This sample size would have given 62% power to de-
tect as statistically significant (P< .05) an 80% regression of the
HPV DNA-positive E6/E7 mRNA-negative CIN2þ in the 1-year con-
trol arm vs the immediate colposcopy arm when assuming that
7% of the CIN2þ found in HPV DNA-positive women are negative
to E6/E7 mRNA and that the total detection rate with HPV is 6 of

Figure 1. Study flowchart reporting recruitment process, randomization, and primary endpoint results. Women were invited for screening by the standard program

management system. Participating women were assessed for eligibility and, if eligible, were asked to participate; those willing signed informed consent. All women

underwent screening with human papillomavirus (HPV) DNA test with reflex cytology if positive; those included in the study and positive for HPV DNA were also tested

for biomarkers (E6/E7 mRNA, p16/ki67). Women with atypical squamous cells of undeterminde significance (ASC-US) or more severe cytology were referred to colpos-

copy; those negative for intraepithelial lesion or malignancy (NILM) were randomized to immediate colposcopy or to 1-year retesting (the routine protocol in Italy;

Supplementary Figure 1, available online). If HPV DNA positive at retesting, women were referred to colposcopy. CIN ¼ cervical intraepithelial neoplasia; colpo ¼
colposcopy.
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1000. Unfortunately, the actual detection was much lower (see
below).

Primary Testing

All women were tested for HPV DNA. Cervical samples were col-
lected in PreservCyt solution (Thin Prep, Hologic) and tested lo-
cally. Two different tests were used, based on the collection
period and center (see Table 1): 1) COBAS 4800 HPV test (Roche),
which separately reports positivity for HPV 16 and 18 and for at
least 1 of the remaining genotypes (31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66, and 68); 2) Hybrid Capture 2 (HC2, Qiagen, Hilden,
Germany) for the pooled detection of 13 high-risk types (same
as COBAS except HPV66). DNA was extracted using the
QIAsymphony DSP HPV Media Kit (Qiagen), and hybridization
was done by the Rapid Capture System (RCS) (Qiagen) according
to manufacturer’s instructions.

Management of HPV DNA-Positive Women

All HPV DNA-positive women had reflex cytology. Liquid-based
slides (Hologic) were prepared and interpreted in local screening
pathology laboratories using the Bethesda 2001 classification
(23). All biomarker analyses were performed on the same cervi-
covaginal sample.

Cytology-positive women were referred to colposcopy, as in
routine practice (Supplementary Figure 1, available online). HPV
DNA-positive/cytology-negative women were randomly
assigned, with 1:1 ratio, to immediate colposcopy or to repeat
HPV DNA test after 12 months. Women were referred to colpos-
copy if still positive or returned to a new screening round if neg-
ative (20). Gynecologists performing colposcopies and
colposcopy-guided biopsies were blind to biomarkers’ results.
Women with CIN2þ were treated almost exclusively with loop
electrosurgical excision procedure.

Randomization Procedures

Women were randomly assigned using locally implemented
systems nested in the screening management software.
Random assignment was automatically activated when the re-
sult of cytology was uploaded to or registered in the screening
database. Arm allocation automatically determined the next
steps. Unfortunately, the randomization procedure failed to
work for a few short periods in 2 centers because of routine soft-
ware updates, and in these periods, all women were allocated to
1-year retesting (Supplementary Table 1, available online).

Biomarkers

Biomarkers were assessed only in HPV DNA-positive samples.
The Aptima HPV Assay test (Hologic) detects E6/E7 viral

mRNA from 14 high-risk HPV types (16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, and 68, detected as a pool). The assay was per-
formed by the Panther system, according to manufacturer’s
instructions, as previously described (24). Signal-to-cutoff ratios
0.5 or higher were considered as positive.

Slides for P16/Ki67 immunostaining were prepared from the
same liquid-based cytological sample, after having obtained a
slide for cytology, using a ThinPrep 2000 or 5000 processor
(Hologic) and were immunostained using the CINtec PLUS kit
(Roche), according to manufacturer’s instructions, in 4

laboratories (Florence; Umbria; Turin, which also stained the
slides from Trento; and Regina Elena Institute, Rome, for sam-
ples collected in Veneto).

A plan for harmonizing interpretation criteria was imple-
mented before the start of the trial (24). All slides were read by 3
centers, blind to cytology and histology results, and classified as
positive, negative, or inadequate. Samples were scored as posi-
tive when double immunoreaction was revealed within at least
1 cell. Slides with less than 5000 squamous epithelial cells were
considered as inadequate but recorded as positive if showing
p16/ki67 immunopositive cells. Here, we used the majority diag-
nosis. If only 2 readings were informative, we considered the in-
terpretation made in the first reading.

Statistical Analyses

For stand-alone cytology, E6/E7 mRNA, and p16/ki67, we esti-
mated, among HPV DNA-positive women, the proportion of test
positives, sensitivity for histology-proven CIN2þ and CIN3þ,
specificity for less than CIN2, immediate and 1-year referral to
colposcopy when referring women positive for each putative tri-
age test immediately, and the remaining after 1-year if still HPV
DNA positive (Supplementary Figure 1, available online) and its
positive predictive value. Both raw values and values adjusted

for unequal arm size are reported (Supplementary Methods,
available online).

We estimated the same parameters also for the combined
use (colposcopy referral of women positive to either test; see
Supplementary Methods, available online) of HPV16/18 partial
genotyping (obtained from the Cobas test, thus available only
for about half of study participants) and cytology and of p16/
ki67. Other combinations with weaker rationale are reported in
Supplementary Table 2 (available online). Missing or invalid
samples were excluded from analyses. In the case of test combi-
nations, women with at least 1 valid positive test were always
kept because they would in any case be referred to colposcopy
(Supplementary Methods, available online). We computed sen-
sitivity and specificity of E6/E7 mRNA, p16/ki67, and biomarker
combinations including only women randomly assigned to im-
mediate colposcopy (Supplementary Methods, available online).
All 95% confidence intervals of proportions were obtained from
the exact binomial distribution.

To study the regression of CIN2þ, we compared CIN2þ de-
tection in the 1-year repeat arm (p1) to that in the immediate
colposcopy arm (p0) and used (p1-p0)/p0 as an estimate (see

Supplementary Methods, available online). Thus, the estimate
is based only on cytology-negative women. For each of the 2
studied biomarkers, we report estimates for biomarker-positive
and -negative women at baseline. In addition, we computed the
2-sided P value for the arm-biomarker interaction in a logistic
model as an estimate of the probability that a similar or larger
difference in the relative risk would occur under the null hy-
pothesis of equal regression in biomarker positives and nega-
tives. Given the low power of the study for this comparison, we
did not set a statistical significance threshold, and no formal
statistical test was performed. Noncompliers to colposcopy in
both arms and noncompliers to 1-year test repeat in the retest-
ing arm were excluded. To evaluate whether biomarker positiv-
ity was a predictor of HPV DNA persistence, we computed the
relative probability of clearance with 95% confidence intervals.
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Ethics

The study protocol was approved by the S. Giovanni Battista
University Hospital, Turin, Italy, on June 20, 2012 (N. CEI513) and
by the local committees of all recruiting centers. The study has
been registered (Clinicaltrials.gov registration number:
NCT01837693, NTCC2 study) (25).

Results

Accuracy of Triage Strategies

The 4 centers included in this analysis recruited 40 509 women
(Figure 1), including 600 aged 60 years and older. Of the 40 487
women with a valid HPV DNA test, 3147 (7.8%) were positive
(Table 1). Cytology was available for 3137, positive in 794 (25.3%)
and unsatisfactory in 37 (1.2%); positivity for type 16/18 was 27.0%
(391 of 1446 tested with Cobas); E6/E7 mRNA was available for
3131 and positive in 2092 (66.8%); p16/ki67 was available for 3069
of whom 822 (26.8%) were positive and 164 (5.3%) unsatisfactory.

Among the 2306 HPV DNA-positive/cytology-negative women,
1077 (46.7%) were randomly assigned to immediate colposcopy
and 1229 (53.3%) to 12-month HPV DNA retesting (Figures 1 and
2); their characteristics are reported in Supplementary Table 1
(available online). Delay in colposcopy was longer in the cytology-
negative women randomly assigned to immediate colposcopy
than in those cytology-positive (median time from HPV DNA test-
ing to colposcopy 93 vs 70 days, respectively). Overall, 174 CIN2þ
were diagnosed (including 95 CIN3 and 1 AIS).

The sensitivity of atypical squamous cells of undetermined
significance or more severe (ASC-USþ) cytology was just 61.0%
(95% CI ¼ 53.6% to 68.0%) for CIN2þ and 68.2% (95% CI ¼ 60.6%
to 75.2%) for CIN3þ, with 76.6% (95% CI ¼ 74.5% to 78.5%) specif-
icity for less than CIN2. E6/E7 mRNA had very high sensitivity
(94.4%, 95% CI ¼ 89.1% to 97.3%, and 96.9%, 95% CI ¼ 90.0% to
99.3%, for CIN 2þ and CIN3þ, respectively) but just 34.4% (95% CI
¼ 31.9% to 37.0%) specificity for less than CIN2. With p16/ki67,
dual-staining sensitivity (75.2%, 95% CI ¼ 68.1% to 81.6%, and
80.6%, 95% CI ¼ 70.9% to 88.3%, for CIN2þ and CIN3þ, respec-
tively) was lower than with E6/E7 mRNA but higher than with
cytology, whereas specificity (74.8%, 95% CI ¼ 72.4% to 77.1%)
was much higher than with E6/E7 mRNA and similar to that of
cytology (Table 2). Immediate referral to colposcopy was 25.6%
for cytology, 66.8% for E6/E7 mRNA, and 28.3% for p16/ki67,
whereas colposcopy referral after 1-year HPV-DNA retesting
was 39.7%, 11.4%, and 35.0%, respectively (Table 3).

When referring to immediate colposcopy, for all women
who were either cytology- or HPV16/18-positive, sensitivity
reached 93.8% (95% CI ¼ 82.8% to 98.7%) for CIN2þ and 91.9%
(95% CI ¼ 74.0% to 99.0%) for CIN3þ, but specificity was only
57.4% (95% CI ¼ 53.2% to 61.4%). Results were similar for p16/
ki67 combined with HPV16/18 genotyping (Table 2;
Supplementary Table 2, available online).

The estimated overall proportion of HPV DNA-positive
women who would have been referred to colposcopy either im-
mediately or after 1 year with the assumed algorithm was
slightly lower with p16/ki67 (63.3%) than with cytology at ASC-
US threshold (65.3%). Overall, referral was highest for E6/E7
mRNA assay (78.3%) despite very limited (11.4%) referral after 1-
year retesting. The overall positive predictive value was similar
for all biomarkers: 9.5% for cytology, 8.3% for E6/E7 mRNA, and
10.1% for p16/ki67 (Table 3; Supplementary Table 3, available
online).

Regression of CIN21 and Clearance of HPV DNA

Among all HPV DNA-positive/cytology women, the CIN2þ de-
tection was 2.6% (25 of 971) and 3.6% (34 of 951) in the 1-year
retesting and immediate-colposcopy arm, respectively
(Figure 1). Thus, the estimated overall 1-year CIN2þ variation
was -28% (ie, that 28% of them regressed) with 95% confidence
interval from a -57% regression to aþ20% increase. Point esti-
mates of regression were smaller in women who were bio-
marker positive at baseline (-20%, 95% CI ¼ -53% to þ35%) and -
22% (95% CI ¼ -61% to þ56%) for E6/E7 mRNA and p16/ki67, re-
spectively, than in biomarker negatives (-76%, 95% CI ¼ -97% to
þ110%) and -39% (95% CI ¼ -72% to þ33%) for E6/E7 mRNA and
p16/ki67, respectively, but confidence intervals were very wide.
The P value for interaction was .29 and .67 for E6/E7 mRNA and
p16/ki67, respectively) (Figure 2).

Moreover, among HPV DNA-positive/cytology-negative
women, the clearance of HPV DNA after 12 months in mRNA-
negative women (268 of 409¼ 65.5%) was 1.9 times (95% CI ¼ 1.7
to 2.2) that in mRNA-positive women (211 of 617¼ 34.2%;
Pinteraction < .001), and clearance in p16/ki67-negative women
(393 of 768¼ 51.2%; Pinteraction < .001) was 1.9 times (95% CI ¼ 1.5
to 2.5) that in p16/ki67-positive women (48 of 182¼ 26.4%)
(Figure 2).

Discussion

Consistent with available data, we observed that the sensitivity
of p16/ki67 was slightly higher than that of cytology (10-12) and
that E6/E7 mRNA sensitivity was close to that of HPV DNA test-
ing (13,15,17), but that more than 60% of HPV-DNA positive
women were also E6/E7 mRNA positive. Combined use of cytol-
ogy or p16/ki67 and HPV 16-18 typing increases sensitivity with
a modest loss of specificity (11,26).

Based on the relative detection of CIN2þ in the 2 study arms
(Figure 2), our data suggest that, overall, less than 1 of 4
cytology-negative CIN2þ regress in 1 year. Similar estimates
were obtained from the ASCUS-LSIL Triage Study (ALTS) (27)
and in a systematic review (28). In principle, some of the lesions
detected in women randomized to 12-month retesting might
not yet have been detectable at baseline, leading to a possible
underestimate of regression. We estimated almost no regres-
sion in women positive for p16/ki67 or E6/E7 mRNA, whereas re-
gression was estimated to be 70% and 40% in women E6/E7
mRNA and p16/ki67 negative, respectively. These data suggest
that the 2 biomarkers under study may predict CIN2þ clearance,
which is also plausible given what we know about the molecu-
lar pathogenesis of the disease. The association was, however,
far from being statistically significant, likely because of the
small number of CIN2þ found.

Conversely, our data clearly show that HPV infections in
women negative to the p16/ki67 test or the E6/E7 mRNA assay
have strongly increased probability of clearing within 12
months. Low persistence of HPV infection in tissues not overex-
pressing these 2 viral oncogenes is consistent with their func-
tional suppression activity on p53 and Retinoblasoma protein
and suggests that such tissues have little or no malignant po-
tential, thus logically supporting high regression of only appar-
ently abnormal histological findings.

HPV DNA persistence after a negative p16/ki67 or E6/E7
mRNA test was also lower than after a normal cytology. This
reduces colposcopy referral if screening algorithms based on
HPV DNA retesting of women negative to the triage test are ap-
plied. With retesting after 12 months, as currently done in Italy,
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the total referral (immediate and at 12 months) would be similar
with p16/ki67 or cytology as a triage test, despite higher imme-
diate referral with the former. Conversely, total referral with
E6/E7 mRNA would be more than 10% higher because of very
high initial referral.

We acknowledge that, given the study design, we estimate
HPV DNA persistence after negative p16/ki67 or E6/E7 mRNA
just from cytology-negative women. Actually, cytology positiv-
ity occurred together with p16/ki67 negativity in only 11.6 % of
tested women and only in 3.7% with E6/E7 mRNA negativity.

Figure 2. Results by randomization arm and biomarker results. Flowchart of human papillomavirus (HPV) DNA-positive/cytology-negative women randomly assigned

to immediate colposcopy or 1-year HPV retesting, distinguishing between E6/E7 mRNA-positive and E6/E7 mRNA-negative women (A) and distinguishing between p16/

ki67-positive and p16/ki67-negative women (B). Baseline and up to 24 months of results are reported. Among the 2306 HPV-positive/cytology-negative women ran-

domly assigned, 2297 had a valid E6/E7 mRNA test, and 2132 had a valid p16/ki67 test. Dotted arrows show the comparison between cervical intraepithelial neoplasia

grade 2 or more severe (CIN2þ) detection in the 2 arms; for the 2 biomarkers, the ratio between detection in the 1-year referral arm vs that in the immediate colposcopy

arm represents an unbiased estimate of lesion regression in 1 year. Here, it is reported as reduction (negative percentage) of the CIN2þ proportion found in the immedi-

ate colposcopy arm. In panel (A), overall CIN2þ detection was 3.6% in the immediate colposcopy referral arm (34 of 951) and 2.6% in the 1-year referral arm (25 of 971),

resulting in a 28% reduction (95% CI from a 57% reduction to a 20% increase). CI ¼ confidence interval; colpo ¼ colposcopy; cyto ¼ cytology.
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Thus, even if clearance were lower in these women, the under-
estimation of overall referral would be minimal.

In 2 centers, more women were assigned to the conventional
arm because of software malfunctioning. Because the staff
could not manipulate randomization, the resulting bias could at
most be unequal center and season distributions in the study
arms. Excluding all the women recruited during periods of pos-
sible malfunctioning had virtually no effect on results.

Some women who were randomly assigned to immediate
colposcopy were assessed more than 6 months after HPV DNA
testing. This led to underestimating the overall regression of tri-
age- cytology-negative CIN2þ and to a dilution of its association
with p16/ki67 and E6/E7 mRNA negativity.

In this study, 2 liquid-based slides, 1 for cytology and 1 for
p16/ki67, were prepared for each HPV DNA-positive woman.
The slide for cytology was prepared first, before the slide used
for p16/ki67, because it was used for actual management of the
woman. This may explain the relatively high proportion of un-
satisfactory dual-stained slides.

NTCC2 was implemented in population-based organized
screening programs. This, along with the high proportion of eli-
gible women who accepted being enrolled, guarantees high ap-
plicability of results to routine activity. Computerized
management, centralization of procedures in dedicated facili-
ties, availability of fail-safe systems, and systematic computer-
ized registration of results enabled high adherence to protocols
and completeness of follow-up (including very high participa-
tion to retesting and colposcopy), thus assuring high-quality
data.

Finally, the main limit was the much lower prevalence of
CIN2þ than that assumed in power calculations. Indeed, al-

though 30% fewer women than planned were recruited, the low
CIN2þ prevalence was the main reason for the low power,
which was mainly due to an unexpectedly high proportion of
women previously screened by HPV testing. Detection was par-
ticularly low at 1-year follow-up because of the higher sensitiv-
ity of cytology than that observed in previous trials (29).

Considering practical conclusions, p16/ki67 is more sensitive
than cytology and entails similar colposcopy referral even when
keeping the same interval to retesting, thus leading to increased
efficiency. High sensitivity would plausibly guarantee the safety
of prolonged intervals to retesting, which would further in-
crease efficiency.

The E6/E7 mRNA assay has very high sensitivity, but its im-
mediate colposcopy referral was higher than the total (immedi-
ate plus delayed) referral with cytology. Its sensitivity was so
high that only 7 lesions were missed, and we estimate that
most of these may regress in 1 year. This makes E6/E7 mRNA a
good candidate as a primary screening test. Thus, if overdiagno-
sis is an issue, the relevance of the biomarker really depends on
what being positive implies. Results from the long-term follow-
up of this study and of other ongoing cohorts (16, 30-34) are nec-

essary to determine the longest safe interval after E6/E7 mRNA-
negative primary testing.
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Table 3. Immediate, at 1-year retesting, and overall estimated referral rate and positive predictive value (PPV) for cytology, E6/E7 mRNA assay,
p16/ki67 dual staining, and combinations of biomarkers

Triage strategy

Immediate 1-year retest Overall

No.
tested

No. test
positive

Colposcopy
referral, %

PPV,
%

Colposcopy
referral, %

PPV,
%

Colposcopy
referral, %

PPV,
%

Cytology ASC-USþa 3100 794 25.6 16.2 39.7 5.1 65.3 9.5
E6/E7 mRNAb 3131 2092 66.8 9.5 11.4 0.8 78.3 8.3
p16/ki67a,b 2905 822 28.3 18.5 35.0 2.9 63.3 10.1
Cytology ASC-USþ or HPV

16/18 typingb

1446 638 44.1 8.3 31.4 1.8 75.5 5.6

p16/ki67 or HPV 16/18
typingb

1446 614 42.5 8.5 30.4 1.7 72.8 5.7

aOnly valid test included. ASC-US ¼ atypical squamour celss of undeterminde significance; HPV ¼ human papillomavirus.
bValues are estimated assuming that HPV DNA-positive women are referred to immediate colposcopy according to test or combination of tests specified in table lines

and the remaining to colposcopy after 12 months if still HPV DNA positive.
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requestors will need to sign a data access agreement. The study
protocol is freely available online.

References
1. Ronco G, Meijer CJL, Segnan N, et al. Invasive cervical cancer after HPV-based

screening. Lancet. 2014;383(9925):1295.
2. Bosch FX, Robles C, D�ıaz M, et al. HPV-FASTER: broadening the scope for pre-

vention of HPV-related cancer. Nat Rev Clin Oncol. 2016;13(2):119–132.
3. World Health Organization. WHO guidelines for screening and treatment of pre-

cancerous lesions for cervical cancer prevention. Geneva: World Health
Organization; 2013. https://www.who.int/reproductivehealth/publications/
cancers/screening_and_treatment_of_precancerous_lesions/en/. Accessed
June 27, 2019.

4. Ronco G, Arbyn M, Meijer CJLM, et al. Screening for cervical cancer with pri-
mary testing for human papillomavirus. In: A Anttila, A Arbyn, H De Vuyst, J
Dillner, L Dillner, S Franceschi, J Patnick, G Ronco, N Segnan, E Suonio, S
Törnberg, L von Karsa, eds. European Guidelines for Quality Assurance in Cervical
Cancer Screening. 2nd ed. Luxembourg: Office for Official Publications of the
European Union; 2015:1–68.

5. Curry SJ, Krist AH, Owens DK, et al. Screening for cervical cancer: US
Preventive Services Task Force Recommendation Statement. JAMA. 2018;
320(7):674–686.

6. Saslow D, Solomon D, Lawson HW, et al. ACS-ASCCP-ASCP Cervical Cancer
Guideline Committee. American Cancer Society, American Society for
Colposcopy and Cervical Pathology, and American Society for Clinical
Pathology screening guidelines for the prevention and early detection of cer-
vical cancer. CA Cancer J Clin. 2012;62(3):147–172.

7. Wentzensen N, Schiffman M, Palmer T, Arbyn M. Triage of HPV positive
women in cervical cancer screening. J Clin Virol. 2016;76(Suppl 1):S49–S55.

8. Carozzi F, Gillio-Tos A, Confortini M, et al. Risk of high grade CIN on follow up
in HPV positive women according to baseline p16-INK4A results. Follow up
p16 NTCC. Lancet Oncol. 2013;14(2):168–176.

9. Carozzi F, Confortini M, Dalla Palma P, et al. Use of p16 overexpression to in-
crease the specificity of human papillomavirus testing: a study nested in the
NTCC randomised controlled trial. Lancet Oncol. 2008;9(10):937–945.

10. Clarke MA, Cheung LC, Castle PE, et al. Five-year risk of cervical precancer fol-
lowing p16/Ki-67 dual-stain triage of HPV-positive women. JAMA Oncol. 2019;
5(2):181–186.

11. Wentzensen N, Clarke MA, Bremer R, et al. Clinical evaluation of human pap-
illomavirus screening with p16/Ki-67 dual stain triage in a large organized
cervical cancer screening program. JAMA Intern Med. 2019;179(7):881–888.

12. Gustinucci D, Giorgi Rossi P, Cesarini E, et al. Use of cytology, E6/E7 mRNA,
and p16INK4a-Ki-67 to define the management of human papillomavirus
(HPV)-positive women in cervical cancer screening. Am J Clin Pathol. 2016;
145(1):35–45.

13. Monsonego J, Hudgens MG, Zerat L, et al. Evaluation of oncogenic human
papillomavirus RNA and DNA tests with liquid-based cytology in primary
cervical cancer screening: the FASE study. Int J Cancer. 2011;129(3):691–701.

14. Monsonego J, Hudgens MG, Zerat L, Zerat JC, Syrj€anen K, Smith JS. Risk as-
sessment and clinical impact of liquid-based cytology, oncogenic human
papillomavirus (HPV) DNA and mRNA testing in primary cervical cancer
screening (the FASE study). Gynecol Oncol. 2012;125(1):175–180.

15. Heideman DA, Hesselink AT, van Kemenade FJ, et al. The Aptima HPV assay
fulfills the cross-sectional clinical and reproducibility criteria of international
guidelines for human papillomavirus test requirements for cervical screen-
ing. J Clin Microbiol. 2013;51(11):3653–3657.

16. Iftner T, Neis KJ, Castanon A, et al. Longitudinal clinical performance of the
RNA-based Aptima human papillomavirus (AHPV) assay in comparison to
the DNA-based hybrid capture 2 HPV test in two consecutive screening
rounds with a 6-year interval in Germany. J Clin Microbiol. 2018;57(1):
e01177-18.

17. Cuzick J, Cadman L, Mesher D, et al. Comparing the performance of six hu-
man papillomavirus tests in a screening population. Br J Cancer. 2013;108(4):
908–913.

18. Dalla Palma P, Giorgi Rossi P, Collina G, et al. The risk of false-positive histol-
ogy according to the reason for colposcopy referral in cervical cancer screen-
ing: a blind revision of all histological lesions found in the NTCC trial. Am J
Clin Pathol. 2008;129(1):75–80.

19. Kyrgiou M, Athanasiou A, Paraskevaidi M, et al. Adverse obstetric outcomes
after local treatment for cervical preinvasive and early invasive disease
according to cone depth: systematic review and meta-analysis. BMJ. 2016;
354:i3633.

20. Ronco G, Accetta G, Angeloni C, et al. HTA report: Ricerca del DNA di papillo-
mavirus umano (HPV) come test primario per lo screening dei precursori del
cancro del collo uterino. Epidemiol Prev. 2012;36(3/4 suppl 1):e1–e72.

21. Moyer VA. Screening for cervical cancer: U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med. 2012;156(12):880–891.

22. Ronco G, Zappa M, Franceschi S, et al. Effect of the accuracy of tests for triag-
ing HPV positive women on the overall screening performance. Eur J Cancer.
2016;68:148–155.

23. Solomon D, Davey D, Kurman R, et al. The 2001 Bethesda System:
terminology for reporting results of cervical cytology. JAMA. 2002;287(16):
2114–2199.

24. Giorgi Rossi P, Bisanzi S, Allia E, et al. Determinants of viral oncogene E6-E7
mRNA overexpression in a population-based large sample of women
infected by high-risk human papillomavirus types. J Clin Microbiol. 2017;55(4):
1056–1065.

25. Clinicaltrial.gov. Cervical cancer prevention: from DNA to mRNA? New
technologies for cervical cancer screening 2 (NTCC2). Study protocol
registration number NCT01837693. https://clinicaltrials.gov/ct2/show/
NCT01837693. Accessed August 10, 2020.

26. Cuzick J, Adcock R, Carozzi F, et al. Combined use of cytology, P16
immunostaining and genotyping for triage of women positive for high risk
human papillomavirus at primary screening. Int J Cancer. 2020;147(7):
1864–1873.

27. Castle PE, Schiffman M, Wheeler CM, Solomon D. Evidence for frequent re-
gression of cervical intraepithelial neoplasia-grade 2. Obstet Gynecol. 2009;
113(1):18–25.

28. Tainio K, Athanasiou A, Tikkinen KAO, et al. Clinical course of untreated cer-
vical intraepithelial neoplasia grade 2 under active surveillance: systematic
review and meta-analysis. BMJ. 2018;360:k499.

29. 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(11):
765–774.

30. Reid JL, Wright TC, Jr, Stoler MH, et al. Human papillomavirus oncogenic
mRNA testing for cervical cancer screening: baseline and longitudinal results
from the CLEAR study. Am J Clin Pathol. 2015;144(3):473–483.

31. Cook DA, Smith LW, Law JH, et al. Comparative performance of human papil-
lomavirus messenger RNA versus DNA screening tests at baseline and 48
months in the HPV FOCAL trial. J Clin Virol. 2018;108:32–37.

32. Iftner T, Becker S, Neis KJ, et al. Head-to-head comparison of the RNA-based
Aptima human papillomavirus (HPV) assay and the DNA-based hybrid cap-
ture 2 HPV test in a routine screening population of women aged 30 to 60
years in Germany. J Clin Microbiol. 2015;53(8):2509–2516.

33. Maggino T, Sciarrone R, Murer B, et al. Screening women for cervical cancer
carcinoma with a HPV mRNA test: first results from the Venice pilot program.
Br J Cancer. 2016;115(5):525–532.

34. Zorzi M, Del Mistro A, Giorgi Rossi P, et al. Risk of CIN2 or more severe lesions
after negative HPV-mRNA E6/E7 overexpression assay and after negative
HPV-DNA test: concurrent cohorts with a 5-year follow up. Int J Cancer. 2020;
146(11):3114–3123.

A
R

T
IC

LE

300 | JNCI J Natl Cancer Inst, 2021, Vol. 113, No. 3

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/113/3/292/5879994 by Seoul N

ational U
niversity Library user on 18 M

arch 2021

mailto:comitatoetico@cittadellasalute.to.it
mailto:comitatoetico@cittadellasalute.to.it
https://www.who.int/reproductivehealth/publications/cancers/screening_and_treatment_of_precancerous_lesions/en/
https://www.who.int/reproductivehealth/publications/cancers/screening_and_treatment_of_precancerous_lesions/en/
https://clinicaltrials.gov/ct2/show/NCT01837693
https://clinicaltrials.gov/ct2/show/NCT01837693

