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Background: The follow-up after abnormal Pap smear and negative colposcopy is not clearly defined. This study aimed at
investigating the role of hr-HPV testing in the management of abnormal Pap test and negative colposcopy for Cervical
Intraepithelial Neoplasia grade 2 or worse (CIN2þ ).

Methods: The study enroled 1029 women with abnormal screening cytology (years 2006–2010) and negative colposcopy for
CIN2þ , which subsequently performed a hr-HPV test. Incident CIN2þ lesions were identified through linkage with cancer
registry, hospital discharge records, neoplastic pathology reports and the archive of screening programme (2006–2011).

Results: During the follow-up, the cohort developed 133 CIN2þ lesions; only one among hr-HPV-negative women. The
probability of developing CIN2þ on follow-up time was 0.44% (95% confidence interval (CI) 0.1–3.1) and 41.8% (95% CI 31.8–53.5)
for hr-HPV-negative women and hr-HPV-positive women, respectively. A woman with a positive hr-HPV test had about 105 times
higher probability of developing a CIN2þ lesion than a woman with a negative hr-HPV test (hazard ratio (HR)¼ 104.5, 95% CI
14.5–755.1), adjusted for index Pap test result, age and cervix squamocolumnar junction visualisation.

Conclusion: Our results confirm that hr-HPV testing is able to select the real group of women at risk of developing CIN2þ lesions
in the follow-up of abnormal cytology and first negative colposcopy.

The success of any cervical cancer prevention programme relies on
the interplay between the underlying risk factors and the type of
screening programme: an organised programme is more effective than
an opportunistic programme. Furthermore, the existence and quality
of the field and laboratory facilities for screening and diagnostic
follow-up, as well as the facilities available for treating diagnosed
lesions, are key elements of any screening programme. Monitoring the
patient path or ‘chain of action’ for each patient with an abnormal
screening result is of crucial importance (Nygård, 2011). In Italy,
despite the availability of well-functioning screening programmes
spreading all over the country, the follow-up protocol after abnormal
Pap test and negative colposcopy is not clearly defined.

While existing uniformity of indications in case of cytological
abnormalities and diagnosis of Cervical Intraepithelial Neoplasia
grade 2 or more severe (CIN2þ ) (excisional therapy), there is no
uniformity of indications for the abnormal cytology. The European
guidelines (Jordan et al, 2008; Arbyn et al, 2010) suggest the
hr-HPV test in the follow-up after negative colposcopy only for
some cytological results: Atypical Squamous Cells of Undeter-
mined Significance (ASC-US), Low-Grade Squamous Intraepithe-
lial Lesion (LSIL) and Atypical Squamous Cells cannot exclude a
High-Grade Lesion (ASC-H). However, these indications are not
universally applied in the Italian cervical cancer screening
programmes and in majority of the programmes the follow-up
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of abnormal Pap test and negative colposcopy is usually managed
according to the gynaecologist judgment.

In the Italian screening programmes, the positive predictive
value (PPV) for CIN2þ lesions differs among programmes (from
2.8% to 52.7%) and in the vast majority of women, the colposcopy
assessment results negative for high-grade lesions (Ancona et al,
2012). Unfortunately, colposcopy does not have optimal sensitivity
for CIN2þ lesions (Milne et al, 1999; Jeronimo and Schiffman
2006). For women referred to colposcopy after abnormal screening
results, it seems unlikely that a single negative colposcopy is
sufficient to provide reassurance against concurrent CIN2þ over
the next 3 years (Mesher et al, 2011).

The findings of long-term prospective cohort studies and
randomised clinical trials have shown that hr-HPV testing is
effective in reducing the incidence of cervical cancer in women
aged 30 years and older (Dillner et al, 2008; Ronco et al, 2010), and
in particular of adenocarcinoma, the precursors of which are often
missed by cytological methods (Castle et al, 2010a). On the other
hand,a woman’s risk of CIN grade 3 (CIN3) or cancer after a
negative test for hr-HPV is very low for 5 years (Dillner et al, 2008;
Mesher et al, 2010; Schiffman et al, 2011). Real-life clinical follow-
up does not necessarily have the same outcome as a carefully
controlled research trial, due to differences in sampling and
analysis of specimens. Diagnostic practices also vary between
countries and laboratories, and compliance with follow-up guide-
lines in a research study group is different from that in a
population-based screening referral group (Origoni et al, 2012c).
These findings lead to the introduction of hr-HPV testing in the
follow-up of women with an abnormal cytology who were CIN2þ
negative at the first assessment. The incorporation of hr-HPV
testing in follow-up post-colposcopy can potentially reduce the
colposcopy workloads (Bowring et al, 2012).

In the organised screening programme of the District of
Florence, Italy, hr-HPV testing has been introduced in post-
colposcopy follow-up of women with abnormal cytology and first
assessment by colposcopy negative for CIN2þ lesions since 2006.
According to the natural history of cervical cancer, only women
with persistent hr-HPV infection are at major risk to develop a
CIN. This knowledge prompted us to perform hr-HPV testing after
1 year from the initial assessment for cytological abnormalities.

The present study evaluated the efficacy of hr-HPV test in the
surveillance of women with abnormal Pap test (ASC-US/hr-HPV
positive, LSIL, ASC-H, High-Grade Squamous Intraepithelial
Lesion (HSIL), Atypical Glandular Cells (AGC)) and negative
colposcopy in current clinical practice.

MATERIALS AND METHODS

Study population. The Cancer Prevention and Research Institute
(ISPO) has been running an organised population-based cervical
screening in the Florence District since 1980. Cervical cancer
screening is offered to all women aged 25–64 years who live in the
Florence district and who are invited by mail to perform a Pap test
every 3 years. Negative results are mailed to participants with a
recommendation to repeat screening in 3 years. Non-respondents
to the first invitation receive a reminder within 6 months. The 2001
Bethesda system terminology (TBS 2001) is used for cytologic
classification (Solomon et al, 2002). Women with abnormal Pap
test (Atypical Squamous Cells of Undetermined Significance or
more severe, ASC-USþ ) are invited to perform a hr-HPV test or a
colposcopy in according to the current protocol. The women
diagnosed with ASC-US are invited to have a hr-HPV test; the
hr-HPV-positive women are referred to colposcopy and hr-HPV-
negative women returned to routine cytological screening
interval. All women with other categories of abnormal cytology

(ASC-H, AGC, LSIL, HSIL and cancer) are referred to immediate
colposcopy at the ISPO clinic. Atypical glandular findings have
been categorised following the TBS 2001 as to cell type origin
(endocervical or endometrial), as the clinical management may
vary significantly. Consequently, in this study we take into account
only atypical endocervical or glandular cells referred to colposcopy.
Women with abnormal Pap test and final histological diagnosis of
CIN2þ lesions are recommended for an excisional treatment.

All data (cytology, hr-HPV test, colposcopy, histology and
treatment) are recorded in ISPO’s archives.

In the present study, we selected all women aged 25–64 years
with the first abnormal Pap test of screening (index Pap test)
performed during the years 2006–2010 within the Florence
Cervical Screening Program. Among women compliant to
colposcopy, we selected all women with a negative colposcopy
assessment for CIN2þ (Figure 1). We defined a woman compliant
to colposcopy if it was performed within 6 months either from the
abnormal, ASC-USþ , index Pap Test or the positive hr-HPV
triage test for ASC-US. The ISPO follow-up protocol had been
tailored to the referral cytologic results. In accordance with the
European guidelines (Jordan et al 2008; Arbyn et al 2010), an
hr-HPV test at 12 months is recommended in case of ASC-US,
ASC-H and LSIL colposcopy-negative women. Having, the
European guidelines, no suggestions in the management of AGC
and HSIL colposcopy-negative women, we recommended an
hr-HPV test at 6 months for both these categories. Independently
of initial cytologic results, if the hr-HPV test turned positive, a new
colposcopy was suggested.

Women performing a hr-HPV test in the follow-up time,
according to the protocol, were recruited for this cohort study.
Moreover women who did not have at least one test (cytology,
colposcopy or hr-HPV test) in the subsequent years of follow-up
time were excluded from the cohort.

So to be included in the study cohort, each women had to have:
(1) an abnormal cytology (index Pap test), (2) a first negative
colposcopy assessment for CIN2þ , (3) an hr-HPV test within
1 year of the negative colposcopy and at least another test (cytology,
colposcopy or hr-HPV test) in the subsequent follow-up period.

For identifying incident CIN2þ lesions, the follow-up of the
cohort started from the date of post-colposcopy hr-HPV test and
ended with the date of occurrence of a CIN2þ lesion or with the
date of last follow-up test performed. In any case, the follow-up
was closed on 31 December 2011. Incident CIN2þ lesions were
identified through linkage of the cohort with Tuscan Cancer
Registry (2006–2008), neoplastic pathology reports (2008–2011) or
the archives of the Florence Screening Program (2006–2011).
Furthermore, we checked for completeness of cases through
linkage with regional information flows of hospital discharge
records (2006–2011).

hr-HPV testing. hr-HPV DNA testing was performed with
Hybrid Capture 2 (HC2, Qiagen, Hilden, Germany). Only the
high-risk group of probes (Probe B), designed to detect hr-HPV
types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68 was used
(Terry et al, 2001). The hr-HPV testing was performed with the
automated HC2 assay, Rapid Capture System and women were
considered as hr-HPV positive if the relative light units/cutoff
(RLU/CO) ratio was X1, as recommended by the manufacturer.
These RLU/CO ratios also provided an estimate of the amount of
hr-HPV DNA present in the specimens, that is, the semiquanti-
tative viral load.

In addition, the ISPO laboratory participated annually in two
different external quality assessment (EQA) programmes received
a certification of good quality for the hr-HC2 test results in both
cases (QCMD–Quality Control for Molecular Diagnostics– and
DicoCare).
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Statistical analysis. We estimated the risk of developing CIN2þ
lesions according to post-colposcopic hr-HPV test result using the
Kaplan–Meier method. We estimated the hazard ratios (HR) either
in univariate analysis or in multivariate analysis using Cox model.
When the risk of developing CIN2þ lesions for hr-HPV-positive
women was compared with hr-HPV-negative women a time period
of 5 years of follow-up was considered, whereas when the role of
some predictor covariates in hr-HPV-positive women was
concerned a 3-year period of follow-up was considered.

As predictive factors for developing CIN2þ lesions, we
included age, cervix squamocolumnar junction (SCJ) visualisation,
semiquantitative viral load and index abnormal cytology. Age at
hr-HPV test was divided in two classes o35 years or X35 years.
The semiquantitative viral load was classified in three categories:
between 1 and 9 RLU/CO, between 10 and 99 RLU/CO or 100 or
more RLU/CO. Squamocolumnar junction was classified in two
categories: visible (ectocervical or endocervical) and not visible.
The index Pap test was classified in ASC-US hr-HPVþ , ASC-H,
AGC, LSIL, HSIL or worse.

The Student’s t-test was used to compare means and the chi-
square test was used to compare proportions. Log-rank test was
used to compare strata of covariates in Kaplan–Meier analysis.
Statistically significant differences were set at Po0.05.

A receiver-operating characteristic (ROC) curve was used to
evaluate, among hr-HPV-positive women, the role of semiquanti-
tative viral load in detecting CIN2þ lesions.

Statistical analysis was performed using STATA software
(http://www.stata.com) version 11.

RESULTS

We selected 1775 women with the first abnormal Pap test
of screening (ASC-US/hr-HPV positive, ASC-H, AGC, LSIL,
HSILþ ) and subsequent negative colposcopy for CIN2þ lesions

(Figure 1). They represented 73.6% (1775 out of 2412) of all
colposcopy assessment performed for the first abnormal Pap test
(N¼ 2703) performed in the period 2006–2010 in the Florence
Cervical Screening Program. Treatment was recommended for 637
women with a CIN2þ lesion.

In all, 418 women were not eligible because they didn’t reach the
full time necessary to evaluate compliance within the end of study.
From the remaining 1357 eligible women, 328 were not compliants
to hr-HPV test (328 out of 1357¼ 24.2%) within 1 year (maximum
18 months) after the initial colposcopy and were subsequently
excluded.

The hr-HPV test results by age class for the remaining cohort of
1029 women are reported in Table 1. Out of them, 63.1% were
older than 34 years (649 out of 1029) and 57.7% resulted positive to
hr-HPV. Positive hr-HPV test was significantly more frequent
among women younger than 35 years as compared with older
women (62.9% vs 54.7%; P¼ 0.01).

Table 1. Distribution of hr-HPV test results by age for the total cohort of
women with abnormal Pap test and negative colposcopy assessment for
CIN2þ lesion

Age class

hr-HPV
test

o35 years
N (%)

X35 years
N (%)

Total
N (%)

Negative 141 (37.1%) 294 (45.3%) 435 (42.3%)

Positive 239 (62.9%) 355 (54.7%) 594 (57.7%)

Total 380 (100%) 649 (100%) 1029 (100%)

Abbreviations: CIN¼Cervical Intraepithelial Neoplasia grade 2 or worse; hr-HPV¼high-risk
human papillomavirus.

637 positive for
CIN2+

2412 compliants
to colposcopy

Treatment 1775 colposcopy
negative 

 418 not eligible
(not enough time for

compliance)   

197 without follow-up
tests were excluded

832
into final cohort
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for hr-HPV test

328 not compliants

1029 compliants

2703 women were selected
with the first abnormal

screening Pap test performed
in the period 2006–2010     

Figure 1. Study flow chart.
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Finally, we also excluded 197 (19.1%; 197 out of 1029) women
who did not perform at least one test (cytology, colposcopy or
hr-HPV test) after the first hr-HPV test within the end of the
follow-up period.

The final cohort of 832 women was our study population. The
median time from colposcopy and first hr-HPV test of follow-up
was 298 days. The median age at hr-HPV test was 39 years (range
25–66 years) and 63.8% of the women were older than 34 years
(531 out of 832). hr-HPV test was positive for 67.3% of them (560
out of 832). In the final cohort, as in the total cohort, positive
hr-HPV test was significantly more frequent among women under
35 years of age as compared with older women (73.4% vs 63.8%;
P¼ 0.005; Table 2).

Table 2 shows the distribution of hr-HPV test results according
to index Pap test and age class for the final cohort. The distribution
of positive hr-HPV test was similar among index Pap test classes in
women younger than 35 years (P¼ 0.59), whereas in older women,
the proportion of positive hr-HPV test was much more variable:
very low (28.6%) for AGC, intermediate value (mean¼ 63.9%) for
ASC-US/hr-HPV positive, ASC-H and LSIL and high (84.8%) for
HSIL. Women with the index Pap test as ASC-US/hr-HPVþ
showed after 1 year a clearance of infection in 30% (46 out of 156).
Moreover, B67% (450 out of 676) of women with the other
cytological abnormalities (ASC-H, LSIL, HSIL, AGC) were
hr-HPV positive 1 year after the first negative colposcopy.

Overall in 16.2% of women, the SCJ visualisation was not visible
at colposcopy, without any statistically significant difference
among hr-HPV-negative and hr-HPV-positive women (19.5% vs
14.6%, P¼ 0.08).

The cohort of women positive to hr-HPV was followed for a
median time of 1.25 years (0.31 and 2.35 years for 251 and 751
percentiles, respectively), whereas in women negative to hr-HPV
the median follow-up time was 2.23 years (1.47 and 2.75 years for
251 and 751 percentiles, respectively). The follow-up time at 251
percentile of ‘hr-HPV-positive cohort’ was as low as 0.31 years
(113 days) because the last test performed could be the colposcopy
for assessment of positive hr-HPV test.

During the follow-up, the cohort developed 133 CIN2þ lesions.
Only one CIN grade 2 (CIN2) occurred among hr-HPV-negative
women, whereas 132 CIN2þ lesions (3 invasive carcinomas,
2 microinvasive carcinomas, 86 CIN3, 41 CIN2) occurred in
hr-HPV-positive women. Distribution of CIN2þ lesions among
cytologies of hr-HPV-positive women was 50% (4 out of 8) for
AGC, 35.3% (54 out of 153) for ASC-H, 29.5% (18 out of 61) for
HSIL, 19.1% (21 out of 110) for ASC-US/hr-HPVþ and 15.3%

(35 out of 228) for LSIL. The mean age at diagnosis of women with
CIN2þ lesions was 39.9 and 50.3 years for CIN2/3 lesions and
microinvasive/invasive carcinomas, respectively, P¼ 0.02. CIN2þ
lesions were significantly more frequent among women aged more
than 35 years (90 out of 339¼ 26.5%) as compared with younger
women (42 out of 221¼ 19.0%), P¼ 0.04.

At the univariate analysis (Kaplan–Meier analysis), the prob-
ability of developing a CIN2þ lesion within 5 years after hr-HPV
test was 0.4% (95% confidence interval (CI) 0.1–3.1%) and 41.8%
(95% CI: 31.8–53.5%) for hr-HPV-negative women and hr-HPV-
positive women (Figure 2), respectively, with a highly statistically
significant difference (Po0.01, log-rank test).

Table 3 reports in multivariate analysis (Cox model) the
probability of developing a CIN2þ lesion according to hr-HPV
test result after adjustment for index Pap test results, age class and
SCJ visualisation. A woman with a positive hr-HPV test had about
105 times higher probability of developing a CIN2þ lesion than a
woman with a negative hr-HPV test (hazard ratio (HR)¼ 104.5,
95% CI 14.5–755.1). Only Pap test with ASC-H or AGC categories
resulted independent predictive factors for developing CIN2þ
lesions, increasing the probability by about 2 and 5 times,
respectively.

In Table 4, the risk of developing a CIN2þ lesion within 3 years
in hr-HPV-positive women is reported for each class of covariates.
The risk was slightly higher in older women (33.5% and 27.5% for
women aged X35 and o35 years old, respectively, P¼ 0.09,
log-rank test). The risk was particularly high if the result of index
Pap test was ASC-H or AGC (48.5% and 58.3%, respectively). In
evaluating the results of AGC, the low number of observations
(only 8) must be taken into account. No significant differences
occurred according to the SCJ visualisation (31.8% and 27.8% for
visible and not visible SCJ, respectively, P¼ 0.63). Finally, the risk
of developing a CIN2þ lesion within 3 years increased
significantly according to the semiquantitative viral load and was
15.2%, 27.0% and 37.0% for o10 RLU/CO, between 10 and 99 and
499, respectively, Po0.01. In terms of HR, it corresponded to an
increase of risk, as compared with RLU/CO o10 class, of more
than two times and more than three times for semiquantitative
viral load between 10 and 99 RLU/CO and higher than 99 RLU/
CO, respectively (HR¼ 2.4, 95% CI 1.1–5.4 and HR¼ 3.4 95%, CI
1.7–7.1, respectively).

In hr-HPV-positive women, the mean semiquantitative viral
load was 620.4 RLU/CO (range 1.0–4065.5), whereas the median of
semiquantitative viral load was 167.7 RLU/CO (22.7 and 1017.5 for
251 and 751 percentiles, respectively). Figure 3 shows the ROC

Table 2. Distribution of hr-HPV test results within 1 year from negative colposcopy by index Pap test and age for the final cohort of women with abnormal
Pap test and negative colposcopy assessment for CIN2þ lesion

o35 years X35 years Overall

Pap test index hr-HPV negative hr-HPV positive hr-HPV negative hr-HPV positive hr-HPV negative hr-HPV positive

ASC-US HPV þ 14 (20.6%) 54 (79.4%) 32 (36.4%) 56 (63.6%) 46 (29.5%) 110 (70.5%)

ASC-H 17 (28.8%) 42 (71.2%) 75 (40.3%) 111 (59.7%) 92 (37.5%) 153 (62.5%)

AGC — — 20 (71.4%) 8 (28.6%) 20 (71.4%) 8 (28.6%)

LSIL 42 (29.0%) 103 (71.0%) 58 (31.7%) 125 (68.3%) 100 (30.5%) 228 (69.5%)

HSIL 7 (24.1%) 22 (75.9%) 7 (15.2%) 39 (84.8%) 14 (18.7%) 61 (81.3%)

Total 80 (26.6%) 221 (73.4%) 192 (36.2%) 339 (63.8%) 272 (32.7%) 560 (67.3%)

P¼ 0.59 Po0.01 Po0.01

Abbreviations: AGC¼ atypical glandular cells; ASC-H¼Atypical Squamous Cells cannot exclude a High-Grade Lesion; ASC-US¼Atypical Squamous Cells of Undetermined Significance;
CIN¼Cervical Intraepithelial Neoplasia grade 2 or worse; hr-HPV¼ high-risk human papillomavirus; HSIL¼High-Grade Squamous Intraepithelial Lesion; LSIL¼ Low-Grade Squamous
Intraepithelial Lesion.
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curve analysis of semiquantitative RLU/CO for detection of
CIN2þ lesions among hr-HPV-positive women. The area under
the curve (AUC) was 0.62 (95% CI 0.57–0.67). With a cutoff value
of 3 RLU/CO, the sensitivity was 98.5% with a specificity of 7.5%.
With a cutoff value of 10 RLU/CO, the sensitivity was 93.2% and
the specificity 18.7%.

DISCUSSION

The Pap test is a widely available screening test for detecting
precursor lesions of cervical cancer and it has been greatly credited
with reducing the cervical cancer incidence. Despite this effective
test, every year, in Italy, many new cervical cancers are diagnosed
(2200 only in 2012) and the 5-year relative survival rate is
slightly increased, from 64% in 1990–1994 to 67% in 2000–2004

(Altavilla et al, 2012). There are three main factors in the
relationship between Pap testing and cervical cancer incidence: lack
of Pap testing, failure of the Pap test to detect an abnormality, and
lack of adequate follow-up after an abnormal Pap test. The present
study aims to evaluate the most appropriate protocol to follow-up
for women after an abnormal Pap test and negative colposcopy.

When considering the optimal protocol, we have to keep in
mind that colposcopy and directed biopsy do not have optimal
sensitivity for detection of CIN2þ lesions and can lead to
significant under diagnosis of cervical disease (Massad et al, 2009;
Desai et al, 2010; Zuchna et al, 2010; Mesher et al, 2011). Our data
confirm these observations as 16.0% (133 out of 832) of the women
with negative first colposcopy developed CIN2þ lesions during
the follow-up. So a negative colposcopy prompts women to do an
intensive follow-up because of the high risk of developing CIN2þ
in the subsequent years (Zuchna et al, 2010).

At the present time, we know that persistent infection with 12
high-risk HPV is the main cause of invasive cervical cancer
(Bouvard et al, 2009). hr-HPV testing could be used as a ‘negative-
triage test’ to determine if a woman can be safely returned to the
regular 3-year screening schedule after a negative hr-HPV result in
the follow-up of abnormal cytology and first negative assessment
by colposcopy (Rijkaart et al, 2012). In our study, the hr-HPV test
detected 99.2% (132 out of 133) of CIN2þ cases diagnosed during
the follow-up period, with a median follow-up time of 1.6 years.
These results are in agreement with earlier studies (Woodman et al,
2007; Massad et al, 2009). Moreover in the present paper, the risk
of CIN2þ within 5 years with a negative hr-HC2 HPV test was
0.44% (95% CI 0.06%-3.07%) in the follow-up period, which is
considered low enough to return women to the normal screening
schedule (Kyrgiou et al, 2006).

This is one of the first practical studies to explore the extent to
which hr-HPV testing could resolve clinical follow-up manage-
ment of women with abnormal Pap test and negative assessment
for high-grade disease by colposcopy and biopsy (Pretorius et al,
2006; Katki et al, 2013).

The status of hr-HPV infections at the index Pap test was
known for ASC-US (triage hr-HPV), but not for the other
cytologies, because in LSIL or more severe lesions the HPV
positivity is very high (Carozzi et al, 2005a), so far routine hr-HPV
testing for all colposcopy referrals is discouraged (Bentley, 2012).
Instead the hr-HPV test could be useful after negative colposcopy.

Table 3. Multivariate analysis of the probability of developing a CIN2þ
lesion after post-colposcopic hr-HPV test using Cox Model adjusted by
hr-HPV test result, age class, index Pap test results and cervix
squamocolumnar junction visualisation

Variables Hazard ratio 95% CI

hr-HPV result (reference negative hr-HPV) 104.5a 14.5–755.1

Age class (reference o35 years) 1.3 0.9–1.9

Index Pap test result (reference ASC-US/hr-HPVþ )

ASC-H 2.2a 1.3–3.6
AGC 4.5a 1.5–13.6
LSIL 0.8 0.5–1.4
HSIL 1.6 0.8–3.0

Squamocolumnar junction (reference visible)

Not visible 0.7 0.4–1.2

Abbreviations: AGC¼ atypical glandular cells; ASC-H¼Atypical Squamous Cells cannot
exclude a High-Grade Lesion; ASC-US¼Atypical Squamous Cells of Undetermined
Significance; CI¼ confidence interval; CIN2þ ¼Cervical Intraepithelial Neoplasia grade 2
or worse; hr-HPV¼ high-risk human papillomavirus; HSIL¼High-Grade Squamous
Intraepithelial Lesion; LSIL¼ Low-Grade Squamous Intraepithelial Lesion.
aStatistically significant.
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Figure 2. Cumulative probability of developing a CIN2þ lesion in the follow-up by hr-HPV test result (Kaplan–Meier analysis, the lighter lines
report the 95% CIs).
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The proportion of hr-HPV-positive test within 1 year
from the negative colposcopy for index Pap test results was
very low AGC (28.6%), intermediate for ASC-US/hr-HPVþ ,
ASC-H and LSIL (mean 63.9%) and high for HSIL

(84.8%). These values are very similar to those reported
in the literature (Castle et al, 2010b), however, the small
number of AGC (only 28) does not allow to generalise the
conclusion.

Table 4. Probability (%) of developing a CIN2þ lesion within 3 years among hr-HPV positive women after negative colposcopy by age class, index Pap
test results, cervix squamocolumnar junction visualisation and semiquantative viral load of hr-HPV

Kaplan–Meier method Univariate HR

Probability (%) 95% CI (%) P (log-rank test) HR 95% CI

Age class

o35 years 27.5 20.5–36.5 1.00
X35 years 33.5 27.4–40.5 1.42 0.98–2.05

0.09

Index Pap test

ASC-US/hr-HPVþ 23.3 15.2–34.8 1.00
ASC-H 48.5 37.8–60.5 2.26 1.35–3.79
AGC 58.3 25.3–92.8 6.11 2.08–17.94
LSIL 21.7 15.4–30.2 0.82 0.47–1.42
HSIL 37.8 24.6–54.9 1.63 0.86–3.09

o0.01

Squamocolumnar junction

Visible 31.8 26.7–37.7 1.00
Not visible 27.8 17.0–43.6 0.82 0.48–1.38

0.63

Semiquantitative viral load (RLU/CO)

1–9 15.2 7.3–30.3 1.00
10–99 27.0 18.7–38.1 2.45 1.11–5.37
X100 37.0 30.6–44.1 3.44 1.67–7.08

o0.01

Abbreviations: AGC¼ atypical glandular cells; ASC-H¼Atypical Squamous Cells cannot exclude a High-Grade Lesion; ASC-US¼Atypical Squamous Cells of Undetermined Significance;
CI¼ confidence interval; CIN2þ ¼Cervical Intraepithelial Neoplasia grade 2 or worse; HR¼ hazard ratio; hr-HPV¼ high-risk human papillomavirus; HSIL¼High-Grade Squamous Intraepithelial
Lesion; LSIL¼ Low-Grade Squamous Intraepithelial Lesion; RLU/CO¼ relative light units/cutoff. Kaplan–Meier method and univariate HR estimated by Cox Model.
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Figure 3. ROC curve of hr-HPV-positive women (X1 RLU/CO) for detection of CIN2þ lesions. The area under the ROC curve was 0.62 (95% CI,
0.57–0.67).
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We found 19% of CIN2þ lesions in ASC-US diagnosed women
with persistent hr-HPV positivity and similar data were published
in previous studies (Cage et al, 2010; Tropé et al, 2012).

Given the high sensitivity for CIN2þ lesions and the high
reproducibility of hr-HPV testing (Carozzi et al, 2005b), its role in
surveillance seems pivotal for a standardised follow-up protocol in
which Pap test, whose low reproducibility rates among centres are
well known (Confortini et al, 2006; Tinacci et al, 2011), should be
progressively substituted. As any other test, hr-HPV testing may be
affected by some false-negative results (Negri et al, 2007) and, even
if only a few of those results have potential clinical significance,
most of them are due to a sporadic human error in performing the
test. However, it is expected that the introduction of complete
automation of the procedure may reduce at least in part the
occurrence of such false-negative test results.

Our findings in the multivariate analysis confirm the strong
increased risk of CIN2þ lesions (105 times higher: HR¼ 104.5
95% CI 14.5–755.1) among hr-HPV-positive women when
compared with hr-HPV-negative women in the follow-up of
abnormal Pap test and negative colposcopy, adjusted by age class,
index Pap test results and cervix SCJ visualisation at colposcopy.
We found independent predictive factors of risk of developing a
CIN2þ lesion in follow-up such as results of index Pap test
(ASC-H or AGC), but not age class or cervix SCJ visualisation.
Women with initial ASC-H and AGC cytologic lesions appear at
greater risk of progression probably due to the intrinsic
characteristics of these borderline categories. The term ASC-H,
as illustrated by Sherman et al (2004) apparently pertains to small
dysplastic cells that should have been recognised as malignant and
to metaplastic cells with enlarged nuclei that may be the precursor
of high-grade lesions. The first cellular type generally replaces the
epithelium lining, the endocervical canal and frequently extends to
endocervical glands. In many instances, the lesion is beyond the
reach of colposcopy.

Among hr-HPV-positive women, the risk of developing a
CIN2þ lesion increases significantly with increase of semiquanti-
tative viral load. Compared with 1–9 RLU/CO, the risk becomes
more than two times higher in the class 10–99 RLU/CO and more
than three times higher in the class 499 RLU/CO. The area under
the curve of the ROC curve of semiquantitative viral load among
hr-HPV-positive women observed in the present study (0.62) is
rather good but, from a clinical point of view, it is difficult to
identify a single point of cutoff capable to discriminate efficiently
the risk of CIN2þ lesion. For example, with a cutoff of 3 RLU/CO,
the sensitivity remains quite high (98.5%) but the gain in specificity
is scarce (7.5%). Anyway, several recent papers show that the
semiquantitave hr-HPV viral load in ASC-US cases significantly
correlates with the severity of cervical cancer precursors (Origoni
et al, 2012a) and that increasing semiquantitative hr-HPV viral
load significantly correlates with increasing prevalence of CIN2/
CIN3 in ASC-US follow-up cases (Origoni et al, 2012b). However,
the clinical significance of viral load is very controversial (Berkhof
et al, 2006; Manawapat et al, 2012; Sundström et al, 2013). In our
study, neverthless the risk to develop a high-grade lesion increases
with high semiquantitative viral load but most of subjects with high
semiquantitative viral load (X100 RLU/CO) do not develop
CIN2þ lesions (231 out of 324¼ 71%). Moreover, semiquantita-
tive viral load shows a certain degree of correlation with the
increase of the degree of cytological abnormality, especially in the
cytogical classes most associated with productive HPV infection
(LSIL, ASC-US, ASC-H) and it doesn’t correlate with age class
(data not shown). The data of semiquantitative viral load used in
the present study are not correlated with the number of cells
present in the sample and it is a cumulative measure for all HPV
types identified by HC2 probe B. Generally, the application in a
context of screening is related to the complexity and costs of the
methods able to perform an absolute quantitative measurement, to

the lack of technologies that allow for a quantitative measurement
of all high-risk HPV types and the presence of co-infections in the
same sample.

The present study confirm that hr-HPV testing in women with
ASC-US or greater cytological lesions negative at the first
colposcopy examination is able to select the real group of women
at risk of developing CIN2þ lesions in the follow-up: all the risk is
concentrated in women with positive hr-HPV test. This evidence
allows us to re-enrol the women with negative hr-HPV in the
routine screening interval and to focus on follow-up procedures in
the hr-HPV-positive women, thus reducing the workload of the
colposcopy services and the anxiety of women.

Perfoming a hr-HPV testing within 1 year could avoid B30%
(46 out of 156) follow-up colposcopies in women with ASC-US
and 33% (226 out of 676) in women with the other cytological
abnormalities (ASC-H, LSIL, HSIL, AGC). The future challenge is
to determine which hr-HPV-positive women are at future clinical
risk and to identify robust markers of disease progression
(Woodman et al, 2007). Benevolo et al (2011) showed that PreTect
HPVProofer is a good reflex test for triage to reduce colposcopy
referral, but with a sensitivity comparable to that of repeat
cytology, and they therefore recommended a strict follow-up
despite a negative test result (Jeronimo and Schiffman 2006).
Persistence of the same genotype may give an even better PPV than
testing positive once by hr-HPV HC2 test, but this was not
investigated in the present study. Newer HPV DNA tests, including
direct genotyping with 16 out of 18 (Castle et al, 2011) or CINtec
p16INK4a, have been shown to be other promising triage test
methods (Carozzi et al, 2008, 2013), so with the introduction of
new biomarkers for cervical cancer, more screening options will be
available.
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