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Abstract

Background: Human papillomavirus (HPV)–based screening needs triage. In most randomized controlled trials (RCTs) on 
HPV testing with cytological triage, cytology interpretation has been blind to HPV status.

Methods: Women age 25 to 60 years enrolled in the New Technology in Cervical Cancer (NTCC) RCT comparing HPV testing with 
cytology were referred to colposcopy if HPV positive and, if no cervical intraepithelial neoplasia (CIN) was detected, followed up 
until HPV negativity. Cytological slides taken at the first colposcopy were retrieved and independently interpreted by an external 
laboratory, which was only aware of patients’ HPV positivity. Sensitivity, specificity, and positive (PPV) and negative (NPV) predictive 
values were computed for histologically proven CIN2+ with HPV status–informed cytology for women with a determination of 
atypical squamous cells of undetermined significance (ASCUS) or more severe. All statistical tests were two-sided.

Results: Among HPV-positive women, informed cytology had cross-sectional sensitivity, specificity, PPV and 1-NPV for 
CIN2+ of 85.6% (95% confidence interval [CI] = 76.6 to 92.1), 65.9% (95% CI = 63.1 to 68.6), 16.2% (95% CI = 13.0 to 19.8), and 1.7 
(95% CI = 0.9 to 2.8), respectively. Cytology was also associated with subsequent risk of newly diagnosed CIN2+ and CIN3+. 
The cross-sectional relative sensitivity for CIN2+ vs blind cytology obtained by referring to colposcopy and following up only 
HPV positive women who had HPV status–informed cytology greater than or equal to ASCUS was 1.58 (95% CI = 1.22 to 2.01), 
while the corresponding relative referral to colposcopy was 0.95 (95% CI = 0.86 to 1.04).

Conclusions: Cytology informed of HPV positivity is more sensitive than blind cytology and could allow longer intervals 
before retesting HPV-positive, cytology-negative women.

http://www.oxfordjournals.org/
mailto:guglielmo.ronco@cpo.it?subject=
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Screening based on human papillomavirus (HPV) testing allows 
earlier diagnosis of persistent high-grade cervical intraepithe-
lial neoplasia (CIN 2+) than cytology-based screening (1) and 
is more effective in preventing invasive cervical cancer (2,3). 
However, the specificity of HPV testing for high-grade CIN is 
low (1). Therefore, methods are needed for selecting which HPV-
positive women need colposcopy. Both the cross-sectional and 
the longitudinal accuracy of a candidate marker for triage are 
relevant, the latter in order to define at which interval women 
need retesting. However, it must be kept in mind that the proba-
bility of progression from HPV to cancer increases with increas-
ing age of lesions (4,5), so that missing a prevalent lesion, which 
could be present over a long period, entails a greater risk of can-
cer than missing a newly arisen one, particularly a CIN2. Thus 
cross-sectional sensitivity is also crucial in order to determine 
retesting intervals.

Randomized controlled trials (RCTs) showed that referring 
to colposcopy only those HPV-positive women who also have 
abnormal cytology or show persistent HPV infection leads to an 
earlier diagnosis of persistent lesions than cytology (6–8) and 
increases efficacy without increasing the biopsy rate, compared 
with cytology based screening (3). In such studies, however, 
women had HPV and cytology cotesting, and cytology was inter-
preted without knowledge of the HPV status. Given the negli-
gible difference in sensitivity between stand-alone HPV testing 
and cotesting (1), stand-alone HPV testing seems recommend-
able. Stand-alone HPV testing for primary screening was indeed 
recently approved by a committee appointed by the US Food and 
Drug Administration. In such a case, triage cytology would be 
interpreted with the knowledge that women are HPV positive.

We used slides from the New Technology in Cervical Cancer 
(NTCC) trial to study both the cross-sectional and longitudinal 
accuracy of “informed” cytology as a triage test in HPV-positive 
women, ie, interpreting the slides of HPV-positive women with 
knowledge of the HPV status.

Methods

NTCC (9) was an RCT with two preplanned recruitment phases, 
which was conducted in nine population-based cervical screen-
ing programs in Italy. Women age 25 to 60 years who were not 
pregnant, had never undergone hysterectomy, had not been 
treated for CIN in the last five years, and who were attending 
for a new routine cervical screening episode were randomly 
assigned, after written informed consent, between February 
2002 and December 2004, to conventional cytology (classified 
according to the Bethesda 1991 system and managed according 
to the standard protocol of each center) or to HPV-based screen-
ing, either in combination with liquid-based cytology (phase 
1) (10,11) or alone (phase 2) (12). Details on random assignment 
and masking were previously provided (9–12).

HPV testing was done by Hybrid Capture 2 (HC2; Qiagen, 
Hilden, Germany). During phase 2, women in the HPV group were 
referred for colposcopy if the HPV test was positive (12). As a rule, 
women with CIN2+ were treated and those with CIN1 followed 
up colposcopically. If no CIN was detected, HPV-positive women 
were actively recalled after colposcopy for annual repeats of HC2 
and liquid-based cytology (LBC), while HPV remained positive. 
They were referred to colposcopy if LBC was atypical squamous 
cells of undetermined significance (ASCUS) or more severe. In 
addition, recall for repeat colposcopy or repeat cytology was also 
possible in both arms on the basis of colposcopical and cytologi-
cal findings, according to routine local protocols (9).

The women from both arms who were screen-negative at 
baseline were invited for the second screening round three years 
later, tested by conventional cytology, and managed according to 
the standard protocol of each center (9). NTCC is registered as 
an International Standard Randomized controlled trial, number 
ISRCTN81678807. We obtained multicenter and local research 
ethics approvals.

Cytology Review

During phase 2 the large majority of HPV-positive women had 
cytology taken during subsequent colposcopies (Figure  1). 
Local interpretation of such cytology was never used in analy-
ses because it was not blind to histology (13). We retrieved the 
cytological samples taken during the first colposcopy done after 
an HPV-positive test. Slides could not be retrieved in one center 
(Verona), representing 9.9% of all colposcopies done in phase 2 
in the experimental arm (Figure 1). In addition, slides taken in 
Florence before July 29, 2004 could not be retrieved. Liquid-based 
cytology had been used in all centers except Viterbo.

Slides were reviewed, blind to histology results, in Laboratoire 
Cerba, Cergy Pontoise, France. The only information provided 
was woman’s age and the fact that the woman was HPV posi-
tive. Previous dots were removed. The Bethesda 1991 system 
was used to be consistent with the original NTCC data in the 
control arm (12). Slides were first screened by a cytotechnician 
(FC). Those classified as abnormal (ASCUS+) were reviewed by an 
expert pathologist (CB).

Endpoint Assessment

The primary endpoint was histology-proven CIN2 or -3 or inva-
sive cervical cancer (CIN2+). We recorded test results and histo-
logical findings from the computerized registration systems of 
participating screening centers. At the end of the recruitment 
phase, for women who had a biopsy locally diagnosed as CIN1 or 
more, all histological specimens taken within one year of refer-
ral to colposcopy were reviewed by a group of pathologists who 
were unaware of the original diagnosis and random assignment 
(14). The same exercise was repeated at the time of the second 
screening round (9). Adenocarcinomas in situ were considered 
with CIN3. In addition, to obtain histological diagnoses per-
formed outside the trial, after the end of the second round we 
linked the database of recruited women to those of the cancer 
registries (covering all centers except Viterbo) and of the pathol-
ogy units present in the catchment areas of NTCC (9).

Statistical Methods

Cross-Sectional Analyses
The most severe histological diagnosis performed at recruitment 
(within one year from referral to colposcopy) was considered. 
We computed the sensitivity and specificity of atypical cells of 
undetermined significance or more severe (ASCUS+) informed 
cytology for histologically determined CIN2+ and CIN3+ among 
HPV-positive women. We also computed the absolute risk of 
CIN2+ and of CIN3+ in HPV-positive women with ASCUS+ cytol-
ogy (ie, the positive predictive value [PPV]) and in HPV-positive 
women with cytology less than ASCUS (ie, 1 minus the nega-
tive predictive value [1-NPV]) and the ratio of such risks (RR). 
Confidence intervals (CIs) were computed on the basis of the 
exact binomial distribution.
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Finally, we estimated the relative—compared with the con-

ventional arm—sensitivity and immediate referral that would 
have been obtained by referring to colposcopy only the women 
who were HPV positive and had ASCUS+ cytology interpreted 
with knowledge of HPV positivity. Following the same approach 
we had used with p16 immunostaining (13), the relative sensitiv-
ity was estimated by multiplying the previously estimated (12) 
relative sensitivity of stand-alone HPV testing vs blind conven-
tional cytology for the sensitivity of “informed” ASCUS+ cytology 
among HPV-positive women obtained in this study. The relative 
immediate referral was estimated by multiplying the relative 
referral of stand-alone HPV for the proportion of women who 
were ASCUS+ at informed cytology among all who were HPV pos-
itive. Confidence intervals were computed applying the Monte 
Carlo Markov Chain (MCMC) method (15) using the WinBUGS 
1.4.3 software (16) (Supplementary Methods, available online).

Longitudinal Analyses
The same analyses described above were repeated, always 
considering cytology at the first colposcopy: 1) for lesions diag-
nosed during follow-up, within three years after recruitment, for 
whom follow-up is very complete, among HPV-positive women 
who had not had CIN2+ diagnosed at baseline and 2) for lesions 
detected either at recruitment or follow-up.

For comparison, the absolute probabilities of CIN3+ detec-
tion at the second screening round among the women (all 
ages) recruited in phase 2 who were HPV negative (experi-
mental arm) or cytologically normal (conventional arm) at 
baseline were obtained. As these women had no colposcopy 
at recruitment or postcolposcopy follow-up, detection at 
round 2 provides an estimate of the cumulative incidence up 
to round 2 of lesions persistent and subsequently detectable 
by cytology.

Figure 1. Study profile.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju423/-/DC1
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The relative sensitivity vs blind conventional cytology of 
referring to colposcopy and having postcolposcopy follow-
up just in women positive to HPV and with ASCUS+ cytology 
interpreted with knowledge of HPV positivity was estimated 
following the approach we previously used for the analysis of 
longitudinal data on p16 triage (17). We multiplied the rela-
tive detection rate obtained within three years of recruitment 
between study arms for the sensitivity of informed cytology for 
lesions detected at recruitment or follow-up (Supplementary 
Methods, available online).

All statistical tests were two-sided.

Results

Cross-Sectional Analyses

During phase 2, 1588 women had a positive HPV test and a col-
poscopy with concurrent cytology in one of the centers where 
slides could be retrieved for review. We retrieved slides for 1276 
(80.4%) of such women. In Florence, because of a problem with 
the archive, none of the 200 slides taken before July 29, 2004 
could be retrieved; after excluding those, 91.9% of relevant slides 
could be retrieved (Figure  1). Of the retrieved slides, 15 (1.2%) 
were judged as unsatisfactory by the reviewer, leaving 1261 
for the interpretation, 1205 (95.6%) of which were liquid-based 
preparations.

Table  1 shows the cross-sectional accuracy of unblinded 
cytology among HC2-positive women. The sensitivity of ASCUS+ 
cytology was 85.6% (95% CI = 76.6 to 92.1) for CIN2+ and 88.1% for 

CIN3+ and the specificity of cytology less than ASCUS was 65.9% 
(95% CI = 63.1 to 68.6) for histology less than CIN2+ and 64.0% for 
histology less than CIN3. ASCUS+ cytology was associated with 
risk of carrying a CIN2+ (RR = 9.77) and CIN3+ (RR = 12.20): 16.2% 
(95% CI = 13.0 to 19.8) of women with ASCUS+ cytology carried 
a CIN2+ and 7.8% a CIN3+, while 1.7% (95% CI  =  0.9 to 2.8) of 
women with cytology less than ASCUS carried a CIN2+ and 0.6% 
a CIN3+ (including one cancer).

The relative sensitivity of HPV testing with triage of posi-
tive women by informed cytology vs stand-alone blind cytology 
was 1.58 (95% CI = 1.22 to 2.01) for CIN2+ and 1.41 (95% CI = 0.99 
to 1.96) for CIN3+. If just HPV+ women with ASCUS+ cytology 
were referred for colposcopy, immediate referral would have 
been similar to that observed in the control arm (relative refer-
ral = 0.95; 95% CI = 0.86 to 1.04) (Table 2).

Longitudinal Analyses

Of the 1171 women who had no CIN 2+ detected at enrollment, 
1068 (91%) received further tests as part of the postcolposcopy 
follow-up. Median duration of their follow-up was 1099  days 
(interquartile range = 752 to 1344). Follow-up was complete (fol-
lowed until detection of CIN2+ or until a negative HPV test or for 
at least three years) in 903 (85%) of the 1068 women who had 
any active follow-up, while 165 (15%) had a shorter follow-up 
without disease or resolution of HPV infection.

The longitudinal accuracy of baseline-informed cytology 
among women HPV positive at baseline is reported in Table 1. 
Baseline ASCUS+ cytology was associated with the risk of 

Table 1. Accuracy of ASCUS or more severe cytology unblinded to HPV status among HC2-positive women*

Histological endpoint

Sensitivity, n,
 % (95% CI)

Specificity, n,
%  (95% CI)

PPV, n,%
(95% CI)

1-NPV, n,
% (95% CI)

RR
(95% CI)

Cross-sectional

CIN2+ 77/90
85.6%

(76.6 to 92.1)

772/1171
65.9%

(63.1 to 68.6)

77/476
16.2%

(13.0 to 19.8)

13/785
1.7%

(0.9 to 2.8)

9.77
(5.49 to 17.39)

CIN3+ 37/42
88.1%

(74.4 to 96.0)

780/1219
64.0%

(61.2 to 66.7)

37†/476
7.8%

(5.5 to 10.6)

5‡/785
0.6%

(0.2 to 1.5)

12.20
(4.83 to 30.84)

Longitudinal

CIN2+ 33/49
67.4%

(52.5 to 80.1)

639/1019
68.0%

(65.1 to 70.9)

33/359
9.2%

(6.4 to 12.2)

16/709
2.3%

(1.3 to 3.6)

4.07
(2.27 to 7.30)

CIN3+ 16/26
61.5%

(40.6 to 79.8)

699/1042
67.1%

(64.1 to 69.9)

16§/359
4.5%

(2.6 to 7.1)

10||/709
1.4%

(0.7 to 2.6)

3.16
(1.45 to 6.89)

During recruitment and follow-up

CIN2+ 110/139
79.1%

(71.4 to 85.6)

756/1122
67.4%

(64.6 to 70.1)

110/476
23.1%

(19.4 to 27.2)

29/785
3.7%

(2.5 to 5.3)

6.26
(4.22 to 9.27)

CIN3+ 53/68
77.9%

(66.2 to 87.1)

770/1193
64.5%

(61.8 to 67.3)

53/476
11.1%

(8.5 to 14.3)

15/785
1.9%

(1.1 to 3.1)

5.83
(3.32 to 10.22)

* Numbers in parentheses are 95% confidence intervals. ASCUS = atypical squamous cells of undetermined significance; CIN2+ (CIN3+) = cervical intraepithelial 

neoplasia grade 2 (grade 3) or more severe; HC2 = hybrid capture 2; HPV = human papillomavirus; NPV = negative predictive value; PPV = positive predictive value; 

RR = relative risk, ratio between PPV and (1-NPV).

† Including two invasive cancers.

‡ Including one invasive cancer.

§ Including one invasive cancer.

|| No invasive cancer.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju423/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju423/-/DC1
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developing (or having detected) a new CIN2+ (RR  =  4.07) and 
CIN3+ (RR = 3.16) in the next three years. The risk of new CIN2+ 
was 2.3% and that of new CIN3+ was 1.4% (no invasive cancer) 
if baseline-informed cytology was less than ASCUS, while it was 
9.2% and 4.5% (including one invasive cancer), respectively, if 
baseline-informed cytology was ASCUS+. Longitudinal sensitiv-
ity was 67.4% for CIN2+ and 61.5% for CIN3+.

The overall risk of having a lesion detected at recruitment 
or during follow-up in HPV-positive women with baseline cytol-
ogy less than ASCUS was 3.7% for CIN2+ and 1.9% for CIN3+. 
The corresponding risks among women with ASCUS+ baseline 
cytology were 23.1% for CIN2+ and 11.1% for CIN3+ (Table 1). By 
comparison, the detection rate of CIN3+ at round 2 was 4 of 22 
629 (0.02%, 95% CI = 0.000 to 0.05), including no invasive can-
cer among women HPV negative at baseline, and 18 of 23 268 
(0.08%, 95% CI = 0.044 to 0.11), including three cancers among 
women in the cytology arm who had baseline blind cytology less 
than ASCUS.

The relative sensitivity vs stand-alone blind cytology 
obtained if only HPV-positive women with ASCUS+ informed 
cytology were referred to colposcopy and had postcolposcopy 
follow-up was 2.20 (1.52 to 3.17) for CIN2+ and 2.36 (1.58 to 3.51) 
for CIN3+ (Table 2).

There was no evidence that cross-sectional or longitudinal 
sensitivity, specificity, PPV, or NPV of informed cytology within 
HPV-positive women depended on age or that age was an effect 
modifier of the association between informed cytology and 
CIN2+ or CIN3+.

Discussion

Our data suggest that cytology interpreted with knowledge of 
the HPV status is more sensitive than cytology read without 
knowledge of the HPV status. This increase could be the result 
of greater attention in reading slides from women known to 
be HPV positive and of the use of this knowledge for interpret-
ing cell abnormalities that would otherwise be considered as 
irrelevant. In the Finnish trial, the detection rate in the experi-
mental arm (stand-alone HPV with cytological triage of HPV+ 
women) was increased, compared with cytology alone, even 
when just considering women with abnormal baseline cytology 
(18); Therefore, in that study cytology read with knowledge of 
HPV positivity had higher sensitivity than “blind” cytology, even 
though published data do not allow computation of its absolute 
value. In addition, in that study (18), immediate referral to col-
poscopy was also increased in the experimental compared with 
the conventional arm, while the present results suggest simi-
lar or slightly reduced immediate referral. Increased sensitiv-
ity with minimal reduction in specificity was also observed in 

a small nonrandomized study where all slides were read both 
with and without knowledge of HPV status (19).

Most of the remaining available studies evaluated “blind” 
cytology in cotesting used also to triage HPV-positive women. 
Table 3 reports the sensitivity of cytology greater than or equal 
to ASCUS among HPV-positive women and the corresponding 
immediate referral calculated from published data. Sensitivity 
was always lower than that observed in the present study, 
except in ARTISTIC, which was the only RCT where no increase 
in sensitivity with HPV-based compared with cytology-based 
screening was observed. In the other studies, sensitivity for 
CIN2+ ranged from 52.6% in ATHENA to 74.3% in POBASCAM. 
Conversely, in such studies, the immediate referral to colpos-
copy was about half of what would have resulted when referring 
to colposcopy all women with baseline ASCUS+ cytology, while 
in the present study informed cytology would not have resulted 
in any reduction of immediate referral. It must be kept in mind 
that in our study cytology interpretation had no practical effect 
on women’s management. Thus, interpretation criteria could be 
broader in real life.

In the conventional arm of NTCC, a few centers referred only 
women with “low-grade squamous intraepithelial lesions” or 
more cytology immediately to colposcopy. When excluding such 
centers, the relative sensitivity remained almost unchanged 
(1.57) for CIN2+ and higher (1.63) for CIN3+. Some 96% of 
reviewed slides were liquid-based, while all cytology in the con-
trol arm was conventional. In a previous study, we observed 
a 1.17 (0.87 to 1.56) relative sensitivity of LBC vs conventional 
cytology for CIN2+ but a 0.84 (0.56 to 1.25) relative sensitivity 
for CIN3+ (23). No increase in sensitivity with LBC was observed 
in another randomized controlled trial (24). During phase 1 of 
NTCC, in which LBC was also used in the HPV arm but interpre-
tation was blind to HPV, both the sensitivity of ASCUS+ cytology 
in HPV+ women and the corresponding referral were lower than 
those observed here (Table 3). Finally, in a previous study (25), 
the laboratory that reviewed cytology in the present study had 
shown sensitivity similar to that of the NTCC centers.

Randomized controlled trials with blind interpretation of 
cytology showed that HPV testing with cytological triage and 
test repeat in HPV-positive, cytologically normal women allowed 
earlier diagnosis of persistent lesions than cytology (6–8). The 
present data suggest that even earlier diagnosis of high-grade 
CIN (HGCIN), therefore even higher protection, could be achieved 
if cytologists were aware of HPV status. This finding gives fur-
ther support to triage strategies instead of cotesting strategies. 
If cotesting is performed, cytology should be interpreted after 
HPV results are obtained. There is, however, the risk that such 
knowledge leads to overinterpretation and increases the overall 
referral. Training and strict monitoring are therefore needed.

Table 2. Relative sensitivity and referral to colposcopy vs cytology as primary test*

Period considered Criterion for referral
Relative sensitivity  

CIN2+ (95% CI)
Relative sensitivity  

CIN3+ (95% CI)
Relative referral to col-

poscopy (95% CI)

Enrollment ASCUS+ cytology aware  
of HPV status

1.58 (1.22 to 2.01) 1.41 (0.99 to 1.96) 0.95 (0.86 to 1.04)

All HPV+ 1.91 (1.52 to 2.41) 1.62 (1.17 to 2.24) 2.65 (2.48 to 2.83)
Enrollment and follow-up ASCUS+ cytology aware  

of HPV status
2.20 (1.52 to 3.17) 2.36 (1.58 to 3.51)  - †

All HPV+ 2.86 (1.99 to 4.11) 2.89 (1.94 to 4.32)  - †

*  ASCUS = atypical squamous cells of undetermined significance; CIN2+ (CIN3+) = cervical intraepithelial neoplasia grade 2 (grade 3) or more severe; HPV = human 

papillomavirus.

† Only women referred at enrollment could be referred during follow-up.
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HPV-positive women with normal cytology are usually 
retested after one year. Longer intervals after a normal cytology 
interpreted with information of HPV status could reduce the 
overall referral. The three-year cumulative detection of CIN3+ 
in HPV+ women with normal baseline cytology was much 
higher than the detection of CIN3+ at round 2 among women 
who were HPV negative at baseline. It was also higher than 
that among women who had normal cytology at baseline in 
the conventional arm. In this group, however, the large major-
ity of women were HPV negative, therefore at low prior risk. 
In addition 3 of 23 268 of these women had cancer detected 
at the second screening round, thus showing incomplete pro-
tection. Therefore, neither the five-year interval suggested for 
HPV negative women (3) nor the intervals applied for women 
with stand-alone normal cytology (three years in Europe) can 
be applied for HPV+ women negative to informed cytology. 
However, the longitudinal sensitivity and the risk of new CIN3 
in HPV-positive women with normal cytology were not so dif-
ferent from the values observed with p16 triage (66.9% sensi-
tivity for CIN2+ and 77.8% for CIN3+), for which we suggested 
a two- to three-year interval (17). More relevant, the cross-
sectional sensitivity of ASCUS+ cytology among HPV-positive 
women was not very far from that of p16 (88% for CIN2+ and 
91% for CIN3+) (13) and higher than the cross-sectional sensi-
tivity of HPV16/18 genotyping reported by the ATHENA study 
(51.8% for CIN2+ and 59.5% for CIN3+) (20). As discussed in the 
introduction, cross-sectional sensitivity is the most relevant 
parameter for choosing retesting intervals in order to prevent 
cancer, especially at the first screening round. Thus, a two-year 
interval could be suggested. HPV testing with informed cytolog-
ical triage would allow lower immediate referral to colposcopy 
than p16 triage (13). The overall referral (immediate + retesting) 
could not be directly observed in our study and largely depends 
on HPV clearance. Persistence of HPV infection after two years 
is less than 35% (26).

NTCC was population-based and nested in routine organ-
ized screening in a low-risk population. Over 70% of eligible 
women were enrolled (9), suggesting that results are applicable 
to routine practice. Cytological slides were interpreted without 
knowledge of the original interpretation and of histology. They 
could not be retrieved at all in one center and for a defined time 
period in another. It is difficult to imagine that these slides and 
corresponding women had peculiar features that would result 
in selection bias. Slide retrieval was almost complete in the 
remaining centers.

All HPV-positive women were initially referred to colpos-
copy, with high compliance, thus avoiding verification bias. 
Completeness of clinical postcolposcopy follow-up was also 
high. The endpoint was mainly determined by a review of his-
tology blinded to HPV testing and cytology results. In addition, 
we searched cancer registries and pathology units for lesions 
detected outside participating programs. If a histological diag-
nosis of HGCIN was made, it would likely be registered in one 
of these sites (9).

One limitation of the present study is that we could not 
directly observe the complete process of HPV testing, cytology, 
and HPV retesting in cytologically normal women. Pilot projects 
applying such a protocol are being conducted in Italy. They will 
provide direct evidence on the actual overall referral and on the 
risk of CIN3+ at one-year repeat.

In conclusion, cytology informed of HPV positivity is more 
sensitive than blind cytology. Screening programs with informed 
cytology triage are expected to perform better than predicted by 
trials and could possibly allow longer intervals before retesting 
HPV-positive women with normal cytology.

Funding

The New Technology in Cervical Cancer (NTCC) main trial was 
financially supported by the European Union (Europe against 

Table 3. Sensitivity and immediate referral to colposcopy in studies applying cytological triage, according to knowledge of HPV status*

Study

Cross-sectional
sensitivity†

Immediate referral
to colposcopy ‡

Cin2+ Cin3+ Absolute
Relative to stand 

alone “blind” cytology

HPV status not known
ATHENA (20)§ 52.6% (200/380) 52.8% (133/252) 2.7% 0.42
CCCaST (21)||§ 59.9% NA 1.1% 0.38
Swedescreen (6) 69.9% (58/83) 72.9% (35/48) 1.7% NA
POBASCAM (7) 74.3% (179/241) 74.5% (187/251)  1.7% 0.47
NTCC Phase 1(10)¶ 76.8% (96/125) 82.7% (43/52)  3.2% 0.83
ARTISTIC (7)# 92.4% (391/423) 95.6% (216/226)  6.4% 0.50
HPV status known
This study 85.6% (77/90) 88.1% (37/42) 2.8% 0.99
Pilot Veneto Italy (22)** 77.4% (41/53) NA 2.8% 1.07

 *  It was not possible to obtain the relevant estimates for the Finnish trial from published data, because results were not shown by initial cytology. Sensitivity and 

referral were computable only for Papanicolaou class III to V, which entailed immediate referral. CIN2+ (CIN3+) = cervical intraepithelial neoplasia grade 2 (grade 

3) or more severe; HPV = human papillomavirus; LBC = liquid-based cytology; NA = not available; NTCC = New Technology in Cervical Cancer.

† Sensitivity is computed as the proportion of CIN2+ (CIN3+) detected in women HPV positive at baseline that also had ASCUS+ cytology at baseline.

‡  Referral is computed assuming that all women HPV positive and with ASCUS+ cytology are directly referred to colposcopy. Relative referral is computed assuming 

that all women from the conventional arm with ASCUS+ cytology are directly referred to colposcopy.

§ Relative referral to colposcopy computed as (women positive to both HPV and cytology)/(women positive to cytology only).

|| Sensitivity is computed as (value for HPV screening followed by Pap triage)/(value for HPV only).

¶ LBC was used in the experimental arm, conventional cytology in the control arm.

# No gain in sensitivity was observed at round 1 with HPV vs cytology.

** Only historical, nonrandomized control was available.
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cancer contracts S1.2.327046 and SPC2002473), by the Italian 
Ministry of Health (special project “Valutazione di nuove tec-
nologie per lo screening del cervicocarcinoma” and L138/2004 
project “NTCC- Nuove tecnologie per lo screening del cervico-
carcinoma”) and the Regional Health administrations of par-
ticipating Regions. The study on cytology review and follow-up 
was supported by the Italian Ministry of Health (Special Project 
“Valutazione di nuove tecnologie per lo screening del cervico-
carcinoma – follow up”), by the European Union (CoHear pro-
ject, FP7 grant agreement n° HEALTH-F3-2013–603019) and by 
the Associazione Italiana per la Ricerca sul Cancro (AIRC, Project 
IG14119).

Notes

The funders had no role in study design, data collection, data 
analysis, data interpretation or writing of the report, nor in the 
decision to submit for publication.
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