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Human papillomavirus (HPV) infection is the predominant cause of 
cervical cancer (1–3). Most HPV-infected women do not have cer-
vical pathology; infections found at young ages (<25 years) are  
typically acute, sexually transmitted, and destined to resolve (4). 
Thus, despite the fact that HPV testing has excellent sensitivity and 
etiologic relevance for cervical cancer detection, it has low positive 
predictive value, which makes it difficult to use for primary 
screening, especially among young women who have recently 
started sexual activity. Although HPV-negative test results are very 
reassuring, it would be wasteful to refer all HPV-positive women 
for colposcopic examinations because most of these women are not 
at risk for cervical cancer (5). To improve the cost-effectiveness of 
incorporating HPV tests in cervical cancer screening, we need to 
understand the natural history of HPV infection and cytological 
abnormalities in the women for whom screening is most com-
monly being recommended (ie, those aged ≥30 years) and to trans-
late these insights into better screening procedures (6–9).

One important issue is to determine which HPV types we 
should screen for. Testing only those HPV types which cause most 
of the cancers might increase specificity while preserving sensitivity. 
Epidemiological, phylogenetic, and laboratory studies (10–12) have 
shown that 12 types of the virus (HPV16, 18, 31, 33, 35, 39, 45, 51, 
52, 56, 58, and 59) are definitely carcinogenic, but with major 
distinctions between them. For example, HPV16 causes half of the 
world’s cervical cancers, whereas HPV51 causes only 1%. Another 
type, HPV68, is probably carcinogenic, and many HPV types that 
are genetically related to the carcinogenic ones are categorized as 
“possibly carcinogenic” based partly on occasional detection as 
single infections in invasive cancers. On the contrary, HPV6 and 
HPV11 mainly cause genital warts; there is no evidence to support 
a role for them in cervical carcinogenesis.

Another important topic in HPV screening is how to respond 
to a positive test. When women are infected at any age, most HPV 
infections clear within months to a few years. Only persistently 
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detectable infections seem to be associated with risk of cervical 
neoplasia (13–20). However, very few long-term studies have exam-
ined cervical cancer risk following HPV persistence among young 
women (20).

To determine the long-term risk following HPV infection and 
persistence on genotype-specific base among women older than 30 
years, we examined follow-up data from the Community-based 
Cancer Screening Program (CBCSP) cohort in Taiwan, which 
included more than 10 000 women aged 30–65 years. The baseline 
prevalence of HPV among these women (in 1991–1992) has been 
reported elsewhere (3). The most common carcinogenic types 
were HPV52 (2.5%), HPV16 (2.0%), HPV56 (1.8%), HPV18 
(1.6%), HPV33 (1.2%), HPV58 (1.3%), and HPV39 (1.0%). 
In the current study, we were able to advance the knowledge  
of detection and persistence of specific HPV types in relation to 
subsequent 16-year risk of cervical cancer.

Methods
Recruitment and Study Design of the Taiwan CBCSP Cohort
The study cohort included 11 923 women aged 30–65 years who 
were enrolled in January 1, 1991, to December 31, 1992; all of the 
participants were invited from the list of 41 380 residents from 

local household registration offices in seven urban and rural 
townships in Taiwan. They were given a baseline examination, 
and 6923 participants were reexamined 2 years later in 1993–
1995. At recruitment, well-trained public health nurses gave 
detailed information about the study to each participant. Written 
informed consent was obtained from each participant who volun-
teered to participate. The sociodemographic characteristic, ciga-
rette smoking, Pap smear history, reproductive and sexual history, 
and personal and family history of cancers were obtained by a 
structured questionnaire. The criteria for ineligibility were lack of 
a specimen (n = 1170) and reported hysterectomy according to the 
questionnaire (n = 138). After exclusion of 13 women with cervical 
cancer diagnosed before enrollment, 10 602 women were eligible 
as HPV cohort members (3). This study was approved by the 
Institutional Review Board of the National Taiwan University 
College of Public Health.

Inclusion Criteria of Participants in Long-term Follow-up
Women (n = 412) with an abnormal Pap smear were excluded; 
further exclusions were made for prevalent cervical cancer (n = 1), 
equivocal HPV typing (n = 17), and untyped specimens (n = 49).  
In total, 10 123 women with normal conventional cytology (Pap 
smears) at baseline and definite HPV testing were included for 
analysis (Figure 1). After exclusion of one incident carcinoma in 
situ (CIS), 6666 women participated in both baseline and second 
visits, whereas the other 3456 participants were only examined 
once at the baseline visit.

Specimen Collection at the Baseline and the Second Visits
A Cervex Brush collection device (Rovers, Oss, the Netherlands) 
was used to obtain exfoliated cervical cells. The cervical smears were 
stained using Papanicolaou stain and read at the Taipei Institute of 
Pathology. Pap smears were graded according to the 1991 version 
of the Bethesda system (21), which categorized cytological results 
as normal, atypical squamous cells of undetermined significance 
(ASCUS), low-grade squamous intraepithelial lesion (LSIL), high-
grade squamous intraepithelial lesion (HSIL), and cancer. Abnormal 
cytology results regarding glandular cells, such as adenocarcinoma, 
were exceedingly rare and grouped with the squamous lesions of 
the equivalent severity.

ViraPap (Digene Diagnostic, now Qiagen, Gaithersburg, MD) 
kits were used (subsequently to the Cervex Brush) to collect and 
preserve cervical cells for HPV DNA testing. The cells were 
stored at 280°C at National Taiwan University until HPV DNA 
testing, which was performed in 2004–2005 at Yuan-Shan Research 
Institute.

Laboratory Methods for HPV DNA and Genotyping
Genomic and HPV DNA was prepared from a 100-µL aliquot of 
each thawed cervical cell sample using Qiamp 96 DNA blood kits 
(Qiagen Inc, Venlo, the Netherlands). For each sample, poly-
merase chain reaction (PCR) assays were performed once using a 
MY11/biotinylated GP6+ (192 bp) primer that targeted DNA 
amplification to the L1 region of the HPV genome and a 2-µL 
aliquot of purified mixed genomic and HPV DNA in a total volume 
of 25-µL. All specimens were tested by the EasyChip HPV geno-
typing array (King-Car, I-Lan, Taiwan) and gel electrophoresis. The 

CONTEXT AND CAVEATS

Prior knowledge
Persistent infections with carcinogenic types of human papilloma-
viruses (HPVs), as opposed to cleared infections, are strongly 
linked to the incidence of cervical cancer. However, there have 
been few long-term studies to follow persistent HPV infections and 
quantify risk.

Study design
A community-based cohort of 11 923 women from Taiwan was fol-
lowed for 16 years. Participants were given baseline exams that 
included HPV DNA testing and cytological tests in 1991–1992; these 
tests were repeated for most participants during 2-year follow-up 
exams. Incidence of cervical cancer was determined from cancer 
and death registries and HPV type–specific risks were assessed 
using Kaplan–Meier methods.

Contribution
The 16-year risk of cervical cancer was 6.2% for women infected 
with any carcinogenic HPV(s), and 13.5%, 10.3%, or 4.0% for 
women infected with HPV16, HPV58, or other carcinogenic HPVs, 
respectively, vs 0.26% for HPV-negative women. Among women 
who were persistently infected with the same carcinogenic HPVs 
over the 2-year testing interval, risk of cervical cancer was 12.4% vs 
0.14% for women who repeatedly tested HPV negative.

Implication
It is useful to repeat HPV testing several years after a positive test 
to better judge whether a woman is at risk for cervical cancer.

Limitations
HPV typing was not performed at the time of cervical cancer diag-
noses and cervical cancers were identified through registries rather 
than from active long-term follow-up.

From the Editors
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EasyChip HPV blot simultaneously detects 39 types of HPV 
(types 6, 11, 16, 18, 26, 31, 32, 33, 35, 37, 39, 42, 43, 44, 45, 51, 
52, 53, 54, 55, 56, 58, 59, 61, 62, 66, 67, 68, 69, 70, 71 [CP8061], 
72, 74, 81 [CP8304], 82 [82 and MM4], 83 [MM7], 84 [MM8], and 
85 [L1AE5]) on the basis of reverse blot hybridization. On a 9.6 × 
1.44 mm nylon membrane, duplicate dots of HPV type–specific 
probes were deposited symmetrically, and then bound to the am-
plified HPV DNA from cervical samples. Every positive result was 
confirmed by repeating amplification and genotyping in an inde-
pendent assay. After PCR, each specimen was tested by EasyChip. 
PCR products were subsequently subjected to agarose gel electro-
phoresis and stained with ethidium bromide to test for a visible 
band at the expected position. To minimize any chance of false-
positive results, a specimen was only considered positive by 

EasyChip if there was also a positive result by gel electrophoresis. 
Each experimental batch included 89 test samples and seven control 
samples for quality monitoring. Two aliquots from a stock of cervical 
cells infected with a known HPV type were used as control samples 
to monitor reproducibility. Three cell line controls, HeLa (HPV18-
integrated), CaSki (HPV16-integrated), and Jurkat cells (American 
Type Culture Collection, Manassas, VA), were also used to determine 
the accuracy and effectiveness of the test. As a PCR positive control, 
a 136-bp fragment of GAPDH (human glyceraldehyde-3-phosphate 
dehydrogenase) gene from a male blood sample was processed and 
confirmed. A sterile water control was used to monitor contamination 
in both the HPV and GAPDH reactions. Quality assurance of the 
experiments was evaluated with a triple-blind procedure that con-
cealed sample, experimenter, and result reader identities, with 97% 
typing reproducibility (22). Notably, the World Health Organization 
HPV Laboratory Network (LabNet) examined the EasyChip assay in 
its 2010 HPV DNA Proficiency Study and validated its 100% profi-
ciency and 0% false-positive rate for detection of HPV types 6, 11, 
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68b (23).

Ascertainment of Cervical Cancer Including Carcinoma In 
Situ During Follow-up
Through data linkage with computerized registries of the Taiwan 
National Cancer Registry and National Death Certification 
Registry, we identified cohort members with newly diagnosed 
cervical cancers until December 31, 2006, using the ICD-9 code 
180. All diagnoses of cancer were based on histology and were 
further stratified into CIS and invasive cervical cancer (ICC). 
Morphologically, verification was available for 98.2% of invasive 
cervical cancers (24).

Statistical Analysis
We used the most recent evaluation (11,12) by the International 
Agency for Research on Cancer (IARC) to group the HPV types 
detected by the EasyChip assay: Carcinogenic HPV types included 
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59; probably or pos-
sibly carcinogenic types included 26, 53, 66, 67, 68,70, 73, and 82; 
and other HPV types were not thought to be carcinogenic or were 
unspecified by IARC.

We categorized HPV status on a type-specific basis according 
to our findings at the baseline and second examinations (2 years 
later). Women were deemed to have persistent HPV infections if 
the same HPV type was present at both examinations. They were 
determined to have cleared the infection if a specific HPV type was 
found at baseline but not at the second examination. They were 
said to have acquired a new infection if an HPV type was present 
at the second examination that was not present at the baseline  
examination. “Pure acquisition” was defined as complete HPV 
negativity at the baseline examination with the acquisition of new 
HPV infection(s) at the second examination.

Incidence of ICC and CIS following baseline infection was 
defined as the number of women with these diagnoses divided by 
person-time, which was measured from study entry to time of 
cancer diagnosis for women who developed ICC or CIS and from 
study entry to December 31, 2006, or date of death for women 
who did not develop ICC or CIS. When calculating the incidence 
of ICC or CIS in women who had persistent, cleared, or acquired 

Follow-up by registry until 
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Participants aged 30-65 in 1991-1992 

(n=11923) 

Eligible subjects  

with complete results of  

Pap smear & HPV testing 
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Exclusion:  

1170 women lacking Pap or 

HPV test & 138 women 

reporting hysterectomy  
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Figure 1. CONSORT diagram of study participants in long-term follow-up 
study on cervical neoplasia, including carcinoma in situ (CIS) and invasive 
cervical cancer (ICC). At the baseline examination in 1991–1992, 11 923 
participants (aged 30–65 years) consented to human papillomavirus (HPV) 
testing and cytology (Pap); following the exclusions noted, 6923 partici-
pants were reexamined in 1993–1995. Women who developed cervical 
cancer were identified from cancer and death registries, permitting 
calculation of cumulative risk related to baseline status and also related to 
the combination of results from baseline and second examinations. Only 
women who were initially normal were included for the analyses for base-
line HPV infection (n = 10123) and repeated HPV testing (n = 6666).
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infections, person-time was calculated from the second examina-
tion. The Kaplan–Meier method was used to estimate cumulative 
risk of ICC or CIS. Hazard ratios (HRs) and their 95% confidence 
intervals (CIs) were estimated using Cox proportional hazard 
models; the proportionality of hazards was verified by modeling 
that showed no statistically significant change in hazard ratios with 
increasing follow-up time. All statistical tests were two-sided. All 
computations were performed using SAS 9.1.3 (SAS Institute, 
Cary, NC).

Results
We enrolled 10 123 cytologically normal women with a mean age 
of 46.3 years; the mean duration of follow-up was 14.5 years. 
There were 6666 participants who were included in analyses of 
persistent HPV infections; one woman was diagnosed with cervical 
cancer between the baseline and second examination and was  
excluded from this analysis (Figure 1). A total of 68 women with 
incident cervical cancers, including 34 with CIS and 34 with ICC, 
were diagnosed before December 31, 2006.

Incidence of Cervical Cancer by HPV Infection
Within this cohort, the incidence of cervical cancers, including 
CIS and ICC, was 46.4 cancers per 100 000 person-years of  
follow-up (Table 1). There were 252.0 cancers per 100 000 person-
years among women who were HPV positive at baseline and only 
15.7 cancers per 100 000 person-years for women who were HPV 
negative at baseline; thus, women who were HPV positive had a 
much higher risk of cervical cancer compared with those who were 
HPV negative (HR = 16.2, 95% CI = 9.6 to 27.3). When HPV 
infections were divided into categories of carcinogenic potential, 

the risk of cervical cancer was greatest among women infected with 
the carcinogenic types (HR = 23.8, 95% CI = 14.0 to 40.7), less for 
those with the probably or possibly carcinogenic HPV types when 
no definitely carcinogenic types were present (HR = 8.9, 95% 
CI = 2.6 to 29.9), and much less for those infected with other types 
alone (HR = 4.4, 95% CI = 1.5 to 12.9) for other types found alone 
compared with HPV-negative women. There were only three 
women who developed CIS but no one who developed ICC after 
infection with probably or possibly carcinogenic types (without 
carcinogenic types). No women who were infected with only other 
HPV types developed ICC.

When we performed a similar analysis of a subgroup of 6666 
women based on single time-point results at the second examina-
tion, women with carcinogenic HPV infections were again at 
much higher risk for incident ICC or CIS than women with HPV 
negativity (HR = 33.5, 95% CI = 15.7 to 72.0).

Prediction of Cervical Cancer by HPV Genotype
HPV16 was the most commonly detected HPV type at baseline 
before a cervical cancer diagnosis (Table 2): HPV16 positivity 
predicted 13 cancers (nine ICC and four CIS), followed by HPV52 
(four ICC and six CIS), HPV58 (seven ICC and two CIS), HPV18 
(five ICC and two CIS), and HPV31 (four ICC and two CIS). 
Multiple infections with these HPV types were rare, ruling out 
meaningful confounding between them. Because ICC or CIS 
rarely developed among HPV-negative women, infection with any 
of these carcinogenic types was associated with high hazard ratios 
(for HPV16, HR = 43.6 [95% CI =21.7 to 87.6]; for HPV52,  
HR = 24.3 [95% CI = 11.4 to 51.8]; for HPV58, HR = 49.4 [95% 
CI = 22.5 to 108.5]; for HPV18, HR = 21.7 [95% CI = 9.2 to 51.3]; 
and for HPV31, HR =56.9 [95% CI = 22.9 to 141.8]; Table 2).

Table 1. Incidence (per 100 000 person-years) and risk of histologically confirmed cervical carcinoma in situ (CIS) and/or invasive cancer 
(ICC) in relation to human papillomavirus (HPV) status at baseline and second examinations among 10 123 women who were cytologi-
cally normal at study entry

HPV infection No. of women (%)
No. of cancers  

(ICC/CIS)
Incidence  

(1025)* HR (95% CI) P†

Baseline examination 10123 (100.0) 68 (34/34) 46.4  
HPV negative 8780 (86.7) 20 (9/11) 15.7 1.0 (referent)
HPV positive (any type) 1343 (13.3) 48 (25/23) 252.0 16.2 (9.6 to 27.3) <.001
  Carcinogenic types‡ 784 (7.7) 41 (24/17) 370.8 23.8 (14.0 to 40.7) <.001
  Probably or possibly carcinogenic types§ 161 (1.6) 3 (0/3) 136.2 8.9 (2.6 to 29.9) <.001
  Other HPV types aloneǁ 398 (3.9) 4 (1/3) 69.1 4.4 (1.5 to 12.9) .007
Second examination¶ (subgroup) 6666 (100.0) 37 (18/19) 42.5  
HPV negative 5769 (86.5) 9 (3/6) 13.2 1.0 (referent)
HPV positive (any type) 897 (13.5) 28 (15/13) 243.4 20.6 (9.7 to 43.6) <.001
  Carcinogenic types‡ 479 (7.2) 24 (13/11) 395.7 33.5 (15.6 to 72.0) <.001
  Probably or possibly carcinogenic types§ 115 (1.7) 1 (0/1) 67.2 5.7 (0.7 to 43.1) .098
  Other HPV types aloneǁ 303 (4.5) 3 (2/1) 75.9 6.4 (1.7 to 23.7) .005

*	 Incidence rate: per 100 000 person-years.

†	 Hazard ratios (HRs) and their 95% confidence intervals (CIs) were estimated using Cox proportional hazard models. All statistical tests were two-sided.

‡	 Carcinogenic types include HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59.

§	 Probably or possibly carcinogenic types include: HPV68 and HPV26, 53, 66, 67, 70, 73, and 82 (without any carcinogenic type[s], as listed previously).

ǁ	 Other HPV types, including HPV6, 11, 32, 37, 42, 43, 44, 54, 55, 61, 62, 69, 71, 72, 74, 81, 83, 84, and 85 (without any carcinogenic or any probably or possibly 
carcinogenic type[s], as listed previously).

¶	 HPV infection status at the second examination 2 years later (regardless of HPV status at baseline).
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Prediction of Cervical Cancer by Persistence, Acquisition, 
and Clearance
In type-by-type analyses, persistence of genotype-specific HPVs at 
the second examination predicted extremely high incidences and 
hazard ratios of ICC or CIS for virtually all carcinogenic types and 
some possibly carcinogenic types, compared with persistent HPV 
negativity (Table 2, right columns). The hazard ratios ranged from 
2.1 (HPV58) to 12.8 (HPV56) times greater for persistent infec-
tions than for baseline (single time-point) infections. Only one 
woman with ICC had a single persistent infection with an HPV 
type thought not to be carcinogenic (HPV81), suggesting that 
HPV81 might be carcinogenic or, more likely, that a carcinogenic 
infection was not detected at enrollment.

Acquisition of HPV at the second visit rarely led to ICC or CIS 
over the period studied; during 14 years of follow-up, only eight 
cancers were linked to incident infections, and seven of them had 
concurrent persistence of other carcinogenic HPV types; the 
remaining one was associated with acquisition of a putative non-
carcinogenic HPV type, HPV62, between the two visits. Clearance 
was also rarely followed by a diagnosis of ICC or CIS.

Cumulative Risk of Cervical Cancer by HPV Infection and 
Persistence
From our data, we graphed (Figure 2, A) the cumulative risks of an 
ICC or a CIS diagnosis with up to 16 years of follow-up after base-
line infection by HPV16 (13.5%), by HPV58 without HPV16 
(10.3%), by any carcinogenic type without HPV16 or HPV58 
(4.0%), by any probably or possibly carcinogenic type without a 
definitely carcinogenic one (2.1%), and by other HPV types (1.1%). 
HPV-negative women had a very low risk of ICC or CIS (0.26%). 
The corresponding risk was 6.2% among women infected with any 
carcinogenic HPV. We also graphed the risk of ICC or CIS among 
women whose HPV status was determined at baseline and second 
(2-year) examinations (Figure 2, B). We found high risk following 
persistence of carcinogenic HPV types (12.4%) compared with the 
low risk following pure acquisition of carcinogenic types (0%).

Age Effect
The risk of ICC or CIS following persistence of baseline infections 
with carcinogenic HPVs increased with age (Figure 2, C). With up 
to 14 years follow-up since the second examination, cumulative 
risks for women aged 30–44, 45–54, and 55–65 years at study entry 
were 5.5%, 14.4%, and 18.1%, respectively (Figure 2, C). There 
were very low risks of ICC or CIS among women who were HPV 
negative at baseline and across age groups (0.2%–0.3%, data not 
shown). At the extreme, women aged 55 years and older who were 
persistently HPV negative as of 1993–1995 had an extremely low 
risk (0.08%) of subsequently developing cervical cancer; only one 
woman was diagnosed with cervical intraepithelial neoplasia 3 
(CIN3) after 9.6 years. However, we found age differences in risk of 
ICC or CIS only among the women who had prevalent HPV infec-
tions at baseline; in our study, age did not modify the consistently 
low risk of new infections acquired between the two examinations.

To further explore the effects of age, we compared hazard 
ratios for incident CIS or ICC by presence of HPV infection at 
baseline and second examination for women who were aged 30–44 
years, 45–54 years, or 55 years and older (Table 3). Women with 
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Figure 2.  Kaplan–Meier estimates of cumulative 
risk (%) of histologically confirmed cervical carci-
noma in situ (CIS) and invasive cancer (ICC) during 
16-year follow-up by type-specific human papillo-
mavirus (HPV) infection. The cumulative risk by 
various HPV infection status and age at study entry 
were derived by using Kaplan–Meier method. A) 
Cumulative risk by type-specific HPV infection at 
baseline examination: 13.5% (95% confidence 
interval [CI] = 6.5% to 28.0%) for HPV16 infection, 
10.3% (95% CI = 4.9% to 21.7%) for HPV58 infec-
tion, 4.0% (95% CI = 2.6% to 6.2%) for carcinogenic 
types (without HPV16 and HPV58) infection, 2.1% 
(95% CI = 0.7% to 6.6%) for probably and/or pos-
sibly carcinogenic types (without carcinogenic 
types) infection, 1.1% (95% CI = 0.4% to 2.8%) for 
other types infection, and 0.26% (95% CI = 0.17% 
to 0.41%) for HPV-negative women. B) Cumulative 
by HPV infection of carcinogenic types at baseline 
and second examinations: 12.4% (95% CI = 8.0% to 
19.2%) for persistent of carcinogenic types, 0.77% 
(95% CI = 0.19% to 3.1%) for clearance of carcino-
genic types, 0.0% for purely acquisition of carcino-
genic types, and 0.14% (95% CI = 0.07% to 0.3%) 
for persistent negative. Asterisk indicates there 
were no cases of CIS or cancer among women 
with pure acquisition of carcinogenic HPV types in 
the absence of persistence or clearance of other 
types. C) Cumulative risk by age at study entry for 
persistent carcinogenic type (on a type-specific 
basis): 5.5% (95% CI = 1.7% to 17.7%) for women 
aged 30–44 years, 14.4% (95% CI = 6.9% to 30.4%) 
for women aged 45–54 years, 18.1% (95% CI = 
9.8% to 33.3%) for women aged 55–65 years.
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persistence of any carcinogenic HPV type had much more risk of 
incident cervical carcinoma compared with women who were HPV 
negative at both visits (HR = 75.4, 95% CI = 31.8 to 178.9). The 
hazard ratios for CIS or ICC among women who were infected by 
carcinogenic HPV types at the baseline examination, compared 
with HPV-negative women, were 11.0, 35.2, and 48.5, respec-
tively, for women who were aged 30–44 years, 45–54 years, and  
55 years or older. Notably, hazard ratios among women who were 
persistently infected by carcinogenic HPV types increased to 37.8 
(95% CI = 7.6 to 187.6) for women who were 30–44 years old, to 
71.2 (95% CI = 8.4 to 275.4) for women at 45–54 years, and to 
190.9 (95% CI = 24.6 to 1477.5) for women aged 55 years and 
older.

Discussion
In this long-term (16-year) prospective study, we confirmed the 
critical role of persistent carcinogenic HPV infections in predicting 
risk of subsequent cervical neoplasia in women aged 30 years and 
older.

The incidence of ICC or CIS following baseline infection by 
the 12 carcinogenic HPV types was 0.37% per person-year, which 
was more than 20 times the risk in HPV-negative women. We 
observed a sustained low risk of ICC or CIS in absence of any 
carcinogenic HPV type at baseline. In fact, no ICC and only one 
CIS developed among HPV-negative women who were aged 55 
years and older. The extraordinary risk stratification of cervical 
cancer provided by HPV testing in this cohort supports the useful-
ness of HPV testing, at long intervals, for cervical cancer screening.

Persistence of carcinogenic HPV infections was critical to the 
magnitude of ICC or CIS risk. Type-specific HPV persistence for 
a duration of 2 years elevated cervical cancer risk substantially for 
all individual carcinogenic HPV types: Risks were elevated two- to 
tenfold compared with single time-point detection. HPV infec-
tions that are detected only at a single time-point tend to clear 
rapidly; clearance gradually reaches a plateau around 3–5 years of 
follow-up (25). Two-year persistence (40.9%) in our study served 
as a biomarker of chronic or long-term infection, which was linked 
to increased risk of subsequent cancer development. As the dura-
tion of infection increased, risk increased; thus, the risk of ICC or 
CIS following persistence increased with age, in line with the 
known natural history of HPV infections that are usually acquired 
sexually at young ages. Our findings suggest that, if upon testing 
an HPV infection is found, retesting 2 years later would provide 
useful guidance as to the duration of infection and its risk. 
Although the theoretical importance of persistence cannot be 
overemphasized, many women and their clinicians are reluctant to 
wait for clearance because the first positive result (especially at 
older ages) does indicate increased risk compared with a negative 
result. Clinical guidelines will need to achieve a balance of clinical 
attention and restraint.

When baseline HPV infections cleared rather than persisted, 
subsequent cervical cancer risk was extremely low. This finding 
demonstrated that overt persistence rather than one-time infection 
is associated with a high risk of cancer. In fact, we observed low 
cervical cancer risk following HPV acquisition at any age, confirm-
ing that age does not modify the cancer risk following incident T
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infections (17). Because it is the duration of overtly detectable 
infection that most strongly predicts cancer risk, it would not be 
useful to repeat HPV testing on a frequent basis. Any new infec-
tions that might be found would be low-risk, and could not be 
interpreted like prevalent (possibly persistent) infections found on 
the first screen. The proper interval for repetition of HPV 
screening is not yet known, but it may exceed 5 years (26).

Our findings extend the conclusions of recent randomized clin-
ical trials that showed a high sensitivity of HPV testing to predict 
the risk of CIS over shorter intervals of a few years (6–9). However, 
in our study, HPV testing at a single time point did not perfectly 
predict outcome during the entire follow-up period. Only 13% of 
participants were HPV positive at baseline, and they comprised 
70% of all of the women who developed ICC or CIS. In other 
words, 30% of the cancers were diagnosed in the remaining 87% 
of participants who were HPV negative initially. These cancers 
were presumably caused by new infections that were acquired after 
entry into the study. New infections acquired after 30 years of age 
confer low risk (ie, in terms of the fraction of cancers, including 
CIS, that they cause compared with infections acquired earlier in 
life) but they are not without risk. It is quite possible that some 
cases of CIS and even ICC were caused by carcinogenic HPV  
infections that were acquired after the baseline and/or after the 
second examination 2 years later. However, the fraction of ICC 
diagnoses without HPV detection did not increase with time since 
the last screening (data not shown). In other words, a fraction of 
the women with ICC who were diagnosed throughout follow-up 
were HPV negative when we initially measured them, for unknown 
reasons. As the only tentative clue, women with cancers who were 
not preceded by HPV detection tended to be younger than those 
in whom we did find HPV infections. It is important to point out 
that during 16 years follow-up, only nine out of 8780 women who 
were baseline HPV negative developed ICC, and only three out of 
5396 women who tested negative at both the baseline and second 
examinations developed ICC. These estimates might be useful  
to guide publicly funded prevention efforts, which will need to 
consider how often to rescreen women who initially tested 
HPV negative.

The importance of HPV16, HPV58, HPV52, HPV18, HPV31, 
and HPV33 in this study was consistent with our previous 
cross-sectional study reporting the association between prevalent 
cervical cancer and HPV infection at baseline (3), and the 
distribution of HPV types in cervical cancers diagnosed in Asia 
(27–29). Moreover, our findings complement a recent long-term 
follow-up among young women aged 20–29 years in Denmark that 
observed similar risk stratification related to HPV persistence vs 
HPV negativity (20) and are consistent with other cohort data (30).

Compared with detection of all carcinogenic HPV types as a 
pool, genotyping may provide further information to improve the 
specificity of HPV testing. Even among the carcinogenic types, 
HPV16 and HPV58 were found to cause a higher risk of ICC or 
CIS than other carcinogenic HPV types. Full typing of HPVs may 
be useful to optimize the sensitivity and specificity of HPV test  
for detecting cervical cancers; alternatively, partial typing might 
provide as much risk stratification as clinicians need.

The major limitation of our study was the lack of HPV typing 
at the time of cervical cancer diagnoses. We might have misclassified 

the causal HPV types in some cases due to the transient nature of 
HPV infections. Moreover, our use of registry linkage rather than 
active follow-up probably led to under-ascertainment of cervical 
cancers, particularly for CIS. In this context, we did note a higher 
proportion of ICC among all of the cervical cancers in this pro-
spective series (34/68 = 50.0%) than in the data from baseline 
(20/56 = 35.7%). Along the same lines, we noticed an apparent 
difference between the cumulative risk of ICC or CIS in our 
study and cumulative risk of CIN3, which includes CIS, in 
Western countries (20). In Western countries, the cumulative 
incidence of CIN3 is relatively high, and it is much more fre-
quent than ICC. In comparison, in Taiwan, we saw less CIS, 
even at baseline. The difference in CIN3 diagnosis might be 
due in part to CIS being a slightly more stringent and serious 
diagnosis, or to less-intensive screening in Taiwan. Also, many 
women with the precursors to CIN3 may have experienced regres-
sion of their disease over time before they entered the age range of 
the cohort.

In conclusion, this cohort study extends to 16 years the useful-
ness of HPV testing for cervical cancer screening. In women older 
than 30 years who test HPV positive, it is helpful to perform a 
repeated HPV test 2 years later to improve the predictive value and 
specificity of cervical cancer screening. The accumulated evidence 
suggests that it is time to include HPV testing in cancer screening 
programs for the general population. HPV negative women will obtain 
superior reassurance of reduced risk. The challenge that remains is 
to devise optimal management guidelines for HPV-positive women, 
which may include a careful wait-and-see approach to monitor 
viral persistence vs clearance.
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