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Abstract

Objective

Diagnoses of atypical squamous cells of undetermined significance (ASCUS) and low-
grade squamous intraepithelial lesions (LSIL) are common, but the corresponding risk of
disease varies by human papillomavirus (HPV) status, complicating management strate-
gies. Our aim was to estimate the longer-term risk of cervical intraepithelial neoplasia grade
2 or worse (CIN2+) among women with ASCUS/LSIL by age, HPV status, and genotype(s).

Methods

A total of 314 women with ASCUS/ LSIL were followed for a median of 3.8 years. Baseline
HPV status was determined by reflex testing and women with histologically confirmed CIN2
+ were identified through linkage to the Swedish National Quality Register for Cervical Can-
cer Prevention. Cumulative incidence and hazard ratios were estimated to explore differ-
ences between index data and associations with CIN2+.

Results

In total, 89 women (28.3%) developed CIN2+. High-risk (HR) HPV-positive women devel-
oped significantly more CIN2+ than HR-HPV-negative women (cumulative incidence 3.5
years after the index test: 42.2%, 95% CI: 32.5-53.5 for HPV16/18; 36.2%, 95% Cl: 28.3—
45.4 for other HR-HPV types; and 2.0%, 95% CI: 0.5-7.8 for HR-HPV-negative women;
p<0.0001).

Conclusion

HPV status was of greatest importance in determining the risk of CIN2+. The risk was low
among HPV-negative women during the first years of follow-up, suggesting these women
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could be followed less intensively. HPV16/18-positive women may need intensified follow-
up as they showed the highest risk of CIN2+.

Introduction

Screening programs based on cervical cytology have significantly reduced the incidence and
mortality of cervical cancer since their introduction in the 1960s [1-3]. However, cytology test-
ing has variable sensitivity and reproducibility in detecting precancerous lesions, cervical
intraepithelial neoplasia (CIN) [4]. An appealing alternative is to test for viral infection caused
by high-risk human papillomavirus (HR HPV) [5].

Most HPV infections regress spontaneously and only a minority become persistent. How-
ever, these persistent infections carry a substantial risk for progression to CIN, which may
progress further to invasive cervical cancer [6-8]. The risk of progression to cancer also varies
between different HR HPV genotypes and the strongest risk is associated with HPV16, the
most common genotype [9]. HPV18 is the second most common genotype in squamous cervi-
cal cancer and is particularly associated with adenocarcinoma or its precursor, adenocarcinoma
in situ [10]. In contrast to squamous cervical cancer, incidence of adenocarcinoma continues
to increase in developed countries despite cervical cytology screening program efforts [11].
HPV16 and18 are found in approximately 70% of squamous cervical cancer [12, 13].

The majority of cytological abnormalities detected in the Swedish cervical screening pro-
gram are of minor grade. Of all cervical samples taken in 2012, 5.74% had a low-grade abnor-
mality (atypical squamous cells of undetermined significance (ASCUS, 3.61%) or low-grade
intraepithelial lesions (LSIL, 2.13%)) [14]. Many studies have shown that the risk of developing
pre-cancer and invasive cervical cancer is very low if the woman is HPV negative [15-17].
Therefore triaging ASCUS cytology results with HPV DNA testing is a recommended strategy
to identify women who need referral for colposcopy but also to provide reassurance to women
who are HPV negative [5].

Swedish guidelines now recommend HPV triage of all women with minor cytological
abnormalities regardless of ASCUS or LSIL diagnosis. HPV-positive women are referred for
colposcopy and HPV negative women are recommended to undergo repeat cytology testing
one year later, for safety reasons [18,19]. In recent years, there has been an increase in diagno-
ses of minor cytological abnormalities, resulting in increased colposcopy referrals. As referrals
require significant time and resources on the part of the health care system and can be stressful
for women, this raises the question of whether HPV negatives could be referred back to the
three-year screening interval in the organised program.

In this study, we aimed to estimate the longer-term risk of developing cervical pre-cancer by
ASCUS/LSIL status, age, and HPV DNA genotyping over up to 7 years of follow-up in order to
provide insight into the management of women with minor cytological abnormalities.

Materials and Methods
Study population and follow-up

In 2005, a study comparing conventional cytology and liquid-based cytology (LBC) with sup-
plementary HPV-triage was started and recruited women attending organized cervical cancer
screening at 6 maternity health centres in southern Stockholm, Sweden [20]. Women were
screened with conventional cytology or LBC according to the week of their appointment.
Among those screened with LBC, a total of 326 women with minor cytological abnormalities,
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were identified and form the study base of this analysis. To be included in this longitudinal
analysis and contribute to follow-up time, women had to have at least one follow-up test (cytol-
ogy or histology) taken after study-entry. One woman was excluded who only had an index
cytology result and no follow-up tests. Furthermore, 11 women diagnosed with a CIN2 or
worse (CIN2+) lesion on the same day as the ASCUS/LSIL index cytology were also excluded,
giving a final study population of 314 women. Of the remaining 314 women with minor
cytological abnormalities, 76 (24.2%) had a cytological diagnosis of ASCUS and 238 (75.8%)
had LSIL.

Since this study was nested within the organized screening program, women were followed
according to the established clinical practice policies in Stockholm.Women with cytological
abnormalities using ASCUS as a cut-off were referred for gynaecological follow-up including a
pelvic examination, colposcopy with directed biopsies of suspicious areas, regardless of HPV
test, HPV detection and genotyping was carried out as reflex testing of the LBC samples.
Women were treated if the investigation revealed CIN2+ or persistence of a minor lesion.

Cytology and HPV DNA testing

LBC samples collected in Preserve Cyt medium (Hologic, Bedford, MA) were obtained from
all women in the study at study-entry [20]. Cytological classification was based on the 2001
Bethesda nomenclature system [21]. According to the cytological diagnostic system used, koi-
locytosis without signs of dysplasia was reported as a non-pathologic finding (however, koilo-
cytosis is rare).

HPV-DNA detection and genotyping was performed using the Linear Array Genotyping
Test (LA; Roche Diagnostics, Pleasanton, California, USA) on nucleic acid extracted by the
MagNA Pure LC robot (Roche Diagnostics) as previously described [22]. The LA test identifies
37 different HPV types. A sample was categorized high-risk HPV (HR HPV) positive if one of
the following 13 HPV types were included; 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68 [23].
The Linear Array test was used in the first research studies examining the use of HPV testing in
the screening program in Sweden.

All laboratory analyses were performed at the Department of Virology, Huddinge, Karo-
linska Hospital, Stockholm, Sweden.

Statistical analysis

In this prospective cohort study, we included women with minor cytological abnormalities and
complete HPV testing at baseline and at least one follow-up cytological or histological test. Fol-
low-up time was calculated from the date of the index ASCUS/LSIL to the 1** occurrence of a
histologically confirmed CIN2+ lesion or the last registered cytology date if the individual did
not develop a CIN2+ lesion.

The women were linked, using personal identification numbers, to the population-based
the Swedish National Cervical Screening Registry (NKCx) to identify those individuals who
developed histologically confirmed CIN2+ during follow-up, until December 31 2012. NKCx
contains a copy of the same file that is used to report the cytological and histopathological diag-
noses from all cytological and histopathological laboratories in Sweden. The completeness of
NKCx is therefore 100% and all events occurring in the 7 years of linkage to the registry were
captured. All cytological smears, histopathologies, and visits to hospitals in Sweden are regis-
tered using a Personal Identification Number that is unique for each individual and is assigned
at birth or at immigration to Sweden. As we used linkages based on the PIN to a complete reg-
istry, the current study has nationwide information on all follow-up smears and histopatholo-
gies taken from all women in the studied cohort.
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Firstly, we estimated the cumulative incidence of CIN2+ by baseline characteristics (age,
cytological diagnosis, and HPV status) using one minus the Kaplan-Meier curves with 95%
confidence intervals based on the Greenwood formula. Differences between groups were
assessed using the log-rank test. Cumulative incidence were reported at 3.5 years and 6 years to
reflect the estimated risk after the first and second subsequent screening round. Secondly, uni-
variate and multivariate Cox regression models were used to show the associations between
index visit data and the outcome (CIN2+ in histopathology). Hazard ratios (HR) and their
95% confidence intervals (95% CI) were obtained from the regression models using time since
baseline ASCUS/LSIL result as the underlying timescale. The proportional hazards assumption
was checked and no evidence of non-proportionality was found.

A p-value of <0.05 was considered statistically significant and all analyses were done using
STATA version 13 (Stata Corp. Stata Statistical Software, USA).

Ethics

Written informed consent was obtained from all study participants before enrolment and ethi-
cal permissions for the study was approved by the Regional Board of the Karolinska Institutet
in Stockholm, Sweden in 2004 with updates in 2010 and 2013 (No. 04-679/3, No. 2010/944-32
and 2013/763-32).

Results
Characteristics of the study women

In total, 39.5% of women with ASCUS and 79.4% of women with LSILs were HR HPV positive.
Overall, 214 (68.2%) women were positive for any of the 13 high-risk (HR) HPV types defined
as oncogenic by the International Agency for Research on Cancer [13] but most infections
were due to HPV type 16 and/or 18 (27.7%). Sixty-six women (21.0%) were HPV 16 positive
and 27 (8.6%) HPV 18 positive. Of the 66 HPV 16 positive women, 8 (12.2%) were ASCUS and
58 (87.9%) were LSIL and of the 27 HPV 18 positive women, 4 (14.8%) were ASCUS and 23
(85.2%) were LSIL. The second most common HPV type in the group was HPV 51 (10.8%).
Non-HR type positivity in the study population was 44.6% and 26.8% of women had HPV
infections with 2 or more types. The mean age in the study group was 34 years (median 32
years, range 23-60 years) but most women (58.6%) were older than 30 years. The median fol-
low-up time was 3.8 years (range 0.1-7.0 years, 27.3% had a follow-up time of more than 5
years). A total of 89 (28.3%) women developed histologically confirmed CIN2+ during follow-
up (Table 1).

Cumulative incidence of CIN2+ by background characteristics

In the first two years of follow-up the cumulative incidence increased quickly for women with
a baseline ASCUS result and then plateaued after two years. However, in the LSIL group, the
cumulative incidence increased steadily over the entire follow-up period. The 3.5 year cumula-
tive incidence of CIN2+ for women with a baseline ASCUS or LSIL cytology were 15.0% (95%
CI: 8.6-25.5) and 30.7% (95% CI: 25.2-37.1), respectively. The overall difference between the
curves was statistically significant (p = 0.0049) (Fig 1). The 3.5 year cumulative risk of develop-
ing CIN2+ was greatest among women aged 30-39 years (34.9% (95% CI: 26.2-45.4)). Among
women younger than 29, the 3.5 year cumulative risk was 24.3% (95% CI: 17.8-32.8). At 6
years, these differences remained and the cumulative incidence was 30.8% (95% CI: 22.6-41.0)
and 39.8% (95% CI: 30.3-51.0) for women ages 23-29 and 30-39, respectively (Fig 2).
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Table 1. Distribution of background characteristics among 314 women with ASCUS/LSIL index

cytologies.

<29
30-39
40-49
>50

ASCUS
LSIL

HR HPV positive* (13 types)

HPV 16 and/or 18 positive
Other HR HPV positive**
Non-HR HPV positive***

No HR HPV infection
1 HR HPV infection
>2 HR HPV infections

HPV 16
HPV 18
HPV 31
HPV 33
HPV 35
HPV 39
HPV 45
HPV 51
HPV 52
HPV 56
HPV 58
HPV 59
HPV 68

Study population

N (%)
Age (range: 23-60)
130 (41.4)
97 (30.9)
71 (22.6)
16 (5.1)
Baseline cytology result

76 (24.2)
238 (75.8)

HPV status
214 (68.2)
88 (28.0)
127 (40.5)
140 (44.6)

HR type co-infections
100 (31.9)
130 (41.4)
84 (26.8)
HPV type-specific positivity

66 (21.0)
27 (8.6)
33 (10.5)
15 (4.8)
14 (4.5)
22 (7.0)
21 (6.7)
34 (10.8)
31(9.9)
28 (8.9)
18 (5.7)
20 (6.4)
10 (3.2)

*13 HR types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68

**Excluding types 16 and 18

***¥24 non-HR types: 6, 11, 26, 40, 42, 53, 54, 55, 61, 62, 64, 66, 67, 69, 70, 71, 72, 73 (MM9), 81, 82

(MM4), 83 (MM7), 84 (MM8), 1IS39, and CP6108.
ASCUS: atypical squamous cells of undetermined significance, LSIL: low-grade squamous intraepithelial

lesions, HPV: human papillomavirus.

doi:10.1371/journal.pone.0127444.1001

Count of CIN2+

N

35
36
15
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46
44

53
32
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HR HPV positive women had a higher cumulative risk of CIN2+ 3.5 after the index test
compared to HR HPV negative women: cumulative 42.2% (95% CI: 32.5-53.5) for HPV16/18
and 36.2% (95% CI: 28.3-45.4) for other HR HPV types compared to 2.0% (95% CI: 0.5-7.8)
for HR HPV negatives. Again, these differences remained after 6 years of follow-up (cumula-
tive incidence 54.4% (95% CI: 41.2-68.7) for HPV 16/18 and 38.0% (95% CI: 29.7-47.7) for
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Cumulative Incidence of CIN2+

0.100
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0.000—

T T T T T T T T
0 1 2 3

Time since baseline screening (Years)
Number at risk

ASCUS 76 51 7
LSIL 238 137 23
| ASCUS Lsi |

Fig 1. Cumulative incidence of CIN2+ by baseline test result. Log rank p-value: 0.0049 CIN 1+: cervical
intraepithelial neoplasia grade 2 or worse, ASCUS: atypical squamous cells of undetermined significance,
LSIL: low-grade squamous intraepithelial lesions.

doi:10.1371/journal.pone.0127444.g001

other HR HPV types compared to 6.6% (95% CI: 2.3-18.1) for HPV negatives). The overall dif-
ference between the curves was statistically significant, p<0.0001. After 5 years of follow-up,
the risk for CIN2+ continued to increase among women who were HPV16/18 positive at base-
line while the risk among women positive for other HR types did not increase after 5 years

(Fig 3).

Overall, HR HPV positive ASCUS/LSIL had a higher cumulative risk of CIN2+ compared
to HR HPV negative ASCUS/LSIL. The cumulative incidence of CIN2+ for women with HR
HPYV positive ASCUS was 35.2% (95% CI: 20.7-55.6) at 3.5 and 6 years of follow-up and the
risk for women with HR HPV positive LSIL was 39.2% (95% CI: 32.5-46.9) at 3.5 years and
rose to 45.8% (95% CI: 37.7-54.6) at 6 years of follow-up. The cumulative incidence of CIN2
+ increased rapidly among women positive for HR HPV at baseline and plateaued after 2
years among women with ASCUS but continued to increase among women with LSIL. The
cumulative incidence of CIN2+ for HR HPV negative women with ASCUS/LSIL remained
similarly low during the first years with only a few more cases among the LSILs after 4.5 years

0.500+
0.450
0.400—
0.350+

0.300+

0.250

0.200+

0.150+

Cumulative Incidence of CIN2+
o
g
L

0.050—

0.000+

2 3
Time since baseline screening (Years)
Number at risk

Ages 23-29 130 79 14
Ages 30-39 97 58 10
Ages 40-49 71 45 4
Ages 50-60 16 6 2
Ages 23-29 ———— Ages 30-39
———— Ages 40-49 Ages 50-60

Fig 2. Cumulative incidence of CIN2+ by baseline age. Log rank p-value: 0.1499 CIN2+: cervical
intraepithelial neoplasia grade 2 or worse

doi:10.1371/journal.pone.0127444.9002
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Cumulative Incidence of CIN2+

0.100 -
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0.000 -

2 3 4 6
Time since baseline screening (Years)
Number at risk

HPV 16 and/or HPV 18 positive 87 42 4
Other HR HPV positive 127 66 12
HPV negative 100 80 14

HPV 16 and/or HPV 18 positive— — — Other HR HPV positive

“““““““““ HPV negative

Fig 3. Cumulative incidence of CIN2+ by baseline HR HPV status. CIN2+: cervical intraepithelial
neoplasia grade 2 or worse, HR HPV: high-risk human papillomavirus. Log rank p-value: <0.0001

doi:10.1371/journal.pone.0127444.9003

of follow-up. The difference between ASCUS and LSIL when stratified by HPV status was sta-
tistically significant, p<0.0001. The 3.5 year risk of CIN2+ among HR HPV negative ASCUS
and LSIL was 2.2% (95% CI: 0.3-14.5) and 1.9% (95% CI: 0.3-12.7), respectively. The 6-year
risk among HR HPV negative ASCUS remained 2.2% but increased to 9.3% (95% CI: 3.0-27.4)
for HR HPV negative LSILs (Fig 4).

Fig 5 shows the cumulative incidence of CIN2+ among ASCUS and LSILs stratified by HPV
16/18, other HR HPV types and HPV-negativity. The highest cumulative risk of CIN2+ was
observed among women positive for HPV16/18. The cumulative incidence for HPV16/18 posi-
tive ASCUS was 48.9% (95% CI: 23.8-80.8) at 3.5 years of follow-up and for HPV 16/18 LSIL it
was 40.6% (95% CI: 30.3-52.8). The cumulative incidence of CIN2+ for women with ASCUS,
positive for other HR HPV types was 27.6% (95% CI: 12.5-54.1) and for LSIL, positive for
other HR HPV types was 38.3% (95% CI: 29.7-48.4) at 3.5 years of follow-up. The risk for
CIN2+ increased rapidly among HPV positive ASCUS/LSIL during the first two years and

0.500-]

0450 | jm—————=

0.400-| —a

pao{ 00—

0.300 F

0,250 ~ 1
P

0200

o504 |

Cumulative Incidence of CIN2+

01004

fr
0.050 |4 I_,
o

0000

2 3 4 5
Time since baseline screening {Years)
Number at risk

ASCUS HR HPV negative 46 34 4
ASCUS HR HPV positive 30 17 3
LSIL HR HPV negative 54 48 10
LSIL HR HPV positive 184 91 13
ASCUS HR HPV neg ———=- ASCUSHRHPV pos
LSIL HR HPV neg —— == LSILHR HPV pos

Fig 4. Cumulative incidence of CIN2+ by baseline test result and HR HPV status. CIN2+: cervical
intraepithelial neoplasia grade 2 or worse, ASCUS: atypical squamous cells of undetermined significance,
LSIL: low-grade squamous intraepithelial lesions, HR HPV: high-risk human papillomavirus. Log rank p-
value: <0.0001

doi:10.1371/journal.pone.0127444.9004
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' ASCUS HPV16/18 pos =L 8IL HPV16/18 pos
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Fig 5. Cumulative incidence of CIN2+ by baseline test result and HPV status. CIN2+: cervical
intraepithelial neoplasia grade 2 or worse, ASCUS: atypical squamous cells of undetermined significance,
LSIL: low-grade squamous intraepithelial lesions, HR HPV: high-risk human papillomavirus. Log rank p-
value: <0.0001

doi:10.1371/journal.pone.0127444.g005

continued to increase during the whole follow-up time. However, the risk among HPV16/18
positives was always greater than the risk among women positive for other HR HPV types

(Fig 5).

Association between baseline characteristics and CIN2+

We evaluated age, cytological, and viral risk factors for developing CIN2+ in the study group.
Unadjusted associations are shown in Table 2 and adjusted associations derived from a multi-
variate Cox regression model are shown in Table 3. Risk factors at baseline, which were signifi-
cantly associated with developing CIN2+, were women with LSIL cytology (HR 2.4; 95% CI,
1.3-4.5) compared to ASCUS and HR HPV positivity (HR 12.5; 95% CI, 4.6-34.1) compared
to HR HPV negativity. Being positive in HPV genotype 16 and/or 18 (HR 2.4; 95% CI, 1.6—
3.7), HPV16 alone (HR 2.6; 95% CI, 1.7-4.1), or one of the HPV types 31 (HR 3.2; 95% CI,
2.0-5.3) or 33 (HR 4.1; 95% CI, 2.1-7.9) were also significantly associated with developing
CIN2+ compared to being negative for that type. Being positive HPV18 alone was borderline
significant (HR 1.9; 95% CI, 1.0-3.4). Non-HR HPV positive compared to non-HR HPV nega-
tive was not significantly associated with developing CIN2+ (HR 1.2; 95% CI: 0.8-1.9). The
magnitude of the association for infection with 1 HR HPV type and infection with 2 or more
HPYV types and CIN2+ was similar to that of infection with any HR HPV type (Table 2). In the
multivariable model adjusted for age at baseline, index cytology and HPV status, the strength
of association was greatest for HR HPV positivity compared to negativity (HR HPV16/18 2.3
(95% CI; 1.5-3.5) (Table 3).

Discussion

Among women with minor cytological abnormalities where we had a complete, nationwide
data linkage for up to 7 years, we identified the long-term risk of developing high-grade cervical
disease stratified by age, cytological, and viral risk factors. HPV status was the most significant
determinant of developing high-grade cervical disease during follow-up. The long-term risk of
CIN2+ following a negative HR HPV DNA test, regardless of cytological diagnosis of ASCUS
or LSIL, was low during follow-up. For HR HPV-negative women with an LSIL index smear,
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Table 2. Unadjusted association between baseline characteristics and CIN2+.

Effect

30-39 vs. <29
40-49 vs. <29
>50 vs. <29

LSIL vs. ASCUS

HR HPV positive* vs. HR HPV negative

HPV 16 and/or HPV18 positive vs. HPV 16 and HPV 18 negative
Other HR HPV positive** vs. Other HR HPV negative

Non-HR HPV positive vs. Non-HR HPV negative

1 HR HPV infection vs. No HR HPV infection

>2 HR HPV infections vs. No HR HPV infection

HPV 16 positive vs.
HPV 18 positive vs.
HPV 31 positive vs.
HPV 33 positive vs.
HPV 35 positive vs.
HPV 39 positive vs.
HPV 45 positive vs.
HPV 51 positive vs.
HPV 52 positive vs.
HPV 56 positive vs.
HPV 58 positive vs.
HPV 59 positive vs.
HPV 68 positive vs.

HPV 16 negative
HPV 18 negative
HPV 31 negative
HPV 33 negative
HPV 35 negative
HPV 39 negative
HPV 45 negative
HPV 51 negative
HPV 52 negative
HPV 56 negative
HPV 58 negative
HPV 59 negative
HPV 68 negative

HR (95% ClI)

Age

1.5 (0.9-2.4)
0.8 (0.4-1.5)
0.8 (0.3-2.7)

Baseline cytology

2.4 (1.3-4.5)

HPV status

12.5 (4.6-34.1)
2.4 (1.6-3.7)

1.7 (1.1-2.6)

1.2 (0.8-1.9)

12.9 (4.7-35.8)
11.8 (4.2-33.5)
2.6 (1.7-4.1)

1.9 (1.0-3.4)
3.2 (2.0-5.3)
4.1 (2.1-7.9)
1.4 (0.6-3.5)
1.8 (0.9-3.5)
1.5 (0.7-3.0)
0.9 (0.4-1.8)
0.7 (0.3-1.5)
1.0 (0.5-2.1)
1.6 (0.7-3.5)
1.2 (0.5-2.5)
0.7 (0.2-2.7)

*13 HR types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68
**Excluding types 16 and 18

CIN2+: cervical intraepithelial neoplasia grade 2 or worse, ASCUS: atypical squamous cells of

p-value

0.10
0.47
0.76

0.01

<0.01
<0.01
0.01
0.34
<0.01
<0.01
<0.01
0.04
<0.01
<0.01
0.43
0.11
0.31
0.75
0.39
0.99
0.23
0.71
0.58

undetermined significance, LSIL: low-grade squamous intraepithelial lesions, HR HPV: high-risk human

papillomavirus.

doi:10.1371/journal.pone.0127444.t002

the risk increased after 4.5 years of follow-up, suggesting that these women should be followed-

up after a shorter interval than 4.5 years.

Swedish triage guidelines do not distinguish between ASCUS/LSIL diagnosis and, for safety
reasons, recommend retesting at one year despite a HR HPV negative test result [19]. As our
results demonstrate, there is a steady low risk of CIN2+ for HPV negative minor cytological
abnormalities during the first 4.5 years of follow-up, suggesting that the re-testing after 1 year
could be reconsidered (based on the performance of the HPV test used in the present study).

However, given the width of the confidence intervals around the cumulative risk among HPV
negative ASCUS/LSIL women, caution should be given to re-defining the interval and this
analysis should be repeated in larger material to confirm the findings. Women diagnosed with
HPV16/18 at baseline had the highest risk of developing CIN2+ compared to HPV negative
women. Our data further show that the risk associated with being HPV 16/18 continued to
increase over follow-up, even after 5 years, compared to those who were positive for other
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Table 3. Adjusted multivariable model*—full study population.

Effect HR (95% Cl) p-value
Age
30-39 vs. <29 1.8 (1.1-2.8) 0.02
40-49 vs. <29 1.2 (0.6-2.2) 0.61
>50 vs. <29 1.0 (0.3-3.4) 0.95
Baseline cytology
LSIL vs. ASCUS 2.1 (1.1-4.0) 0.03
HPV status
HPV 16 and/or HPV18 positive vs. HPV 16 and HPV 18 negative 2.3 (1.5-3.6) <0.01

*All variables in the table were included as covariates.
LSIL: low-grade squamous intraepithelial lesions, ASCUS: atypical squamous cells of undetermined
significance, HPV: human papillomavirus.

doi:10.1371/journal.pone.0127444.t003

high-risk HPV types at baseline. However, the risk of developing CIN2+ was substantial for
those positive for other non-16/18 HR HPV types.

The risk stratification concept introduced by Castle et al. which involves “equal manage-
ment of equal risks” [24, 25] states that it is safe to return the patient to the regular screening if
the 5-year risk of CIN3+ is below 2%. If the risk is between 2-10%, follow-up at one year is rec-
ommended and a risk >10% referral to colposcopy is needed [24]. Kocken et al. concluded in a
study of long-term follow-up of women with borderline and mild dyskaryosis that HR-HPV
negative women might be referred to routine screening, as their 5-year CIN3+ risk is negligible
[26].

Risk stratification by genotyping in this group will probably not alter clinical management
anyway because the risk of pre-cancer is so high that it will require immediate colposcopy.
However, in populations with limited access to follow-up it might motivate immediate treat-
ment. Commercially available HPV DNA tests that simultaneously detect HPV16 and HPV18
individually and 12 pooled HR HPV types could be beneficial [27]. The rather high risk of
developing CIN2+ for LSILs reflects the high prevalence of HR HPV (79.4%) in this diagnostic
category. As in our study, several others have previously demonstrated high risks for pre-can-
cer among HPV positives and especially among women positive for HPV 16 and/or 18
[26,28,29].

The low risk of HPV negative ASCUS has been confirmed in a large cohort study by Katki
et al. [18]. They concluded that women with HPV-negative ASCUS had a similar 5-year risk
for CIN2+/CIN3+ as women with a normal Pap smear and therefore could be managed simi-
larly, namely with a 3-year retesting interval. In the same cohort, Katki et al. [30] also studied
the risk of LSILs developing high-grade cervical disease and found that the HPV-test result
clearly modified the risk but only when considering repeat testing of HPV negative LSILs at
one year rather than immediate colposcopy [31]. Several large randomised controlled studies
and longitudinal cohort studies have demonstrated that HPV negativity is protective against
development of pre-cancer [15,16,32] but 100% reassurance can never be guaranteed. Castle
et al made a review of case histories CIN3 cases that were HR HPV negative at baseline and
found evidence that these cases were due to incident (new) cases, non HR HPV, misclassified
histology and false negative HR HPV. They concluded that among women with cytological
abnormalities, there will be a few cases of cervical pre-cancer that will test HR HPV negative
for one or more reasons [33]. As our data also illustrates, there is a small, but not negligible,
long-term risk of pre-cancer among HPV negative women.
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A recent study from the Norwegian Cervical Cancer Screening Programme compared the
short-time (6 months) and long-time (3 years) effectiveness of different HPV tests and
reported that the risk for CIN2+ in HPV-negative women with persistent ASCUS/LSIL was
over 2% and that return these women to the normal screening was potentially unsafe. However,
a normal repeat cytology at 6 months following an ASCUS/LSIL resulted in a low risk of severe
abnormalities during the next screening round, justifying a return to the regular screening pro-
gramme [34]. Long-term follow-up of test accuracy after implementation of a new test in a pre-
vention programme is of great importance. The Norwegian study illustrates differences in the
protective effect of different HPV tests, which underlines the importance balancing clinical
sensitivity and specificity (clinical performance) to ensure safety for women participating in
screening. It also highlights the importance of ongoing program evaluation when new screen-
ing routines are implemented and suggests that further investigation into the question of
ASCUS/LSIL triage is needed in Sweden to change policy [34]. Analyses could be completed
examining the number of negative follow-up colposcopies that could be avoided and the risk of
undetected CIN2+ lesions, by proposed strategy.

A major strength of our study is the linkage to the National Quality Register for Cervical
Cancer prevention (NKCx) from which we retrieved all follow-up data and to which all
cytological and histological results in Sweden are reported. Correct linkage is ensured by per-
sonal identification numbers of all women, which reduces the number of women lost to follow-
up. Further, our study reflects a real-life screening setting with women recruited from clinics
representing areas of different socio-economic status and the result of long-term clinical fol-
low-up. Since women were recruited directly from the screening program, the results are repre-
sentative of the population attending screening in Stockholm. We have not adjusted for
verification bias. Colposcopy biopsies were taken from visual lesions and women were consid-
ered disease free if no lesions were visualised. This could have affected our estimates but it also
made our results applicable to other real-life settings. Some women might have been treated
because of persistent low-grade disease and therefore censored before development of the out-
come. As low and moderate CINs often regress and are less reproducible, the ideal outcome to
be chosen would have been CIN3+ or cancer [15,35]. In a clinical setting though, CIN2+ is of
great interest as it is the threshold for patient treatment [36].

With regard to study specific considerations, it is important to note that one study reported
that most slides diagnosed as ASCUS in the USA and UK is reported as normal in Sweden,
which could affect comparisons of results between countries [37]. We have a high prevalence
of HPV among our ASCUS and LSIL cases which also could affect the comparability between
cumulative risk estimates between countries. Since this study was conducted in the context of
the organized screening program and utilized registry-linkages for data collection, no further
background information on the study participants was available. HPV testing was completed
once in the study making it difficult to speculate whether, and to what extent, new infections
occurred during the study.

Conclusions

In summary, stratifying women with minor cytological abnormalities by HR HPV DNA detec-
tion and genotyping helps to identify women at low- and high long-term risk of developing
high-grade cervical disease; results that could help inform clinical management. The low risk
observed among HPV negatives, given the performance of the HPV test used in the present
study, could motivate reconsidering the one-year retest. Specifying the presence of HPV16/18
could focus attention to this high-risk group.

PLOS ONE | DOI:10.1371/journal.pone.0127444 June 17,2015 11/183



@’PLOS ‘ ONE

Risk Associated with Minor Cytological Abnormalities

Author Contributions

Conceived and designed the experiments: SA JD. Performed the experiments: KME JD SA.
Analyzed the data: MP KME SA. Contributed reagents/materials/analysis tools: SA JD SO.
Wrote the paper: SA MP KME.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Hemminki K, Li X, Vaittinen P (2002) Time trends in the incidence of cervical and other genital squa-
mous cell carcinomas and adenocarcinomas in Sweden, 1958—-1996. Eur J Obstet Gynecol Reprod
Biol 101: 64—69. PMID: 11803102

Arbyn M, Weiderpass E, Capocaccia R (2012) Effect of screening on deaths from cervical cancer in
Sweden. BMJ 344: e804. doi: 10.1136/bmj.e804 PMID: 22381675

Vaccarella S, Lortet-Tieulent J, Plummer M, Franceschi S, Bray F (2013) Worldwide trends in cervical
cancer incidence: Impact of screening against changes in disease risk factors. Eur J Cancer 49: 3262—
3273. doi: 10.1016/j.ejca.2013.04.024 PMID: 23751569

Stoler MH, Schiffman M (2001) Interobserver reproducibility of cervical cytologic and histologic interpre-
tations: realistic estimates from the ASCUS-LSIL Triage Study. JAMA 285: 1500-1505. PMID:
11255427

Arbyn M, Ronco G, Anttila A, Meijer CJ, Poljak M, Ogilvie G, et al. (2012) Evidence regarding human
papillomavirus testing in secondary prevention of cervical cancer. Vaccine 30 Suppl 5: F88—-F99. doi:
10.1016/j.vaccine.2012.06.095 PMID: 23199969

zur Hausen H (2002) Papillomaviruses and cancer: from basic studies to clinical application. Nat Rev
Cancer 2: 342-350. PMID: 12044010

Moscicki AB, Schiffman M, Burchell A, Albero G, Giuliano AR, Goodman MT, et al. (2012) Updating the
natural history of human papillomavirus and anogenital cancers. Vaccine 30 Suppl 5: F24-F33. doi:
10.1016/j.vaccine.2012.05.089 PMID: 23199964

Khan MJ, Castle PE, Lorincz AT, Wacholder S, Sherman M, Scott DR, et al. (2005) The elevated 10-
year risk of cervical precancer and cancer in women with human papillomavirus (HPV) type 16 or 18
and the possible utility of type-specific HPV testing in clinical practice. J Natl Cancer Inst 97: 1072—
1079. PMID: 16030305

Bzhalava D, Guan P, Franceschi S, Dillner J, Clifford G (2013) A systematic review of the prevalence of
mucosal and cutaneous human papillomavirus types. Virology 445:224—231. doi: 10.1016/j.virol.
2018.07.015 PMID: 23928291

Dahlstrom LA, Ylitalo N, Sundstrom K, Palmgren J, Ploner A, Eloranta S, et al. (2010) Prospective
study of human papillomavirus and risk of cervical adenocarcinoma. Int J Cancer 127: 1923—-1930. doi:
10.1002/ijc.25408 PMID: 20473898

Bray F, Carstensen B, Moller H, Zappa M, Zakelj MP, Lawrence G, et al. (2005) Incidence trends of
adenocarcinoma of the cervix in 13 European countries. Cancer Epidemiol Biomarkers Prev 14:2191—
2199. PMID: 16172231

Smith JS, Lindsay L, Hoots B, Keys J, Franceschi S, Winer R, et al. (2007) Human papillomavirus type

distribution in invasive cervical cancer and high-grade cervical lesions: a meta-analysis update. IntJ
Cancer 121:621-632. PMID: 17405118

IARC (2012) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans.Volume 100 B: A
Review of Human Carcinogens: Biological agents. Lyon: |IARC. 441 p.

Dillner J (2013) Prevention of cervical cancer in Sweden: annual report 2013. Swedish National Quality
Register for Cervical Cancer Prevention: Stockholm.

Dillner J, Rebolj M, Birembaut P, Petry KU, Szarewski A, Munk C, et al. (2008) Long term predictive val-
ues of cytology and human papillomavirus testing in cervical cancer screening: joint European cohort
study. BMJ 337:a1754. doi: 10.1136/bmj.a1754 PMID: 18852164

Castle PE, Glass AG, Rush BB, Scott DR, Wentzensen N, Gage JC, et al. (2012) Clinical human papil-
lomavirus detection forecasts cervical cancer risk in women over 18 years of follow-up. J Clin Oncol

30: 3044-3050. doi: 10.1200/JC0O.2011.38.8389 PMID: 22851570

Elfstrom KM, Smelov V, Johansson AL, Eklund C, Naucler P, Arnheim-Dahlstrém L, et al. (2014) Long
term duration of protective effect for HPV negative women: follow-up of primary HPV screening rando-
mised controlled trial. BMJ 348: g130, doi: 10.1136/bmj.g130 PMID: 24435414

Katki HA, Schiffman M, Castle PE, Fetterman B, Poitras NE, Lorey T, et al. (2013) Five-year risks of

CIN 3+ and cervical cancer among women with HPV testing of ASC-US Pap results. J Low Genit Tract
Dis 17: S36-S42. doi: 10.1097/LGT.0b013e3182854253 PMID: 23519303

PLOS ONE | DOI:10.1371/journal.pone.0127444 June 17,2015 12/183


http://www.ncbi.nlm.nih.gov/pubmed/11803102
http://dx.doi.org/10.1136/bmj.e804
http://www.ncbi.nlm.nih.gov/pubmed/22381675
http://dx.doi.org/10.1016/j.ejca.2013.04.024
http://www.ncbi.nlm.nih.gov/pubmed/23751569
http://www.ncbi.nlm.nih.gov/pubmed/11255427
http://dx.doi.org/10.1016/j.vaccine.2012.06.095
http://www.ncbi.nlm.nih.gov/pubmed/23199969
http://www.ncbi.nlm.nih.gov/pubmed/12044010
http://dx.doi.org/10.1016/j.vaccine.2012.05.089
http://www.ncbi.nlm.nih.gov/pubmed/23199964
http://www.ncbi.nlm.nih.gov/pubmed/16030305
http://dx.doi.org/10.1016/j.virol.2013.07.015
http://dx.doi.org/10.1016/j.virol.2013.07.015
http://www.ncbi.nlm.nih.gov/pubmed/23928291
http://dx.doi.org/10.1002/ijc.25408
http://www.ncbi.nlm.nih.gov/pubmed/20473898
http://www.ncbi.nlm.nih.gov/pubmed/16172231
http://www.ncbi.nlm.nih.gov/pubmed/17405118
http://dx.doi.org/10.1136/bmj.a1754
http://www.ncbi.nlm.nih.gov/pubmed/18852164
http://dx.doi.org/10.1200/JCO.2011.38.8389
http://www.ncbi.nlm.nih.gov/pubmed/22851570
http://dx.doi.org/10.1136/bmj.g130
http://www.ncbi.nlm.nih.gov/pubmed/24435414
http://dx.doi.org/10.1097/LGT.0b013e3182854253
http://www.ncbi.nlm.nih.gov/pubmed/23519303

@’PLOS ‘ ONE

Risk Associated with Minor Cytological Abnormalities

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Dillner L, Kemetli L, Elfgren K, Bogdanovic G, Andersson P, Carlsten-Thor A, et al. (2011) Randomized
healthservices study of human papillomavirus-based management of low-grade cytological abnormali-
ties. IntJ Cancer 129: 151-159. doi: 10.1002/ijc.25649 PMID: 20824706

Froberg M, Norman |, Johansson B, Hjerpe A, Weiderpass E, Andersson S (2013) Liquid-based cytol-
ogy with HPV triage of low-grade cytological abnormalities versus conventional cytology in cervical
cancer screening. Curr Pharm Des 19: 1406-1411. PMID: 23016773

Solomon D, Davey D, Kurman R, Moriarty A, O'Connor D, Prey M, et al. (2002) The 2001 Bethesda
System: terminology for reporting results of cervical cytology. JAMA 287:2114—2119. PMID:
11966386

Brismar-Wendel S, Froberg M, Hjerpe A, Andersson S, Johansson B (2009) Age-specific prevalence of
HPV genotypes in cervical cytology samples with equivocal or low-grade lesions. Br J Cancer 101
(3):511-517. doi: 10.1038/sj.bjc.6605165 PMID: 19623178

Lindemann ML, Dominguez MJ, De Antonio JC, Sandri MT, Tricca A, Sideri M, et al. (2012) Analytical
comparison of the cobas HPV Test with Hybrid Capture 2 for the detection of high-risk HPV genotypes.
J Mol Diagn 14: 65—70. doi: 10.1016/j.jmoldx.2011.09.005 PMID: 22079749

Castle PE, Sideri M, Jeronimo J, Solomon D, Schiffman M (2007) Risk assessment to guide the preven-
tion of cervical cancer. Am J Obstet Gynecol 197: 356e1-356e6. PMID: 17904958

Katki HA, Schiffman M, Castle PE, Fetterman B, Poitras NE, Lorey T, et al. (2013) Benchmarking CIN 3
+ risk as the basis for incorporating HPV and Pap cotesting into cervical screening and management
guidelines. J Low Genit Tract Dis 17: S28—-S35. doi: 10.1097/LGT.0b013e318285423c PMID:
23519302

Kocken M, Berkhof J, Van Kemenade FJ, Louwers JA, Zaal A, Nobbenhuis MA, et al. (2012) Long-term
CIN3+ risk in women with abnormal cytology; role of hrHPV testing. Br J Cancer 106: 817—-825. doi: 10.
1038/bjc.2012.5 PMID: 22333596

Stoler MH, Wright TC Jr., Sharma A, Apple R, Gutekunst K, Wright TL I. (2011) High-risk human papillo-
mavirus testing in women with ASC-US cytology: results from the ATHENA HPV study. Am J Clin
Pathol 135:468—-475. doi: 10.1309/AJCPZ5JY6FCVNMOT PMID: 21350104

Schiffman M, Glass AG, Wentzensen N, Rush BB, Castle PE, Scott DR, et al. (2011) A long-term pro-
spective study of type-specific human papillomavirus infection and risk of cervical neoplasia among
20,000 women in the Portland Kaiser Cohort Study. Cancer Epidemiol Biomarkers Prev 20: 1398—
1409. doi: 10.1158/1055-9965.EPI-11-0206 PMID: 21602310

Kjaer SK, Frederiksen K, Munk C, Iftner T (2010) Long-term absolute risk of cervical intraepithelial neo-
plasia grade 3 or worse following human papillomavirus infection: role of persistence. J Natl Cancer
Inst 102: 1478-1488. doi: 10.1093/jnci/djg356 PMID: 20841605

Katki HA, Schiffman M, Castle PE, Fetterman B, Poitras NE, Lorey T, et al. (2013) Five-year risks of
CIN 2+ and CIN 3+ among women with HPV-positive and HPV-negative LSIL Pap results. J Low Genit
Tract Dis 17: S43-S49. doi: 10.1097/LGT.0b013e3182854269 PMID: 23519304

Massad LS, Einstein MH, Huh WK, Katki HA, Kinney WK, Schiffman M, et al. (2013) 2012 updated con-
sensus guidelines for the management of abnormal cervical cancer screening tests and cancer precur-
sors. J Low Genit Tract Dis 17: S1-S27. doi: 10.1097/LGT.0b013e318287d329 PMID: 23519301

Mesher D, Szarewski A, Cadman L, Cubie H, Kitchener H, Luesley D, et al. (2010) Long-term follow-up
of cervical disease in women screened by cytology and HPV testing: results from the HART study. Br J
Cancer 102: 1405-1410. doi: 10.1038/sj.bjc.6605619 PMID: 20354519

Castle PE, Cox JT, Jeronimo J, Solomon D, Wheeler CM, Gravitt PE, et al. (2008) An analysis of high-
risk human papillomavirus DNA-negative cervical precancers in the ASCUS-LSIL Triage Study (ALTS).
Obstet Gynecol 111:847-856. doi: 10.1097/A0G.0b013e318168460b PMID: 18378743

Nygard M, Roysland K, Campbell S, Dillner J (2014) Comparative effectiveness study on human papil-
lomavirus detection methods used in the cervical cancer screening programme. BMJ Open 4:
e003460. doi: 10.1136/bmjopen-2013-003460 PMID: 24401720

Carreon JD, Sherman ME, Guillen D, Solomon D, Herrero R, Jerénimo J, et al. (2007) CIN2 is a much
less reproducible and less valid diagnosis than CIN3: results from a histological review of population-
based cervical samples. Int J Gynecol Pathol 26: 441-446. PMID: 17885496

Cuzick J, Cadman L, Mesher D, Austin J, Ashdown-Barr L, et al. (2013) Comparing the performance of
six human papillomavirus tests in a screening population. Br J Cancer 108: 908-913. doi: 10.1038/bjc.
2018.22 PMID: 23370211

Scott DR, Hagmar B, Maddox P, Hjerpe A, Dillner J, Cuzick J, et al (2002) Use of human papillomavirus
DNA testing to compare equivocal cervical cytologic interpretations in the United States, Scandinavia,
and the United Kingdom. Cancer 96: 14-20. PMID: 11836698

PLOS ONE | DOI:10.1371/journal.pone.0127444 June 17,2015 13/13


http://dx.doi.org/10.1002/ijc.25649
http://www.ncbi.nlm.nih.gov/pubmed/20824706
http://www.ncbi.nlm.nih.gov/pubmed/23016773
http://www.ncbi.nlm.nih.gov/pubmed/11966386
http://dx.doi.org/10.1038/sj.bjc.6605165
http://www.ncbi.nlm.nih.gov/pubmed/19623178
http://dx.doi.org/10.1016/j.jmoldx.2011.09.005
http://www.ncbi.nlm.nih.gov/pubmed/22079749
http://www.ncbi.nlm.nih.gov/pubmed/17904958
http://dx.doi.org/10.1097/LGT.0b013e318285423c
http://www.ncbi.nlm.nih.gov/pubmed/23519302
http://dx.doi.org/10.1038/bjc.2012.5
http://dx.doi.org/10.1038/bjc.2012.5
http://www.ncbi.nlm.nih.gov/pubmed/22333596
http://dx.doi.org/10.1309/AJCPZ5JY6FCVNMOT
http://www.ncbi.nlm.nih.gov/pubmed/21350104
http://dx.doi.org/10.1158/1055-9965.EPI-11-0206
http://www.ncbi.nlm.nih.gov/pubmed/21602310
http://dx.doi.org/10.1093/jnci/djq356
http://www.ncbi.nlm.nih.gov/pubmed/20841605
http://dx.doi.org/10.1097/LGT.0b013e3182854269
http://www.ncbi.nlm.nih.gov/pubmed/23519304
http://dx.doi.org/10.1097/LGT.0b013e318287d329
http://www.ncbi.nlm.nih.gov/pubmed/23519301
http://dx.doi.org/10.1038/sj.bjc.6605619
http://www.ncbi.nlm.nih.gov/pubmed/20354519
http://dx.doi.org/10.1097/AOG.0b013e318168460b
http://www.ncbi.nlm.nih.gov/pubmed/18378743
http://dx.doi.org/10.1136/bmjopen-2013-003460
http://www.ncbi.nlm.nih.gov/pubmed/24401720
http://www.ncbi.nlm.nih.gov/pubmed/17885496
http://dx.doi.org/10.1038/bjc.2013.22
http://dx.doi.org/10.1038/bjc.2013.22
http://www.ncbi.nlm.nih.gov/pubmed/23370211
http://www.ncbi.nlm.nih.gov/pubmed/11836698

