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Abstract

Cervical screening frequency has not been studied in vaccinees. As the major risk fac-

tor, oncogenic human papillomavirus (HPV) is declining due to vaccination. We report

a trial to assess the effectiveness of cervical screening frequency among women

HPV-vaccinated as early adolescents (NCT02149030). In 2013, 5626 1992-1995-born

women, who had received three doses of the HPV16/18 vaccine at ages 12–15

between 2007 and 2010 in a community-randomized vaccination trial (NCT00534638),

were allocated at age 22 into high-intensity cytology-based cervical screening by even

birth date (Arm A1) or into low-intensity cytology-based cervical screening by odd birth

date (Arm A2). One thousand three hundred thirty-three women who received

HPV16/18 vaccination at age 18 attended a safety of low intensity-screening arm (Arm

A3). Low-intensity screening, where low-grade cytological abnormalities were not

revealed for 6 years, was compared to the standard high-intensity screening used in

Finland at the time. The prevalence of cytological and HPV findings was calculated at

ages 22/25/28. The hazard ratio of histopathologically confirmed immediate cervical

cancer precursors (HSIL/CIN2+) among participants was compared between low- and

high-intensity screening arms. The overall occurrence of CIN2+ was comparable in

Arms A1, 0.70% and A2, 0.66%, with the corresponding hazard ratio at age 28 being

Abbreviations: ASCUS, Atypical Squamous Cells of Undetermined Significance; CIN2+, Cervical Intraepithelial Neoplasia grade 2+; HPV, Human Papillomavirus; HSIL, High-grade Squamous cell

Intraepithelial Lesion; LSIL, Low-grade Squamous cell Intraepithelial Lesion; PPV, Positive Predictive Value.
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0.97 (95% confidence intervals, 0.50–1.88). By age 28, the occurrence of vaccine-HPV

types 16/18 was reduced up to 88% in the 12-to-15 compared to 18-year-old HPV-

vaccinated women. In conclusion, the risk of CIN2+ was similar for HPV-vaccinated

women who attended low-intensity cervical screening compared to high-intensity

screening most likely due to the decline of oncogenic HPVs.
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What's New?

Since the introduction of the human papillomavirus (HPV) vaccine in 2006, vaccine-type infec-

tions have declined markedly. As nonvaccine HPV types generally carry lower oncogenic poten-

tial, this shift warrants reevaluation of cervical screening regimens. Here, associations between

different cervical screening intensities and high-grade squamous intraepithelial lesion (HSIL)

occurrence were explored among Finnish women vaccinated against HPV in early adolescence.

HSIL cases were nearly equivalent between high- and low-intensity screening groups. Vaccine-

targeted HPV16/18 and cross-protected HPV31/45 were infrequent, with no detection in HSIL

lesions. The findings support less intensive cervical screening for HPV-vaccinated women to bet-

ter balance screening risks and benefits.

1 | INTRODUCTION

Cervical cancer is one of the most common cancers in women glob-

ally.1 Implementation of cervical cancer screening and subsequent

diagnosis and treatment of identified precancerous cervical lesions

has proven to be one of the most cost-effective preventive measures

against a human cancer to date.

Licensed prophylactic human papillomavirus (HPV) vaccines2,3 are

highly effective against cervical neoplasia and have been implemented

in the national vaccination programs of many countries worldwide.4,5

This has resulted in a drastic decline in the circulation of the most onco-

genic HPV infections and associated cervical lesions in vaccinated birth

cohorts, most notably in countries such as Scotland which has achieved

over 90% vaccination coverage through school-based vaccination pro-

grams.4,6 In Denmark and Sweden, vaccination against HPV6/11/16/18

was launched more than 10 years ago, resulting in a continuous

decrease in cervical intraepithelial neoplasia grade 2+ (CIN2+).7,8 In

Finland, school-based vaccination against HPV16/18 of early adoles-

cents was implemented by means of a community-randomized trial in

2007–2010 targeting both girls and boys born in 1992–1995. With

52% vaccination coverage this resulted in a 90% prevalence reduction

of HPV types 16 and 18 in less than 10 years.5,9

In many countries HPV-vaccinated birth cohorts have now

entered cervical screening programs which are based on HPV testing

due to its overall better performance.10 Reductions in the positive

predictive value (PPV) of cervical cytological screening and the speci-

ficity of HPV-DNA testing following HPV vaccination have now been

confirmed.11,12 This is due to both vaccine-induced direct protection

and herd effect against the most common, vaccine-covered high-risk

HPV types the prevalence of which both among the vaccinated and

unvaccinated women has significantly declined.13–15

Recent studies have reported evidence of lower oncogenicity

HPV types replacing vaccine-covered HPV types 16/18 (31/45),

which may further impact the positive predictive value of HPV-based

screening for non-16/18 high-risk HPV.16 Furthermore, considering

the lower oncogenic potential of infections caused by non-vaccine

targeted HPV types, there is a risk for unnecessary referrals to colpos-

copy and overtreatment of lesions which would otherwise regress,

thus impacting the balance of benefit versus harm. This indicates that

the intensity of cervical screening among HPV vaccinated birth

cohorts needs to be revisited.12,15

There is no controlled trial evidence on the effect of low screen-

ing intensity and risk of CIN2+, particularly not among women who

received HPV vaccination as early adolescents. We conducted a sys-

tematic allocation trial of high intensity versus low intensity cytology-

based cervical screening (cytology was still an option when our trial

was launched in 2014) among women aged 22 to 28 years old

(NCT02149030), who had received three doses of the bivalent

HPV16/18 vaccine between ages 12 and 15.17

2 | METHODS

2.1 | Study design and procedures

In 2007, all residents of 33 Finnish communities born in 1992–1995

were invited to participate in a community randomized vaccination

trial (NCT00534638).17 This encompassed 33 out of the 34 Finnish

communities with more than 35,000 inhabitants (outside of the Capi-

tal Metropolitan area). Virtually all (99.4%) female participants

received HPV vaccination with three doses of the bivalent HPV16/18

vaccine either at the age of 12 to 15 (12,402 participants), or, in the
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case of the trial participants who had earlier received hepatitis B virus

vaccination, a delayed HPV vaccination at the age of 18 (4568 partici-

pants). In total, 16,988 HPV16/18-vaccinated participants were

invited to attend the screening trial at the age of 22.

Women HPV-vaccinated at the ages 12 to 15 were individually

allocated into high-intensity (Arm A1, individuals with even birth

dates) and low-intensity (Arm A2, individuals with odd birth dates)

screening arms. They were invited to attend three screening visits

with a 3-year interval at the ages of 22, 25, and 28. Women HPV-

vaccinated at age 18 were invited to a parallel low-intensity screening

safety arm (Arm 3) until the age of 25 for the early assessment of the

safety of low-intensity screening in an interim analysis.17 In total,

6958 women consented to participate.

Participants in the high-intensity screening arm, A1, received

information on all cytological findings at each screening visit while

participants in the low-intensity screening arm, A2, only received

information on cytological findings in the case of high-grade squa-

mous intraepithelial lesion (HSIL), atypical squamous cells, cannot

exclude HSIL or atypical glandular cells that indicated referral to col-

poscopy according to the local standard of care. For arm A2, other

cytological results were not revealed to the providers, and no action

was taken on low-grade cytology results in the low-intensity screen-

ing arm until the end of the trial at the age of 28 years old, and in the

case of the safety arm A3, at the age of 25 years old.

Participation in the study ended if the loop electrosurgical exci-

sion procedure was performed during the study.

All arm A1 and A2 participants received information on cytologi-

cal findings at the end of the trial. HPV DNA findings were disclosed

at the end of the study. Participants in arm A3 attended screening

visits at the ages of 22 and 25 but received full cytological information

at age 25. The study outline and participation by arms is illustrated in

a flowchart (Figure 1) and Appendix S1.

Self-collected cervicovaginal samples for HPV DNA testing and

clinician-taken samples for cytological pap-staining were obtained at

all consecutive screening visits. The participants were also asked to

answer a health and sexual behavior questionnaire at the first screen-

ing visit at the age of 22.

2.2 | Laboratory analyses: HPV-genotyping

All cervical samples were HPV-genotyped using matrix-assisted laser

desorption time of flight mass spectrometry, Luminex18,19 and/or the

BD Onclarity™,20 platforms for the detection of high-risk HPV types

16, 18, 31, 45, 51, 52 and HPV types 33/58, 56/59/66 and 35/39/68

compiled into pools.

2.3 | Statistical analysis

The hazard ratios of histopathologically confirmed cervical intrae-

pithelial neoplasia grade 2+ findings in the low-intensity screening

arm versus the high-intensity screening arm (A2/A1) were calculated

using binomial regression with a complementary log–log link function.

Survival analysis and one minus Kaplan–Meier curves were used to

plot the cumulative hazards and respective risk table for the main

outcome.

Non-inferiority of overall screening effectiveness conveyed by

the low-intensity screening in women at age 28 years compared to

that conveyed by high-intensity screening in women at ages 22, 25,

and 28 was demonstrated if the difference between the two groups

in the upper limits of the 95% confidence intervals (95% CIs) for their

CIN2+ prevalence estimates was below 10%.21

All statistical analyses were conducted in R Studio (version

2023.06.2) using the following packages: tidyverse (v. 2.0.0), data.

table (v. 1.15.4), and plyr (v. 1.8.9) for descriptive statistics; Epi

(v. 2.51), Survival (v. 3.8-3), survminer (v. 0.5.0), and Caret (v. 6.0–94)

for calculations of prevalence, hazard ratios and prevalence ratios; and

ggplot2 (v. 3.5.1) for graphical visualization.

3 | RESULTS

In 2014, all 16,988 female participants of the Finnish community-

randomized HPV vaccination trial were invited to participate in a

study on the effectiveness of low-intensity versus high-intensity

screening. Almost all (99.4%) of these women had received three

doses of HPV16/18 vaccine either between ages 12 and 15 (arms

A1/A2, 12,402 women) or at age 18 (arm A3, 4586 women). Respec-

tively, 5626 (45.4%) and 1332 (29.0%) of the invited women, con-

sented to participate between 2014 and 2017 at age 22. The

former were systematically allocated into high-intensity (arm A1)

or low-intensity (arm A2) cervical screening at ages 22, 25, and 28.

Arm A1 participants received all cytological information of samples

taken at all study visits; Arm A2 participants received cytological

information only on HSIL+ lesions at the study visits. All cytologi-

cal information was disclosed to arm A2 participants at age

28 when the study ended (Figure 1). Arm A3 comprised women

who had received the HPV16/18 vaccination at age 18.

Our trial achieved a moderate rate of enrollment (5626/12,402

eligible women, 45.4%) among the women who had received

HPV16/18 vaccination as early adolescents. However, the partici-

pants showed high compliance (4778/5626, 84.9%) throughout all

three screening visits. Eight hundred and forty-eight women were lost

to follow-up due to a change of contact information and/or a change

of residence.

The baseline characteristics between these two arms were com-

parable. In the high-intensity screening arm, A1, 28% of women

(631/2255) reported current smoking, compared to 28% (665/2372)

women among the low-intensity screening arm, A2. The average sex-

ual debut age was reported to be 16 years old (16.42 in arm A1,

16.50 in arm A2 and 16.57 in arm A3) in all arms (Table 1).

Overall, the prevalence of cytological findings did not differ signif-

icantly by screening arm (Table 2). We observed a moderate, albeit

non-significant increase in the prevalence of atypical squamous cells

of undetermined significance (ASCUS) lesions at all ages in the low
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screening intensity arm A2 as compared to the high screening inten-

sity arm A1 (prevalence ratio of 1.17%, 95% CI 1.00–1.37). The preva-

lence of low-grade squamous intraepithelial lesion (LSIL) fluctuated

slightly by arm and study visit. The prevalence of HSIL was noticeably

stable at the start and end of the screening for both arms A1

(0.18–0.33%) and A2 (0.21–0.27%). The overall prevalence of HSIL in

Consented (total participants)
(n=6958)

HPV16/18 vaccinated invited
age 12-15 (n=12402) (Arms 1 & 2)

age 18 (n=4568) (Arm 3)

Age 22

Age 28

Age 25

DNA HPV results (n=2318)
Cytology results (n=2713)

DNA HPV results (n=2425)
Cytology results (n=2423)

DNA HPV results (n=2276)
Cytology results (n=2245)

DNA HPV results (n=2397)
Cytology results (n=2865)

DNA HPV results (n=1264)
Cytology results (n=1314)

DNA HPV results (n=2604)
Cytology results (n=2601)

DNA HPV results (n=1203)
Cytology results (n=1186)

DNA HPV results (n=2460)
Cytology results (n=2428)

Excluded:
Lost to follow up (n=10029)
-LEEP excision (n=15)

Excluded:
Non attendance (n=12)
Lost to follow up (n=261)
 -LEEP excision (n=8)

Excluded:
Non attendance (n=7)
Lost to follow up (n=230)
 -LEEP excision (n=7)

Excluded:
Lost to follow up (n=112)
 -LEEP excision (n=5)

Excluded:
Lost to follow up (n=178)
 -LEEP excision (n=3)

Excluded:
Lost to follow up (n=176)
 -LEEP excision (n=7)

1st screening visit (n=2740) 1st screening visit (n=2886) 1st screening visit (n=1332)

Excluded:
No/Inadequate cytology (n=27)
No HPV DNA (n=422)

Excluded:
No/Inadequate cytology (n=21)
No HPV DNA(n=489)

Excluded:
No/Inadequate cytology (n=18)
No HPV DNA (n=68)

2nd screening visit (n=2467) 2nd screening visit (n=2649) 2nd screening visit (n=1220)

3rd screening visit (n=2301) 3rd screening visit (n=2480)

Excluded:
No/Inadequate cytology (n=44)
No HPV DNA (n=42)

Excluded:
No/Inadequate cytology (n=48)
No HPV DNA (n=45)

Excluded:
No/Inadequate cytology (n=34)
No HPV DNA (n=17)

Excluded:
No/Inadequate cytology (n=56)
No HPV DNA (n=25)

Excluded:
No/Inadequate cytology (n=52)
No HPV DNA (n=20)

‡

‡ ‡

F IGURE 1 Flowchart of the study design and participation throughout the three study visits. Participants missing both ages 25 and 28 visits
were considered lost to follow-up. Participants in arm A2 at age 22, and 25 and in arm A3 at age 22 (‡), were blinded to the results of cytology
visits unless these showed a case of HSIL, ASC-H, or AGC. AGC, atypical glandular cells; ASC-H, atypical squamous cells, cannot exclude HSIL,
HSIL, high grade squamous cell intraepithelial lesion.
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the low-intensity screening arm (19/2865, 0.66%) was not inferior to

that of the high-intensity screening arm (19/2713, 0.70%) (Table 2).

The point prevalence of vaccine-targeted HPV16/18 was remark-

ably low at the first study visit (HPV16 prevalence, p = 0.26% and

0.21% in arms 1 and 2 respectively, while p = 2.30% in arm A3)

(Table 3). HPV18 was extremely rare in both arms A1 and A2 through-

out the three screening visits (prevalence ranging 0.04%–0.13%),

closely followed by HPV16 (prevalence ranging 0.20%–0.35%)

(Table 3). The prevalence of vaccine-covered HPV types 31 and

45 was decreased but higher than HPV16 and 18 at the first screening

visit (respectively, PHPV31 = 0.56% and PHPV45 = 0.47% in arm A1

and PHPV31 = 0.71% and PHPV45 = 0.66% in arm A2). They continued

to decrease at the following visits by ages 25 (respectively,

PHPV31 = 0.29% and PHPV45 = 0.16% in A1; PHPV31 = 0.46% and

PHPV45 = 0.27% in A2) and 28 (respectively, PHPV31 = 0.22%

and PHPV45 = 0.13% in A1; PHPV31 = 0.20% and PHPV45 = 0.28%

in A2).

The overall prevalence of non-vaccine high-risk HPV was high in

the three arms. The most common type was HPV51 (PHPV51 = 7.76%,

3.09%, and 2.15% in A1, PHPV51 = 7.26%, 3.46%, and 1.99% in A2

and PHPV51 = 7.04% and 3.49% in A3 at the consecutive study visits,

respectively) (Table 3). HPV52 was also common (PHPV52 = 5.13%,

4.12%, and 2.59% in A1, PHPV52 = 4.89%, 4.72%, and 2.93% in A2

and PHPV52 = 6.17% and 3.49% in A3 at the consecutive study visits,

respectively). It is noteworthy that the prevalence differences of the

non-vaccine-HPV types between the arms A1 and A2 and the safety

arm A3 were smaller than those of the vaccine-covered types

(HPV16/18/31/45) (Table 3).

Fifty-five cases of histologically confirmed cervical HSIL/CIN2+

were found during the 6 years of follow-up between ages 22 and

TABLE 1 Baseline characteristics of
women, who received HPV16/18
vaccine at age 12–15 (A1/A2) or 18 (A3),
and were randomized to high-intensity
cervical screening at ages 22, 25, and 28
(A1), or low-intensity screening at age 28
(A2) or at age 25 (A3 safety arm).

Variable
A1 (N = 2740)a A2 (N = 2886)b A3 (N = 1332)
n/mean (%/SD) n/mean (%/SD) n/mean (%/SD)

Total questionnaire answers 2255 (100) 2372 (100) 1047 (100)

Missing from questionnaire 489 510 286

Average age of sexual debut 16.42 (1.88) 16.50 (1.85) 16.57 (1.82)

Average age of HPV-vaccination 14.34 (0.69) 14.34 (0.71) 18.74 (0.49)

Number of lifetime partners

0 93 (0.04) 90 (0.04) 38 (0.04)

1 369 (0.16) 371 (0.16) 200 (0.19)

2 256 (0.11) 278 (0.12) 132 (0.13)

3 272 (0.12) 284 (0.12) 121 (0.12)

4 256 (0.11) 295 (0.12) 125 (0.12)

5 or more 950 (0.42) 1001 (0.42) 397 (0.38)

Missing 59 (0.03) 53 (0.02) 34 (0.03)

Smoking

Never 1325 (0.59) 1409 (0.59) 681 (0.65)

Quit 271 (0.12) 266 (0.11) 112 (0.11)

Current 631 (0.28) 665 (0.28) 244 (0.23)

Other than cigarettes 21 (0.01) 19 (0.01) 4 (0.003)

Alcohol intoxication

Never 507 (0.22) 528 (0.22) 248 (0.24)

Less than once a month 1442 (0.64) 1494 (0.63) 656 (0.63)

1–2 times a month 276 (0.12) 316 (0.13) 125 (0.12)

More than once a week 23 (0.01) 23 (0.01) 14 (0.01)

Missing 7 (0.003) 11 (0.005) 4 (0.004)

Condom use

Always 420 (0.19) 483 (0.20) 203 (0.19)

Beginning of a relationship 693 (0.31) 749 (0.32) 341 (0.33)

Sporadic relationship 720 (0.32) 774 (0.33) 340 (0.32)

After forgetting the pill 362 (0.16) 385 (0.16) 179 (0.17)

Never 73 (0.03) 78 (0.03) 28 (0.03)

Missing 757 (0.16) 735 (0.16) 345 (0.17)

aFrequent (A1).
bInfrequent (A2).
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28 in the arms A1 and A2. Of these 52, 18 were confirmed CIN3

cases (Table 4). The HPV genotyping revealed that none of these

cases were positive for HPV16, 18 or 31, and only one case in arm A1

was positive for HPV45.

Almost half of these cases (n = 25/55) presented with at least a

3-year persistence of hrHPV infections throughout the different study

visits (9 in arm A1 and 16 in arm A2). The most common persistent

hrHPV infections were caused by non-vaccine types HPV33/58

(10 cases, 4 in arm A1 and 6 in arm A2), HPV51 (4 cases, 2 in arm A1

and 2 in arm A2) and HPV52 (7 cases, 2 in arm A1 and 5 in arm A2).

Multiple infections were frequently seen, especially with HPV52.

The hazard ratio of histologically confirmed HSIL/CIN2+ among

the women participating in the low screening intensity arm A2 com-

pared to the high screening intensity arm A1 at the ages of 25 and

28 (Figure 2; Table S1) was respectively 1.03 (95% CI, 0.54–1.99) and

0.97 (95% CI, 0.50–1.88) approximating the null hypothesis. Excluding

all participants negative for HPV16/18 at age 18 had no material

effect on these point estimates 1.03 (95% CI, 0.53–1.98) and 0.96

(95% CI, 0.50–1.87).

TABLE 2 Prevalence with 95% confidence intervals (95% CIs) of
cytological findings (ASCUS/LSIL/HSIL) in women, who received the
HPV16/18 vaccine at age 14 and were randomized to high-intensity
cervical screening (A1), or low-intensity screening (A2), and
prevalence ratios (with 95% CI) of the identified cytological findings at
ages 22, 25, 28 and combined.

Age Arm

ASCUS

cases n (N)

Prevalence (%)

(95% CI)

Prevalence

ratio

(95% CI)

22 A1 102 (2713) 3.76 (3.04–4.47) 1.10 (0.85–1.43)

A2 119 (2865) 4.16 (3.43–4.89)

25 A1 86 (2423) 3.55 (2.81–4.29) 1.23 (0.94–1.62)

A2 114 (2601) 4.39 (3.60–5.17)

28 A1 81 (2245) 3.61 (2.84–4.38) 1.14 (0.86–1.52)

A2 100 (2428) 4.12 (3.33–4.91)

All 22–28 A1 253 (2713) 9.32 (8.23–10.4) 1.17 (1.00–1.37)

A2 313 (2865) 10.9 (9.78–12.1)

Age Arm

LSIL

cases

n (N)

Prevalence (%)

(95% CI)

Prevalence

ratio (95% CI)

22 A1 44 (2713) 1.62 (1.14–2.09) 0.65 (0.41–1.02)

A2 30 (2865) 1.05 (0.67–1.42)

25 A1 22 (2423) 0.91 (0.53–1.29) 0.97 (0.54–1.74)

A2 23 (2601) 0.88 (0.52–1.24)

28 A1 19 (2245) 0.85 (0.47–1.23) 0.88 (0.46–1.66)

A2 18 (2428) 0.74 (0.40–1.08)

All 22–28 A1 85 (2713) 3.13 (2.48–3.79) 0.78 (0.57–1.07)

A2 70 (2865) 2.44 (1.88–3.01)

Age Arm

HSIL cases

n (N)

Prevalence (%)

(95% CI)

Prevalence

ratio (95% CI)

22 A1 7 (2713) 0.26 (0.07–0.45) 0.95 (0.33–2.70)

A2 7 (2865) 0.24 (0.06–0.43)

25 A1 8 (2423) 0.33 (0.10–0.56) 0.82 (0.30–2.24)

A2 7 (2601) 0.27 (0.00–0.47)

28 A1 4 (2245) 0.18 (0.00–0.35) 1.16 (0.31–4.30)

A2 5 (2428) 0.21 (0.03–0.39)

All

22–28
A1 19 (2713) 0.70 (0.39–1.01) 0.95 (0.50–1.79)

A2 19 (2865) 0.66 (0.37–0.96)

TABLE 3 Type-specific HPV DNA prevalence findings by age in
women, who received the HPV16/18 vaccine at age 14 and were
randomized to high-intensity cervical screening at ages 22, 25, and 28
(A1), or low-intensity screening at age 28 (A2) or age 25 (A3).

Age 22 A1 (N = 2318) A2 (N = 2397) A3 (N = 1264)

HPV type n (%) n (%) n (%)

HPV16 6 (0.26) 5 (0.21) 29 (2.30)

HPV18 3 (0.13) 2 (0.08) 8 (0.63)

HPV31 13 (0.56) 17 (0.71) 26 (2.06)

HPV45 11 (0.47) 16 (0.66) 15 (1.19)

HPV51 180 (7.76) 174 (7.26) 89 (7.04)

HPV52 119 (5.13) 117 (4.89) 78 (6.17)

HPV33/58 94 (4.05) 118 (4.92) 72 (5.70)

HPV56/59/66 255 (11.0) 286 (11.93) 138 (10.9)

HPV35/39/68 167 (7.20) 151 (6.30) 82 (6.49)

Total hrHPV 696 (30.0) 724 (30.2) 393 (31.1)

Age 25 A1 (N = 2425) A2 (N = 2604) A3 (N = 1203)

HPV type n (%) n (%) n (%)

HPV16 6 (0.25) 7 (0.27) 17 (1.41)

HPV18 2 (0.08) 2 (0.08) 2 (0.17)

HPV31 7 (0.29) 12 (0.46) 18 (1.50)

HPV45 4 (0.16) 7 (0.27) 3 (0.25)

HPV51 75 (3.09) 90 (3.46) 42 (3.49)

HPV52 100 (4.12) 123 (4.72) 42 (3.49)

HPV33/58 60 (2.47) 96 (3.69) 42 (3.49)

HPV56/59/66 169 (6.97) 201 (7.71) 95 (7.89)

HPV35/39/68 125 (5.15) 111 (4.26) 65 (5.40)

Total hrHPV 731 (30.1) 839 (32.2) 247 (20.5)

Age 28 A1 (N = 2276) A2 (N = 2460)
HPV type n (%) n (%)

HPV16 8 (0.35) 5 (0.20)

HPV18 1 (0.04) 1 (0.04)

HPV31 5 (0.22) 5 (0.20)

HPV45 3 (0.13) 7 (0.28)

HPV51 49 (2.15) 49 (1.99)

HPV52 59 (2.59) 72 (2.93)

HPV33/58 44 (1.93) 63 (2.56)

HPV56/59/66 113 (4.96) 121 (4.92)

HPV35/39/68 75 (3.30) 86 (3.50)

Total hrHPV 291 (12.8) 323 (13.1)
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TABLE 4 Follow-up findings in HPV16/18 vaccinated women with histologically confirmed high-grade squamous intraepithelial neoplasia
(CIN2+) participating in the high-intensity (A1) or low-intensity (A2) screened arms.

Arm

Genotyping Baseline results age 18

Age 22 Age 25 Age 28 Diagnosis/year Cytology HPV DNA

A1 45, 51 CIN 2/2014 ASCUS

A1 Negative P1, P2, 52 P1, P2 HSIL, CIN 3/2020 Negative Negative

A2 P1 P1, P2 P1 CIN 2–3/2020 Negative Negative

A2 P1, 52 P2, 52 P1 CIN 2/2021 Negative Negative

A1 52 52 CIN 2–3/2018 Negative Negative

A2 CIN 2/2015 Negative Negative

A2 52 P1, 52 52 HSIL, CIN 2/2022 Negative Negative

A2 51 Negative HSIL (outside of study) /2020 Negative Negative

A2 P3 HSIL/ LSIL 66

A1 11 CIN 2/2015 LSIL 11,39

A2 P2 P2, P3 HSIL, CIN 2–3/2019

A1 P2 CIN2 (outside of study)/2017

A2 Negative HSIL (outside of study)/2018

A2 51 51 Negative CIN 2, HSIL/2019 Negative Negative

A1 51 CIN 3/2016

A1 P1 P1, P3 Exocervix: LSIL, vagina: HSIL, VAIN3/2023 33,39,51,58

A2 P1, P3, 51 P1, 6, 52 CIN 3/2020

A2 Negative 51 P2 CIN 2, HSIL/2019 Negative Negative

A1 P2, 52 HSIL/2018 Negative Negative

A1 P2 CIN 3/2019 Negative 66

A2 51 51 HSIL, CIN 3/2022

A2 Negative P2, 52 P1, P2, 52 HSIL, CIN 3/2022 Negative Negative

A1 Negative Negative HSIL/2020 Negative Negative

A1 P1 CIN 3/2020 ASCUS 33

A1 P1 HSIL/2018 Negative Negative

A2 Negative Negative Negative CIN 2–3/2019 Negative Negative

A1 P2, 51, 52 P2, 51 Negative HSIL, CIN 3/2020 Negative Negative

A1 P2 P1, 87 HSIL/2020 Negative Negative

A2 52 52 52 HSIL/ Negative Negative

A1 52 52 52 HSIL, CIN 3/2023 Negative Negative

A1 Negative P2 Negative HSIL, CIN 2/2022

A1 P1 CIN 2/2019 56,66

A2 Negative HSIL/2015 Negative Negative

A2 P3 P1 HSIL/2018 Negative Negative

A1 P1 Negative Negative CIN 2/2014

A1 P2, 51 P2, 52, 61, 70 HSIL/2018

A2 P1, P2, P3, 39 P1, 52 CIN 3/ Negative 6, 52

A1 51 51 HSIL/2020

A2 P1 CIN 3/2015

A2 P2, P3 P3 P3 HSIL, CIN 2–3/2021 Negative Negative

A1 P1, P3 CIN 3/2015

A1 P1 P1, P2 CIN 2/2021 Negative 51,56

A1 51 87, 90 Negative CIN 2/2016 Negative 6

A2 Negative 52 P2, 52 CIN 1–2/ LSIL 6,56,58,66

(Continues)
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4 | DISCUSSION

The occurrence of histologically confirmed HSIL cases in the high-

intensity and low-intensity screening arms was almost equivalent.

Notably vaccine-targeted HPV types 16/18 and vaccine-

cross-protected HPV31/45 had very low prevalence and were absent

from the HSIL cases throughout the 6 years of follow-up (8 to

16 years post-vaccination).

The similarity of HSIL findings in the low screening intensity arm as

compared to the high screening intensity arm in women vaccinated up

to 16 years earlier has important public health implications. First of all,

this is the first trial evidence to support cervical screening that focuses

only on immediate cervical cancer precursor lesions in women who

received HPV vaccination as early adolescents. Our results underline

that among vaccinated women a reduction of unnecessary screening

that identifies indifferent cytological findings is as safe and effective as

high-intensity screening conventionally applied in unvaccinated women.

Almost all the HSIL cases were caused by non-vaccine-covered

HPV types. These are known to be less oncogenic but have been

found present in cancer cases caused by multiple HPV infections.22

Apart from HPV33-associated HSIL, the majority of HSIL cases among

HPV-vaccinated women probably have low potential to progress into

cancer as recently demonstrated by the lack of hypermethylation of

cervical cancer risk genes in HSIL.23

A moderate increase in repeated ASCUS lesions of borderline sta-

tistical significance was noted in the low screening intensity arm at all

TABLE 4 (Continued)

Arm

Genotyping Baseline results age 18

Age 22 Age 25 Age 28 Diagnosis/year Cytology HPV DNA

A2 P3, 11, 51 P3 Negative CIN2, HSIL/2020 Negative Negative

A1 P3 CIN 3/2016 LSIL 35

A2 Negative CIN 3 /2016 Negative 58

A1 P2 P3, 52, 89 HSIL/2022 Negative Negative

A1 Negative 52 Negative HSIL/2021

A1 P1 P1 HSIL/2021

A2 P1, P2, P3, 51 HSIL/2018

A1 Negative Negative HSIL (outside of study)/2020 Negative

A2 P1 P1 CIN2, CIN3/2023

A2 P1, P3 P1, P3 HSIL/2023 Negative Negative

A2 P1 P1 P1 HSIL/2023 Negative 51, 52

Note: P1 = 33/58, P2 = 56/59/66, P3 = 35/39/68.
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trial visits. However, this was not reflected in the frequency of HSIL.

Furthermore, the overall prevalence of cytological HSIL and LSIL find-

ings did not differ between the two screened arms.

The relatively high numbers of LSIL cases deserve to be noted,

especially considering the high prevalence of non-vaccine targeted

high-risk HPV types still present. The most prevalent HPV types at all

screening ages and arms were HPV51 and HPV52. HPV52 belongs to

species clade alpha-9 of the high-risk HPV types, which have shown

to be partially cross-protected by HPV16/18 vaccination.24 However,

their prevalence and the prevalence of associated LSIL cases remained

relatively high. HPV52 associated HSIL cases seem to lack indicators

of progression potential.25 As for the rest of the identified HPV types

belonging to clade alpha-7 of the high-risk HPV types, not only

HPV16/18 vaccine-induced cross-protection but also the progression

potential of associated LSIL is also questionable.26 Taken together our

trial results imply that in vaccinated women LSIL findings but also

repeated ASCUS findings are probably better left untreated or not

diagnosed in the first place. Implementing our trial-based evidence will

help to improve the balance between risks and benefits of cytological

screening in countries with established HPV vaccination programs.

The strengths of our study are its population-based nature and the

systematic allocation trial design. The high compliance of participants

throughout the three study visits makes our active follow-up reliable.

The HPV vaccination of participants in the arms A1 and A2 took place

well before the average age of sexual debut in Finland (16.5 years),

approximately age 14 (12 to 15) similar to current HPV vaccination

programs.

This trial has two main limitations: the allocation into high-inten-

sity or low-intensity screening by even an odd birth date instead of

randomization, and the use of cytology as the primary screening

methodology. In principle, the birth date-based allocation results in

homogeneous distributions of participant characteristics in a random

fashion. On the other hand, total openness, had it materialized, would

have introduced potential bias between trial arms,27 for example, in

participation or in possible opportunistic cervical screening visits. Our

trial was blinded one-way, as the screening results, except for HSIL+,

were concealed from the low screening intensity arm participants, and

both recruitment and overtime participation were identical between

the trial arms (Appendix S1) indicating a lack of known biases. Eventu-

ally, however, randomization would have tackled possible unknown

biases between the trial arms. Cytology, instead of HPV genotyping,

was used as the primary screening method due to the early start of

the trial more than 10 years ago. HPV-based screening has since then

been proven more efficacious than cytology-based screening due to

its higher sensitivity, reproducibility, and possibility for automatiza-

tion.26,28 This is now allowing a longer screening interval among

unvaccinated women. Our results suggest that the HPV-based screen-

ing interval among vaccinated women can be even longer.

Screening trials among HPV vaccinated women have been

scarce.17,29 Both the immunity to the most high-risk HPV types

and the changed HPV type distribution as a result of vaccination

are now causing a decline in the PPV of screening as cervical

lesions are decreasing in vaccinated populations, especially for

women vaccinated at younger ages.12,30,31 Therefore, the fre-

quency of any screening might need to be revisited in order to

have the most cost-effective strategy and avoid harms related to

screening and subsequent possible treatment for precancerous

lesions.10–12,32

Among unvaccinated women, primary HPV screening has been

shown to result in an increased detection of HSIL/CIN2+ during

follow-up, with longer screening intervals being shown to be safe in

comparison to primary cytology-based screening.10,32–36 Thus, HPV

screening permits longer screening intervals further reducing the

harms of too frequent screening in vaccinated women. The number

needed to screen, and the number needed to follow up to prevent

one cancer case have been seen to vary substantially among HPV

types and were higher in low-oncogenicity types in the pre-

vaccination era.37 The striking reduction in HPV16/18 observed in

our findings (88% reduction by age 28) supports the idea that high

intensity of screening and treatment probably is not necessary in vac-

cinated women, the decision factor for low-intensity screening being

mainly the decline in HPV prevalence.

The uptake of HPV vaccination in this study was 52%. This cover-

age is not considered very high but resulted in the reduction of

vaccine-covered HPV types5,9,16 and shows that the setting of this

trial can be extrapolated to fit many other countries, especially coun-

tries with high coverage of vaccination and established vaccination

programs but also those that miss school-based programs and have

low to moderate HPV-vaccination coverage. In conclusion, our study

is the first comparative trial in HPV-vaccinated women to assess the

non-inferiority of low-intensity versus high-intensity screening and

provides unequivocal evidence on the safety and efficacy of less fre-

quent cytology-based screening against CIN2+ among HPV-

vaccinated women aged 22 to 28.
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