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Background The effect of human papillomavirus (HPV) vaccination on cervical intraepithelial neoplasia grade 2 or
worse (CIN2+) recurrence with respect to cone margin positivity is unknown. Most studies assessed this effect
beyond two months post-conisation. We aimed to determine both the duration and early onset of effect in women
who had been prophylactically vaccinated or vaccinated after conisation, considering cone margin status.

Methods This cohort study used data from one of the central laboratories in the Czech Republic, covering approxi-
mately 33% of women undergoing national cervical cancer screening. It included women treated for CIN2+ between
2010 and 2024 who had received either prophylactic HPV vaccination (available through the national immunisation
program since 2011) or post-conisation vaccination (recommended by the Czech Gynaecological and Obstetrical
Society since 2008). The vaccination effect was estimated using the incidence rate ratio (IRR) from a Poisson
regression model, calculated as 100 x (1-IRR).

Findings Of the 10,054 women enrolled, 919 were vaccinated after conisation, 502 prophylactically, and 169 had
undetermined timing of vaccination. Throughout the follow-up period, CIN2+ recurrence was observed in 513
unvaccinated women, with a rate of 14-61 per 1000 person-years (py), in 14 prophylactically vaccinated women,
with a rate of 5-84 (54% reduction; 95% confidence interval [CI]: 22-73%), and in 15 women vaccinated post-
excision, with a rate of 3-37 (74% reduction; 95% CI: 57-85%). The high recurrence rate of 58-59 per 1000 py
within six months of conisation was reduced by 80% (95% CI: 19-95%) with prophylactic vaccination and by 89%
(95% CI: 57-97%) with incomplete post-excision vaccination. Among a total of 1771 women with a positive cone
margin, recurrence was identified in 272 of 1568 unvaccinated women, corresponding to a recurrence rate of
51-62 per 1000 py. A reduction was observed in 84 prophylactically vaccinated and in 119 women vaccinated post-
excision, with only 6 recurrence cases documented in each group. This corresponded to recurrence rates of 14-94
(62% reduction; 95% CI: 14-83%) and 9-78 per 1000 py (79% reduction; 95% CI: 52-90%), respectively.

Interpretation Regardless of timing, HPV vaccination has a beneficial long-term effect in lowering the risk of CIN2+
recurrence. Despite the greater reduction in relapse achieved by post-excision vaccination, the difference compared
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with the prophylactic one was not statistically significant. The most pronounced benefit was observed within the first
six months post-conisation, particularly in women with a positive cone margin.

Funding Cooperatio 31 fund, Health Sciences, Charles University, Prague, Czech Republic.
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Research in context

Evidence before this study

In 2023, we published a quantitative synthesis of studies on
the effect of HPV vaccination in women who had undergone
excision. A computerized literature search was conducted to
identify publications issued between 1 January 2001 and 25
May 2023 containing the keywords “immunisation”, “HPV”,
and "“effectiveness”, or synonyms thereof. The search utilized
the MEDLINE, EMBASE, International Pharmaceutical
Abstracts, Derwent Drug File, and ProQuest Science and
Technology databases via the PubMed, STNext, Cochrane
platforms, and MedRxiv.

The pooled vaccine effectiveness from 21 estimates across 20
eligible studies was 69-5% (95% Cl: 54-7-79-5%), regardless
of vaccination timing. The greatest effect, 78-1% (95% Cl:
68-7-84-7%), was seen in women who completed vaccination
after excision, with a prediction interval of 67-1-85-4%. In
women vaccinated before excision, CIN2+ recurrence were
reduced by 49-8% (95% Cl: -45-5 to 82:7%). Our recently
published 2024 study, which showed a 90% reduction in
CIN2+ recurrence (95% Cl: 12-99%) in 9vHPV-vaccinated
women post-conisation, was absent from this synthesis.

To date, no studies have evaluated the early effect of
vaccination immediately after conisation or its impact in
women with positive or negative cone margins. Moreover,
follow-up duration in most studies was limited to 4 years.

Introduction

Since its introduction in 2006, vaccination against human
papillomavirus (HPV)-related diseases has been incor-
porated into immunisation programs worldwide. Initially
recommended for women aged 9-26 years, its use has
expanded to include older women (since 2010), boys
(since 2009), and young men (since 2013) to prevent
cervical, vaginal, vulvar, anal, penile, and oropharyngeal
cancers. The greatest benefits are seen when vaccination
occurs before sexual debut.! A successful strategy of HPV
vaccination relies on vaccine availability and, since 2006,
three bivalent (2vHPV), two quadrivalent (4vHPV), and
one nonavalent (9vHPV) vaccines have been available
globally. All target high-risk HPV genotypes 16 and 18,

Added value of this study

The present study demonstrated the benefit of HPV
vaccination completed both after and before conisation, with
a stronger effect observed with post-conisation vaccination,
aligning with the outcomes of our meta-analysis. For the first
time, vaccination was shown to significantly reduce the high
recurrence risk in women with a positive cone margin,
lowering it to a level comparable with that of unvaccinated
women with a negative margin. A novel finding was the early
onset of the HPV vaccination effect, observed within the first
six months of conisation, even in women who had not yet
completed vaccination. Data spanning 15 years demonstrated
the persistence of this effect for six or more years.

Implications of all the available evidence

Our findings underscore the importance of HPV vaccination in
women undergoing cervical conisation, particularly those with
positive cone margins who are at high risk of recurrence.
Vaccination significantly reduces the likelihood of recurrence,
which are most common within the first six months of
surgical excision. These new findings represent a
breakthrough in reducing recurrence risks for the most
vulnerable group of women during the high-risk period. This
may contribute to increased adherence to vaccination
following cervical conisation. Additionally, our results
highlight the added benefit of HPV vaccination in adolescent
and young women, further supporting its promotion at a
younger age.

with 4vHPV and 9vHPV vaccines covering also low-risk
genotypes 6 and 11, and 9vHPV including five addi-
tional high-risk genotypes: 31, 33, 45, 52, and 58.”

In the Czech Republic, prophylactic HPV vaccination
was incorporated into the national immunisation pro-
gram in 2011, initially for 13-year-old girls with a three-
dose regimen administered over six months. It was later
expanded to include both boys and girls aged 11-14,
following a two-dose regimen given over 6-12 months.
Since 2008, the Czech Gynaecological and Obstetrical
Society has recommended post-conisation vaccination to
reduce the risk of disease from other HPV genotypes,
and in 2014, this was further specified to address
dysplasia recurrence.’
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The risk of HPV-related disease recurrence increases
over time after treatment.’ Over the past 15 years,
research has emphasized the role of HPV vaccination,
particularly in reducing the recurrence of cervical
intraepithelial neoplasia grade 2 or higher, and cervical
carcinoma (CIN2+). According to the WHO classifica-
tion, CIN2+ corresponds to high-grade squamous
intraepithelial lesions, while CIN1 is considered a low-
grade lesion.” A 2011 study first suggested its effect
post-cervical excision, while the 2012 FUTURE trial
indicated reduced CIN2+ recurrence risk in previously
vaccinated young women.*” By 2024, 21 studies had
explored this topic, with a recent synthesis of 20 studies
underscoring the importance of vaccination timing
relative to conisation.®

Based on these findings, we conducted a large
retrospective cohort study using data collected over the
past 15 years from one of the central laboratories in the
Czech Republic. Specifically, we aimed to determine
the effect of HPV vaccination, focusing on its timing,
onset, persistence, and relapse rate in relation to cone
margin status.

The main objective of this study was to estimate the
effect of HPV vaccination on CIN2+ recurrence, relative
to the timing of vaccination. This was also investigated
in women based on whether they had a positive or
negative cone margin following excision, as women with
a positive cone margin have been shown to be at higher
risk of recurrence.”’®

Secondary analyses were conducted to evaluate these
effects, either regardless of vaccination timing or for any
dysplasia, including low- or indeterminate-grade
(CIN1+).

Methods

Study design and setting

This retrospective cohort study used records of cytology,
histology, and HPV genotyping from cervical smear, bi-
opsy, or conisation samples processed at the central lab-
oratory of UNILABS Pathology k.s., which operates five
branches across the Czech Republic. Nearly 33% of
Czech women aged 25-55 years undergoing national
cervical cancer screening were examined in this labora-
tory."! Each sample was submitted by a gynaecology clinic
with a request form that included the year of the last HPV
vaccination and the trade name of the vaccine. The lab-
oratory provided records for women who had at least one
cervical loop excision between 2010 and 2024, as rec-
ommended in the Czech Republic."” Patients with mul-
tiple follow-up records after conisation were included,
except for those with a history of hysterectomy or related
procedures. The study was registered in the
ClinicalTrials.gov international database (NCT06258564)
and approved by the Ethics Committee of the Third
Faculty of Medicine, Charles University, Prague, Czech
Republic (26 February 2024).
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Data extracted from laboratory records

The year of cervical excision and the gynaecology clinic
performing the procedure were considered potential
confounders and were extracted from laboratory re-
cords. Gynaecology clinics were stratified based on the
number of conisations (>500, 100-500, <100) to mini-
mize the potential influence of differences between sites
with high or low volumes of cervical excisions on CIN
recurrence rates. The year of conisation was categorized
into three 5-year periods (2010-2014, 2015-2019, and
2020-2024) to account for variations in the number of
screened and vaccinated women over the 15-year follow-
up reflecting the expansion of the central laboratory.

Histology findings from conisation or prior biopsy
determined the CIN grade or carcinoma, while those
without a grade were classified as undetermined
dysplasia. The likely presence of HPV on the cervix was
detected through pl6 immunohistochemistry per-
formed on samples from conisation or a prior biopsy."
Additionally, cone margin positivity was determined
based on the histologist’s report, with unspecified
margins classified as unknown.

Women were classified as vaccinated prophylactically
or post-excision if their last HPV vaccine dose was
administered before or within one year of conisation,
respectively. Post-excision vaccination was classified
based on the timing of the last dose, regardless of
whether the vaccination was initiated before or after the
surgical excision. Those who received vaccination in the
same year as repeat conisation or later were classified as
unvaccinated. Women whose last reported vaccination
occurred more than two years after conisation were
excluded, as they may have started vaccination more than
one year after excision. If the vaccination year was
missing, the woman was classified as vaccinated regard-
less of timing for the purpose of sensitivity analyses.

The laboratory database lacked information on the
completeness of vaccination. Therefore, ten outpatient
clinics were consulted to estimate the proportion of
women fully immunised after conisation. These clinics,
located across different regions, were selected based on
their ability to capture a diverse patient population. They
were chosen to ensure a representative sample of
women who underwent conisation, allowing for a reli-
able estimate of vaccination completion.

Study endpoints
The primary endpoint was defined as the recurrence
rate based on histologically confirmed CIN2+ from
conisation or a previous biopsy specimen. This rate was
related to the period from conisation to re-conisation in
women with CIN relapse, and to the period from con-
isation to the last histologically or cytologically
confirmed negative finding in women without relapse,
during a follow-up of up to 15 years.

The influence of factors was examined in specific
subgroups for both prior and post-excision HPV
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vaccinations. These factors included the type of the
commercial vaccine used (2v-, 4v-, and 9vHPV vaccines)
and age at the time of conisation, which was stratified
into <30 years, 30-44 years, and >44 years based on
the quartile distribution of age. This categorization
reflected the fact that conisation was most frequently
performed in women aged 30-44, with the <30 and
>44 groups representing the lower and upper ex-
tremes of the age spectrum. Additionally, the factors
included intervals of 60, 180, and 365 days between
conisation and recurrence assessment, which have
been applied in other similar studies. The use of these
intervals also facilitates comparison with previously
published data and enhances the interpretability of the
findings within the context of existing literature. To
evaluate the early, medium, and long-term effects of
HPV vaccination, follow-up periods of 6 months, 18
months, 3 years, and 6 years after cervical excision
were analysed. Additionally, the effect of prophylactic
HPV vaccination on CIN recurrence was investigated
in women vaccinated before the age of 18 and those
vaccinated at 18 or older. This grouping reflects the
fact that most women receive prophylactic vaccination
during early adolescence as part of national immuni-
sation programs, and that higher vaccine effectiveness
has been documented in those vaccinated before the
age of 18."*

Statistical methods/analysis
Categorical variables were presented as absolute
numbers and percentages, while continuous ones were
reported as mean and standard deviation (SD). The
Kaplan—Meier estimator was employed to determine the
probability of CIN recurrence.

The crude incidence rate ratio (IRR), along with its
95% confidence interval (95% CI), was calculated based
on the incidence rates of CIN in vaccinated versus un-
vaccinated women, with the rates expressed per 1000
person-years (py). Poisson regression was used to adjust
the IRR for covariates representing potential con-
founding variables including stratified age at conisation,
cone margin positivity, HPV detection, year of excision,
and clinical site. The log-rank test was applied to assess
the equality of failure functions. A goodness-of-fit sta-
tistic was used to evaluate the adequacy of the Poisson
models. In cases where the model assumptions were not
met, Cox proportional hazards regression was consid-
ered an appropriate alternative approach. Vaccine
effectiveness, as a measure of reduction in recurrence,
was estimated from the adjusted IRRs using the for-
mula: 100% x (1-IRR).

A sensitivity analysis was conducted for women un-
dergoing conisation for CIN1+ and for vaccinated
women regardless of timing, including those with
missing data on the year of vaccination. Subgroup an-
alyses were performed post hoc based on the type of the
commercial vaccine used, age at the time of conisation,

length of the interval between conisation and recurrence
assessment, age at prophylactic vaccination, and dura-
tion of follow-up.

To assess whether the study outcomes had sufficient
statistical power to detect a meaningful difference in
CIN recurrence rates between vaccinated and unvacci-
nated women, the power of the test was calculated. The
log-rank test was used to compare two recurrence rates
based on the Freedman method.

All tests were two-tailed, with the significance level
set at 0-05. Statistical analyses and regressions were
conducted using Prism 10 (GraphPad Software, Inc.,
San Diego, CA, USA) and STATA/SE version 18 (Sta-
taCorp. 2023. Stata Statistical Software: Release 18.
College Station, TX: StataCorp LLC) software.

Role of funding source

This work was supported by the Cooperatio 31 fund,
Health Sciences, Charles University, Prague, Czech
Republic. The funder played no role in the study design,
data analysis, data interpretation, or the writing of this
report.

Results

Characteristics of the study population

The cohort study analysed data extracted from records
between January 2010 and December 2024. Of the
20,740 women undergoing cervical excision, 14,304
were followed up, and 12,044 had excision for any
dysplasia. Among all 2045 vaccinated women, 63 were
reclassified as unvaccinated due to immunisation
occurring after re-excision, eight vaccinated more than
two years after conisation were excluded, and 156 un-
derwent conisation for a non-CIN reason. Fig. 1 shows
the cohort flowchart.

Of 546 re-conisations for CIN2+, relapses were
more frequent in unvaccinated women (6-1%) than in
those vaccinated: 1-6% post-conisation, 2-8% prophy-
lactically, and 2-4% regardless of timing (Table 1). The
mean age at excision was 36-1 + 9-5 years (+SD),
33-0 + 69 years for women vaccinated after conisation,
and 30-6 + 6-5 years for those vaccinated before.
Women vaccinated before conisation received the vac-
cine at 23-3 + 7.1 years of age, with excision occurring
7-2 + 4-0 years later. The mean follow-up after excision
was 4-2 + 3-4 years, with 4.9 = 3.0 years for post-
excision vaccinated women and 4-8 + 3-3 years for
those vaccinated prophylactically. The results of cone
histology, including margin positivity, HPV detection,
the type of the commercial HPV vaccine used, and
stratification by clinic site and year of excision, are
shown in Table 1 (Supplementary Table S1). Beyond
the primary dataset, an additional survey conducted in
10 outpatient clinics revealed that 289 out of 303
women (95-4%) had been fully vaccinated with three
doses after conisation.
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20,740 women
with cervical conisation

6,436 excluded
for lack of follow-up

Y

14,304 women followed up
after conisation

2,252 excluded
for non-CIN conisation
8 vaccinated
>2 years after conisation

\ 4

\ 4

l/ 12,044 women with excision ‘l

10,226 unvaccinated women ‘ 1,818 women with vaccination:
- 1,036 post-excision
-591 prophylactic

-191 undetermined

A A

10,054 women with excision
for CIN2+

-

8,464 unvaccinated women ‘

1,590 women with vaccination:
- 919 post-excision
-502 prophylactic
-169 undetermined

Fig. 1: Flowchart of cohort study. CIN, cervical intraepithelial
neoplasia any grade including indeterminate dysplasia and carci-
noma. CIN2+, cervical intraepithelial neoplasia grade 2 or worse and
carcinoma.

Outcomes of the primary analysis
During the follow-up period of up to 15 years, the
CIN2+ recurrence rate was 14-61 per 1000 py in un-
vaccinated women, decreasing to 3-37 in women vacci-
nated postexcision, and 5-84 in those vaccinated
prophylactically. HPV vaccination reduced recurrence
risk by 74% (95% CI: 57-85%) when completed after
conisation, and 54% (95% CI: 22-73%) when adminis-
tered prophylactically (Table 2). Both results had >80%
statistical power, indicating the sample size was suffi-
cient. Although the recurrence rate was higher in pro-
phylactically vaccinated women compared with those
vaccinated post-excision, the difference was not statisti-
cally significant, as indicated by an aIRR of 1.77 (95%
CI: 0-85-3-67; p = 0-125) (see Supplementary Fig. S1).
A higher risk of CIN2+ recurrence was observed in
women with a positive cone margin compared to those
with a negative margin, as shown by an aIRR of 7-21
(95% CI: 6:02-8:63) (see Supplementary Fig. S1). In
unvaccinated women with positive cone margins,
recurrence risk reached 51-62 per 1000 py. Post-
conisation vaccination reduced the risk to 9-78 per
1000 py, representing a 79% reduction (95% CI:

www.thelancet.com Vol 55 August, 2025

52-90%) with >90% statistical power. In contrast, pro-
phylactic vaccination was associated with a 62% reduc-
tion (95% CI: 14-83%), lowering the rate to 14-94 per
1000 py but lacking statistical power.

Among unvaccinated women with negative cone
margins, the recurrence rate was 7-21 per 1000 py, while
post-excision vaccination significantly reduced the rate
to 2-00 (71% effect, 95% CI: 39-87%). Prophylactic
vaccination lowered the rate to 3-84 per 1000 py, but the
41% reduction (95% CI: —26 to 73%) was not statistically
significant. These results are shown in the Kaplan—
Meier curve (Fig. 2).

Outcomes of the secondary analyses

The recurrence rates of any dysplasia were 15-12 per
1000 py in unvaccinated women, 3-79 in those vacci-
nated after conisation, and 6-46 in those previously
vaccinated (Supplementary Table S2). Compared with
unvaccinated women, recurrence rates were reduced by
73% (95% CI: 57-83%) following post-conisation vacci-
nation and by 54% (95% CI: 27-71%) for prophylactic
one, both with >80% statistical power. These findings
align with those of the primary analysis and confirm
consistent vaccine effects on CIN1+ recurrence regard-
less of cone margin status.

An analysis independent of HPV vaccination timing,
including women with unknown vaccination vyear,
confirmed reductions of 67% reduction (95% CI:
53-77%) in CIN2+ recurrence and of 65% (95% CI:
52-74%) in any dysplasia recurrence (Table 2). The ef-
fect was stronger with positive cone margins, reducing
CIN2+ recurrence by 74% (95% CI: 54-85%) versus
58% (95% CI: 30-74%) with negative cone margins.
Fig. 2 shows the probability of CIN2+ recurrence over
time.

Outcomes of the subgroup analyses

Type of HPV vaccine

The highest vaccination effect on CIN2+ recurrence,
83% (95% CI: 61-92%), was observed with the 9vHPV
vaccine administered after conisation (Table 3). Post-
conisation, 2vHPV vaccine reduced recurrence by 56%
(95% CI: —18 to 84%), but this reduction was not sta-
tistically significant. In contrast, 4vHPV vaccine showed
a statistically significant 64% reduction (95% CI:
13-85%), although its statistical power of 57% may have
been limited by the sample size. Reductions of 66% and
42% were not significant with prophylactic vaccination
using the 2vHPV and 4vHPV, respectively. Only 36
women received 9vHPV vaccination before conisation,
with no relapses, making an effect estimate impossible.

Age of women at conisation

Regardless of vaccination, the risk of relapse was lower
in women younger than 30 years compared to those
aged 30-44 years (aIRR = 0-68; 95% CI: 0-54-0-86), and
significantly higher in women older than 45 years
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Variable All* Unvaccinated Vaccinated
Post-excision Prophylactic Undetermined
No. of conisations 10,054 8464 919 502 169
No. of re-conisations (%) 546 (5-4) 513 (6-1) 15 (1-6) 14 (2-8) 4 (2:4)
Mean age at conisation in years (SD) 361 (9-5) 36-9 (97) 33-0 (6-9) 30-6 (6-5) 33-4 (7-4)
Mean years of follow-up (SD) 42 (3:4) 42 (3:4) 49 (3-0) 4-8 3:3) 42 (2:9)
Mean age at vaccination in years (SD) 30-1 (8:6) 33:5 (7-0) 233 (7-1)
Age groups
<30 years (%) 2677 (26-6) 2055 (24-3) 324 (353) 242 (48-2) 56 (331)
30-44 years (%) 5623 (55-9) 4747 (56-1) 529 (57-6) 245 (48-8) 102 (60-4)
>44 years (%) 1754 (17-4) 1662 (19-6) 66 (7-2) 15 (3-0) 11 (6-5)
No. of women with conisation for
CIN2 (%) 3627 (36-1) 3069 (36-3) 283 (30-8) 216 (43-0) 59 (34-9)
CIN3 (%) 6005 (59:7) 5021 (59-3) 605 (65-8) 276 (55-0) 103 (60-9)
Carcinoma (%) 422 (4-2) 374 (4-4) 31 (3-4) 10 (2:0) 7 (41)
No. of women with re-conisation for
CIN2 (%) 151 (27-7) 143 (27-9) 3 (20-0) 5 (35-7) 0 (0-0)
CIN3 (%) 336 (61:5) 312 (60-8) 12 (80-0) 8 (57-1) 4 (100-0)
Carcinoma (%) 59 (10-8) 58 (11-3) 0 (0-0) 1(7-1) 0 (0-0)
No. of women with cone margin at conisation
Positive (%) 1796 (17-9) 1568 (18-5) 119 (12-9) 84 (16-7) 25 (14-8)
Negative (%) 7268 (72-3) 6032 (71-3) 728 (79-2) 381 (75-9) 127 (75-1)
Unknown (%) 990 (9-8) 864 (10-2) 72 (7-8) 37 (7-4) 17 (10-1)
No. of women with cone margin at re-conisation
Positive (%) 139 (25-5) 128 (25-0) 4 (267) 5(357) 2 (50-0)
Negative (%) 326 (59-7) 306 (59-6) 11 (73-3) 7 (50-0) 2 (50-0
Unknown (%) 81 (14-8) 79 (15-4) 0 (0-0) 2 (14-3) 0 (0-0)
No. of women with HPV detected at conisation
No (%) 180 (1:8) 157 (1-9) 11 (1-2) 10 (2:0) 2 (1-2)
Yes (%) 5673 (56-4) 4675 (55-2) 585 (63-7) 312 (62:2) 101 (59-8)
Unknown (%) 3673 (36-5) 3119 (36-9) 308 (33-5) 180 (35-9) 66 (39-1)
No. of women with HPV detected at re-conisation
No (%) 44 (8-1) 37 (7-2) 2 (13:3) 3(21-4) 2 (50-0)
Yes (%) 275 (50-4) 258 (50-3) 11 (73-3) 4 (28-6) 2 (50-0)
Unknown (%) 227 (41-6) 218 (42'5) 2 (13-3) 7 (50-0) 0 (0-0)
No. of women with vaccine type
2VHPV (%) 288 (2-9) 112 (12-2) 151 (30-1) 25 (14-8)
AVHPV (%) 531 (5-3) 186 (20-2) 305 (60-8) 40 (23-7)
9VHPV (%) 718 (7-1) 611 (66-5) 36 (7-2) 71 (42-0)
Unknown (%) 53 (0-5) 10 (1-1) 10 (2-0) 33 (19:5)
No. of women at gynaecology clinic with
>500 excisions (%) 7873 (78-3) 6529 (77-1) 760 (82-7) 449 (89-4) 135 (79-9)
100-500 excisions (%) 1791 (17-8) 1569 (18-5) 144 (15-7) 46 (9-2) 32 (18-9)
<100 excisions (%) 390 (3-9) 366 (4-3) 15 (1-6) 7 (1-4) 2(12)
No. of women by year of conisation
2010-2014 (%) 2001 (19:9) 1759 (20-8) 130 (14-1) 89 (17-7) 23 (13-6)
2015-2019 (%) 3976 (39-5) 3261 (38-5) 433 (47-1) 207 (41-2) 75 (44-4)
2020-2024 (%) 4077 (40-6) 3444 (40-7) 356 (38-7) 206 (41-0) 71 (42-0)
SD, standard deviation. 2vHPV, bivalent HPV vaccine. 4vHPV, quadrivalent HPV vaccine. 9vHPV, nonavalent PV vaccine. CIN2, cervical intraepithelial neoplasia grade 2. CIN3,
cervical intraepithelial neoplasia grade 3. “Percentages may not total 100% because of rounding.
Table 1: Baseline characteristics of women undergoing conisation for cervical intraepithelial neoplasia grade 2 or worse (CIN2+) and carcinoma,
stratified by vaccination status, based on data from the study cohort collected between 2010 and 2024 in the UNILABS central laboratory.

(@aIRR = 1.58; 95% CI: 1-29-1-93) (Supplementary  group and 27-42 in women 45 and older (Table 3).
Fig. S1). In unvaccinated women, the CIN2+ recur- Among post-excision vaccinated women, the rate
rence rate per 1000 py increased with age at conisation, ~ remained stable at 3-37-3-66 per 1000 py across all age
from 9-09 in those under 30 to 14-06 in the 30-44 age = groups, with effects in 65% (95% CI: 19-85%) in
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HPV vaccination status No. of recurrences

Person-years (py)

Crude incidence
rate ratio (95% Cl)

Incidence rate
per 1000 py (95% Cl)

Adjusted incidence
rate ratio (95% Cl)°

Vaccine effectiveness
(95% Cl)

Unvaccinated 513 35,105
Vaccinated irrespective of timing 33 7565
Vaccinated post-excision 15 4455
Vaccinated prophylactically 14 2397
Women with positive cone margin
Unvaccinated 272 5269
Vaccinated irrespective of timing 13 1129
Vaccinated post-excision 6 613
Vaccinated prophylactically 6 401
Women with negative cone margin
Unvaccinated 187 25,945
Vaccinated irrespective of timing 17 5838
Vaccinated post-excision 7 3494
Vaccinated prophylactically 7 1822

statistical power of >80%.

Reference

0-33 (0-23-0-47)
0-26 (0-15-0-43)
0-46 (0-27-0-78)

Reference

0-3 (0-2-0-42)
0-23 (0-13-0-38)
0-4 (0-22-0-68)

14-61 (13-4-15-93)
436 (3-1-6-14)
3-37 (2:03-5:58)
5-84 (3-46-9-86)

Reference

0-26 (0-15-0-46)
0-21 (0-1-0-48)
0-38 (0-17-0-86)

Reference

0-22 (0-12-0-39)
0-19 (0-07-0-42)
0-29 (0-11-0-64)

51-62 (45-84-58-14)
11.51 (6-68-19-82)
9-78 (4-4-21-78)

14-94 (6:71-33-26)

Reference

0-42 (0-26-0-7)
0-29 (0-13-0-61)
0-59 (0-27-1-26)

Reference

0-4 (0-23-0-66)
0-28 (0-11-0-58)
0-53 (0-21-1-12)

7-21 (6-25-8-32)

2-91 (1-81-4-68)
2 (0-96-4-2)

3-84 (1-83-8-06)

Reference

67 (53-77)
74 (57-85)°
54 (22-73)°

Reference

74 (54-85)°
79 (52-90)°
62 (14-83)

Reference

58 (30-74)"
71 (39-87)°
41 (-26 to 73)

?Poisson regression models adjusted for age groups, cone margin positivity (full analysis set), and HPV detection, with stratification by year and gynaecology clinic of conisation. "Result with a p < 0-05 at

Table 2: Recurrence rates of cervical intraepithelial neoplasia grade 2 or worse (CIN2+) and carcinoma by timing of HPV vaccination and cone margin positivity.

women under 30, and 75% (95% CI: 51-87%) in those
aged 30—44. No relapses were observed in 66 women
vaccinated at age 45 and older.

Previously vaccinated women undergoing excision
before age 30 had a recurrence rate of 2-28 per 1000 py,
compared with 10-78 in those aged 30-44. A 76%
reduction (95% CI: 23-92%) was significant only in
younger women. No relapses were observed in 15 pre-
viously vaccinated women aged >44, thus precluding
analysis.

Follow-up duration after excision

The persistence of HPV vaccination effect was
assessed over four follow-up periods (Table 3). In
unvaccinated women, CIN2+ recurrence rates per
1000 py fell from 58-59 at 6 months to 33-63 at 18
months, 23-01 at 3 years, and 16-83 at 6 years. The
rates declined from 4-42 to 3-22 in women vaccinated
post-excision and from 8-16 to 6-74 in those vaccinated
prior to conisation over a follow-up period of 6 months
to 6 years.

The greatest reductions in recurrence were seen
within the first 6 months, 89% in post-excision vacci-
nated women, and 80% in prophylactically vaccinated
women. By 3 and 6 years, post-conisation vaccination
reduced relapses by 78% and 77%, respectively,
compared to 61% and 52% with prophylactic
vaccination.

Age at prophylactic HPV vaccination

The effect was greater but not statistically significant in
women vaccinated at or before 18 years of age, with an
85% reduction in CIN2+ relapses (95% CI: -5 to 98%)
compared to 45% (95% CI: 5-69%) in those vaccinated
after 18 years (Supplementary Table S3). However, the
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recurrence rate was lower at 1-81 per 1000 py in the
former compared with 7-05 in the latter.

Interval between conisation and follow-up

The effect of HPV vaccination diminished with longer
relapse assessment intervals of 60, 180, and 365 days
following conisation (Table 3). While CIN2+ recurrence
rates markedly decreased from 13-45 per 1000 py at the
60-day interval to 5-43 at the 365-day interval in unvac-
cinated women, the rates declined more gradually in
vaccinated women, from 3-37 to 2-25 in those vaccinated
post-excision, and from 5-84 to 4-22 in those vaccinated
prior to conisation. Significant reductions of 63% after
180 days and 59% after 365 days was observed only in
women vaccinated post-excision.

Discussion
HPV vaccination reduced the risk of CIN2+ recurrence
by 67% and any dysplasia by 65%, regardless of timing.
This aligns with a pooled vaccine effectiveness of 70%
(95% CI: 55-80%). The effect of vaccination as an
adjuvant intervention was stronger in women vaccinated
post-excision compared to those vaccinated earlier as
part of preventive immunisation. The 74% reduction in
CIN2+ recurrence in this study aligns with the 67-85%
prediction interval from 12 prior studies on
post-conisation vaccination.®* The lower 54% effect for
prophylactic vaccination is consistent with the 50%
reduction pooled from four earlier studies.”'*"”
Previous studies reported a more than fourfold in-
crease in CIN2+ recurrence risk for women with posi-
tive cone margins compared with negative ones, but the
impact of vaccination in this high-risk group has not
been investigated to date.”® The present study
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Fig. 2: Probability of recurrence of cervical intraepithelial neoplasia grade 2 or worse (CIN2+) and carcinoma in HPV-vaccinated and
unvaccinated women, relative to time since conisation: a) prophylactic and post-excision vaccination, in women regardless of cone
margin status, b) regardless of vaccination timing and cone margin status, c) prophylactic and post-excision vaccination in women with
positive cone margins, d) regardless of vaccination timing, in women with positive cone margins, e) prophylactic and post-excision
vaccination in women with negative cone margins, f) regardless of vaccination timing in women with negative cone margins. 95%

Cl, 95% confidence interval.

demonstrates that women with positive cone margins
are at high risk of CIN2+ recurrence, with a rate of 51-62
per 1000 py, reduced by 74% with HPV vaccination,
regardless of timing. Post-excision vaccination
decreased recurrence by 79% in high-risk women, hav-
ing a rate of 9-78 per 1000 py, comparable to the 7-21
observed in unvaccinated women with negative cone
margins. Vaccination after conisation reduced relapses
by an additional 71% in women with negative cone

margins, resulting in a rate of 2-00 per 1000 py. Previ-
ous HPV vaccination was more effective in women with
a positive cone margin, lowering their risk of recurrence
by 62%, compared with a non-significant 41% decline in
those with a negative one. These results underscore the
importance of post-excision vaccination, particularly for
high-risk women with positive cone margins, while
reaffirming the enduring value of prophylactic vaccina-
tion during adolescence or early adulthood.
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HPV vaccination status

No. of recurrences Person-years (py)

Incidence rate

per 1000 py (95% CI)

Crude incidence
rate ratio (95% Cl)

Adjusted incidence
rate ratio (95% Cl)*

Vaccine effectiveness
(95% Cl)

Unvaccinated
2vHPV vaccinated post-excision
2vHPV vaccinated prophylactically
4VHPV vaccinated post-excision
4VvHPV vaccinated prophylactically
9vHPV vaccinated post-excision
9vHPV vaccinated prophylactically
Women under 30 years at conisation
Unvaccinated
Vaccinated post-excision
Vaccinated prophylactically
Women aged 30-44 years at conisation
Unvaccinated
Vaccinated post-excision
Vaccinated prophylactically
Women over 44 years at conisation
Unvaccinated
Vaccinated post-excision

Vaccinated prophylactically

Unvaccinated
Vaccinated post-excision
Vaccinated prophylactically

Unvaccinated
Vaccinated post-excision
Vaccinated prophylactically

Unvaccinated
Vaccinated post-excision
Vaccinated prophylactically

Unvaccinated

Vaccinated post-excision

Vaccinated prophylactically
60-day interval since excision

Unvaccinated

Vaccinated post-excision

Vaccinated prophylactically
180-day interval since excision

Unvaccinated

Vaccinated post-excision

Vaccinated prophylactically
365-day interval since excision

Unvaccinated

Vaccinated post-excision

Vaccinated prophylactically

p < 0-05 at statistical power of >80%.

Within 6 months of follow-up post-excision

Within 18 months of follow-up post-excision

Within 3 years of follow-up post-excision

Within 6 years of follow-up post-excision

513 35,105
4 830
3 749
5 1322
11 1482
6 2264
0 123
91 10,008
6 1780
3 1314
280 19,918
9 2459
11 1020
142 5179
0 216
0 62
235 4011
2 452
2 245
367 10,914
6 1345
5 701
430 18,691
10 2414
9 1239
477 28,341
12 3727
13 1928
472 35,090
15 4455
14 2397
278 34,895
13 4453
12 2392
186 34,224
10 4436
10 2368

14-61 (13-4-15-93)
4-82 (1-81-12-83)
4-01 (1-29-12-42)
3-78 (1:57-9-09)
7-42 (411-13-4)
265 (1-19-5-9)

9-09 (7-4-11-17)
3-37 (1-51-7'5)
2-28 (0-74-7-08)

14-06 (12-5-15-8)
366 (1-9-7-03)
10-78 (5-97-19-46)

27-42 (23-26-32-32)

5859 (51:56-66-58)
4-42 (1-11-17-69)
8-16 (2:04-32-61)

33-63 (30-36-37-25)
4-46 (2-9-93)
7-13 (2:97-17-13)

23-01 (20-93-25-29)
414 (2-23-7-7)
7-26 (3-78-13-96)

16-83 (15-39-18-41)
322 (1-83-5:67)
6-74 (3-91-11-61)

13-45 (12-29-14-72)
337 (2-:03-5-58)
5-84 (3:46-9-86)

7-97 (7-08-8-96)
2:92 (1-7-5-03)
5-02 (2-85-8-83)

5-43 (4-71-6-27)
2:25 (1-21-4-19)
4-22 (2-27-7-85)

Reference

0-33 (0-09-0-85)
0-27 (0-06-0-81)
0-26 (0-08-0-61)
0-51 (0-25-0-92)
0-18 (0-07-0-4)

Reference
0-37 (0-13-0-84)
0-25 (0-05-0-76)

Reference
0-26 (0-12-0-5)
0-77 (0-38-1-39)

Reference

Reference
0-08 (0-01-0-28)
0-12 (0-02-0-46)

Reference
0-13 (0-05-0-29)
0-2 (0-06-0-47)

Reference
0-18 (0-09-0-33)
0-31 (0-14-0-59)

Reference
0-19 (0-1-0-34)
0-4 (0-21-0-69)

Reference
0-25 (0-14-0-42)
0-43 (0-24-0-74)

Reference
0-37 (0-19-0-64)
0-63 (0-32-1-12)

Reference
0-41 (0-2-0-78)
078 (0-37-1-46)

Reference

0-44 (0-16-1-18)
0-34 (0-11-1-07)
0-36 (0-15-0-87)
0-58 (0-32-1:06)
0-17 (0-08-0-39)

Reference
0-35 (0-15-0-81)
0-24 (0-08-0-77)

Reference
0-25 (0-13-0-49)
0-63 (0-35-1-16)

Reference

Reference
0-11 (0-03-0-43)
0-2 (0-05-0-81)

Reference
0-17 (0-08-0-38)
0-27 (0-11-0-66)

Reference
0-22 (0-12-0-41)
0-39 (0-2-0-75)

Reference
0-23 (0-13-0-4)
0-48 (0-27-0-83)

Reference
0-28 (0-17-0-46)
0-49 (0-29-0-84)

Reference
0-37 (0-21-0-65)
0-63 (0-35-1-12)

Reference
0-41 (0-21-0-77)
0-73 (0-38-1-38)

Reference

56 (-18 to 84)
66 (-7 to 89)
64 (13-85)

42 (-6 to 68)
83 (61-92)"

Reference
65 (19-85)
76 (23-92)

Reference
75 (51-87)°
37 (~16 to 65)

Reference

Reference
89 (57-97)"
80 (19-95)

Reference
83 (62-92)°
73 (34-89)°

Reference
78 (59-88)"
61 (25-80)°

Reference
77 (60-87)°
52 (17-73)

Reference
72 (54-83)°
51 (16-71)

Reference
63 (35-79)"
37 (12 to 65)

Reference
59 (23-79)°
27 (-38 to 62)

?Poisson regression models adjusted for age group (except in age analyses), cone margin positivity, and HPV detection, with stratification by year and gynaecology dlinic of conisation. ®Result with a

Table 3: Recurrence rates of cervical intraepithelial neoplasia grade 2 or worse (CIN2+) and carcinoma by timing of HPV vaccination relative to vaccine type, age group at
conisation, and stratified follow-up after excision.

The type of the HPV vaccine seems to be crucial
since the greatest reduction in CIN2+ recurrence (83%)
was observed in women receiving the 9vHPV vaccine
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after excision, with conclusive statistical power. This
aligns with the 71-90% decline in CIN2+ recurrence
reported in studies where most women received this
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vaccine.”'®" Likewise, a 64% reduction was noted with
the 4vHPV vaccine post-conisation, matching the
59-4-78-3% prediction interval from a recent meta-
analysis.® Unfortunately, while the 2vHPV vaccine
showed a 56-66% decrease in recurrence, the results
lacked statistical proof. Post-excision 2vHPV vaccination
has not yet been evaluated separately in previous
studies. When used prophylactically, it showed either a
substantial reduction in CIN2+ recurrence (88%) or an
uncertain effect, with 95% confidence intervals ranging
from negative values to 84%.""

In unvaccinated women, the CIN2+ recurrence rate
increased with advancing age at conisation. Post-excision
vaccination reduced relapses by 65-75% in women un-
dergoing excision under 45 years of age. However, a
similar 76% effect was observed in women prophylactically
vaccinated and undergoing conisation before the age 30.

Surprisingly, a strong effect was observed within the
first six months of conisation in women with both
incomplete and complete HPV vaccination. Prophylactic
vaccination reduced recurrence by 80%, and post-
excision by 89%, compared with the rate of 58-59 per
1000 py in unvaccinated women. Since the recurrence
rates did not increase and continued to slightly decline
1-2-1-4-fold over 1.5-6 years in HPV-vaccinated
women, it can be presumed that the long-term benefit
of HPV vaccination extends for at least six years,
regardless of vaccination timing. Furthermore, within
six years of follow-up after conisation, relapse was
reduced by 77% in women vaccinated post-excision and
by 52% in prophylactically vaccinated women. While
such long-term follow-up has not yet been studied in
prophylactically vaccinated women, the effect of post-
excision vaccination was comparable with the 79-89%
reduction reported in studies with five-to six-year follow-
up periods.”** We believe the agreement between new
and existing results supports the estimation of at least
six years of persistence for the effect of HPV vaccina-
tion, especially when administered after conisation.

Most studies assessed recurrence at 2-3 months or
4-7 months after conisation, while one study evaluated
it as early as 1 month and another one as late as 1 year
after conisation.”'*'>”1%21-¢ To address this variability,
we examined CIN2+ recurrence at 2, 6, and 12 months
post-conisation. With the interval between conisation
and relapse evaluation increasing from 2 to 12 months,
a substantial 2-5-fold decline in recurrence rates was
observed in unvaccinated women, compared with a
more modest approximately 1-5-fold, decline in HPV-
vaccinated women. Consequently, this naturally resul-
ted in a diminishing effect of HPV vaccination,
regardless of its timing. This may have contributed to
the non-significant 14% reduction in CIN2+ relapses
assessed one year after conisation, as observed in
women with HPV vaccination completed post-excision
in a Danish study from 2019.” Whether this finding
was associated with the delayed timing of assessment or

with other study-specific factors—such as the inclusion
of only women with CIN3-related conisation or unre-
ported cone margin status—cannot be clearly deter-
mined. Nevertheless, we believe that assessing early
recurrence represents a novel approach contributing to a
better understanding of HPV vaccination benefits.

An interesting finding was the early onset of effect in
women completing vaccination either before or after
conisation. This suggests that adaptive immunity,
whether induced by a recent partial vaccination or per-
sisting from prior immunisation, may contribute
equally to the protective effect. This aligns with results
of a study confirming HPV clearance in women vacci-
nated within the first year of conisation.”’

HPV infection appears to interact with the epithelial
microenvironment, stimulating pro-inflammatory cyto-
kines.*® Furthermore, the precancerous environment
suppresses antiviral responses and activates multiple
immunosuppressive factors, thus contributing to im-
mune escape.’’ Surgical excision of cervical neoplasia
likely reduces cytokine levels, removes the precancerous
microenvironment, and triggers an anti-inflammatory
response as part of the healing process.” This process
likely enhances the onset of adaptive immunity acquired
through past or current HPV vaccination, as suggested
by recent study findings.*

Our study has several notable strengths. As a large-
scale, population-based investigation, it provides suffi-
cient statistical power to estimate the effects of HPV
vaccination, particularly regarding cone margin positiv-
ity and vaccination timing. With a follow-up period of up
to 15 years, it comprehensively evaluates the long-term
persistence of the vaccination effect. We collected data
on potential confounders including attained age, calen-
dar year, clinical site of conisation, cone margin posi-
tivity, and HPV presence. Adjusting for these factors
minimized their confounding effects, and sensitivity
analyses confirmed the robustness of our estimates.
Subgroup analyses further explored potential biases
related to vaccine type, age at conisation, and intervals
between conisation and recurrence assessment.

However, certain limitations should be noted. The
first was the lack of detailed information on complete
vaccination, particularly regarding the administration of
three doses post-conisation and whether two or three
doses were given prophylactically. This limitation was
partially mitigated through a supplementary survey at
outpatient clinics, which confirmed full vaccination in
most immunised women. Owing to the lack of HPV
genotyping prior to conisation, it was not possible to
determine whether the observed effect on recurrence
was HPV type-specific. This also limited a direct com-
parison between prophylactic and post-excision vacci-
nation, as more than 90% of women in the prophylactic
group received a bi- or quadrivalent HPV vaccine, while
over 66% of women were immunised with the non-
avalent vaccine after excision. Furthermore, it was not

www.thelancet.com Vol 55 August, 2025


http://www.thelancet.com

Articles

possible to explore whether the effect may have been
influenced by the timing of vaccination initiation post-
conisation, as exact dates were not available. The
exclusion of women with an absent year of vaccination
or last vaccination more than two years after conisation
likely did not affect the results of this study, as docu-
mented by the sensitivity analysis and an acceptable loss
of vaccination year data in fewer than 12% of women.
Missing data on cone margin positivity or HPV detec-
tion were categorized as unknown. Furthermore, factors
such as comorbidities, nulliparity, smoking, body mass
index, and deprivation index were not included. Despite
these omissions, we believe that incorporating age, cone
margin positivity, HPV detection, and stratification by
year of conisation and clinical site were essential to
achieving the study objectives.

The study demonstrated an early onset of the effect
of HPV vaccination in women undergoing cervical
excision irrespective of whether vaccination was
completed pre- or post-conisation. A particularly notable
finding was the significant reduction in recurrence rates
among women with a positive cone margin, high-
lighting the potential benefits of targeted HPV vaccina-
tion for this high-risk group.

The lower effectiveness of prophylactic vaccination
raises the question of whether a booster dose adminis-
tered post-conisation could enhance its effect. Addi-
tionally, the early strong protective effect of incomplete
post-excision vaccination observed within the first six
months suggests that similar benefits might be achiev-
able with just one or two doses, as seen with prophy-
lactic vaccination in individuals under 20 years of age.”**

In conclusion, HPV vaccination significantly reduced
CIN2+ recurrence in women undergoing surgical exci-
sion, with the greatest impact observed in those with
positive cone margins. Although post-excision vaccina-
tion showed a tendency toward a greater effect than
prophylactic vaccination, HPV immunisation overall
provided meaningful benefits, particularly within the
first six months of conisation. Additionally, the stable
recurrence rates observed among vaccinated women
throughout the study period support the favourable
long-term persistence of this effect.

Contributors

MP, MT, VD, PD, and JR conceptualized the study. MP, PD, and JR
designed the study. MP, DL, and IKL curated the data. IF, MT and VDjr
accessed and verified the underlying study data. VD and VDjr contrib-
uted to data interpretation. MP did the formal data analysis. MP, JM, DL,
IKL, and PD contributed to the methodology. PD and JR ensured
funding acquisition. MP and IKL administered the project. MP super-
vised the project. MP contributed to investigation, provision of
computing resources, and visualisation. MP and IKL wrote the original
draft, and all authors contributed to data interpretation and writing,
reviewing, and editing this manuscript.

Data sharing statement

The raw datasets are not available for sharing because of privacy policies
and regulations in the Czech Republic. The data that support the

www.thelancet.com Vol 55 August, 2025

findings of this study are available from the corresponding author upon
reasonable request.

Declaration of interests
We declare no competing interests.

Acknowledgements

We would like to thank Markéta Trnkova Jr. for her contribution to data
management and valuable suggestions. The authors used ChatGPT-4 to
improve the language and take full responsibility for the final content
after thorough review and edits.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.lanepe.2025.101337.

References

1  Human papillomavirus vaccines: WHO position paper, December
2022. https://www.who.int/publications/i/item/who-wer9750-645-
672. Accessed January 11, 2025.

2 Considerations for human papillomavirus (HPV) vaccine product
choice. 1st ed. Geneva: World Health Organization; 2024.

3 Czech Gynecological and Obstetrical Society of the Czech Medical
Association of J. E. Purkyné (CGPS CLS JEP). Recommendations
for HPV vaccination in women treated for cervical precancerous
lesions. https://www.hpvguide.eu/ockovani-konizovanych-zen?
utm_source=chatgpt.com. Accessed January 12, 2025.

4 Bizzarri N, Kyrgiou M, De Vincenzo R, et al. Prophylactic HPV
vaccination in HPV -related gynecologic cancers: European Society
of Gynecological Oncology (ESGO) prevention committee opinion.
Intl | Gynecol Obste. 2024;169(2):597-604.

5  Khieu M, Butler SL. High-grade squamous intraepithelial lesion of
the cervix. In: StatPearls. Treasure Island (FL): StatPearls Publish-
ing;  2025.  http://www.ncbi.nlm.nih.gov/books/NBK430728/.
Accessed April 20, 2025.

6 Grzes B, Heimrath J, Ciszek M. Minimally invasive surgery with
the complementing immunotherapy in the treatment of intra-
epithelial neoplasia of cervix in women of child-bearing age. Onkol
Pol. 2011;14:125-130.

7 Joura EA, Garland SM, Paavonen |, et al. Effect of the human
papillomavirus (HPV) quadrivalent vaccine in a subgroup of
women with cervical and vulvar disease: retrospective pooled
analysis of trial data. BM]. 2012;344:e1401.

8  Petra§ M, Dvorak V, Lomozova D, et al. Timing of HPV vaccination
as adjuvant treatment of CIN2+ recurrence in women undergoing
surgical excision: a meta-analysis and meta-regression. Sex Transm
Infect. 2023;99:561-570.

9  Dvofdk V, Petrd8 M, Dvofak V, et al. Reduced risk of CIN2+
recurrence in women immunized with a 9-valent HPV vaccine
post-excision: retrospective cohort study. Hum Vaccines Immun-
other. 2024;20:2343552.

10 Kang WD, Choi HS, Kim SM. Is vaccination with quadrivalent HPV
vaccine after loop electrosurgical excision procedure effective in
preventing recurrence in patients with high-grade cervical intra-
epithelial neoplasia (CIN2-3)? Gynecol Oncol. 2013;130:264-268.

11 Hejcmanovd K, Ambrozova M, Chloupkova R, Ngo O, Mijek O.
Number of performed cervicovaginal cytologies. National Health infor-
mation portal. Prague: Ministry of Health of the Czech Republic
and Institute of Health Information and Statistics of the Czech
Republic; 2024, 2025; published online March 15. http://www.nzip.
cz/data/2095-cervix-cytologie-pocet-otevrena-data. Accessed March
15, 2025

12 Chovanec ], NélezZinskd M. Overview of the diagnostics and treat-
ment of the cervical cancer. Onkologie. 2014;8:269-274.

13 Liu Y, Alqatari M, Sultan K, et al. Using p16 immunohistochem-
istry to classify morphologic cervical intraepithelial neoplasia 2:
correlation of ambiguous staining patterns with HPV subtypes and
clinical outcome. Hum Pathol. 2017;66:144-151.

14 Ellingson MK, Sheikha H, Nyhan K, Oliveira CR, Niccolai LM.
Human papillomavirus vaccine effectiveness by age at vaccination:
a systematic review. Hum Vaccines Immunother. 2023;19:2239085.

15 Zhao S, Hu S, Xu X, et al. Impact of HPV-16/18 AS04-adjuvanted
vaccine on preventing subsequent infection and disease after

11


https://doi.org/10.1016/j.lanepe.2025.101337
https://doi.org/10.1016/j.lanepe.2025.101337
https://www.who.int/publications/i/item/who-wer9750-645-672
https://www.who.int/publications/i/item/who-wer9750-645-672
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref2
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref2
https://www.hpvguide.eu/ockovani-konizovanych-zen?utm_source&equals;chatgpt.com
https://www.hpvguide.eu/ockovani-konizovanych-zen?utm_source&equals;chatgpt.com
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref4
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref4
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref4
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref4
http://www.ncbi.nlm.nih.gov/books/NBK430728/
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref6
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref6
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref6
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref6
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref7
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref7
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref7
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref7
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref8
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref8
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref8
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref8
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref8
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref8
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref9
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref9
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref9
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref9
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref9
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref9
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref9
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref10
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref10
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref10
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref10
http://www.nzip.cz/data/2095-cervix-cytologie-pocet-otevrena-data
http://www.nzip.cz/data/2095-cervix-cytologie-pocet-otevrena-data
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref12
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref12
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref12
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref13
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref13
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref13
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref13
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref14
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref14
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref14
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref15
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref15
http://www.thelancet.com

Articles

12

16

17

18

19

20

21

22

23

24

excision treatment: post-hoc analysis from a randomized controlled
trial. BMC Infect Dis. 2020;20:846.

Hildesheim A, Gonzalez P, Kreimer AR, et al. Impact of human
papillomavirus (HPV) 16 and 18 vaccination on prevalent infections
and rates of cervical lesions after excisional treatment. Am | Obstet
Gynecol. 2016;215:212.e1-212.e15.

Garland SM, Paavonen J, Jaisamrarn U, et al. Prior human papil-
lomavirus-16/18 AS0O4-adjuvanted vaccination prevents recurrent
high grade cervical intraepithelial neoplasia after definitive surgical
therapy: post-hoc analysis from a randomized controlled trial. Intl
Journal of Cancer. 2016;139:2812-2826.

Henere C, Torné A, Llupia A, et al. HPV vaccination in women
with cervical intraepithelial neoplasia undergoing excisional treat-
ment: insights into unsolved questions. Vaccines. 2022;10:887.
Del Pino M, Marti C, Torras I, et al. HPV vaccination as adjuvant to
conization in women with cervical intraepithelial neoplasia: a study
under real-life conditions. Vaccines. 2020;8:245.

Bogani G, Raspagliesi F, Sopracordevole F, et al. Assessing the
long-term role of vaccination against HPV after loop electrosurgical
excision procedure (LEEP): a propensity-score matched compari-
son. Vaccines. 2020;8:717.

Pieralli A, Bianchi C, Auzzi N, et al. Indication of prophylactic
vaccines as a tool for secondary prevention in HPV-linked disease.
Arch Gynecol Obstet. 2018;298:1205-1210.

Karimi-Zarchi M, Allahqoli L, Nehmati A, Kashi AM, Taghipour-
Zahir S, Alkatout I. Can the prophylactic quadrivalent HPV vaccine
be used as a therapeutic agent in women with CIN? A randomized
trial. BMC Public Health. 2020;20:274.

Ghelardi A, Parazzini F, Martella F, et al. SPERANZA project: HPV
vaccination —after treatment for CIN2+. Gynecol Oncol.
2018;151:229-234.

Goémez De La Rosa AG, Quesada Lopez-Fe A, Vilar Chesa M, et al.
Efficacy of human papillomavirus vaccination 4 Years after con-
ization for high-grade cervical neoplasia. | Low Genit Tract Dis.
2021;25:287-290.

25

26

27

28

29

30

31

32

33

34

Chen M, Li C, Cui Q, Zhou C, Chen P, Yao S. The efficacy of
human papillomavirus prophylactic vaccination after conization in
preventing cervical intraepithelial neoplasia recurrence: a prospec-
tive observational study in China. Eur J Obstet Gynecol Reprod Biol.
2023;286:10-15.

Casajuana-Pérez A, Ramirez-Mena M, Ruipérez-Pacheco E, et al.
Effectiveness of prophylactic human papillomavirus vaccine in the
prevention of recurrence in women conized for HSIL/CIN 2-3: the
VENUS study. Vaccines. 2022;10:288.

Shiravani Z, Nazari Z, Yazdani F, et al. Evaluation of the thera-
peutic effect of quadrivalent human papillomavirus (HPV) vacci-
nation on cervical intraepithelial neoplasia lesions. Indian | Surg
Oncol. 2023;14:504-509.

Sand FL, Kjaer SK, Frederiksen K, Dehlendorff C. Risk of cervical
intraepithelial neoplasia grade 2 or worse after conization in rela-
tion to HPV vaccination status. Intl ] Cancer. 2020;147:641-647.
Rykkelid M, Wennberg HM, Richardsen E, Serbye SW. Post-Con-
ization HPV vaccination and its impact on viral status: a retro-
spective cohort study in troms and finnmark, 2022. Pathogens.
2024;13:381.

Paradkar PH, Joshi JV, Mertia PN, Agashe SV, Vaidya RA. Role of
cytokines in genesis, progression and prognosis of cervical cancer.
Asian Pac | Cancer Prev. 2014;15:3851-3864.

Mortezaee K. Immune escape: a critical hallmark in solid tumors.
Life Sci. 2020;258:118110.

Saftlas AF, Spracklen CN, Ryckman KK, et al. Influence of a loop
electrosurgical excision procedure (LEEP) on levels of cytokines in
cervical secretions. | Reprod Immunol. 2015;109:74-83.

Zhuang C-L, Lin Z-], Bi Z-F, et al. Inflammation-related adverse
reactions following vaccination potentially indicate a stronger im-
mune response. Emerg Microb Infect. 2021;10:365-375.

Wu S, Ploner A, Astorga Alsina AM, Deng Y, Ask Schollin L, Lei J.
Effectiveness of quadrivalent human papillomavirus vaccination
against high-grade cervical lesions by age and doses: a population-
based cohort study. Lancet Reg Health Eur. 2025;49:101178.

Acest material este furnizat de citre MSD Romania ca urmare a unui serviciu profesional contractat de citre MSD Romania pentru
comunitatea medicala.

Este posibil ca informatiile legate de oricare dintre medicamentele mentionate in publicatie si nu fie in concordanti cu informatiile de
prescriere aprobate in Romania. Inainte de a prescrie vreunul dintre medicamente, vi rugdm s cititi informatiile complete de prescriere,
aprobate pentru fiecare dintre medicamentele discutate in aceasta publicatie, disponibile §i pe website-urile

https://nomenclator.anm.ro/medicamente sau
https://www.ema.europa.eu/en/medicines.

www.thelancet.com Vol 55 August, 2025


http://refhub.elsevier.com/S2666-7762(25)00129-2/sref15
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref15
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref16
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref16
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref16
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref16
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref17
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref17
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref17
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref17
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref17
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref18
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref18
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref18
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref19
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref19
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref19
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref20
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref20
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref20
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref20
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref21
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref21
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref21
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref22
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref22
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref22
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref22
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref23
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref23
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref23
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref24
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref24
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref24
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref24
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref25
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref25
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref25
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref25
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref25
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref26
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref26
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref26
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref26
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref27
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref27
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref27
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref27
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref28
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref28
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref28
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref29
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref29
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref29
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref29
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref30
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref30
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref30
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref31
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref31
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref32
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref32
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref32
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref33
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref33
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref33
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref34
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref34
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref34
http://refhub.elsevier.com/S2666-7762(25)00129-2/sref34
http://www.thelancet.com

	Early and long-term effects of prophylactic and post-excision human papillomavirus vaccination on recurrent high-grade cerv ...
	Introduction
	Methods
	Study design and setting
	Data extracted from laboratory records
	Study endpoints
	Statistical methods/analysis
	Role of funding source

	Results
	Characteristics of the study population
	Outcomes of the primary analysis
	Outcomes of the secondary analyses
	Outcomes of the subgroup analyses
	Type of HPV vaccine
	Age of women at conisation
	Follow-up duration after excision
	Age at prophylactic HPV vaccination
	Interval between conisation and follow-up


	Discussion
	ContributorsMP, MT, VD, PD, and JR conceptualized the study. MP, PD, and JR designed the study. MP, DL, and IKL curated the ...
	Data sharing statementThe raw datasets are not available for sharing because of privacy policies and regulations in the Cze ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


