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Abstract

Objective

To evaluate the impact of catch-up human papillomavirus (HPV) vaccination on conization
rates in France in a large population-based study.

Methods

We conducted a retrospective real-life cohort study on data collected prospectively by
French National Health Insurance. Echantillon généralistes des bénéficiaires (EGB) is a
database composed of demographic and health care utilization data for a 1/97" sample of
the French population. We extracted data about all women born between 1983 and 1991,
corresponding to the catch-up population (vaccination after 14 years old) at the time of
implementation of HPV vaccination. The primary outcome was the occurrence of conization
(all types of procedures) compared between vaccinated and non-vaccinated women.

Results

The cohort consisted of 42,452 women. Vaccination coverage (at least one dose) was low
(9.8%, n=4,129), but increased with time from vaccine implementation, from 0% in the
1983 cohort to 31% in the 1991 cohort. The conization rate was 1% for the overall popula-
tion. The risk of conization for women between the ages of 19 and 30 years was reduced in
the vaccinated group with a Hazard Ratio (HR) of 0.59 (95% CI[0.39-0.90]; p = 0.043).

Conclusions

With a 10-year follow-up, catch-up HPV vaccination is associated with risk reduction of coni-
zation between the ages of 19 and 30.
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Introduction

Cervical cancer remains a public health issue in France, as it affects young women with a peak
incidence at the age of 42 years [1, 2]. The severity of cervical cancer is related to the high mor-
bidity associated with treatment, including chemotherapy, radiation therapy and surgery.
Conization is part of the treatment of cervical dysplasia and early stage cancer. In women who
have not always completed their pregnancy plans, this procedure is associated with obstetrical
morbidity.

Almost all cervical cancers are induced by human papillomavirus (HPV). The genotypes
most frequently involved are genotypes 16 and 18, responsible for about 70% of all cervical
cancers. Sexual transmission mainly occurs during the first year of sexual activity. The natural
history of HPV infection consists of slow progression either to spontaneous cure or possible
dysplasia and subsequent cervical cancer.

HPV vaccination directed against the genotypes responsible for cervical cancer has been
available since 2006 and has been reimbursed since 2007 in France. s effectiveness is based
on extensive vaccination coverage providing individual protection and herd immunity (3, 4].
However, vaccination coverage remains low in France, as less than 30% of 16-year-old girls
born between 1996 and 2000 received a complete immunization plan in 2017 [5]. This poor
take-up could be explained by a different approach to vaccination compared to that adopted in
other countries (lack of a school-based vaccination program), as well as mistrust of health pro-
fessionals and the general public towards the safety and effectiveness of the vaccine [6-8].
However, several studies have demonstrated the effectiveness of vaccination on genital warts
[9-14] and especially on cervical dysplasia in Australia [15, 16], Canada [17], Sweden [18] and
Denmark [19]. More recently, two large cohort studies showed a reduced risk of invasive cervi-
cal cancer among girls and women vaccinated in Sweden [20] and in Denmark [21]. However,
no such studies have yet been conducted in France. The objective of the present study was to
evaluate the impact of HPV vaccination in a real-life population.

Materials and methods

We conducted a retrospective real-life cohort study, i.e. on a large sample of the French popu-
lation, on prospectively collected data.

Data sources and study period

Data were extracted from the French National Health Insurance database called Echantillon
Généraliste des Bénéficiaires (EGB), which is a permanent sample of the population covered by
national health insurance. French health care insurance is a universal health care meaning all
residents are assured access to health care. Our institution has permanent access to the EGB
given by its governance (ministerial steering), for the purposes of conducting studies on anon-
ymous data. This study was reviewed and approved by an ethics committee: Curie Institutional
Research Data Committee. The EGB is a random sample representing 1/97th of the popula-
tion. Individuals are randomly selected on the social security number, the distribution by age
group and sex is equivalent to the national distribution. The EGB includes people covered by
the general social security system, i.e. all workers and unemployed persons (excluding farm-
ers), this population representing more than 92% of the French population. This database
includes anonymous sociodemographic characteristics, all reimbursed medical expenditure,
consultations, drug prescriptions, laboratory tests and surgical procedures [22].

Data were extracted from EGB from 1% January 2006 (release of the first HPV vaccine—
Gardasil™ onto the market) to 31%' December 2016.
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We ensured that there were no published data on the efficacy of HPV vaccination in France.
The following HPV terms were searched on Pubmed: "france"[All Fields] AND ("Papillomavi-
rus Vaccines'[MeSH Terms] OR ("hpv"[All Fields] AND ("vaccin"[All Fields] OR "vaccinatio-
n"[All Fields])) AND ("cancer"[All Fields] OR "neoplasms"[MeSH Terms] OR "neoplasms"[All
Fields] OR "dysplasia"[All Fields]). We did not find any study similar to this research.

Vaccination recommendations and screening procedure

During the study period, from January 2006 to December 2016, French guidelines recom-
mended, as catch-up vaccination, an administration of a 3-dose vaccine regimen to non-sexu-
ally active 15- to 23-year-old girls or, at the latest, during the year after first sexual intercourse
[23]. Vaccination is reimbursed in this indication. Recommendations for younger girls con-
sisted of a 3-dose vaccine regimen for 14-year-old girls and, since 2014, a 2-dose regimen for
11- to 15-year-old girls [24]. Gardasil™ and Cervarix™, released onto the market in 2006 and
2008, respectively, were the vaccines available during the study. In France, screening for cervi-
cal dysplasia is based on Pap smear every 3 years between the ages of 25 and 65 years, with the
first two smears performed at an interval of one year [25]. Women eligible for catch-up vacci-
nation at the beginning of the vaccination campaign have now reached screening age.

Management of dysplasia in France

The 2002 recommendations are that conization is usually indicated for Cervical Intraepithelial
Neoplasia 2+ (CIN), with laser destruction or cryotherapy as an option in certain conditions
(small lesions, exclusively exocervical, fully visible at colposcopy) [26]. In 2016 the recommen-
dations were similar, specifying that conization should be a LEEP, with destructive treatments
as an option (with the same criteria) [27]. In order to verify the application of these guidelines
in real life, we ensured that high-grade dysplasia was treated by conization. Thus, we queried
the national database on all hospital stays (outpatient or conventional). These data are freely
available online (https://www.scansante.fr/). The diagnosis of severe cervical dysplasia (N872)
was cross-referenced with acts of conization, destruction of cervical lesions, hysterectomies.
The results are detailed in Table 1. The vast majority of severe dysplasia was treated by coniza-
tion (87%), while destructive methods and hysterectomies were much less common (8% and
5% respectively).

Study population

As girls of the HPV vaccination target population (14-year-olds) had just reached the screen-
ing age in France (14-year-old girls in 2006 were 24 years old at the end of the study period in
2016), our evaluation focused on catch-up vaccination population. The study population was
therefore defined by the following criteria (Fig 1):

Table 1. Mean number and % of annual procedure for high grade cervical dysplasia in France between 2006 and
2016.

n %
Conization 7,061 86.9
Destruction of cervical lesions except conization 600 7.6
Hysterectomy 438 5.4
Total 8,100 100

https://doi.org/10.1371/journal.pone.0264821.t001
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Fig 1. Scheme of the study population according to birth cohort. Each birth cohort (years written in white) is represented by a line. The catch-up vaccination indication
period is shown in blue and the period corresponding to age greater than 25 years is shown in yellow. The catch-up vaccination rate for at least one dose is indicated at the

beginning of the line.

https://doi.org/10.1371/journal.pone.0264821.9001

o Catch-up vaccination target population for: women between the ages of 15 and 23 years
between 2006 and 2016, i.e. born between 1983 and 2001.

o Cervical cancer screening target population: women who reached the age of 25 between
2007 and 2016, i.e. born between 1983 and 1991.

Statistical analyses

We considered two groups: the vaccinated group, corresponding to women who had received
at least one dose, and the non-vaccinated group. As cervical dysplasia is poorly documented in
this database, our primary endpoint was therefore the conization rate, which reflects the rate
of severe dysplasia. The main outcome was the comparison of conization rates between the
non-vaccinated and vaccinated populations.

We calculated the conization rate in each group to assess the impact of vaccination, using
Kaplan-Meier curves to study the risk of conization over equivalent periods of risk between
the two groups. To avoid including patients who had already undergone conization prior to
inclusion in the EGB, we determined the minimum age of conization in the overall population.
As the minimum age at which conization was performed was 19 years, we excluded birth
cohorts included in the EGB after the age of 19 (born before 1987). Birth cohorts from 1987 to
1991 were selected for the following analysis (Fig 2).

We studied the impact of potential explanatory factors for a difference between the two
groups: age and number of Pap smears performed, number of general practitioner and gynae-
cologist visits (all reasons for consultation), and proportion of women with at least one smear
at any age and after the age of 25 years old.
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Fig 2. Chart flow summarizing the selection of population.

https://doi.org/10.1371/journal.pone.0264821.9g002

Chi-square tests were used to compare categorical variables, t-tests to compare continuous
variables and the Logrank test was used to test the probability of conization over time between
the vaccinated and non-vaccinated populations. All data analyses were performed using R soft-
ware (R Foundation for Statistical Computing, Vienna, Austria, 2018, 3.5.1, https://www.R-
project.org, Version 1.1.463 — © 2009-2018 RStudio, Inc).

Results

The population included in the EGB over the period 2006 to 2016, including women born
between 1983 and 1991, constituted a cohort of 42,452 women. Catch-up HPV vaccination
coverage was 9.8% for at least one dose of vaccine (from 0% for the 1983 birth cohort to 30.9%
for the 1991 cohort) and 5.8% for 3 doses of vaccine (0% to 20.6%) (Fig 3). Catch-up vaccina-
tion coverage therefore increased over time.

The non-vaccinated population was 38,323 women, and the vaccinated population was
4,129 women (Table 2). The mean age at the end of the study was lower in the vaccinated pop-
ulation (27.5 years) than in the non-vaccinated population (30.3 years, p<10~°). The percent-
age of patients treated for a chronic long-term illness (affection de longue durée: ALD) was
not significantly different between the two groups: 5.7% in the overall population, 5.8% in the
vaccinated population and 5.7% in the non-vaccinated population (p = 0.72). In France, long-
term illness (ALD) refers to one of the thirty chronic diseases (hypertension, multiple sclerosis,
etc.) on the list drawn up by the French health insurance system. It gives rise to full reimburse-
ment of care related to this pathology.

During the follow-up period, 16 conizations were performed between the ages of 19 and 30
years in the vaccinated group versus 174 conizations in the non-vaccinated group. The coniza-
tion rate between the ages of 19 and 30 years was significantly lower in the vaccinated group,
with a Hazard Ratio of 0.59 (95% CI[0.39-0.90]; p = 0.043) (Fig 4A). The conization rate for
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Fig 3. Vaccination rate according to birth cohort and age. (A) Cumulative HPV vaccine coverage for at least 1 dose. (B) Cumulative HPV vaccine
coverage for 3 doses.

https:/doi.org/10.1371/journal.pone.0264821.g003
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Table 2. Characteristics of the overall population and the vaccinated and non-vaccinated subgroups.

Overall (n = 42,452) Vaccinated (n = 4,129) Non-vaccinated (n = 38,323) P
Mean age at the end of follow-up (years) 30.0 27.5 30.3 <107
ALD” rate, n (%) 2,408 (5.7%) 239 (5.8%) 2,169 (5.7%) 0.72*

Vaccination rate for > 1 dose, n (%)

4,129 (9.7%)

Vaccination rate for > 3 doses, n (%)

2,585 (6.1%)

Values are expressed as mean or number of patients (%).

°ALD: chronic long-term illness.
“t-test.
“Chi-square test.

https://doi.org/10.1371/journal.pone.0264821.t1002

patients over the age of 25 (birth cohorts from 1987 to 1991) was also calculated, correspond-
ing to the population screened by Pap smears. In this population, the Hazard Ratio for coniza-
tion rate was 0.57 (95% CI[0.32-1.01]; p = 0.052) (Fig 4B). At the age of 30 years,
corresponding to the end of follow-up, conization had been performed in 0.18% of women in
the vaccinated group versus 0.68% of women in the non-vaccinated group.

Health care utilization data are presented in Table 3. Patients in the vaccinated group had
consulted their general practitioner more often (mean of 3.8 consultations per year before the
age of 25 years compared to 2.5 for non-vaccinated patients, p<10~°), but had consulted their
gynecologist less often (mean of 0.60 consultations per year before the age of 25 years com-
pared to 0.19 for vaccinated patients, p<10~>). Vaccinated patients were younger at the age of
the first Pap smear (21 years versus 24 years for non-vaccinated women, p<10~>), and a higher
proportion of women had their first Pap smear before the age of 25 years in the non-vaccinated
group (13.5% versus 5.4%, p<107~°).

(A) . s NON-vaccinated B) " Non-vaccinated
1:5%1 HR 0.59 Clbs [0.39-0.90] Vaccinated 1.00%1 HR 0.57 ICost. [0.32-1.01] mes Vaccinated
p=0.043 p=0.0519 ,JJ_,_r—-’" =
_ 0.75% o
£ 10% S —
3 g H,f'f
g 5 0.50% .. L
E = "
9 i=} gt
S o5% 3 ;4 o
0.25% r
JfJ‘in
0.0%1 0.00%
19 20 21 22 23 24 25 26 27 28 29 30 25 26 27 28 29 30
Age Age
Number at risk Number at risk
Non-vaccinated 19,725 19,698 19,663 12,940 4,435 Non-vaccinated 19,663 19,634 16,432 12,932 8,832 4,435
Vaccinated 3,836 3,835 3,826 1,289 230 Vaccinated 3,828 3,823 2412 1,289 574 230
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Vaccinated 1 2

9

63

143 174 Non-vaccinated 29 63 88 103 111 111
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Fig 4. a. Conizations between the ages of 19 and 30 years for women born between 1987 and 1991. b. Conizations between the ages of 25 and 30 years for

women born between 1987 and 1991.

https://doi.org/10.1371/journal.pone.0264821.9004
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Table 3. Cares received by overall population and subgroups vaccinated and non-vaccinated.

Overall (n =42,452) | Vaccinated (n =4,129)| Non-vaccinated (n = 38,323) P*

Annual number of family medicine consultations before the age of 25 2.7 (+/-0.003) 3.8 (+/-0.001) 2.5 (+/-0.003) | <107°
Annual number of gynecologist consultations before the age of 25 0.6 (+/-0.001) 0.2 (+/-0.002) 0.6 (+/-0.001) <107°
Pap smear rate before the age of 25, n (%) 5,378 (12.7%) 223 (5.4%) 5,155 (13.5%) | <107°
Pap smear rate at any age, n (%) 13,455 (31.7%) 1,272 (30.8%) 12,183 (31.8%) 0.20
Mean age at first Pap smear 23.77 (+/-3.6) 21.02 (+/-3.2) 24.05 (+/-3.5) | <107°
Mean age at conization 26.90 (+/-2.9) 25.29 (+/-2.8) 26.98 (+/-2.9) 0.005

Values are expressed as mean (+/- standard deviation) or number of patients (%).

*t-tests.

https://doi.org/10.1371/journal.pone.0264821.t003

Discussion

We report the first study on the impact of catch-up HPV vaccination in a real-life population
in France, based on National Health Insurance database. In this cohort, consisting of 42,452
women, the average vaccination rate was 9.8%, lower than that reported in other countries for
the same period [28-30].

The primary outcome, the conization rate, was significantly lower with an almost 50%
reduction in the vaccinated group taking into account all conizations performed between the
ages of 19 and 30 years.

The PATRICIA trial allowed approval of Cervarix® in various countries [31, 32]. This ran-
domized trial involved 18,644 women aged 15 to 25 years, and studied the result of 3 doses of
Cervarix™ versus placebo. In the 4-year analysis, the conization rate was decreased by 25%

(p = 0.0035). With a mean follow-up of 6.4 years, vaccination was 72% effective to prevent
CIN2+ [33].

FUTUR I and 11 trials tested Gardasil™ [34, 35]. FUTUR I included 5,455 women aged 16
to 24 years and FUTUR Il included 12,167 women aged 15 to 26 years. Patients were random-
ized to a 3-dose vaccination arm or a placebo arm. In FUTUR I, no significant difference in
the CIN2+ rate was observed after a follow-up of 3 years. In FUTUR II, 3 years after the first
injection, intention-to-treat analysis showed a non-significant 17% reduction of CIN2+, while
per protocol analysis demonstrated vaccination to be almost 100% effective.

The rates of cervical lesions were higher in these studies with a shorter follow-up than in
our study. There are probably two reasons for this difference: the method of monitoring
patients and the primary outcome. In the FUTUR trials, patients were followed by Pap smears
starting 3 months after their inclusion in the study, may resulting in overdiagnosis [36].

The first Australian population study [15] included 14,085 non-vaccinated women and
24,871 women vaccinated with Gardasil™ from two national registries. This study included
women between the ages of 17 and 22 years. The risk of high-grade cytological lesions was
lower in the vaccinated group with a HR of 0.72 (95% CI[0.58—-0.91]). The second Australian
study was a case-control study based on registry data [16]. It included 108,353 women aged 14
to 30 years at the time of their first Pap smear. The Gardasil® vaccine was administered as a
3-dose regimen. The odds ratio for exposure to 3 doses of vaccines was 0.54 (95% CI[0.43-
0.67]) for CIN2+.

A Swedish study by Herweijer et al. also evaluated the effect of Gardasil™ in a registry popu-
lation [18]. This study included 1,333,691 women with a vaccination rate of 17.7% and 22,616
cases of CIN2+. Incidence rate ratios for CIN2+ were 0.25 when vaccination was performed
before the age of 16 years and 0.78 when vaccination was performed after the age of 20 years,
in favor of early vaccination.
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The effectiveness of Gardasil™ on dysplasia was studied using Danish registry data [19].
This study cohort consisted of 399,244 women, 62% of whom were vaccinated. There were 708
cases of CIN2+ across the entire cohort. A significant reduction of CIN2+ was observed in vac-
cinated women: HR was 0.56 and 0.27 (p = 0.005) for 1991-1992 and 1993-1994 birth cohorts,
respectively. Either no events or no significant difference was observed in the other cohorts.

The results of our study are comparable to those of per protocol analysis of the initial stud-
ies and population-based studies conducted in other countries. This decrease in the conization
rate in a catch-up population, which is not the target population of HPV vaccination, is
encouraging, but also highlights the fact that the highest efficacy of vaccination is observed in
the target population—i.e. before HPV exposure. In our study and in the PATRICIA study,
the conization rate was lower in vaccinated patients, but this difference was only observed 2 or
more years after vaccination, which could possibly be explained by the fact that vaccination
does not prevent dysplasia in previously infected patients [37]. In the light of these data and
the higher vaccination coverage rate in the target population (compared to the catch-up popu-
lation), vaccination of the target population before the onset of sexual activity would be more
effective. This effect can also be measured by the effectiveness of vaccination by age at vaccina-
tion as previously described [18]. Unfortunately, it was not possible to perform this type of
analysis due to the low number of events in the vaccinated group.

Our study compared vaccinated women (regardless of the number of doses) with unvacci-
nated women, to fit the intention-to-treat design of a real-life study. Other studies used the
same endpoint [15, 17], whereas the Australian study [16] compared the efficacy of each num-
ber of doses and the Swedish study [18] used the full schedule. The results of these studies were
all consistent even though full vaccination had better efficacy. In our study, we evaluated health
care consumption to investigate the determinants of vaccination and to control for potential
biases. The higher health care consumption in the vaccinated group is probably a follow-up
bias, as these patients consulted more often and were therefore more likely to be offered vacci-
nation. As Pap smears and consultations were more frequent in this group, leading to more
frequent and earlier diagnosis of cervical dysplasia, reduction of the conization rate is an even
more encouraging result. The results were not adjustable for these potential biases due to the
low number of events in the vaccinated group.

This study presents certain limitations: a small part of the French population (<8%) is not
covered by the EGB data, and health care data collection is extensive, but its exhaustiveness
and accuracy depend on precise transcription by health care professionals, especially coding of
diagnoses and procedures. Another endpoint had to be used to study high-grade cervical dys-
plasia because the health data collected in the EGB do not provide any information about this
diagnosis. Finally, another limitation of this study concerns the absence of "vaccination per-
formed" data. Consequently, patients were considered to be vaccinated on the basis of vaccine
reimbursement, rather than the actual vaccination procedure. This same type of bias is also
observed in other population-based cohort studies. Vaccination is not always systematically
performed as part of a vaccination program and the doses administered may not always be
reliably recorded. Organized cervical cancer screening is not available in all of France and,
even when it is available, individual screening remains frequent, possibly leading to differences
in follow-up according to socio-economic categories, which also constitutes a vaccination bias
[15-18].

This study of the efficacy of vaccination in the catch-up population may lack power in this
population with a higher rate of pre-vaccination HPV infection than younger women corre-
sponding to the primary indication. This weakness is also observed in other population-based
studies that did not provide any information about the HPV status of the women before vacci-
nation [15-18].
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The EGB is a powerful tool, as it constitutes a random sample of 1/97th of the insured
French population and, although the study was retrospective, data were collected prospec-
tively. The use of a general population cohort provides real-life results; women are not moni-
tored according to their vaccination status or screening status, so there is no risk of over-
management. This real-life study on the French population therefore presents a high external
validity.

The positive results of this study concerning the efficacy of HPV vaccination in the French
population encourage an improvement in vaccination coverage, which is low in our study, as
in previous studies. The main obstacles are: vaccine inequalities that can be superimposed on
social inequalities [38], fear of side effects, poorly trained and informed physicians facing
patients’ refusal [39].

The possible levers of a public health strategy are a vaccination campaign, in schools for
example, training of doctors who could better inform patients of the benefits and risks of vac-
cines, and a public communication campaign.A subsequent study conducted according to the
same methodology could provide long-term results on the prevention of dysplasia and cervical
cancer in this catch-up population, but also in the target population. These girls have better
immunization against HPV and the HPV infection rate is lower than in the catch-up popula-
tion, which would suggest a higher efficacy on the conization rate. This study provides more
arguments in favour of a higher HPV vaccination rate in France.

Acknowledgments

The authors gratefully acknowledge French National Health Insurance (CNAMTS) for provid-
ing data.

Author Contributions

Conceptualization: Roman Rouzier.

Data curation: Sophie Houzard.

Formal analysis: Antoine Eliés, Claire Bonneau.

Methodology: Antoine Eliés, Claire Bonneau, Delphine Héquet.
Software: Sophie Houzard.

Supervision: Claire Bonneau, Roman Rouzier, Delphine Héquet.
Writing - original draft: Antoine Eliés, Claire Bonneau.

Writing - review & editing: Antoine Eliés, Claire Bonneau, Delphine Héquet.

References

1. Binder-Foucard F. Estimation nationale de 'incidence et de la mortalité par cancer en France entre
1980 et 2012. Partie 1 —Tumeurs solides. 2013; 122.

2. DuportN, Heard |, Barré S, Woronoff A-S. Le cancer du col de I'utérus: état des connaissances en
2014. Coordination scientifique//Scientific coordination. 2014; 220.

3. Tabrizi SN, Brotherton JML, Kaldor JM, Skinner SR, Cummins E, Liu B, et al. Fall in human papillomavi-
rus prevalence following a national vaccination program. J Infect Dis. 2012; 206: 1645—1651. https://
doi.org/10.1093/infdis/jis590 PMID: 23087430

4. Markowitz LE, Hariri S, Lin C, Dunne EF, Steinau M, McQuillan G, et al. Reduction in human papilloma-
virus (HPV) prevalence among young women following HPV vaccine introduction in the United States,
National Health and Nutrition Examination Surveys, 2003—-2010. J Infect Dis. 2013; 208: 385—-393.
https://doi.org/10.1093/infdis/jit192 PMID: 23785124

PLOS ONE | https://doi.org/10.1371/journal.pone.0264821 March 11, 2022 10/12


https://doi.org/10.1093/infdis/jis590
https://doi.org/10.1093/infdis/jis590
http://www.ncbi.nlm.nih.gov/pubmed/23087430
https://doi.org/10.1093/infdis/jit192
http://www.ncbi.nlm.nih.gov/pubmed/23785124
https://doi.org/10.1371/journal.pone.0264821

PLOS ONE

Impact of HPV vaccination on cervical conization rate

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

HCSP. Prévention des infections a HPV: place du vaccin Gardasil 9®. Paris: Haut Conseil de la Santé
Publique; 2017 Feb. Available: https://www.hcsp.fr/explore.cgi/avisrapportsdomaine?clefr=602

Collange F, Fressard L, Pulcini C, Sebbah R, Peretti-Watel P, Verger P. General practitioners’ attitudes
and behaviors toward HPV vaccination: A French national survey. Vaccine. 2016; 34: 762—768. https://
doi.org/10.1016/j.vaccine.2015.12.054 PMID: 26752063

Hurel S. Rapport sur la politique vaccinale. 2016 Jan p. 122.

Concertation citoyenne sur la vaccination. 2016 Dec. Available: http://concertation-vaccination.fr/la-
restitution/

Oliphant J, Perkins N. Impact of the human papillomavirus (HPV) vaccine on genital wart diagnoses at
Auckland Sexual Health Services. N Z Med J. 2011; 124: 51-58. PMID: 21952330

Bauer HM, Wright G, Chow J. Evidence of human papillomavirus vaccine effectiveness in reducing gen-
ital warts: an analysis of California public family planning administrative claims data, 2007—2010. Am J
Public Health. 2012; 102: 833-835. https://doi.org/10.2105/AJPH.2011.300465 PMID: 22420808

Baandrup L, Blomberg M, Dehlendorff C, Sand C, Andersen KK, Kjaer SK. Significant decrease in the
incidence of genital warts in young Danish women after implementation of a national human papilloma-
virus vaccination program. Sex Transm Dis. 2013; 40: 130—135. https://doi.org/10.1097/0OLQ.
0b013e31827bd66b PMID: 23324976

Ali H, Donovan B, Wand H, Read TRH, Regan DG, Grulich AE, et al. Genital warts in young Australians
five years into national human papillomavirus vaccination programme: national surveillance data. BMJ.
2013; 346: f2032. https://doi.org/10.1136/bmj.f2032 PMID: 23599298

Leval A, Herweijer E, Arnheim-Dahlstrdm L, Walum H, Frans E, Sparén P, et al. Incidence of genital
warts in Sweden before and after quadrivalent human papillomavirus vaccine availability. J Infect Dis.
2012; 206: 860-866. https://doi.org/10.1093/infdis/jis405 PMID: 22815381

Mikolajczyk RT, Kraut AA, Horn J, Schulze-Rath R, Garbe E. Changes in incidence of anogenital warts
diagnoses after the introduction of human papillomavirus vaccination in Germany-an ecologic study.
Sex Transm Dis. 2013; 40: 28—31. https://doi.org/10.1097/0OLQ.0b013e3182756efd PMID: 23250300

Gertig DM, Brotherton JML, Budd AC, Drennan K, Chappell G, Saville AM. Impact of a population-
based HPV vaccination program on cervical abnormalities: a data linkage study. BMC Med. 2013; 11:
227. https://doi.org/10.1186/1741-7015-11-227 PMID: 24148310

Crowe E, Pandeya N, Brotherton JML, Dobson AJ, Kisely S, Lambert SB, et al. Effectiveness of quadri-
valent human papillomavirus vaccine for the prevention of cervical abnormalities: case-control study
nested within a population based screening programme in Australia. BMJ. 2014; 348: g1458. hitps://
doi.org/10.1136/bmj.g1458 PMID: 24594809

Mahmud SM, Kliewer EV, Lambert P, Bozat-Emre S, Demers AA. Effectiveness of the quadrivalent
human papillomavirus vaccine against cervical dysplasia in Manitoba, Canada. J Clin Oncol. 2014; 32:
438-443. https://doi.org/10.1200/JC0O.2013.52.4645 PMID: 24395857

Herweijer E, Sundstrém K, Ploner A, Uhnoo |, Sparén P, Arnheim-Dahlstrém L. Quadrivalent HPV vac-
cine effectiveness against high-grade cervical lesions by age at vaccination: A population-based study.
Int J Cancer. 2016; 138: 2867-2874. https://doi.org/10.1002/ijc.30035 PMID: 26856527

Baldur-Felskov B, Dehlendorff C, Munk C, Kjaer SK. Early impact of human papillomavirus vaccination
on cervical neoplasia—nationwide follow-up of young Danish women. J Natl Cancer Inst. 2014;106:
djt460. https://doi.org/10.1093/jnci/djt460 PMID: 24552678

Lei J, Ploner A, Elfstrom KM, Wang J, Roth A, Fang F, et al. HPV Vaccination and the Risk of Invasive
Cervical Cancer. N Engl J Med. 2020; 383: 1340—1348. https://doi.org/10.1056/NEJMoa1917338
PMID: 32997908

Kjaer SK, Dehlendorff C, Belmonte F, Baandrup L. Real-World Effectiveness of Human Papillomavirus
Vaccination Against Cervical Cancer. JNCI: Journal of the National Cancer Institute. 2021; 113: 1329—
1335. https://doi.org/10.1093/jnci/djab080 PMID: 33876216

Direction de la stratégie des études et des statistiques de la CNAMTS. EGB—SNIIR-AM - Echantillon
Généraliste de Bénéficiaires—SNIIR-AM. 2012 Mar. Available: https://epidemiologie-france.aviesan.fr/
epidemiologie-france/fiches/echantillon-generaliste-de-beneficiaires-sniir-am

HCSP. Vaccination contre les papillomavirus humains 16 et 18 par un vaccin bivalent. Paris: Haut Con-
seil de la Santé Publique; 2007 Dec. Available: https://www.hcsp.fr/Explore.cgi/avisrapportsdomaine?
clefr=19

HCSP. Infections a HPV des jeunes filles: révision de 'age de vaccination. Paris: Haut Conseil de la
Santé Publique; 2012 Sep. Available: https://www.hcsp.fr/Explore.cgi/avisrapportsdomaine?clefr=302

Renaud R. Conférence de Consensus sur le Dépistage du Cancer du Col Utérin: XXXllle congrés de la
Fédération des Gynécologues et Obstétriciens de Langue Francaise, Lille, 5-6-7-8 septembre 1990.

PLOS ONE | https://doi.org/10.1371/journal.pone.0264821 March 11, 2022 11/12


https://www.hcsp.fr/explore.cgi/avisrapportsdomaine?clefr=602
https://doi.org/10.1016/j.vaccine.2015.12.054
https://doi.org/10.1016/j.vaccine.2015.12.054
http://www.ncbi.nlm.nih.gov/pubmed/26752063
http://concertation-vaccination.fr/la-restitution/
http://concertation-vaccination.fr/la-restitution/
http://www.ncbi.nlm.nih.gov/pubmed/21952330
https://doi.org/10.2105/AJPH.2011.300465
http://www.ncbi.nlm.nih.gov/pubmed/22420808
https://doi.org/10.1097/OLQ.0b013e31827bd66b
https://doi.org/10.1097/OLQ.0b013e31827bd66b
http://www.ncbi.nlm.nih.gov/pubmed/23324976
https://doi.org/10.1136/bmj.f2032
http://www.ncbi.nlm.nih.gov/pubmed/23599298
https://doi.org/10.1093/infdis/jis405
http://www.ncbi.nlm.nih.gov/pubmed/22815381
https://doi.org/10.1097/OLQ.0b013e3182756efd
http://www.ncbi.nlm.nih.gov/pubmed/23250300
https://doi.org/10.1186/1741-7015-11-227
http://www.ncbi.nlm.nih.gov/pubmed/24148310
https://doi.org/10.1136/bmj.g1458
https://doi.org/10.1136/bmj.g1458
http://www.ncbi.nlm.nih.gov/pubmed/24594809
https://doi.org/10.1200/JCO.2013.52.4645
http://www.ncbi.nlm.nih.gov/pubmed/24395857
https://doi.org/10.1002/ijc.30035
http://www.ncbi.nlm.nih.gov/pubmed/26856527
https://doi.org/10.1093/jnci/djt460
http://www.ncbi.nlm.nih.gov/pubmed/24552678
https://doi.org/10.1056/NEJMoa1917338
http://www.ncbi.nlm.nih.gov/pubmed/32997908
https://doi.org/10.1093/jnci/djab080
http://www.ncbi.nlm.nih.gov/pubmed/33876216
https://epidemiologie-france.aviesan.fr/epidemiologie-france/fiches/echantillon-generaliste-de-beneficiaires-sniir-am
https://epidemiologie-france.aviesan.fr/epidemiologie-france/fiches/echantillon-generaliste-de-beneficiaires-sniir-am
https://www.hcsp.fr/Explore.cgi/avisrapportsdomaine?clefr=19
https://www.hcsp.fr/Explore.cgi/avisrapportsdomaine?clefr=19
https://www.hcsp.fr/Explore.cgi/avisrapportsdomaine?clefr=302
https://doi.org/10.1371/journal.pone.0264821

PLOS ONE

Impact of HPV vaccination on cervical conization rate

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Conférence de Consensus sur le Dépistage du Cancer du Col Utérin (1990 L, Fédération des Gynécolo-
gues et Obstétriciens de Langue Frangaise, editors. Paris u.a.: Masson; 1990.

Conduite a tenir devant une patiente ayant un frottis cervico-utérin anormal—Actualisation 2002. Gyné-
cologie Obstétrique & Fertilité. 2003; 31: 974-985. https://doi.org/10.1016/j.gyobfe.2003.10.001 PMID:
14623565

Conduite a tenir devant une femme ayant une cytologie cervico-utérine anormale. INCa; 2016 Dec.
Available: https://www.e-cancer.fr/content/download/178363/2343581/file/Conduite_a_tenir_devant_
une_femme_ayant_une_cytologie_cervico_uterine_anormale_Thesaurus_mel_20170123.pdf

Héquet D, Rouzier R. [Regression of vaccine coverage HPV: A French exception]. Gynecol Obstet Fer-
til Senol. 2017; 45: 443-444. https://doi.org/10.1016/j.gofs.2017.06.009 PMID: 28716491

Poethko-Muiller C, Buttmann-Schweiger N, KiGGS Study Group. [HPV vaccination coverage in German
girls: results of the KiGGS study: first follow-up (KiGGS Wave 1)]. Bundesgesundheitsblatt Gesund-
heitsforschung Gesundheitsschutz. 2014; 57: 869-877. https://doi.org/10.1007/s00103-014-1987-3
PMID: 24950836

Barbaro B, Brotherton JML. Measuring HPV vaccination coverage in Australia: comparing two alterna-
tive population-based denominators. Aust N Z J Public Health. 2015; 39: 326-330. https://doi.org/10.
1111/1753-6405.12372 PMID: 26094817

Paavonen J, Naud P, Salmerén J, Wheeler CM, Chow S-N, Apter D, et al. Efficacy of human papilloma-
virus (HPV)-16/18 AS04-adjuvanted vaccine against cervical infection and precancer caused by onco-
genic HPV types (PATRICIA): final analysis of a double-blind, randomised study in young women.
Lancet. 2009; 374: 301-314. https://doi.org/10.1016/S0140-6736(09)61248-4 PMID: 19586656

Lehtinen M, Paavonen J, Wheeler CM, Jaisamrarn U, Garland SM, Castellsagué X, et al. Overall effi-
cacy of HPV-16/18 AS04-adjuvanted vaccine against grade 3 or greater cervical intraepithelial neopla-
sia: 4-year end-of-study analysis of the randomised, double-blind PATRICIA trial. Lancet Oncol. 2012;
13: 89-99. https://doi.org/10.1016/S1470-2045(11)70286-8 PMID: 22075171

GlaxoSmithKline Vaccine HPV-007 Study Group, Romanowski B, de Borba PC, Naud PS, Roteli-Mar-
tins CM, De Carvalho NS, et al. Sustained efficacy and immunogenicity of the human papillomavirus
(HPV)-16/18 AS04-adjuvanted vaccine: analysis of a randomised placebo-controlled trial up to 6.4
years. Lancet. 2009; 374: 1975—-1985. https://doi.org/10.1016/S0140-6736(09)61567-1 PMID:
19962185

Garland SM, Hernandez-Avila M, Wheeler CM, Perez G, Harper DM, Leodolter S, et al. Quadrivalent
vaccine against human papillomavirus to prevent anogenital diseases. N Engl J Med. 2007; 356: 1928—
1943. https://doi.org/10.1056/NEJMoa061760 PMID: 17494926

Quadrivalent Vaccine against Human Papillomavirus to Prevent High-Grade Cervical Lesions. New
England Journal of Medicine. 2007; 356: 1915—-1927. https://doi.org/10.1056/NEJMoa061741 PMID:
17494925

Nadim B, Beckmann M. Do we perform too many procedures for cervical dysplasia in young women? J
Low Genit Tract Dis. 2013; 17: 385-389. https://doi.org/10.1097/LGT.0b013e31827ccead PMID:
23609588

Szarewski A, Poppe WAJ, Skinner SR, Wheeler CM, Paavonen J, Naud P, et al. Efficacy of the human
papillomavirus (HPV)-16/18 AS04-adjuvanted vaccine in women aged 15-25 years with and without
serological evidence of previous exposure to HPV-16/18. International Journal of Cancer. 2012; 131:
106—-116. https://doi.org/10.1002/ijc.26362 PMID: 21858807

Héquet D, Rouzier R. Determinants of geographic inequalities in HPV vaccination in the most populated
region of France. PLoS One. 2017; 12. https://doi.org/10.1371/journal.pone.0172906 PMID: 28257434

Haesebaert J, Lutringer-Magnin D, Kalecinski J, Barone G, Jacquard A-C, Leocmach Y, et al. Dispari-
ties of Perceptions and Practices Related to Cervical Cancer Prevention and the Acceptability of HPV
Vaccination According to Educational Level in a French Cross-Sectional Survey of 18-65 Years Old
Women. Zhang H, editor. PLoS ONE. 2014; 9: e109320. https://doi.org/10.1371/journal.pone.0109320
PMID: 25303180

PLOS ONE | https://doi.org/10.1371/journal.pone.0264821 March 11, 2022 12/12


https://doi.org/10.1016/j.gyobfe.2003.10.001
http://www.ncbi.nlm.nih.gov/pubmed/14623565
https://www.e-cancer.fr/content/download/178363/2343581/file/Conduite_a_tenir_devant_une_femme_ayant_une_cytologie_cervico_uterine_anormale_Thesaurus_mel_20170123.pdf
https://www.e-cancer.fr/content/download/178363/2343581/file/Conduite_a_tenir_devant_une_femme_ayant_une_cytologie_cervico_uterine_anormale_Thesaurus_mel_20170123.pdf
https://doi.org/10.1016/j.gofs.2017.06.009
http://www.ncbi.nlm.nih.gov/pubmed/28716491
https://doi.org/10.1007/s00103-014-1987-3
http://www.ncbi.nlm.nih.gov/pubmed/24950836
https://doi.org/10.1111/1753-6405.12372
https://doi.org/10.1111/1753-6405.12372
http://www.ncbi.nlm.nih.gov/pubmed/26094817
https://doi.org/10.1016/S0140-6736%2809%2961248-4
http://www.ncbi.nlm.nih.gov/pubmed/19586656
https://doi.org/10.1016/S1470-2045%2811%2970286-8
http://www.ncbi.nlm.nih.gov/pubmed/22075171
https://doi.org/10.1016/S0140-6736%2809%2961567-1
http://www.ncbi.nlm.nih.gov/pubmed/19962185
https://doi.org/10.1056/NEJMoa061760
http://www.ncbi.nlm.nih.gov/pubmed/17494926
https://doi.org/10.1056/NEJMoa061741
http://www.ncbi.nlm.nih.gov/pubmed/17494925
https://doi.org/10.1097/LGT.0b013e31827ccea9
http://www.ncbi.nlm.nih.gov/pubmed/23609588
https://doi.org/10.1002/ijc.26362
http://www.ncbi.nlm.nih.gov/pubmed/21858807
https://doi.org/10.1371/journal.pone.0172906
http://www.ncbi.nlm.nih.gov/pubmed/28257434
https://doi.org/10.1371/journal.pone.0109320
http://www.ncbi.nlm.nih.gov/pubmed/25303180
https://doi.org/10.1371/journal.pone.0264821

