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ABSTRACT

Introduction: This literature review focuses on examining whether there are studies documenting the
emergence of cervical intraepithelial neoplasia (CIN) or cervical cancer among human papillomavirus (HPV)-
vaccinated women who were initially HPV naive, emphasizing the presence of genotyping upon diagnosis.
Methods: This study provides a literature search of available research in PubMed or EMBASE using specific
criteria to identify original research on women developing CIN or cervical cancer following HPV-vaccination
despite being initially HPV-naive. The literature search culminates in the identification of four relevant stud-
ies: two randomized controlled trials, a retrospective cohort and a case-control study.

Results: A total of 1208 cases of HPV infections, CIN or cancer are presented, however only 104 cases are
linked to potential vaccination failure. Vaccination failure is associated with various factors such as primary
or secondary vaccination failure. However, a definite explanation for why it occurs for each individual can-
not be stated with certainty.

Conclusion: This review supports the occurrence of CIN or cervical cancer after HPV vaccination. Among
1208 cervical HPV, CIN and cervical cancer cases, 104 suggest potential vaccination failure. However, uncer-
tainties in defining HPV naivety across articles, make it tentative to solely attribute this to vaccination fail-
ure. This highlights a crucial knowledge gap, urging further studies. Despite vaccination, complete protec-
tion against CIN/cervical cancer is unassured; it may result from lack of naivety, vaccination failure or other
oncogenic HPV types. Women should actively participate in cervical screenings for early detection, whether
via gynecological exams or self-sampling tests.

Keywords: Human Papillomavirus; Cervical intraepithelial neoplasia; cervical cancer; HPV vaccination; vaccination fail-
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INTRODUCTION

Human Papillomavirus (HPV) is a com-
H mon sexually transmitted viral infection

in men and women [2]. HPV encom-
passes a broad spectrum of genotypes, the major-
ity of which are usually asymptomatic. These gen-
otypes are considered non-malignant, as the im-
mune system eliminates the infection effectively.
However, some genotypes are carcinogenic and
can manifest a persistent cervical infection in
women over time [3]. The International Agency for
Research on Cancer has identified 13 high-risk
(HR) carcinogenic HPV genotypes [12]. Failure to
eradicate the HPV infection may result in the
emergence and progression of abnormal cervical
cells known as cervical intraepithelial neoplasia
(CIN), ultimately advancing into invasive cervical
cancer at a later stage.
Primary prevention of cervical cancer (CC) can
happen using prophylactic vaccines. The HPV vac-
cines consist of virus-like particles representing
the respective HPV genotypes which initiate a
strong humoral immune response [1]. Notably,
Cervarix (bivalent, HPV 16 and 18) and Gardasil
(quadrivalent, HPV 6, 11 and 16, 18) are no longer
available commercially. Gardasil 9 represents the
nonavalent HPV vaccine, effectively targeting
seven high-risk oncogenic HPV types 16, 18, 31,
33, 45, 52 and 58, alongside low-risk strains 6 and
11 accounting for around 90% of genital wart oc-
currences. [4]. According to the European Medi-
cines Agency, Gardasil 9 is anticipated to provide
protection against approximately 90% of CC cases
[9]. The vaccine efficacy for all three vaccines ex-
ceeds 90% which is satisfactorily high, but this only
applies to the HPV-naive population or the women
who were not exposed to the vaccine-targeted
genotypes before vaccination. Thus, the vaccines
are probably ineffective if the infection is preva-
lent in the body [1].
Vaccination failure can occur for slightly different
reasons. First, it is significant to understand that
the occurrence of CIN or CC resulting from a cur-
rent or previous infection does not indicate vac-
cination failure as the vaccines are prophylactic
and not therapeutic [1]. Primary vaccination fail-
ure is characterized by the inability to generate an
immunological response following vaccination
due to a lack of seroconversion [17]. Factors such
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as genetics, age, and underlying medical condi-
tions can influence the occurrence of these in-
stances [16]. According to research, the immune
response is particularly conditioned by the vac-
cination age, hence a two-dose vaccination sched-
ule for 9—13-year-old girls is as effective as a three-
dose vaccination plan for 16—26-year-old women
[14]. Besides, the vaccine efficacy has been inves-
tigated in the FUTURE Il trials, which reveal that
the vaccines should exude 100% efficacy in HPV
naive women [15]. Furthermore, individuals react
differently to the vaccine by mounting a stronger
or weaker immune response. This variability can
be linked to secondary vaccination failure, as some
experience a gradual loss of immunity over time
despite the initial immune response [17].
Although the HPV vaccines have diminished cases
of CC, the occurrences of CIN and CC persist in vac-
cinated women. This issue prompts an investiga-
tion to potential factors, including vaccination fail-
ure or oncogenic non-vaccine targeted genotypes.
This review focuses on examining whether there
are studies documenting the emergence of CIN or
CC among pre-vaccinated women who were ini-
tially HPV naive, with emphasis on whether geno-
typing was conducted upon diagnosis.

MATERIALS AND METHODS

The literature search for this literature re-

view was conducted in February 2021 by

applying the following search string in
PubMed and EMBASE.
(((risk OR prevalence)) AND ((((cervi* cancer) OR
(cervical intraepithelial neoplasia)) OR (cervi* dys-
plasia)) OR (CIN)) AND (((after HPV vaccination) OR
(after human papilloma virus vaccination)) OR (af-
ter human papillomavirus vaccination)).
The main objective was to investigate vaccination
failure, defined as the incidence of CIN or CC after
completing the HPV vaccination program before
sexual debut. The central focus revolved around
extracting data related to cases of CIN or CC fol-
lowing HPV vaccination in women initially without
prior HPV exposure. Simultaneously, pertinent in-
formation concerning the participants’ age, study
period, and the specific HPV vaccine utilized were
collected. The chosen articles were published in
English between 2009 and 2021, considering the
childhood vaccination programs launched in Den-
mark, and most other countries, from the year
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Table 1: Characteristics of the eligible studies

Study period

Country Follow-up Study design Cas.e Contr.ol vace Ag.e.of par- ey Reference
vaccine cine ticipants pants, n
(months)
Randomised
Denmark 2009-2015 double-blinded Gardasil 9 Gardasil 16-26 15.334 Huh etal.
+17 more 72 . [10]
controlled trial
Costa Rica AT Randomlsefj Cervarix Hepatitis A 18-25 7466 ity
48 controlled trial etal. [11]
2015-2017 Retrospective Cervarix or Bogani et
Italy Retrospective cohort Gardasil - 21-41 43 al. [12]
Population . .
Sweden 2006-2014 based case- Cervarlx.or Cervarlx.or 3% 305.320 Kann et al.
Case-control control Gardasil Gardasil [13]

*Median age

2009. In terms of inclusion criteria, the emphasis
was on selecting original research which ad-
dressed women who developed CIN or CC subse-
guent to vaccination, notwithstanding their initial
HPV-naive status. Moreover, the enrolled women
were mandated to possess an HPV classification
upon diagnosis. The sorted articles were subjected
to exclusion criteria, hereby eliminating reviews,
meta-analyses, duplications, and irrelevant publi-
cations based on title or abstract. The search
yields a total of four publications that appear to be
the most representative of what this review scru-
tinizes. The literature search strategy is illustrated
in a PRISMA flowchart (figure 1), which outlines
the different processes needed to find the rele-
vant publications.

RESULTS

he four selected studies have undergone

an evidence-based assessment and were

judged to contain a great quality of evi-
dence. The studies are presented as the following
(table 1).
Huh et al. [10] conducted a randomized, double-
blinded controlled trial to measure the efficacy,
immunogenicity, and safety of the nonavalent vac-
cine in women aged 16-26. The study involved
14.215 generally healthy participants across 105
study sites in 18 countries. Inclusion criteria en-
sured no history of cervical abnormalities and no
more than four lifetime sexual partners. The par-
ticipants underwent a randomization process, re-
sulting in a 1:1 allocation ratio, with 7099 partici-
pants assigned to the nonavalent vaccine (case
group) and 7105 assigned to the quadrivalent vac-
cine (control group). Notably, most participants
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(97.6%) received the recommended three doses of
the vaccine, while remaining blinded to their as-
signed vaccine. Regular cervical and serum sam-
ples are collected to detect high-risk HPV and as-
sess vaccine immunogenicity, respectively, with a
follow-up period of six years. The case group re-
ported three cases of CIN related to vaccine-tar-
geted HPV (table 2). In contrast, the control group
presented 129 cases of CIN, where the vast major-
ity are attributed to HPV genotypes included in the
nonavalent vaccine (table 2). Unfortunately, infor-
mation pertaining to the development of CIN con-
cerning non-vaccine-targeted HPV types is unpro-
vided. Beachler et al. [11] presented a randomized
controlled trial from Costa Rica investigating the
multisite effectiveness of the bivalent HPV vaccine
against cervical, anal, and oral HPV infections over
a four-year annual follow-up. Strictly, for the pur-
pose of this review, only cervical HPV infection re-
sults were observed. The study involved 7466
women aged 18-25, randomly assigned to receive
either the bivalent vaccine (HPV cohort) or the
Hepatitis A vaccine (control cohort) over a three-
dose regimen between 2004-2005. The full analyt-
ical cohort consisted of 4186 sexually active
women (HPV cohort, n=2094 and control cohort,
n=2092) who have undergone pelvic examinations
and provided blood samples at vaccination enroll-
ment and follow-up visits to detect HPV DNA in-
fections and serologic HPV16/18. The pre-ran-
domization characteristics were identical in both
cohorts, as the participants were subsequently di-
vided into three categories; 1) The ‘naive’-cohort
(n=1919) included women without evidence of
prior HPV infections at enrollment, considering
they were HPV16/18 seronegative, HPV16/18
DNA negative, and have not received loop electro
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Table 2: The different studies and the distribution of HPV genotypes with relation to either an HPV infection or any grade of cervical
intraepithelial neoplasia

HPV infection CIN1 cases (LG) CIN2+ cases (HG)

Refer- HPV classification Cases Control Cases Control Cases Control
ence (nt/7099%) (n/7105) (n/7099) (n/7105) (n/7099) (n/7105)
(n/N%) (n/N%) (n/N%) (n/N%) (n/N%) (n/N%)
Huh HPV 16 or 18 25 (0.4%) 35 (0.5%) - 2 (0.03%) 1 (0.01%) -
etal.  HPV 31, 33, 45, 52 or 58* 23 (0.3%) 657 (9.3%)  1(0.01%) 87 (1.2%) 1(0.01%) 32 (0.5%)
[10] HPV 35, 39, 42, 51, 56, 59, N/A N/A N/A N/A N/A N/A
66, 68, 87 or 90**
Ref HPV classification Cases Control Cases Control Cases Control
(n/970) (n/949) (N/A) (N/A) (N/A) (N/A)
(n/N%) (n/N%)
Beachler HPV 16 or 18 8(0.8%) 74 (7.8%)
et al. HPV 31, 33, 45, 52 or 58* N/A N/A
[11] HPV 35, 39, 42, 51, 56, 59, N/A N/A
66, 68, 87 or 90**
Ref HPV classification Cases Control Cases Control Cases Control
(N/A) (N/A) (N/A) (N/A) (n/43) (N/A)
(n/N%)
Bogani HPV 16 or 18 2 (4.7%)
etal. HPV 31, 33, 45, 52 or 58* 25 (58%)
[12] HPV 35, 39, 42, 51, 56, 59, 12 (28%)
66, 68, 87 or 90**
None 4(9.3%)
Ref HPV classification Cases Control Cases Control Cases Control
(N/A) (n/242) (n/125) (N/A) (n/125) (N/A)
(n/N%) (n/N%) (n/N%)
Kann HPV 16 or 18 2 (0.8%) 3 (2.4%) 1 (0.8%)
etal HPV 31, 33, 45, 52 or 58* 19 (7.9%) 23 (18.4%) 29 (23.2%)
[13]  HPV 35,39, 42, 51, 56, 59, 44 (18%) 76 (61%) 22 (17.6%)

55, 68, 87 or 90**
1 n, defines the number of cases
1 N, defines the total number of participants
*The HPV-genotypes are included in the nonavalent HPV vaccine
**The given HPV-genotypes are not included in any vaccine

surgical excision procedure (LEEP) during the vac-
cination phase; 2) ‘Evidence of prior HPV expo-
sure’ (n=1655) refer to HPV16/18 seropositive
women, but cervical HPV16/18 DNA negative; 3)
‘Currently exposed’ (n=488) are cervical HPV16/18

control cohort (n=949), including only participants
from the ‘naive’ category and were the focus of
evaluation (table 2). Within the HPV cohort, eight
cases of HPV16/18 infection were presented de-
spite the participants’ naivety status before vac-

DNA positive. A further restricted ‘naive’ cohort
(n=1919) was presented; HPV cohort (n=970) and

cination (table 4). Additional information on

Table 3: provides an overview of the number of cases of HPV infections, dysplasia, or cancer and its corresponding HPV geno-
type.

Reference Total no. of participants Total no. of Cases due to Cases due to Cases due to
cases HPV 16, 18 HPV 31, 33, 45, HPV 35, 39, 42,
52 or 58 51, 56, 59, 55,
68, 87 or 90
(N) (n) (n/N%) (n) (n/N%) (n) (n/N%) (n) (n/N%)
Huh et al. [10] 14.204 864 (6.1%) 63 (0.4%) 801 (5.6%) N/A
Beachler et al. [11] 1919 82 (4.3%) 82 (4.3%) N/A N/A
Bogani et al. [12] 43 43 (100%) 2 (4.7%) 25 (58.1%) 12 (28%)
Kann et al. [13] 367 219 (60%) 6 (1.6%) 71 (19.3%) 142 (38.7%)
Total, n (%) 16.533 1208 (7.3%) 153 (0.9%) 897 (5.4%) 154 (0.9%)
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Table 4: Cases of infection or CIN with a vaccine targeted HPV genotype and its corresponding outcome.

Reference Category Vaccine Total no. of Cases of vaccine tar- Outcome
cases geted HPV-types
(n) (n)
Huh et al. Case Gardasil 9 3 3 CIN1/2
48 48 Persistent HPV infection
Control Gardasil 121 2 CIN1/3+%
692 35 Persistent HPV infection
Beachler et al. Case Cervarix 8 8 HPV infection
Control Hepatitis A 74 N/A
Bogani et al. Case Cervarix / Gardasil 43 2 CIN2+
Control N/A N/A N/A N/A
Kann et al. Case Cervarix / Gardasil 154 4 CIN1/3
Control 65 2 HPV infection
Total, n (%) 1208 (100%) 104 (8,6%)

'Entails cervical intraepithelial neoplasia grade 3, adenocarcinoma in situ or cervical cancer.

whether the HPV infection had persisted or pro-
gressed to CIN was absent.

Bogani et al. [12] conducted a retrospective cohort
study in Italy to identify the genotypes of women
who developed CIN2+ despite prior vaccination.
Medical records were collected from four Italian
centers between 2015-2017. Inclusion criteria en-
compassed a history of HPV vaccination with ei-
ther the bivalent or quadrivalent vaccine, a diag-
nosis of CIN2+, and HPV classification of CIN upon
diagnosis. The study included 43 cases of CIN2+
among women aged 21 to 41, with a median age
of 28. Ten patients (23%) and 28 patients (65%)
recorded previous vaccination with the bivalent or
qguadrivalent vaccine, respectively, whereas five
patients (12%) had unavailable vaccine data.
Thirty-one patients (72%) reported no previous
history of HPV infection(s), whereas 12 patients
(28%) reported a history of HPV infection(s) either
before or after vaccination. Five patients had ac-
cessible data regarding the HPV genotypes, with
four infected with HPV 16/18 and one with HPV
11.

A closer examination revealed that two patients
(5%) had CIN2+ related to HPV16, and interest-
ingly, both women recorded no history of HPV co-
infections but received the vaccine after sexual de-
but (table 4). Further data on the remaining cases
are displayed in tables 2 and 3.

Kann et al [13] displayed a population-based case-
control study from Sweden using data from The
Swedish National Vaccination Register at the Pub-
lic Health Agency. This study focused on prevalent
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HPV types and their association with CIN develop-
ment in HPV-vaccinated women. A total of
305.320 women received either the bivalent
(0,5%) or quadrivalent vaccine (99,5%) between
2006-2014. Among them, 79.491 women (26%) at-
tended cervical screening programs starting at age
23. The study included a limited cohort of women
who received the first dose of vaccination before
the age of 17 years or younger, increasing the like-
lihood that they were HPV naive at the time of vac-
cination, considering the median age for female
sexual debut in Nordic countries is 16.0 + 1,1 SD.
Exclusion criteria ensured no prior cervical abnor-
malities, histopathologies, or signs of previous
HPV infections. The case group (n=125) was
matched with a control group (n=242) at a ratio of
1:2 based on disease-free anamnesis, age of vac-
cination, type of HPV vaccine, and date of cervical
sampling. HPV DNA was identified using cervical
samples (table 2), with CIN as the outcome for the
case group and HPV infection for the control group
[13]. Table 4 provides data on cases that suggest
possible vaccination failure. It displays cases of CIN
or HPV infections attributed to vaccine-targeted
HPV genotypes.

DISCUSSION
verall, the results exhibit that HPV infec-
tion or CIN caused by vaccine-targeted
HPV can occur after vaccination - how-
ever, it is rare. In cumulative, this review eluci-
dates a total of 1208 cases of CIN or HPV infection
following vaccination, with only 104 cases at-
tributed to potential vaccination failure (table 4).
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Primary vaccination failure

Beachler et al. [11] detected eight cases of
HPV16/18 infections (table 4) in participants who
were considered HPV naive before vaccination. In
these cases, it is plausible that the HPV infection
could have been transmitted by their partners,
representing a potentially transient infection or a
persistent infection that might resolve or progress
into CIN over time. Notably, the infection rate was
only 0.8%, suggesting that primary vaccination
failure can be a contributing factor. Another less
likely possibility can be related to participants hav-
ing an immunodeficiency, rendering their immune
system unable to generate an effective response
to the vaccination, leading to no discernible effect.
Kann et al. [13] reported six cases of vaccination
failure for both the case and control group. The
participants were all HPV naive before vaccina-
tion, why lack of naivety is less likely the cause. It
can potentially be a case of primary vaccination
failure. It is plausible that the number of doses had
an influence. However, it is not immediately appli-
cable, given 88% and 91.3% of all participants in
the case and control group, respectively, had com-
pleted a three-dose immunization program. On
the other hand, it could also be a matter of sec-
ondary vaccine failure. The time between vaccina-
tion and cervical cytology/HPV sampling is 7.00 *
1.51 years and 6.89 * 1.44 years for the case and
control group respectively. Consequently, the cho-
sen participants with cases of vaccination failure
may have waned their immunity.

Secondary vaccination failure

Bogani et al. [12] reported two cases of CIN2+
caused by HPV16/18 after vaccination (table 4).
The two women did not record any previous HPV
co-infections but received the vaccine after their
sexual debut. Consequently, it is conceivable that
the vaccination was ineffective due to a lack of na-
ivety. However, assuming they were HPV 16/18
seronegative and cervical HPV16/18 negative at
the time of vaccination, then it could be a case of
secondary vaccine failure as the participants’ im-
munity may have waned with time.

Huh et al. [10] documented 51 cases of vaccina-
tion failure in the case group (table 4), which ap-
peared to be attributed to secondary vaccination
failure. According to the immunogenicity profile,
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99.6-100% of the trial subjects had completely se-
roconverted seven months after vaccination.
However, at the endpoint (month 60), the serol-
ogy was ascertained at 77.5-100%, suggesting
some participants experience a lack of sustained
protection despite the initial immune response,
why cases of persistent HPV infections and CIN
were seen. The control group reported 37 cases of
vaccination failure (table 4). Arguably, in a sce-
nario where the immunogenicity profile is as-
sumed to be identical to the case group, this also
constitutes a case of secondary vaccination fail-
ure.

Continue screening despite HPV status

The findings indicate that despite vaccination, HPV
infections, CIN, and CC still occur. Correspond-
ingly, it is crucial for women, regardless of their
HPV status, to actively engage in cervical screening
programs. It is important to acknowledge the lim-
itations of HPV vaccines, considering they do not
provide absolute protection, as previously dis-
cussed. Cervical screenings must continue, albeit
in a modified form. Numerous women in Denmark
and globally are diagnosed with CIN or CC due to
vaccination failure or the presence of oncogenic
non-vaccine-targeted HPV genotypes. These cases
require special attention, involving comprehen-
sive data collection from national pathology regis-
tries to ascertain the underlying reasons for CIN or
CC development despite vaccination. Additionally,
it is crucial to type-define the HPV genotype in
cases, where CIN or CC manifests after vaccina-
tion. This information helps differentiate between
vaccination failure caused by vaccine-targeted
HPV or the presence of an oncogenic non-vaccine-
targeted HPV. Tables 2 and 3 present 154 (0.9%)
cases of mild to severe dysplasia caused by non-
vaccine-targeted oncogenic HPV genotypes.

Self-testing

A gynecological examination is opposed by some
women, which becomes an obstacle to cervical
screening programs. According to the Danish
Healthcare Authority, cervical screenings are not
attended by 25% of the invited women. These
women account for roughly half of all CC cases
[18]. Danish studies have investigated the associa-
tion between non-attendance in cervical screen-
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ings among natives and non-natives. Among na-
tives, it appears to be due to poor health-preven-
tive demeanor, while socio-cultural factors im-
pede non-natives, why a suited interference re-
sponsive to the needs of non-native women is
needed [5-6]. Nonetheless, regardless of whether
the reason is due to practical or personal matters,
a self-test is currently available as an alternative to
a cervical screening performed by a gynecologist
[7-8, 20]. However, if the test is made commer-
cially available without going through a healthcare
authority, the national overview of how many
women are screened and the benefit of having a
cervical screening program will be lost.

Strengths and limitations

The assessment presented has strengths and limi-
tations. It is based on a limited number of four re-
search studies. However, these study designs col-
lectively hold high credibility in the evidence hier-
archy, thus indicating great quality of evidence for
the presented results. Notably, the randomized
controlled trials have utilized substantial data to
establish causation. The exceptional validity of
these trials is ensured by their rigorous randomi-
zation process, which minimizes patient or viewer
bias by making the exposure to the vaccine the
only distinguishing factor between the treatment
groups. Of all the studies, Warner K. Huh et al. [10]
stands out as it was conducted across 18 different
countries, resulting in a diverse participant popu-
lation with various ethnic backgrounds, thereby
enhancing the research's credibility.

The retrospective cohort study [12] has the
strength of including cases of CIN caused by non-
vaccine targeted HPV types. However, its credibil-
ity is low due to the absence of a control group
why it is prone to selection bias. Additionally,
there is insufficient certainty regarding the pa-
tients' HPV naivety before vaccination, and other
crucial information about their vaccination status
is absent, introducing confounding factors and
missing covariates. On the other hand, the popu-
lation-based case-control study includes a corre-
sponding control group and examines the preva-
lence of CIN linked to non-vaccine-targeted HPV
genotypes, which enhances its credibility.
However, the main limitation pertains to the col-
lective scope of these studies, which, despite up-
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holding credibility, does not furnish an ideal foun-
dation for a conclusive standpoint. Notably, not all
studies conduct HPV testing before vaccination;
instead, many rely on indicators to presume HPV-
naivety. Ideally, all participants should undergo
HPV testing before vaccination to ensure their
HPV naive status comprehensively. This limitation
significantly impedes the ability to reach a defini-
tive conclusion, revealing a pertinent knowledge
gap within this subject area.

Moreover, information regarding important out-
comes in most studies is missing, which further
limits the ability to draw reliable and accurate con-
clusions concerning this issue. For example, Huh et
al. [10] and Beachler et al. [11] do not provide data
on the development of persistent infection, CIN,
or CC caused by non-vaccine-targeted HPV geno-
types. Specifically, Daniel et al. fail to present any
data on the progression of the reported cases to
persistent infections or any cervical abnormalities
related to non-vaccine-targeted HPV genotypes.
Moreover, this review displays no cases of CC, fur-
ther restricting the understanding of vaccination
failure concerning cancer development. Nonethe-
less, it is ethically questionable to use invasive cer-
vical cancer as an endpoint in randomized con-
trolled trials. As a result, the studies used in this
review testing HPV vaccination effectiveness,
mainly look at cancer surrogate endpoints. Never-
theless, the time interval between HPV infection
and cancer development is typically more than ten
years, during which the infection may be cleared.
For that reason, CIN of any grade does not neces-
sarily indicate the development of cancer.

CONCLUSION

verall, this review supports the occur-

rence of CIN or CC after HPV vaccina-

tion. It presents a comprehensive analy-
sis encompassing 1208 cases of cervical HPV infec-
tions, CIN, or CC, within which 104 suggest poten-
tial vaccination failure. However, uncertainties
arise due to discrepancies in defining HPV naivety
across articles. Notably, HPV naivety is not uni-
formly confirmed as not all studies conduct pre-
vaccination HPV testing. This underscores a signif-
icant knowledge gap, highlighting the necessity for
further studies to address this research objective.
Nonetheless, it is of utmost importance to educate
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women that, despite vaccination, complete pro-
tection against the development of CIN or CC can-
not be guaranteed, as it may arise due to either
vaccination failure or infections with non-vaccine-
targeted HPV genotypes. Consequently, it remains
critical for women to actively engage in cervical
screening programs, whether through conven-
tional gynecological examinations or self-sampling
tests.

Conflict of interest: The authors report no con-
flicts of interest.

Acknowledgments: None.

Funding information: No funding was provided for
the study.

REFERENCES

1. Castle PE, Maza M. Prophylactic HPV vaccina-
tion: past, present, and future. Epidemiol Infect.
2016 Feb;144(3):449-68. doi:
10.1017/50950268815002198. Epub 2015 Oct 2.
Erratum in: Epidemiol Infect. 2016
Aug;144(11):2472. PMID: 26429676.

2. Baldur-Felskov B, Dehlendorff C, Junge J, Munk
C, Kjaer SK. Incidence of cervical lesions in Danish
women before and after implementation of a na-
tional HPV vaccination program. Cancer Causes
Control. 2014 Jul;25(7):915-22. doi:
10.1007/s10552-014-0392-4. Epub 2014 May 6.
PMID: 24797870.

3. IARC Working Group on the Evaluation of Car-
cinogenic Risks to Humans. Human Papilloma-
viruses. Lyon (FR): International Agency for Re-
search on Cancer; 2007. (IARC Monographs on
the Evaluation of Carcinogenic Risks to Humans,
No. 90.) Available from:
https://www.ncbi.nlm.nih.gov/books/NBK321760

L

4. Paz-Zulueta M, Alvarez-Paredes L, Rodriguez
Diaz JC, Paras-Bravo P, Andrada Becerra ME,
Rodriguez Ingelmo JM, Ruiz Garcia MM, Portilla J,
Santibafiez M. Prevalence of high-risk HPV geno-
types, categorised by their quadrivalent and nine-
valent HPV vaccination coverage, and the geno-
type association with high-grade lesions. BMC
Cancer. 2018 Jan 30;18(1):112. doi:

Danish Journal of Obstetrics and Gynaecology
www.djog.org

10.1186/512885-018-4033-2. PMID: 29382323,;
PMCID: PMC5791190.

5. Badre-Esfahani S, Larsen MB, Seibaek L, Pe-
tersen LK, Blaakaer J, Andersen B. Low attendance
by non-native women to human papillomavirus
vaccination and cervical cancer screening - A Dan-
ish nationwide register-based cohort study. Prev
Med Rep. 2020 Apr 28;19:101106. doi:
10.1016/j.pmedr.2020.101106. PMID: 32426214,
PMCID: PMC7226879

6. Badre-Esfahani S, Larsen MB, Seibaek L, Pe-
tersen LK, Blaakeer J, Stgvring H, Andersen B.
Non-Adherence To Childhood HPV Vaccination Is
Associated With Non-Participation In Cervical
Cancer Screening - A Nationwide Danish Register-
Based Cohort Study. Clin Epidemiol. 2019 Nov
8;11:969-980. doi: 10.2147/CLEP.5203023. PMID:
31814770; PMCID: PMC6853196.

7. Tranberg M, Jensen JS, Bech BH, Blaakeer J,
Svanholm H, Andersen B. Good concordance of
HPV detection between cervico-vaginal self-sam-
ples and general practitioner-collected samples
using the Cobas 4800 HPV DNA test. BMC Infect
Dis. 2018 Jul 27;18(1):348. doi: 10.1186/s12879-
018-3254-y. PMID: 30053836; PMCID:
PMC6062874.

8. Tranberg M, Bech BH, Blaakzer J, Jensen JS,
Svanholm H, Andersen B. HPV self-sampling in
cervical cancer screening: the effect of different
invitation strategies in various socioeconomic
groups - a randomized controlled trial. Clin Epi-
demiol. 2018 Aug 23;10:1027-1036. doi:
10.2147/CLEP.S164826. PMID: 30197540; PMCID:
PMC6112594.

9. European Medicines Agency, 2021. Gardasil 9 -
European Medicines Agency. [Online] Available
at: https://www.ema.europa.eu/en/docu-
ments/product-information/gardasil-9-epar-
product-information en.pdf. [Accessed 28 May
2021].

10. Huh WK, Joura EA, Giuliano AR, Iversen OE,
de Andrade RP, Ault KA, Bartholomew D, Cestero
RM, Fedrizzi EN, Hirschberg AL, Mayrand MH,
Ruiz-Sternberg AM, Stapleton JT, Wiley DJ,

ISSN 2794-3372
2024, ISSUE 1, page 42



Cervical intraepithelial neoplasia or cancer after HPV vaccination

Ferenczy A, Kurman R, Ronnett BM, Stoler MH,
Cuzick J, Garland SM, Kjaer SK, Bautista OM,
Haupt R, Moeller E, Ritter M, Roberts CC, Shields
C, Luxembourg A. Final efficacy, immunogenicity,
and safety analyses of a nine-valent human papil-
lomavirus vaccine in women aged 16-26 years: a
randomised, double-blind trial. Lancet. 2017 Nov
11;390(10108):2143-2159. doi: 10.1016/50140-
6736(17)31821-4. Epub 2017 Sep 5. PMID:
28886907.

11. Beachler DC, Kreimer AR, Schiffman M, Her-
rero R, Wacholder S, Rodriguez AC, Lowy DR,
Porras C, Schiller JT, Quint W, Jimenez S, Safaeian
M, Struijk L, Schussler J, Hildesheim A, Gonzalez
P; Costa Rica HPV Vaccine Trial (CVT) Group. Mul-
tisite HPV16/18 Vaccine Efficacy Against Cervical,
Anal, and Oral HPV Infection. J Natl Cancer Inst.
2015 Oct 14;108(1):djv302. doi:
10.1093/jnci/djv302. PMID: 26467666; PMCID:
PMC4862406.

12. Bogani G, Serati M, Maggiore ULR, Ditto A,
Gardella B, Ferrero S, Spinillo A, Ghezzi F, Raspa-
gliesi F. Cervical intraepithelial neoplasia in
women who had vaccination against HPV. Int J
Gynaecol Obstet. 2019 Nov;147(2):233-237. doi:
10.1002/ijgo.12934. Epub 2019 Aug 8. Erratum
in: Int J Gynaecol Obstet. 2020 Jan;148(1):133.
PMID: 31361908.

13. Kann H, Hortlund M, Eklund C, Dillner J, Faust
H. Human papillomavirus types in cervical dyspla-
sia among young HPV-vaccinated women: Popu-
lation-based nested case-control study. Int J Can-
cer. 2020 May 1;146(9):2539-2546. doi:
10.1002/ijc.32848. Epub 2020 Jan 24. PMID:
31868230.

14. Dobson SR, McNeil S, Dionne M, Dawar M,
Ogilvie G, Krajden M, Sauvageau C, Scheifele DW,
Kollmann TR, Halperin SA, Langley JM, Bettinger
JA, Singer J, Money D, Miller D, Naus M, Marra F,
Young E. Immunogenicity of 2 doses of HPV vac-
cine in younger adolescents vs 3 doses in young
women: a randomized clinical trial. JAMA. 2013
May 1;309(17):1793-802. doi:
10.1001/jama.2013.1625. PMID: 23632723.

Danish Journal of Obstetrics and Gynaecology
www.djog.org

15. Tomljenovic L, Spinosa JP, Shaw CA. Human
papillomavirus (HPV) vaccines as an option for
preventing cervical malignancies: (how) effective
and safe? Curr Pharm Des. 2013;19(8):1466-87.
PMID: 23016780.

16. Garland SM, Brotherton JML, Moscicki AB,
Kaufmann AM, Stanley M, Bhatla N, Sankarana-
rayanan R, de Sanjosé S, Palefsky JM; IPVS. HPV
vaccination of immunocompromised hosts. Papil-
lomavirus Res. 2017 Dec;4:35-38. doi:
10.1016/j.pvr.2017.06.002. Epub 2017 Jun 3.
PMID: 29179867, PMCID: PM(C5883202.

17. Heininger U, Bachtiar NS, Bahri P, Dana A, Do-
doo A, Gidudu J, Santos EM. The concept of vac-
cination failure. Vaccine. 2012 Feb 8;30(7):1265-
8. doi: 10.1016/j.vaccine.2011.12.048. Epub 2011
Dec 21. PMID: 22197579.

18. Sundhedsstyrelsen (SST), 2020.
Sundhedsstyrelsen. [Online] Available at:
https://www.sst.dk/da/viden/screening/screen-
ing-for-kraeft/livmoderhalskraeft. [Accessed 21
May 2021].

19. Hammer A, Mejlgaard E, Gravitt P, Hggdall E,
Christiansen P, Steiniche T, Blaakaer J. HPV geno-
type distribution in older Danish women under-
going surgery due to cervical cancer. Acta Obstet
Gynecol Scand. 2015 Nov;94(11):1262-8. doi:
10.1111/a0gs.12731. Epub 2015 Sep 12. PMID:
26300424,

20. @rnskov D, Jochumsen K, Steiner PH, Grunnet
IM, Lykkebo AW, Waldstrgm M. Clinical perfor-
mance and acceptability of self-collected vaginal
and urine samples compared with clinician-taken
cervical samples for HPV testing among women
referred for colposcopy. A cross-sectional study.
BMJ Open. 2021 Mar 5;11(3):e041512. doi:
10.1136/bmjopen-2020-041512. PMID:
33674367; PMCID: PMC7939007.

ISSN 2794-3372
2024, ISSUE 1, page 43



