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ABSTRACT

Millions of doses of HPV vaccine have been administered globally. Inadvertent administration of HPV
vaccine during pregnancy occurs given that the main recipients of the vaccine are fertile young
women, who might be unaware of their pregnancy at the time of their vaccination. To investigate
the subject of HPV vaccine and pregnancy , the databases of PubMed and Embase were searched to
find the relevant literature published in English within the last 10 y. Most of the evidence pertaining
to fetal adverse events following HPV vaccination relates to spontaneous miscarriage. None of the
relevant studies found any significantly increased rate of spontaneous abortion in the overall
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analyses. There was no indication of other HPV vaccine-associated adverse events in pregnancy or

immediately post-conception.

Introduction
The burden of disease

Human Papilloma Virus (HPV) has over 150 serotypes
and can cause human infections in the squamous epithe-
lium of skin and mucous membranes. Most conditions
caused by HPV are asymptomatic, but some low-risk gen-
otypes can cause papillomata, while high-risk genotypes
can cause dysplasia and cancer of the anus, vulva, vagina
and cervix. Currently, there is no treatment for HPV infec-
tion and most cases spontaneously resolve. In 2012, the
worldwide estimated prevalence of cervical cancer was
around 528,000 cases' and in the same year, the global
disease specific mortality was 266,000. Both the incidence
and mortality are highest in low-income countries where
cervical screening programmes are unavailable. Accord-
ingly, the need for a vaccine against HPV is greatest in
these countries.

Introduction of HPV vaccination

Since 2006, a bivalent (2vHPV, Cervarix' ™) and a quadriva-
lent (4vHPV, Gardasil®) vaccine against HPV have been
available. To date, these represent the only prophylactic
anti-carcinogenic vaccines. The bivalent vaccine gives pro-
tection against HPV types 16 and 18, (which cause 70% of
invasive cervical cancers®) whereas the 4 vHPV vaccine pro-
vides additional protection against HPV types 6 and 11
(which cause vulvovaginal papillomatous warts). Both HPV
vaccines are recombinant, containing virus-like particles
(VLP’s) enhanced by an adjuvant that triggers an immune

response higher than a natural infection.” A 9-valent HPV
vaccine (9vHPV, Gardasil 9, Merck & Co., Inc.) was
licensed for use in the USA in December 2014. This vaccine
protects against 5 additional oncogenic HPV types 31, 33,
45, 52 and 58 and may increase the protection against cer-
vical dysplasia and cancer.*

Full coverage by the HPV vaccine is obtained by 2
(administered at time 0 and after 6 months) or 3 doses
(administered at time 0, after 1-2 months and after
6 months), depending on age,’ but many girls do not
receive all doses.® The repeat doses of vaccine are given to
boost the immune system in order to achieve long-term
duration of immunity. Recent data on the efficacy of the
2 vHPV up to 4 y after vaccination demonstrate a similar
protection of one, 2 or 3 doses.” This provides the opportu-
nity to optimize vaccine coverage in regions with lower
socioeconomic levels and insufficient infrastructure. The
quadrivalent vaccine is offered to female adolescents as part
of a routine childhood immunization schedule in many
high-income countries. In the UK, the vaccination program
to prevent cervical cancer was implemented in 2008, and in
2012 the calculated rate of uptake was 81%.° Since January
2009 in Denmark, girls between 12 and 15 y of age have
been offered free HPV vaccination and the rate of uptake
after 1 y was 62%,” which increased to 80% in 2012."° In
Australia, the rate of fully vaccinated females aged 12-13 y
was 73% in 2007, which was the first year of the public vac-
cination program. At least one dose was administered to
83.2% of girls of this age.'"' In 2012 in the USA, the rate of
uptake of HPV vaccine (3 doses) was 33.4%, and 53.8% of
adolescent females aged 13-17 y who received at least one
dose.”” The aim of vaccination is to prevent the high
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mortality from cervical cancer and to lower the incidence of
dysplasia and genital warts.

Vaccination in pregnancy

Since its introduction, millions of doses of HPV vaccine have
been administered globally and inadvertent administration of
HPV vaccine during pregnancy occurs because the main recipi-
ents of the vaccine are fertile young women. Fears of teratoge-
nicity or other potentially harmful adverse effects (AE) to the
unborn child such as miscarriage, preterm birth, congenital
malformations, and fetal demise raises concerns among both
recipients and health care providers. This fear is based on the
fact that environmental factors such as drugs and medications
theoretically might cause damage especially in the first trimes-
ter of pregnancy where the development of sensitive organs,
e.g. the central nervous system and the heart, takes place. The
World Health Organization as well as the vaccine manufac-
turers Merck and GlaxoSmithKline recommend avoiding HPV
vaccination during pregnancy.” However, pregnancy testing
before vaccination is not mandatory and no intervention is rec-
ommended in cases of accidental vaccination of pregnant
women. The American College of Obstetricians and Gynecolo-
gists supports this approach.'* Theoretically, pregnancy tests
might have a negative effect on vaccine uptake since postpon-
ing vaccination might result in reduced compliance. Vaccina-
tion studies indicate a rate of unplanned pregnancy in young
women of approximately 18 percent. Worldwide the rate of
unplanned pregnancy is 41% of a total of 208 million pregnan-
cies. In more developed regions, the rate is 47% and in less
developed regions is 40 percent."”” Accordingly, there is a need
for examination of HPV vaccination administered immediately
pre-conceptually or inadvertently during pregnancy.

Methodology

To investigate the subject of HPV vaccination and pregnancy,
the databases of PubMed and Embase were searched to find the
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Figure 1. Flow Chart of the Systematic Literature Search.
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relevant literature published in English within the last 10 y. The
keywords/MeSH terms used were the following: HPV; Human;
human papilloma virus; human papillomavirus; human wart
virus; papilloma, papilloma virus, human; papillomavirus; pap-
illomavirus, human; pregnancies; pregnancy; pregnant; vacci-
nation; vaccine; virus; virus, human; wart. The systematic
search provided a total of 2214 citations and from these 2169
were excluded on title (not relevant) or duplication (Fig. 1).
The relevancy of the citations was based on the subject of the
article. Furthermore, case histories and conference abstracts
were excluded. The abstracts of the 45 remaining citations were
read and 18 were excluded as not being relevant. Of the
remaining 27 citations the full manuscript was examined and
51620 were chosen as relevant for the review (Table 1). Our aim
was to provide an overview of the safety of HPV vaccination in
pregnancy or immediately pre-conceptually.

Results
Maternal safety

The safety of HPV vaccines for women is supported by a num-
ber of studies.”’** In a pooled analysis of 11 studies,* the inci-
dence of serious AEs in 16,142 females who received at least
one dose of the 2 VHPV was examined. Controls were 13,811
girls/women who received control vaccine and data for a total
of 45,988 doses of vaccine were analyzed. The rate of medically
significant conditions, new onset of chronic diseases or serious
AEs in women receiving the HPV vaccine was no greater than
in the controls. This applied to any age group (10-14 years, 15—
25 vyears, and > 25 vyears) and any follow-up period
(0-7 months, 7-12 months, and > 12 months). The European
Medicines Agency (EMA) carried out a detailed scientific
review of 2 reported possible vaccine side effects, postural
orthostatic tachycardia syndrome and complex regional pain
syndrome but no causal link to the vaccines was found.” In
light of the EMA review it seems reasonable to assume that this
also applies to the 4 vHPV vaccine.
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Table 1. The 5 major studies included in the present review. *PATRICIA: PApilloma TRlal against Cancer In young Adults. #CVT: The Costa Rica Vaccine Trial. HAV: Hepatitis
A-vaccine. HPV: HPV vaccine. VAERS: Vaccine Adverse Event Reporting System. LMP: Last menstrual period.

No. of pregnant

placebo or
No. of pregnant control vaccine Follow up Main outcome
Authors Year Country Studies included HPV-vaccinees recipients Inclusion criteria period measure
Wacholder et al.’® 2010 Costa Pooled analysis of two  2346/13,075 2364/13,055 Age 15-25 N/A Spontaneous
Rica multicentre, phase HAV (PATRICIA®) and abortion
three masked RCT’s, 18-25 (CVT#) < 20 weeks of
Cervarix. (PATRICIA* gestation
and CVT#)
Panagiotou et al."” 2015 Costa Blinded RCT 2279/3727 3739 HAV and 18-25 years, 4 years (+ Spontaneous
Rica (Cervarix).Long term 2836 no vaccine  Conception 6 years) abortion
follow up on the < 90 days of < 20 weeks of
study of Wacholder vaccination gestation
etal.
Garland et al.’® 2009 Australia 5 phase lll trials 1796 1824 0.6-3.7 years Live births, fetal
(Gardasil) (013, 015, loss, fetal
016,018, 019) outcome,
ectopic
pregnancy
Dana et al.” 2009 USA Original study 517 prospective None Exposure 1 month 2 years after Pregnancy
(Gardasil) reports before LMP or at birth through outcomes, birth
any time during pediatric reports  defects
pregnancy
Angelo et al.° 2014 Belgium/ 42 ongoing or 465 449 HPV-vaccine during 8.4 years Elective
USA completed controlled pregnancy, i.e. post-vaccination termination,
and uncontrolled 60 days before spontaneous
blinded studies onset of pregnancy abortion,
(Cervarix) (LMP-+14 days) up stillbirth,
until the end of preterm birth,
pregnancy term birth,

postmature birth

Fetal safety

Spontaneous miscarriage

Most of the evidence pertaining to fetal AE of HPV vaccination
relates to spontaneous miscarriage (Table 2)."°?° A total of
1,119 miscarriages occurred in the 8,092 pregnancies exposed
to the HPV vaccine giving a miscarriage rate ranging from
6.6%"" to 18.2%.'® In 4 of the studies,'®"** the exposed preg-
nancies were compared to either Hepatitis A vaccine (HAV)
exposed'®'® or placebo exposed pregnancies®® and one study
included both an HAV group and a placebo group.”

None of the studies found a significantly increased rate of
spontaneous abortion in the overall analyses. Looking at sub-
groups (e.g., age, interval of estimated time of conception and
nearest vaccination, number of vaccinations) one study'®
detected a significant increase in the risk of miscarriage (14.7%
vs. 9.2%, P = 0.031). The authors claimed this to be compatible

with chance but acknowledged a concern with this finding. It is
notable that the studies concerning spontaneous abortion asso-
ciated with HPV vaccination did not match the women for par-
ity, race, or socioeconomic status. In summary, these findings
suggest that the increased risk of miscarriage due to HPV vac-
cine is negligible.

Other fetal outcomes

Following administration of the 4 vHPV vaccine in the month
immediately prior to the last menstrual period before preg-
nancy or during the pregnancy itself, major birth defects were
found in 2.2% (10/517) of live born babies compared to 2.7% in
the general population (95% CI 1.05-4.05). Of 517 cases
reported, 7 were of fetal deaths > 20 weeks gestation and 1
early neonatal death in the vaccination group. This was slightly
higher than in the general population but the authors

Table 2. Overview of data on spontaneous abortions. NA: Not applicable because of no control/unvaccinated group. RR: Relative risk (HPV over Control). 95% Cl: exact

95% confidence interval for relative risk.

Sp. abortions in
pregnancies included
in analysis, HPV No.

Sp.abortions in
pregnancies included
in analysis, HAV No.

Sp. abortions in
pregnancies included
in analysis, placebo

Authors Coutry / Year Vaccine (%) (%) No.(%) P value / RR
Wacholder et al.'® Costa Rica / 2010 Cervarix™  197/1708 (11.5%) 176/1727 (10.2%) NA P=0.16
Panagiotou et al'”  Costa Rica /2015 Cervarix™  451/3394 (13.3%) *316/2507 (12.6%) **98/720 (13.6%) “RR 1.05 (0.91-1.21)
**RR 0.95 (0.77-1.18)
Garland et al.”® Australia /2009 Gardasil® 366/2008 (18.2%) 395/2029 (19.5%) NA P =0.96
Dana et al."” USA /2009 Gardasil®  34/517 (6.6%) NA NA NA
Angelo et al.?° Belgium/USA /2014  Cervarix™  71/465 (15.3%) NA 50/449 (11.1%) RR 1.37 (95% Cl 0.94-2.01)




concluded that no increased risk of AE in pregnancy associated
with vaccines was demonstrated."” In another study, no signifi-
cant differences were found with respect to live births, ectopic
pregnancies, or congenital anomalies. The only parameter that
showed a statistically significantly increased risk for women
vaccinated with Gardasil, was caesarean section (P = 0.015). In
both groups, the majority of caesarean sections were due to fail-
ure to progress, dystocia, repeat or elective caesarean section.'®

Discussion

Most vaccine programs recommend HPV vaccination before
sexual debut, at the age of 9-13 y in order to optimize the effect
of this prophylactic vaccine. In addition, it is sufficient to
administer 2 doses of HPV vaccine 6 months apart in this age
group compared to 3 doses to females older than 15 y of age.”’
However, in many cases and for many different reasons, the
vaccine may be administered during a woman’s fertile life and
the risk of inadvertent vaccination during or immediately prior
to pregnancy exists. This review suggests that the risk of AE
during pregnancy is unrelated to HPV vaccination before or
during pregnancy. This is valuable information for healthcare
professionals and the women who receive HPV vaccination in
or immediately prior to pregnancy. The vast majority of data
we found were from studies that were conducted for regulatory
purposes by the manufacturers of the HPV vaccines. These
studies were designed to monitor the general side effects of the
vaccines and not specifically those associated with pregnancy,
which might bias the conclusions. Furthermore, the control
groups are in many cases women vaccinated with HAV which
by itself may cause AE’s and thereby reduce the difference in
AFE’s between the HPV and HAV vaccinated groups. Some of
the pregnancies included in the cited studies might occur more
than once due to overlap of the included papers. However, this
bias is not possible to detect or describe from the published
data and the amount of data seems sufficient to provide a sta-
bile background for a conclusion. Currently, studies in which
HPV vaccine is deliberately administered to pregnant women
are not ethically feasible. Approval of administration of the vac-
cines to pregnant women has not yet been achieved Although
the studies in this review have not documented any signs of
increased risk of HPV vaccine-associated adverse events, even a
small adverse effect could cause harm to thousands of pregnan-
cies globally. Larger numbers of inadvertently vaccinated preg-
nant females will increase the external validity of the present
review but present data seem reassuring. The new data on simi-
lar rates of efficacy of one dose compared to 2 or 3 doses open
a new perspective on vaccination of pregnant women, although
it must be stressed that the full duration of protective immunity
achieved following a single vaccine dose remains to be proven.

Conclusion

Considering the large amount of data on pregnancies conceived
in relation to HPV vaccination, little or no evidence has been
found to demonstrate a correlation between vaccination and
adverse outcomes of pregnancy. It is important to continue to
report and follow-up these inadvertent administrations during
or immediately prior to pregnancy. It is also important to stress
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to women who conceive around the time of a HPV vaccination
and to health care providers that based on the current evidence,
there is no reason for concern with respect to the potential AEs
for the pregnancy. Therapeutic termination should not be con-
sidered leaving the pregnancy to be continued with a standard
level of observation and health care. However, it should be
emphasized that the true safety of vaccination in pregnancy has
not yet been formally established by a randomized controlled
trial.

Abbreviations

AE Adverse event

EMA European Medicines Agency
HAV Hepatitis A vaccine

HPV Human papillomavirus

VLP Virus-like particles

2vHPV  Bivalent HPV vaccine
4vHPV  Quadrivalent HPV vaccine
9vHPV  Nonavalent HPV vaccine
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