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ABSTRACT

INTRODUCTION: The vaccination against Humanpapilloma Virus (HPV) is an effective strategy to prevent
high-risk HPV infection and subsequent cervical carcinogenesis. Although the safety profile has been
ascertained, the relation with the development of central nervous system (CNS) autoimmune disorders
(AD) appears still controversial. Multiple Sclerosis (MS) is the most common cause of chronic neurological
impairment in young people, typically striking females. The main purpose of this review was to assess the
association between HPV vaccination and MS.

METHODS: The systematic review of the literature was carried out using 5 search engines: MEDLINE,
SCOPUS, ISI WEB OF KNOWLEDGE, GOOGLE SCHOLAR and ClinicalTrial.gov. The web search was updated
on January 2017. PRISMA checklist was adopted to address the content of the systematic review. The
measures of outcome were reported as relative risk (RR) in cohort studies and odds ratio (OR) in case-
control studies.

RESULTS: The systematic review identified 5 observational studies, 9 reviews, and 1 randomized clinical
trials (RCT) pooled analysis. The RR of MS onset detected by cohort studies ranged from 1.54 (95%Cl, 0.04—
8.59) to 1.37 (95%Cl, 0.74-3.20). Concerning case-control studies, the OR spanned from 0.3, (95%CI 0.1-
0.9) to 1.60 (95%Cl = 0.79-3.25) for the group exposed to HPV vaccination. No result was significant.
CONCLUSION: This review showed no significant association between HPV vaccination and MS. The low
statistical power of the studies agreed with the low incidence of MS disease among general population. In
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order to overcome the shortcoming the research may be extended to the entire pattern of CNS ADs.

Introduction

Persistent infection with Human Papillomavirus (HPV) is consid-
ered the main agent involved in development of cervical cancer.
According to the estimation, among 200 genotypes of HPV, 18
are strictly related to cervical cancer"* and nearly the 70% of cervi-
cal cancer cases are caused by HPV types 16 and 18.>* Moreover,
HPV is considered the major etiological agent of anus squamous
cell carcinoma and a significant contributor to a considerable pro-
portion of squamous cell carcinoma of the vulva, vagina, penis,
mouth, and oropharynx.” Vaccination is one of the current strate-
gies to prevent high-risk HPV infection and subsequent cervical
carcinogenesis.’ The prophylactic vaccines currently available - a
bivalent HPV-vaccine (2vHPV, Cervarix® GlaxoSmithKline), a
quadrivalent vaccine (4vHPV, Gardasil®, Merck & Co.) and a
nonavalent HPV vaccine (9vHPV, Gardasil® 9, Merck & Co.) -
are noninfectious subunit vaccines composed by virus-like par-
ticles (VLPs).” The 2vHPV is indicated for prevention of cervical
pre-cancers and cervical cancer associated with oncogenic HPV
types 16 and 18. The 4vHPV protects against HPV types 6 and
11, which are the most common causes of genital warts, in addi-
tion to types 16 and 18. The Food and Drug Administration
(FDA) approved the 4vHPV for use in females aged 9-26 years,
in 2006° and the 2vHPV in 2009.”

In 2015 the US FDA approved the 9vHPV, which has the
potential to prevent roughly 90% of cervical, vulvar, vaginal,
and anal cancers caused by HPV types 16, 18, 31, 33, 45, 52,
and 58, and for the prevention of genital warts caused by HPV
types 6 or 11.'"*"" In October 2016, the Advisory Committee on
Immunization Practices (ACIP) updated their recommenda-
tion, indicating 2 doses of HPV vaccine over a 12-months
period for females and males before the 15th birthday and 3
doses over a 6-months period after that date.'” The safety pro-
files of all HPV vaccines have been confirmed either by clinical
trials or by clinical practice worldwide and 28 countries have
included them in their immunization schedules. There has not
been any absolute contraindication for their use so far.”'*"'* To
date over than 270 million doses of HPV vaccines have been
distributed worldwide."

Clinical trials data reported for all vaccines systemic adverse
events after vaccination, such as fever, nausea, vomiting, dizzi-
ness, myalgia, and diarrhea, but severe adverse events (SAE),
such as persistent headache, hypertension, gastroenteritis, and
bronchospasm, were described in no more than 0.5% of
cases.'™” Currently, the most AE for the three vaccines is the
‘injection site reaction’, particularly described as pain, swelling,
and erythema of light-moderate intensity.'>'”'®
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Although their safety profile has been already established,
the associations between HPV mass vaccinations and ADs
appear to be still controversial,'*~*" specially given the high rate
of autoimmune disease in adolescent girls and young women,
the main target of HPV vaccination programs, that may lead to
temporal association between vaccination and ADs and to their
following report as AE.** Actually, Sutton et al reported five
cases of multiple sclerosis (MS) occurred in young women
between days 1 and 21 after 4vHPV administration and three
of them had experienced prior episodes of demyelination.
Moreover, the cases were noteworthy not only because of the
temporal association with immunization date, but also for the
atypical and multifocal aspect of their clinical presentation, as
MS would require.****

In June 2013, the GACVS (Global Advisory Committee on
Vaccine Safety) reviewed the updated data from USA, Aus-
tralia, Japan, and the manufacturers of Cervarix (GlaxoSmithK-
line) and Gardasil (Merck). Serious AEs, such as Guillain-Barré
syndrome, seizures, stroke, venous thromboembolism, anaphy-
laxis and other allergic reactions, have been investigated in
more detail and they were not confirmed. The Committee reas-
sured about the safety profile of the HPV vaccines concerning
the potential association with autoimmune diseases, including
MS.*

In consideration of the current knowledge, a further assess-
ment of the scientific literature was deemed appropriate, in
order to explicitly determine a potential association between
the HPV vaccine and the risk of developing MS.

Results
Study selection

A total of 153 studies were identified by the search strategy con-
ducted on five search engines: Medline, Scopus, ISI web of
knowledge, GOOGLE Scholar and ClinicalTrials.gov. After
adjusting for duplicates 101 articles remained. The screening
for title and abstract identified 21 articles suitable for full-text
reading, while 80 papers were excluded. Of these, 54 were dis-
carded because after reviewing the abstracts it appeared that
they clearly did not meet the topic criteria as described in meth-
ods section, while 9 case report/series and 17 editorials/letters/
commentaries were excluded because they did not match the
design requirement. The bibliography was further screened as a
source of additional evidence and three studies were drawn up
from the provided references. The full text of the resulting 24
studies was examined in more detail. It followed that 9 studies
did not meet the inclusion criteria as described and the full text
of a randomized clinical trial (RCT) was not available.?® Fifteen
publications were finally selected for the qualitative synthesis:
two case-control studies, three cohort studies, nine reviews,
and one pooled RCT analysis. No unpublished relevant studies
were found. (See Fig. 1)

Study characteristics

All 14 publication finally selected for the review were published
in English. Three observational studies were European,” >’
while two were carried out in US.>®*" Langer-Gould et al. was a
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nested case-control study from the retrospective cohort study
carried out by Chao et al.>' (Table 1).

The quality of the five observational studies was 6.2 on aver-
age, according the Newcastle-Ottawa score.>” The highest score
(7) was obtained by the two case-control study (Langer-Gould
et al. and Grimaldi-Bensouda et al.)*”*! and by one cohort
study (Scheller et al.),*® while the lowest score (5) was obtained
by two cohort studies (Willame et al. and Chao et al.).”** The
incident rate (IR) of developing MS symptoms after HPV vacci-
nation was computed mostly by the cohort studies, while the
case-control studies calculated the odds ratio (OR) as a measure
of risk to develop MS. The relative risks (RR) were computed
from the IR. The aforementioned measures of outcome were
available only for the female population and the mean age
resulted 17 years. Aside from Langer-Gould et al. nested case-
control study, the four original studies involved a total of
324,261 female participants. Either young women undergoing
HPV-vaccination for the first time or catching up cohorts were
included. Three studies out of four focused on 4vHPV
effect,””**° while the association between MS and 2vHPV per-
tained only to the cohort study performed in United King-
dom.* Results of data extraction are reported in Table 2.

Overall, the RR and the OR of developing MS symptoms
was computed for different buffering risk windows from the
exposure to vaccine, for a period of time spanning from a mini-
mum of 14 days to a maximum of 3 years from the first dose
administration.”’ The mean length of follow-up was 30 months.
HPV vaccine was mainly administrated in three doses (See
Table 2).

The cohort study performed by Scheller et al. reported a
lower risk of developing MS symptoms after the exposure to
HPV vaccination (crude incidence rates: 6.12 events/100 000
person-years (95%CI, 4.86-7.69) and 21.54 events/100 000 per-
son-years (95%CI, 20.90-22.20) for the vaccinated and unvac-
cinated periods). Analysis of risk was performed for different
risk windows, starting within 179 days after the exposure and
up until 2 years. Overall the adjusted OR was 0.90 for the vacci-
nated cohort and it was not significant (95%CI, 0.79-1.38).
Results were stratified for age, nationality and time of each
dose administration.”® The other two cohort studies had a ret-
rospective design and reported a higher IR (incidence x
100,000 person years) of MS onset among the vaccinated
female population examined; with RR ranging from 1.54
(95%CI, 0.04-8.59) in Willame et al.,* to 1.37 (95%CI, 0.74-
3.20) in Chao et al.*® The outcome measures were adjusted for
age, dose sequence, time from exposure. Results were not
significant.

Regarding the case-control studies, the risk of MS onset after
3 years from the HPV vaccination was found 70% lower in the
vaccinated group with respect to unexposed (OR = 0.3, 95%CI
0.1-0.9) by Grimaldi-Bensouda et al.”” Conversely, Langer-
Gould et al. found out a higher risk for the vaccinated group
after three year from the administration (OR = 1.60, 95%CI =
0.79-3.25). By stratifying for age the OR turned out to be pro-
tective for over 50 years (OR = 0.88, 95%CI = 0.54-1.44), but
the result was still not significant.”*

Langer-Gould et al. controlled the OR results for a total of
four risk windows since HPV-vaccine exposure, the first of
which was set after 14 days, and the final date tallied with the
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end of the follow up period, namely 3 years after the exposure.
Grimaldi-Bensouda et al. evaluated the results after 2 years
since vaccine administration (Table 2).

In both the case-control studies, the OR values were
adjusted for age and geographical origin. Confounding factors
such as ethnicity, concurrent infectious/parasitic diseases,
comorbidities, hospitalization and number of Physician/Emer-
gency Department visits resulted significant at 1% in Langer-
Gould.”" Grimaldi-Bensuda et al. accounted for: alcohol con-
sumption, use of oral contraceptive, vaccination other than
Gardasil over the 24 months before the index date and personal
history of nervous autoimmune diseases.*”

Nine reviews were found through the systematic search,
published between 2009 and 2017. Seven were narrative

reviews while two were systematic reviews.”** No study
performed a meta-analysis. As stated in methods, quality was
evaluated through Amstar for systematic reviews and through
Insa for narrative reviews. The median value of the quality
score was 4.5 for the narrative reviews and 3.5 for the system-
atic reviews. Seven reviews®>>*>**®* did not declared any
sponsor, one review"’ was funded by public health institutions
and one”’ by a private foundation. Four reviews*>***° did not
declare the conflict of interest, three review>*>*’ declared that
no conflict of interest existed, two reviews”** declares grants
and other funds from the license holder of the HPV vaccines.
In one case® the first author was an employee of the license
holder. All reviews investigated both bivalent and quadrivalent
vaccine, with the exception of Gee et al., Vichnin et al. and
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Karussis et al, which reviewed the quadrivalent vaccine
only.?***® All the authors, with the exception of Tomljenovic
et al, claimed that there is no relation between the HPV vacci-
nation and the development of MS or other demyelinating
diseases.

One pooled analysis of RCT (Angelo et al)*' was found
through the systematic search, published in 2014. All the
authors of the paper were employees of the license holder
(GlaxoSmithKline). The paper is based on ongoing and com-
pleted RCT carried out by GlaxoSmithKline itself on the effi-
cacy and safety of the bivalent HPV vaccine. 41862 women
were included in the pooled analysis for the autoimmune dis-
eases (including MS), 21358 in the intervention group (women
with at least one administered dose of bivalent HPV vaccine)
and 20504 in the control group, formed by women treated with
placebo (Al(OH)3) or with at least one dose of other vaccines
(i.e. HPA vaccines, HBV vaccines, quadrivalent HPV vaccine,
meningococcal ACYW-135 vaccine, combined diphtheria, teta-
nus, acellular pertussis (adsorbed) vaccine with or without
inactivated poliomyelitis vaccines). The authors did not found
any association between cases and controls for Multiple Sclero-
sis within 1 year of any doses.

Risk of bias across studies

Authors did not combined data in a meta-analysis mainly for
methodological reasons. Indeed the different effect measures
applied, the variability of the confounding factors and the base-
line risk may remarkably contribute to the undetectable
amount of heterogeneity. For the aforementioned reasons the
authors agreed to not perform further quantitative analysis.

Discussion

This study provides a substantial contribute on the safety pro-
file of HPV vaccine as related to the risk of develop multiple
sclerosis, including data from the available literature.

Vaccines could theoretically increase the risk of CNS ADS
through mechanisms similar to those induced by infection.
Hitherto, the mechanisms underlying immune mediated disor-
ders are complex, and not fully understood. Infections are
known to induce autoimmunity through expansion of autor-
eactive T-cell clones by molecular mimicry, later stimulation of
autoreactive T-cell clones, or enhancement of antigen presenta-
tion by bystander activation, epitope spreading, adjuvant effect,
or enhanced antigen presentation itself.*> However, for some
immune mediated diseases, an autoimmune mechanism has
not been clearly defined. Thus, a viable approach would be to
collect scientific evidence about all possible diseases for which
an autoimmune-dependent mechanism, namely MS, has been
postulated, even if not yet unequivocally established.*’

Since the introduction of HPV vaccines, neurological auto-
immune diseases, including MS, have been under particularly
careful investigation given their correspondingly high age-spe-
cific background incidence and further potential confounding
factors.”>**

A retrospective register-based cohort study in Sweden and
Denmark included almost 1 million girls aged 10-17 years,
among whom almost 300 000 were vaccinated against HPV.
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The study results did not show evidence of any association
between exposure to HPV vaccine and autoimmune, neurologi-
cal, and venous thromboembolic adverse events.*® Despite the
potential bias represented by the limits of a self-reported symp-
toms recording, no increased risk of autoimmune diseases fol-
lowing 4vHPV vaccination was found in this study.** In
accordance, no evidence of an increased risk of MS onset was
confirmed for the bivalent vaccine 2vHPV-16/18 by Willame
et al. in their retrospective cohort study, reporting a RR = 0.
The slightly increased risk of MS within the first 3 months after
HPV vaccination (but not potential precursors such as Clini-
cally Isolated Syndrome (CIS) or Acute Disseminated Encepha-
lomyelitis (ADEM)) reported by Langer-Gould et al., was
statistically non-significant.”’ Moreover, all new MS cases expe-
rienced a full recovery from their first attack. However, the
power of the study was not sufficient to detect a statistically
meaningful effect (92 vaccinated MS cases recorded before the
index date versus 459 controls).>!

Concerning the buffering risk windows since the HPV-vac-
cine exposure, a substantial heterogeneity and a lack of knowl-
edge about the appropriate length of follow-up should be
remarked. By ACIP recommendations, the 4vHPV is adminis-
tered in a 2 or 3-dose series.”” The number of new MS cases
was reported for each dose of vaccine administered in a retro-
spective cohort study performed by Chao et al. in US during
2012. For the four MS cases recorded, the average time from
the onset of the symptoms was 73 days afterward the 4vHPV
exposure. However, no higher risk of develop MS was identi-
fied® In Langer-Gould the exposure (vaccination) was
restricted to the following different time frames before the
index date: 14 days, 30 days, 42 days, 90 days, 180 days, 1 year,
and 3 years.’' The highest adjusted OR value (3.25) was
reported after 42 days from vaccination, but the result was not
significant (95%CI = 0.80-13.29). After 3 years of follow up,
Langer-Gould et al. found no significant results.”’ Overall, the
mean length of follow up was 30 months; therefore, the long-
term effects of the vaccine on MS development might have
been underestimated. In fact, the mean age of women affected
by full-blown MS disease could be ranged between 34.37** and
46.9.* The one-year follow-up period was chosen in agreement
with the FDA in Willame et al.*

No significant association between the HPV vaccination and
the development of MS or other demyelinating diseases was
confirmed by the reviews. Agorastos et al. pointed out the need
of accurately establish the baseline rates of autoimmune disor-
ders, including acute demyelination, in the general popula-
tion.”” Pellegrino et al noted that, given the low risk of death
from cervix cancer and the efficacy of the screening program,
the vaccination should not be a public health measure, but
rather a personal decision.** In contrast with the other authors,
Tomljenovic et al. were very skeptical about the efficacy of the
HPV vaccines in countries with effective screening program for
the cervix cancer. About the safety, they contest the use in pre-
clinical trials of inappropriate placebo for the controls, i.e. using
aluminum as adjuvant in the control vaccine. Moreover, they
found that the post-licensure cohort study of Chao et al. about
the adverse events correlated with anti-HPV vaccination is
prone to bias toward false negatives. Overall, Tomljenovic et al.
were very doubtful about the safety of the HPV vaccination.””
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The French Regional Commission for Conciliation and
Compensation had adjudicated on one case of MS. Another 14
cases of MS were reported through regional pharmacovigilance
centers and/or the manufacturers to the European Medicines
Agency. All 15 cases were declared as being of “doubtful” cau-
sality, according to the French grading system. In addition, a
cohort study involving 2 million girls aged 12-16 did not show
any increase in hospitalization rates for autoimmune diseases
in the vaccinated cohort (2.1/10 000 patients/year) compared
to not exposed (2.09/10 000 patients/year).”

Epidemiological studies included in this systematic review
showed no increased risk of MS. Nevertheless, the robustness
of the results and the amount of the heterogeneity between
studies should take into account several confounding factors.
In particular of outmost importance are: the hetereogenity of
risk windows, as discussed above; the possible action of HPV
vaccine as a proinflammatory cofactor that may accelerate the
transition to clear autoimmunity symptoms in patients with
existing subclinical disease,’ similarly to various comorbidities,
upper respiratory tract and other infection, that are well known
risk factors for MS relapses”'; bias introduced by self-controlled
symptoms and electronic health records; lack of medical record
review; the additive effect of more doses®® and the effect of vac-
cine adjuvants, which formulation have not yet been clearly
determined; risk adjustment for potential confounders, such as
the health care system organization, equality and equity of
access to public preventive health policy, opportunity or ability
of taking part to the public vaccine programs®”*’; others con-
current vaccinations.

A mainstay point that can undermine the generalizability of
results is the low statistical power of the studies reviewed, due
to the rarity of MS cases. Therefore, in order to obtain a signifi-
cant result, the systematic review might be extended to the
entire range of Neurological Autoimmune Diseases risk. Fur-
thermore, considering that MS is more likely to occur among
female rather than male, in a 2:1 ratio,** the male cohort should
be included in the analysis. Finally, the temporal relationship
and the plausibility between the exposure to the HPV vaccine
and the MS onset is worth of further investigation, in order to
quantitatively define the degree of association.

Methods
Eligibility criteria

The original systematic review of the literature included RCTs,
Cohort and Case Control studies, afterwards the research was
extended to review or meta-analysis studies. Letters, editorials,
and overviews were not regarded for inclusion. Articles had to
be English written and published within January 2017.

Participants of male and female gender who had undertaken
both bivalent and quadrivalent schedule of HPV vaccine were
considered. No limits concerning age, sample size and the geo-
graphic setting were set up. The occurrence of MS following
the HPV vaccine was established as measure of outcome, no
restriction was applied to the time risk window. Either the risk
of developing MS symptoms in long run or following each vac-
cine dose administration were taken into account.

Information sources and search strategy

The following databases were employed for pertinent articles:
MEDLINE, SCOPUS, ISI WEB OF KNOWLEDGE, GOOGLE
SCHOLAR and ClinicalTrial.gov.

The keywords used for the research were: “((multiple sclero-
sis or demyelinating disease”) AND (Papillomavirus vaccin®
OR HPV vaccin®))” for MEDLINE, “(multiple sclerosis OR
demyelinating diseases) AND TITLE-ABS-KEY (hpv vaccine
OR papillomavirus vaccine))” for SCOPUS, “(multiple sclerosis
OR demyelinating disease”) AND TOPIC: (HPV vaccin® OR
papillomavirus vaccin®)” for ISI WEB OF KNOWLEDGE,
“HPV vaccine (all the words) “multiple sclerosis”(the whole
sentence)” for GOOGLE SCHOLAR, “HPV vaccine” AND
“multiple sclerosis” for ClinicalTrials.gov. The research was
performed at January 2017.

Study selection, data collection process and data items

Two researchers independently screened all the papers for eligi-
bility and a third reviewer performed the assessment in case of
disagreement. The literature screening was carried out by title
and abstract, the full text suitability was assessed afterwards.
Two reviewers performed the data extraction process, collecting
the following information: title, authors, year of publication,
journal, study design, and if available, sample size, mean age of
the sample, duration of follow up, risk measures.

Risk of bias in individual studies

In order to ascertain the validity of the studies selected for the
data extraction process, the quality assessment of cohort and
case-control studies was determined by applying Newcastle-
Ottawa Scale® tool. The systematic and the narrative reviews
were judged using the AMSTAR™ and INSA®* tools, respec-
tively. The presentation of the results of the present systematic
review is in accordance with the PRISMA statement.”

Summary measures and additional analysis

Either the incidence relative risk (IRR), the RR or ODDs ratios
of developing MS after HPV vaccination were considered as
primary measure of risk for data extraction. The search strategy
was relative to any available formulation of HPV test: Cervarix,
Gardasil and Gardasil-9. No time restrictions was applied to
the adverse effect occurrence after HPV vaccine exposure. Both
male and female gender were considered. Any additional quan-
titative analyses was deferred to the results of the systematic
review and the data availability.
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