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Abstract

Objective: To assess the benefits and harms of the human papillomavirus (HPV) vaccines.

Data sources: Clinical study reports obtained from the European Medicines Agency and GlaxoSmithKline from
2014 to 2017.

Eligibility criteria: Randomised trials that compared an HPV vaccine with a placebo or active comparator in
healthy participants of all ages.

Appraisal and synthesis: Two researchers extracted data and judged risk of bias with the Cochrane tool (version
2011). Risk ratio (RR) estimates were pooled using random-effects meta-analysis.

Outcomes: Clinically relevant outcomes in intention to treat populations—including HPV-related cancer precursors
irrespective of involved HPV types, treatment procedures and serious and general harms.

Results: Twenty-four of 50 eligible clinical study reports were obtained with 58,412 pages of 22 trials and 2 follow-
up studies including 95,670 participants: 79,102 females and 16,568 males age 8–72; 393,194 person-years; and 49
months mean weighted follow-up. We judged all 24 studies to be at high risk of bias. Serious harms were
incompletely reported for 72% of participants (68,610/95,670). Nearly all control participants received active
comparators (48,289/48,595, 99%). No clinical study report included complete case report forms. At 4 years follow-
up, the HPV vaccines reduced HPV-related carcinoma in situ (367 in the HPV vaccine group vs. 490
in the comparator group, RR 0.73 [95% confidence interval, CI, 0.53 to 1.00], number needed to vaccinate [NNV]
387, P = 0.05, I2 = 67%) and HPV-related treatment procedures (1018 vs. 1416, RR 0.71 [95% CI 0.63 to 0.80], NNV 75,
P < 0.00001, I2 = 45%). The HPV vaccines increased serious nervous system disorders (exploratory analysis: 72 vs. 46,
RR 1.49 [1.02 to 2.16], number needed to harm [NNH] 1325, P = 0.040, I2 = 0%) and general harms (13,248 vs. 12,394,
RR 1.07 [95% CI 1.03 to 1.11], NNH 51, P = 0.0002, I2 = 77%) but did not significantly increase fatal harms (45 vs. 38,
RR 1.19 [95% CI 0.65 to 2.19], P = 0.58, I2 = 30%) or serious harms (1404 vs. 1357, RR 1.01 [95% CI 0.94 to 1.08], P =
0.79, I2 = 0%).
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Conclusion: At 4 years follow-up, the HPV vaccines decreased HPV-related cancer precursors and treatment procedures
but increased serious nervous system disorders (exploratory analysis) and general harms. As the included trials were
primarily designed to assess benefits and were not adequately designed to assess harms, the extent to which the HPV
vaccines’ benefits outweigh their harms is unclear. Limited access to clinical study reports and trial data with case report
forms prevented a thorough assessment.

Systematic review registration: CRD42017056093. Our systematic review protocol was registered on PROSPERO in
January 2017: https://www.crd.york.ac.uk/PROSPEROFILES/56093_PROTOCOL_20170030.pdf. Two protocol amendments
were registered on PROSPERO on November 2017: https://www.crd.york.ac.uk/PROSPEROFILES/56093_PROTOCOL_
20171116.pdf. Our index of the HPV vaccine studies was published in Systematic Reviews in January 2018: https://doi.
org/10.1186/s13643-018-0675-z. A description of the challenges obtaining the data was published in September 2018:
https://doi.org/10.1136/bmj.k3694.

Keywords: Human papillomavirus vaccine, Systematic review, Meta-analysis, Randomised clinical trial and Clinical study
report

Introduction
The approved human papillomavirus (HPV) vaccines—
GlaxoSmithKline’s Cervarix™ and Merck Sharp and
Dohme’s Gardasil™ and Gardasil 9™—are considered
safe and effective [1–3]. Recent evidence suggests that
the vaccines have significant and long-lasting effects
(> 12 years) on cervical cancer [4, 5], better effective-
ness when vaccinated below the age of 17 [6], and
are possibly able to substantially reduce the global
incidence of cervical cancer [7]. However, there are
important uncertainties regarding both the benefits
and harms of the vaccines.

Uncertainties of the benefits of the HPV vaccines
The HPV vaccines’ regulatory approvals were mainly
based on per-protocol populations and surrogate out-
comes of HPV-related lesions, e.g. ‘cervical intraepithelial
neoplasia or worse’ (CIN2+) infected with an HPV
vaccine-specific HPV type, such as HPV types 16 and 18
that are associated with the majority of HPV-related can-
cers [8–10]. It was considered unfeasible and unethical to
use HPV-related cancer as the primary outcome [11, 12],
since it takes many years for cancer to develop after an
HPV infection and also because cervical screening is an
established secondary prevention method that leads to re-
moval of precancerous lesions before they become cancer-
ous. Up to 15% of HPV-related cervical cancers may not
contain HPV [13], but HPV may be identified in more
cases with newer and more sensitive analysis methods
[14]. HPV-related lesions are often infected with more
than one HPV type, some of which may not be targeted
by the vaccines [15]. This makes it impossible to assess
which HPV type caused the lesion. The regulatory vaccine
approvals were not based on HPV-related lesions irre-
spective of HPV type in intention to treat populations,

and factors such as antigenic changes and herd immunity
may be important in the long-term perspective, as the ap-
proved HPV vaccines only target up to 9 of the 25 HPV
types considered oncogenic [1].

Uncertainties of the harms of the HPV vaccines
A Cochrane review from 2018 [3] and most large epi-
demiological studies [16–20] did not find serious or
general harms associated with the HPV vaccines. The
Cochrane review was mainly based on journal publi-
cations that often are influenced by reporting bias
[21–24], and epidemiological studies are influenced by
confounding [25].
Acknowledged rare serious harms include anaphylaxis

and syncope [8–10]. Some case studies have reported
rare neurological harms such as postural orthostatic
tachycardia syndrome (POTS) [26, 27] and complex re-
gional pain syndrome (CRPS) [28]. Cluster analyses of
individual case safety reports from the World Health
Organisation’s (WHOs) VigiBase® revealed additional
harms—often serious in nature—that overlapped with
the symptomatology of POTS and CRPS [29]. Although
the European Medicines Agency’s (EMA) investigation
of POTS and CRPS did not find an association with the
HPV vaccines [2], EMA’s investigation was based on the
HPV vaccine manufacturers’ own assessments [30], and
about 30 cases of POTS and CRPS were not recognised
in the HPV vaccine manufacturers’ trials [31, 32]. Other
reported rare harms have included chronic fatigue syn-
drome (CFS), Guillain–Barré syndrome (GBS) and
premature ovarian failure (POF) [33–35].

Addressing the uncertainties of the HPV vaccines
To address the uncertainties of the benefits and harms
of the HPV vaccines, we conducted a systematic review
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with meta-analyses of trial data from clinical study re-
ports. As of July 2017, about one third of the HPV vac-
cine studies had not been published and study results
were not posted for about half of the completed studies
on ClinicalTrials.gov [36]. Therefore, we based our
review on study programmes in order to identify all tri-
als [36] and on clinical study reports [37], as these re-
ports provide vastly more information about a study
than a corresponding journal publication [21–24].

Methods
Search strategy and study eligibility
Using a six-step process, we constructed and published an
index of the HPV vaccine study programmes [36] that in-
cluded 206 comparative prospective studies (see Fig. 1).
Two researchers (LJ and TJ) conducted the six steps that
included searches of trial registers, journal publication data-
bases and correspondence with regulators and HPV vaccine
manufacturers. It was not feasible to account for duplicate
entries, as we indexed studies and searched databases that
used different IDs for a unique study (e.g. register ID, study
programme ID, manufacturer ID and publication ID) [36].
In May 2014, we requested the study programmes’ cor-

responding clinical study reports from the European Med-
icines Agency (EMA; via its policy 0043) and obtained
those reports that were freely available on GlaxoSmithK-
line’s online trial register. We did not request clinical
study reports from the manufacturers, as this would limit
our ability to use and share the data [38]. In January 2017,
we registered our systematic review protocol in PROS-
PERO (International prospective register of systematic
reviews): CRD42017056093 [37].
We included those trials and their follow-up studies of

the 206 comparative studies from our index that were
randomised clinical phase II, III or IV trials. We aimed
to include studies for which we obtained industry clin-
ical study reports or similar non-industry reports. In the
event of no clinical study report being available (for an
otherwise eligible trial), we did not include data from
the trial publication. We also aimed to include periodical
safety update reports. PICO criteria (participants, inter-
ventions, comparisons and outcomes) were used to
select trials that compared an HPV vaccine with a pla-
cebo (normal saline) or active comparator (adjuvant or
non-HPV vaccine such as a hepatitis vaccine) in healthy
participants (see Additional file 1 for our PRISMA
checklist).

Data extraction and risk of bias assessment
One researcher performed trial selection and data
extraction (LJ); a second researcher (TJ) checked the se-
lection and extraction; a third researcher (PCG) arbi-
trated. Cochrane’s tool (version 2011) was used for risk
of bias assessments [25].

Outcome assessment
We assessed the following primary outcomes: all-cause
mortality, deaths from and incidence of HPV-related can-
cers, incidence of histologically confirmed carcinoma in
situ and moderate intraepithelial neoplasia, fatal harms,
serious harms and harms of special interest (anaphylaxis,
chronic fatigue syndrome [CFS], complex regional pain
syndrome [CRPS], Guillain-Barré syndrome [GBS],
postural orthostatic tachycardia syndrome [POTS], pre-
mature ovarian failure [POF] and syncope). Histological
outcomes were assessed irrespective of which HPV types
were involved.
Secondary outcomes included HPV-related external

genital lesions and referral procedures, new onset dis-
eases (reported in the included clinical study reports as
‘medically significant conditions’ and ‘new medical his-
tory’) and general harms (reported as 'solicited', ‘unsoli-
cited’ and ‘systemic adverse events’). We did not
consider cytological, serological or virological outcomes
or local harms due to their lower clinical importance.
The clinical study reports included over 3000 different

types of harms that were classified with MedDRA (Med-
ical Dictionary for Regulatory Activities) preferred terms.
The harms were often incompletely and heterogeneously
reported (see Table 1). We extracted and assessed all indi-
vidual harms classified with MedDRA-preferred terms.
We performed meta-analyses for the five most commonly
occurring fatal and serious harms, the five fatal and ser-
ious harms that the HPV vaccines increased the most and
the five fatal and serious harms that the HPV vaccines de-
creased the most. For new onset diseases and general
harms, we performed meta-analyses for the three most
common, increased and decreased harms for each cat-
egory (‘medically significant conditions’ and ‘new medical
history’; and ‘solicited’, ‘unsolicited’ and ‘systemic adverse
events’). MedDRA-preferred terms and total harms were
reported as the number of participants with one or more
harms over the total number of participants.
To check for possible harm clustering on an organ sys-

tem level, we meta-analysed the MedDRA-preferred
terms in their respective system organ classes (for ex-
ample, the MedDRA-preferred terms ‘dizziness’, ‘pain’
and ‘syncope’ were part of and therefore included in the
MedDRA system organ class ‘nervous system disorders’).
Only Merck clinical study reports included aggregate
numbers for participants with MedDRA system organ
class harms, and only for new onset diseases (‘new med-
ical history’) and general harms (‘systemic adverse
events’). For all GlaxoSmithKline clinical study reports
and for serious harms for Merck clinical study reports,
we pooled MedDRA-preferred terms in their respective
system organ classes. A participant could potentially be
included more than once in a separate analysis (e.g. if a
participant experienced a serious ‘headache’ and serious
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Fig. 1 Benefits and harms of the HPV vaccines: flowchart of the inclusion of clinical study reports. For details on the correspondence and searches
conducted in steps 1 to 6, see Jørgensen et al. ([36]: Appendices 1 and 2). Two hundred six studies were identified according to our inclusion and
classification criteria, see Jørgensen et al. ([36]: Methods). N = the number of studies/entries evaluated
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Table 1 Benefits and harms of the HPV vaccines: reporting of harms in included HPV vaccine studies
Reporting of harmsa Total GlaxoSmithKline Merck Sharp and Dohme

Studies
(N = 24)

Participants
(N = 96,855)a

Studies
(N = 17)

Participants
(N = 66,235)a

Studies
(N = 7)

Participants
(N = 30,620)

Fatal harms

Reported for the whole study period 23 64,679 (67%) 16 34,059 (51%) 7 30,620 (100%)

Reported for the whole study period for someb participants 1 32,176 (33%) 1 32,176 (49%) 0 0 (0%)

Serious harmsc

Reported for the whole study period 14 28,245 (30%) 14 28,245 (42%) 0 0 (0%)

No breakdown into MedDRA-preferred terms 3 (21%) 2586 (9%) 3 (21%) 2586 (9%) 0 (0%) 0 (0%)

Reported 0 to 14 days post-vaccination 7 30,620 (31%) 0 0 (0%) 7 30,620 (100%)

Reported for the 7-month vaccination period 2 5814 (6%) 2 5814 (9%) 0 0 (0%)

Reported for a subset or the serious harms judged
vaccine-related by the trial investigatorsb

1 32,176 (33%) 1 32,176 (49%) 0 0 (0%)

New onset diseasesd

Reported as ‘medically significant conditions’ for the
whole study period

15 65,741 (68%) 15 65,741 (99%) 0 0 (0%)

No breakdown into MedDRA-preferred terms 2 (13%) 33,216 (51%) 2 (13%) 33,216 (51%) 0 (0%) 0 (0%)

Reported as ‘new medical history’ for the whole study period 7 30,620 (31%) 0 0 (0%) 7 30,620 (100%)

Not reported/included in clinical study report 2 494 (1%) 2 494 (1%) 0 0 (0%)

General harmse

Reported as ‘solicited’ and ‘unsolicited’ general harms 7 and
30 days post-vaccination

14 64,010 (66%) 14 64,010 (96%) 0 0 (0%)

Reported for a subset of participantsf 2 (14%) 7791/50,820 2 (14%) 7791/50,820 0 (0%) 0 (0%)

Reported as ‘systemic adverse events’ 14 days post-vaccination 7 30,620 (31%) 0 0 (0%) 7 30,620 (100%)

No breakdown into MedDRA-preferred terms 3 (43%) 21,441 (70%) 0 (0%) 0 (0%) 3 (43%) 21,441 (70%)

Not reported/included in clinical study report 3 2225 (3%) 3 2225 (4%) 0 0 (0%)
aSee Additional file 2 for details on the reporting of harms. Table 1 includes all 24 clinical study reports including the two follow-up studies HPV-023 (follow-
up for trial HPV-001) of 433 participants and HPV-063 (follow-up for trial HPV-032) of 752 participants, i.e. 1185 participants (433 + 752) are included twice for
the trials HPV-001 and HPV-032. The total denominator is 95,670 for the 22 included trials and 96,855 (95,670 + 1185) for the 24 included clinical study reports
bIn one trial (HPV-040), 12% (3703/32,176) of participants were included in a subset population for fatal and serious harms reporting
c(1) GlaxoSmithKline defined serious harms as “any untoward medical occurrence that a resulted in death and b was life-threatening, NOTE: The term ‘life-
threatening’ in the definition of ‘serious’ refers to an event in which the subject was at risk of death at the time of the event. It did not refer to an event,
which hypothetically might have caused death, if it were more severe. c. required hospitalisation or prolongation of existing hospitalisation, NOTE: In general,
hospitalisation signified that the subject had been detained (usually involving at least an overnight stay) at the hospital or emergency ward for observation
and/or treatment that would not have been appropriate in the physician’s office or out-patient setting. Complications that occurred during hospitalisation
were AEs [adverse events]. If a complication prolonged hospitalisation or fulfilled any other serious criteria, the event was serious. When in doubt as to
whether “hospitalisation” occurred or was necessary, the AE was to be considered serious. Hospitalisation for elective treatment of a pre-existing condition
that did not worsen from baseline was not considered an AE. d. resulted in disability/incapacity, NOTE: The term disability means a substantial disruption of a
person’s ability to conduct normal life functions. This definition was not intended to include experiences of relatively minor medical significance such as
uncomplicated headache, nausea, vomiting, diarrhoea, influenza, and accidental trauma (e.g. sprained ankle) which may interfere or prevent everyday life
functions but did not constitute a substantial disruption. e. was a congenital anomaly/birth defect in the offspring of a study subject”. (2) Merck Sharp and
Dohme defined serious harms as “any adverse experience occurring at any dose that: Results in death; or that is life threatening (places the subject/patient, in
the view of the investigator, at immediate risk of death from the experience as it occurred. [Note: This does not include an adverse experience that, had it
occurred in a more severe form, might have caused death.]); or that results in a persistent or significant disability/incapacity (substantial disruption of one’s
ability to conduct normal life functions); or that results in or prolongs an existing inpatient hospitalisation (hospitalised is defined as an inpatient admission,
regardless of length of stay, even if the hospitalisation is a precautionary measure for continued observation.); or ALSO: Other important medical events that
may not result in death, not be life threatening, or not require hospitalisation may be considered a serious adverse experience when, based upon appropriate
medical judgement, the event may jeopardise the subject/patient and may require medical or surgical intervention to prevent one of the outcomes
listed above”
d(1) GlaxoSmithKline defined ‘medically significant conditions’ as “Adverse events prompting emergency room or physician visits that are not (1) related to
common diseases or (2) routine visits for physical examination or vaccination, or SAEs [serious adverse events] that are not related to common diseases.
Serious adverse events related to common diseases were reported but are not classified as medically significant conditions for analysis purposes. Common
diseases include: upper respiratory infections, sinusitis, pharyngitis, gastroenteritis, urinary tract infections, cervicovaginal yeast infections, menstrual cycle
abnormalities and injury”. (2) Merck Sharp and Dohme did not provide a formal definition for ‘new medical history’ but described ‘new medical history’ as “all
new reported diagnoses” in the clinical study report of trial V501-019
e(1) GlaxoSmithKline defined ‘solicited’ general adverse events as “Adverse events to be recorded as endpoints in the clinical study [i.e. arthralgia, fatigue,
headache, myalgia, pyrexia, rash and urticaria]. The presence/occurrence/intensity of these events is actively solicited from the subject or an observer during a
specified post-vaccination follow-up period”. (2) GlaxoSmithKline defined ‘unsolicited’ general adverse event as “Any AE [adverse event] reported in addition
to those solicited during the clinical study. Also, any “solicited” symptom with onset outside the specified period of follow-up for solicited symptoms was
reported as an unsolicited AE”. (3) Merck Sharp and Dohme defined ‘systemic adverse event’ as “any systemic clinical adverse event that developed on the
day of vaccination or during the 14 days after vaccination was recorded on the VRC [vaccination report card] along with the date it started and the last date
it was present”
fThe two trials HPV-008 and HPV-040 only reported general harms for 15% (7791/50,820) of included participants
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‘dizziness’, the participant would be counted twice in the
MedDRA system organ class analysis of serious nervous
system disorders); we therefore consider these MedDRA
system organ class analyses exploratory.

Post hoc exploratory outcome assessment
As we did not obtain complete case report forms or in-
dividual participant data for any trial, and as the trials’
harm assessments had low internal and external validity
(see Table 1 and the “Discussion” section), we performed
post hoc exploratory outcome analyses where we (1)
compared the clinical study report data with pharmacov-
igilance data; and (2) assessed signs and symptoms of
POTS and CRPS (see protocol amendment on PROS-
PERO [39]).

1) We compared the three largest harm clusters
reported from pharmacovigilance up to 1 January
2015 to the World Health Organisation’s
(WHO) VigiBase® [29] with the clinical study
report data (for example, VigiBase’s largest
HPV vaccine harm cluster—‘expected systemic
reactions’—consists of the MedDRA-preferred
terms headache, nausea, pyrexia, dizziness
and vomiting). This was done to assess if the
pharmacovigilance data were comparable to the
clinical study report data. We used the individual
harm cluster terms and found the corresponding
MedDRA-preferred terms in the clinical study report
data. The data were synthesised or those MedDRA-
preferred terms included in each harm cluster.

2) POTS and CRPS are rare syndromes that are
difficult to identify; as mentioned, about 30 cases of
POTS and CRPS were not recognised in the HPV
vaccine manufacturers’ trials [31, 32], and there
were no reports of POTS and CRPS in the clinical
study reports (see Table 9 and the “Results”
section). To assess whether signs and symptoms
consistent with POTS and CRPS were present in
the data, we asked a physician (Louise Brinth) with
clinical expertise in POTS and CRPS to assess the
reported MedDRA-preferred terms as ‘definitely’,
‘probably’, ‘probably not’ or ‘definitely not’ associated
with the syndromes. As an example, the physician
judged the MedDRA-preferred terms ‘dizziness
postural’ and ‘pain in extremity’ to be ‘definitely’
associated with POTS and CRPS, respectively. The
physician was blinded to the allocation groups and
outcome data. The data was synthesised for those
MedDRA-preferred terms that the physician judged
‘definitely’ associated with POTS or CRPS. (Note
that the synthesis of two or more different
MedDRA-preferred term categories may include
a participant more than once in an analysis.)

Data synthesis and analysis
Risk ratios were meta-analysed with the random-effects
inverse variance method. As small trials carry more weight
with this method, we compared random-effects to a
fixed-effect risk ratio for all outcomes. Absolute risk esti-
mates were calculated as the number needed to vaccinate
(NNV) or harm (NNH). Review Manager 5 was used for
data synthesis and the intention to treat principle to calcu-
late effect estimates. Sensitivity and subgroup analyses
were conducted to investigate potential sources of hetero-
geneity by taking account of age, gender, risk of bias [25]
and type of HPV vaccine and comparator.

Results
Characteristics of included trials
We identified 50 eligible studies: 43 industry trials, 5 in-
dustry follow-up studies and 2 non-industry trials (see
Fig. 1). We obtained 24 clinical study reports of 58,412
pages from EMA and GlaxoSmithKline for 22 industry
trials and 2 industry follow-up studies (17 Cervarix™, 5
Gardasil™, 1 Gardasil 9™ and 1 monovalent Merck HPV
type 16 vaccine) with a total of 95,670 participants (79,102
females and 16,568 males age 8–72) and 393,194
person-years (see Tables 2 and 3 and Additional file 2).
The 24 clinical study reports included 79% (95,670/
121,441) of the total eligible sample of the 50 identified
eligible studies. It is possible that for some of these eligible
studies clinical study reports were never written but jour-
nal articles were published. The mean follow-up time was
49months (weighted by sample size). About two fifths of
the participants in the control groups received the
aluminium-based adjuvants that were used in the HPV
vaccines (18,192/48,595), three fifths received hepatitis
vaccines that also contained the aluminium-based adju-
vants that were used in the HPV vaccines—except for the
hepatitis vaccine Aimmugen™—(29,500), and less than a
thousand participants received carrier solution (597) or
saline placebo (306).

Characteristics of potentially eligible studies
For the 26 remaining and potentially eligible studies (23
trials and three follow-up studies) for which no clinical
study reports were obtained (or similar reports for the
two non-industry trials), numbers of participants were
identified for 20 of the 23 industry and 1 of the 2
non-industry trials. The trials included 25,632 and 139
participants, respectively, which were equal to 21% of
the total eligible sample (25,771/121,441). These studies
were not included in the review or analyses (see
Additional file 3).

Risk of bias of included trials
All 22 trials and the 2 follow-up studies were at low risk of
bias for ‘sequence generation’ and ‘allocation concealment’,
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and the majority were at low risk of bias for ‘blinding of
outcome assessors’ (19/24) and ‘blinding of participants
and personnel’ (16/24; see Figs. 2 and 3 and
Additional file 2). However, due to the following reasons,
we judged all studies to be at high risk of bias. Nearly all
control participants (48,289/48,595, 99%) received an
active comparator such as HPV vaccine aluminium-con-
taining adjuvants or hepatitis vaccines. This distorted—to
an unknown extent—the assessment of harms, as the trials
tested an HPV vaccine vs. an active part of the same HPV
vaccine (see reference [38] for additional clarification). Fur-
thermore, serious harms were incompletely reported for
72% of the participants (68,610/95,670; see Table 1 and
Additional file 2). All 24 clinical study reports contained
redactions—especially of harms—and lacked significant
parts such as serious harm narratives and case report
forms (except for two reports: HPV-001 and HPV-008,
which, however, included less than half of the participants’
case report forms) [38]. These situations are not covered
by Cochrane’s risk of bias tool version 2011. Although not

related to participant attrition, we judged the lack of ser-
ious harm narratives and case report forms as high risk of
‘incomplete outcome data’. In addition, while not related
to the availability of study protocols, we judged the redac-
tions of the clinical study reports as high risk of ‘selective
outcome reporting’. We decided to conduct meta-analyses,
since the high risk of bias mainly constituted situations
that to our knowledge are not related to empirically veri-
fied bias mechanisms.

Benefits
Seven clinical study reports assessed histological out-
comes of which four reported HPV-related cancer out-
comes irrespective of involved HPV types. At 4 years
follow-up, the HPV vaccines did not decrease
HPV-related cancer (7 in the HPV vaccine groups vs. 3
in the comparator groups, risk ratio [RR] 1.68 [95% con-
fidence interval, CI, 0.51 to 5.49], P = 0.39, I2 = 0%) or
deaths hereof (2 vs. 1, RR 1.44 [95% CI 0.23 to 9.12], P

Table 2 Benefits and harms of the HPV vaccines: number of pages obtained of clinical study reports from the European Medicines
Agency and GlaxoSmithKline

HPV vaccine manufacturer Study programme ID Total pages obtained European Medicines Agency GlaxoSmithKline

1 GlaxoSmithKline HPV-001 5813 5813 0

2 GlaxoSmithKline HPV-003 799 0 799

3 GlaxoSmithKline HPV-008 11,456 4263 7193

4 GlaxoSmithKline HPV-013 8323 382 7941

5 GlaxoSmithKline HPV-015 6290 543 5747

6 GlaxoSmithKline HPV-023 936 0 936

7 GlaxoSmithKline HPV-029 1543 0 1543

8 GlaxoSmithKline HPV-030 1351 0 1351

9 GlaxoSmithKline HPV-031 476 0 476

10 GlaxoSmithKline HPV-032 2912 0 2912

11 GlaxoSmithKline HPV-033 587 0 587

12 GlaxoSmithKline HPV-035 451 0 451

13 GlaxoSmithKline HPV-038 957 0 957

14 GlaxoSmithKline HPV-040 2892 128 2764

15 GlaxoSmithKline HPV-058 1745 0 1745

16 GlaxoSmithKline HPV-063 1474 0 1474

17 GlaxoSmithKline HPV-069 819 0 819

18 Merck Sharp and Dohme V501-005 357 357 0

19 Merck Sharp and Dohme V501-013 1797 1797 0

20 Merck Sharp and Dohme V501-015 713 713 0

21 Merck Sharp and Dohme V501-018 1014 1014 0

22 Merck Sharp and Dohme V501-019 2645 2645 0

23 Merck Sharp and Dohme V501-020 2595 2595 0

24 Merck Sharp and Dohme V503-006 467 467 0

Total pages obtained 58,412 20,717 37,695
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Fig. 2 Benefits and harms of the HPV vaccines: risk of bias graph

Table 3 Benefits and harms of the HPV vaccines: characteristics of included participants

Characteristics of included
participantsa

Total HPV vaccine Comparator

HPV vaccine
(N = 47,075)

Comparator
(N = 48,595)

Cervarix
(N = 31,316)

Gardasil
(N = 13,937)

Gardasil 9
(N = 618)

HPV 16 vaccine
(N = 1204)

Placebo
(N = 306)

Adjuvantb

(N = 18,789)
Hepatitis vaccinec

(N = 29,500)

Participation

Randomised 47,075 48,595 31,316 13,937 618 1204 306 18,789 29,500

Received one (1)
dose

47,012 (99%) 48,556 (99%) 31,291 (99%) 13,927 (99%) 615 (99%) 1193 (99%) 306 (100%) 18,750 (99%) 29,500 (100%)

Received two (2)
doses

46,105 (98%) 47,725 (98%) 30,788 (98%) 13,564 (97%) 604 (98%) 1092 (91%) 304 (99%) 18,304 (97%) 29,117 (99%)

Received three (3)
doses

45,079 (96%) 46,726 (96%) 30,073 (96%) 13,286 (95%) 597 (97%) 1019 (85%) 300 (98%) 17,906 (96%) 28,520 (97%)

Completed
vaccination period

44,202 (94%) 45,862 (94%) 29,331 (94%) 13,156 (94%) 595 (97%) 993 (82%) 300 (98%) 17,809 (95%) 27,753 (94%)

Entered follow-up
period

18,540 (39%) 18,059 (37%) 4090 (14%) 13,344 (96%) Not
applicable

1126 (94%) Not
applicable

17,590 (94%) 469 (2%)

Completed follow-up
period

15,826 (34%) 14,601 (30%) 2929 (10%) 11,986 (86%) Not
applicable

835 (69%) Not
applicable

14,445 (77%) 156 (1%)

Gender

Female 42,036 (89%) 37,066 (76%) 28,876 (92%) 11,338 (81%) 618 (100%) 1204 (100%) 306 (100%) 16,481 (88%) 20,279 (69%)

Age

Mean age in years 20.3 20.2 21.2 21.4 19.0 20.0 19.0 22.9 20.5

Age group range in
years

9–72 8–68 9–72 9–45 12–26 16–25 12–26 9–68 8–46

Race

Asian 7589 (16%) 7295 (15%) 6232 (20%) 1248 (9%) 40 (6%) 69 (6%) 14 (5%) 2678 (14%) 4603 (16%)

Black 1426 (3%) 1492 (3%) 467 (2%) 862 (6%) 3 (1%) 94 (8%) 3 (1%) 1108 (6%) 381 (1%)

Hispanic 4492 (10%) 4378 (9%) 1787 (6%) 2616 (19%) 0 (0%) 89 (7%) 0 (0%) 3403 (18%) 975 (3%)

White 31,743 (67%) 33,558 (69%) 22,335 (70%) 7998 (56%) 483 (78%) 918 (76%) 231 (75%) 9960 (53%) 23,367 (79%)

Other 1625 (3%) 1576 (3%) 297 (1%) 1202 (9%) 92 (15%) 34 (3%) 58 (19%) 1343 (7%) 174 (1%)

Unknown 209 (1%) 296 (1%) 198 (1%) 11 (1%) 0 (0%) 0 (0%) 0 (0%) 297 (2%) 0 (0%)
aSee Additional file 2 for details on the characteristics of included participants. Table 3 does not include data from the two follow-up studies HPV-023
(follow-up for trial HPV-001) of 433 participants and HPV-063 (follow-up for trial HPV-032) of 752 participants
bAdjuvant comparators included amorphous aluminium hydroxyphosphate sulphate (AAHS), aluminium hydroxide (Al[OH]3) and Gardasil’s carrier solution
(yeast protein, sodium chloride, L-histidine, polysorbate 80 and sodium borate)
cHepatitis vaccines included Aimmugen™ (hepatitis A vaccine), Engerix-B™ (hepatitis B vaccine), Havrix™ (hepatitis A vaccine) and Twinrix Paediatric™
(hepatitis A and B vaccine); see Additional file 2

Jørgensen et al. Systematic Reviews            (2020) 9:43 Page 8 of 23



Fig. 3 Benefits and harms of the HPV vaccines: risk of bias summary (each study is noted as “manufacturer ID: type of HPV vaccine vs. type of
comparator (included gender, age group; months of follow-up)”, e.g. “HPV-001: Cervarix vs. Al(OH)3 (f, 15-26; 27)”)
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