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SUMMARY
Background: The German Standing Committee on Vaccination (STIKO) 
 recommends vaccination against human papillomaviruses (HPV) of the high-
risk types 16 and 18. The duration of protection afforded by HPV vaccines has 
been reported in multiple studies to date but has not been systematically 
evaluated. 

Method: Systematic literature review and meta-analysis on the efficacy of 
 vaccination, with assessment of evidence by the GRADE criteria (Grading of 
Recommendations Assessment, Development and Evaluation).

Results: 15 studies were identified: 10 randomized controlled trials (RCTs) and 
5 observational studies. The RCTs included a total of 46 436 participants. The 
duration of follow-up was short (median, 3 years) in 8 RCTs and long (median, 
6 years) in 2 RCTs. During the period of short-term follow up, the pooled 
 efficacy of vaccination for the study endpoint of incident HPV infection 
 (percentage of infections prevented) was 83% (95% confidence interval [CI]: 
70–90%), while the pooled efficacy against persistent HPV infection was 90% 
(95% CI: 79–95%). In this period, CIN 2+ lesions were prevented with 84% 
 efficacy (95% CI: 50–95%), and CIN 3+ lesions with 94% efficacy (95% CI: 
83–98%). During the period of long-term follow-up, incident infections were 
prevented with 94% efficacy (95% CI: 80–98%) and persistent infections with 
95% efficacy (95% CI: 84–99%). The long-term efficacy against CIN 2+ lesions 
was 86% (95% CI: –166–99%). No data are available on the long-term efficacy 
of vaccination against CIN 3+ lesions. 

Conclusion: Long-term observation does not indicate any loss of antiviral pro-
tection after vaccination against HPV 16 and 18, although the evidence for 
long-term protection is of lesser quality than that for short-term protection.
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E very year, 4600 women in Germany develop cer-
vical cancer (1). The raw incidence rate for 2014 

has been estimated at 11.2 cases per 100 000 individ-
uals (1). Persistent infection with a high-risk human 
 papillomavirus (HPV) type is a necessary prerequisite 
for the development of dysplasia and neoplasia of the 
cervix (2); incident infections, in contrast, are not a risk 
factor. HPV types 16 and 18 are among the most 
 common high-risk types in Germany (3).

Dysplasia, or cervical intraepithelial neoplasia 
(CIN), is classified by severity (grades 1 to 3). The cer-
vical cancer risk increases with the severity of CIN (2). 
For CIN 2 lesions the risk of developing cervical cancer 
within 5 to 10 years is 20 to 30%, while CIN 3 lesions 
that persist for more than two years are associated with 
a 50% risk (2, 4).

A vaccine for HPV types 6, 11, 16, and 18 has been 
available since 2006; since 2007 a further vaccine for 
types 16 and 18 has been available. The addition of 
HPV vaccination to the vaccination recommendations 
of the German Standing Committee on Vaccination 
(Ständige Impfkommission, STIKO) in 2007 led to 
heated discussions of the benefits of vaccination (5). 
Since then, further data has been generated that can be 
seen as confirming the benefit of HPV vaccination 
identified in its authorization trials, which found that it 
could prevent persistent HPV infection in HPV-naive 
girls and young women (6, 7). As of 2012, HPV vacci-
nation recommendations for girls were part of national 
vaccination plans in 21 of 29 EU countries (8).

The duration of vaccine protection was a central 
 element in the discussion from the very beginning, in 
both national and international public and specialist 
 debate (5). When this study was conducted, systematic 
reviews on the efficacy of vaccination were already 
available (9–14), but none of these addressed the 
 duration of vaccine protection. In addition, these sys-
tematic reviews have limitations in terms of the 
 included study types, and some of them analyzed 
 vaccines (sometimes monovalent) not authorized in 
Germany and/or have methodological shortcomings in 
their search for studies and data analysis.

In this context, we performed a systematic search of 
the literature and a meta-analysis of the existing studies 
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that addressed the duration of protection following 
HPV vaccination. In particular, we aimed to clarify 
whether, in individuals vaccinated in childhood, there 
is still sufficient protection against HPV several years 
later, when sexual activity and therefore the risk of in-
fection begin. A rapid drop in vaccine protection would 
raise the question of the need for booster vaccination, 
or affect the preferred age of vaccination.

Methods
A systematic review was performed to address the 
 following primary questions:
● In long-term follow-up (≥5 years following initial 

immunization) after HPV vaccination, is vacci-
nation less effective than in short-term follow-up 
(<5 years following initial immunization) in terms 
of preventing high-risk HPV infection or the 
 development of CIN 2 or CIN 3 lesions?

● What is the quality (according to the GRADE 
guidelines) of the evidence on the efficacy of vac-
cination in long-term follow-up in comparison to 
evidence obtained during short-term follow-up?

In order to draw conclusions for the target group of 
STIKO’s vaccination recommendation (15), these 
 primary questions must be answered independently of 
which vaccine is used in girls and young women not 
previously infected with HPV.

Search of the literature
This systematic review was carried out in line with the 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) Statement (16). The 
study protocol was registered in the PROSPERO Reg-
ister (Prospective International Register of Systematic 
Reviews; www.crd.york.ac.uk/prospero) at the begin-
ning of the study (reg. no. CRD42013006085). 

A search of MEDLINE, EMBASE, the Cochrane 
Central Register of Controlled Trials, the Cochrane 
 Database of Systematic Reviews, and the Database of 
Abstracts of Reviews of Effects was performed (search 
date: November 19, 2013). The full search strategy is 
shown in eBox 1. In addition, the ClinicalTrials.gov da-
tabase was searched for unpublished studies. In addi-
tion to these online databases, a manual search of the 
references listed in the publications included and a 
search of all identified review articles were also per-
formed. Studies were included regardless of their publi-
cation status and the language in which they were 
written. Further details on the search of the literature 
can be found in eBox 1.

Study selection
The study inclusion criteria were set using the PICO 
(population, intervention, control, outcome) question 
established before the beginning of the study and stated 
in the study protocol (Table). There were no limitations 
on study design. The inclusion criteria themselves 
 determined that data should be analyzed for two prede-
fined subgroups in order to draw conclusions on the 
 duration of protection: follow-up lasting less than five 

years was defined as short-term, while follow-up 
 lasting for five years or more was defined as long-term. 
Where multiple publications examining the same out-
comes for the same study population at different times 
during short- or long-term follow-up were available, 
analysis for short-term follow-up involved the data ob-
tained closest to the median follow-up duration 
(2.5 years). For long-term follow-up, the publication 
corresponding to the longest possible follow-up 
 duration was analyzed in such cases (see eBoxes 2 to 4 
for details).

Results
The search strategy shown in eBox 1 identified 908 
 potentially relevant publications. After their titles, 
 abstract, and full text were examined, 38 publications 
remained in the study pool, of which 23 had to be ex-
cluded because they were interim or subgroup analyses 
of identical study populations. The final analysis there-
fore included 15 primary studies (19–33). Of these, 10 
were randomized controlled trials (RCTs) (19–28), and 
the remaining five were observational studies (29–33) 
(see Figure 1 and eTable for details of the study selec-
tion process; further details available from the authors).
 
Study characteristics
The RCTs involved a total of 46 436 participants 
(23 211 individuals vaccinated against HPV, 23 225 
control participants). Eight RCTs (19, 21–27) reported 
data from short-term follow-up, and two (20, 28) from 
long-term follow-up. The RCTs had been conducted in 
a total of 30 countries on four continents. For most of 
the RCTs the mean age of participants at the beginning 
of the studies was 20 years. The average duration of 
follow-up was three years for short-term follow-up and 
six years for long-term follow-up. Six studies involved 
a bivalent vaccine and the other four a quadrivalent 
vaccine. Only one study (23) was not initiated and 
funded by a vaccine manufacturer. 

The studies yielded the following short-term follow-
up data:

TABLE 

Systematic review inclusion criteria (PICO question)

*At least two positive samples, 6 months apart

Population

Intervention

Control

Outcome

– Girls or women aged 9 to 26
– Negative for HPV 16 or HPV 18 or not yet sexually active

– Vaccination with an authorized HPV vaccine
– Vaccination according to the schedule 0–1(–2)–6 months   

(or similar), with no booster vaccination after the end of initial 
immunization

– Placebo or no HPV vaccine or a vaccine other than HPV

– Infection with high-risk HPV type (DNA detection)
– Persistent (≥6 months*) infection with high-risk HPV type (DNA 

detection)
– Grade 2 or above cervical intraepithelial neoplasia (CIN 2+)
– Grade 3 or above cervical intraepithelial neoplasia (CIN 3+)

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2014; 111: 584–91 585



M E D I C I N E

● Two studies: data on incident HPV infections (19, 
24)

● Five studies: data on persistent HPV infections 
(19, 23–25, 27)

● Four studies: data on the outcome CIN 2+ lesions 
(21, 22, 24, 26)

● Three studies: data on the outcome CIN 3+ (21, 
22, 26).

In long-term follow-up, one study provided data 
from a study on incident infections and CIN 2+ lesions 
(20), and two on persistent infections (20, 28). No 
studies reported CIN 3+ lesions in long-term follow-up.

Risk of bias
The eTable shows the risk of bias for each RCT, in ad-
dition to their characteristics. While the risk of bias was 
assessed as low in all studies that reported short-term 
follow-up data, it was high in one of the two studies on 
long-term follow-up (details available from the 
 authors).

Study findings
RCTs—short-term follow-up: Figure 2 shows the 
relative risks and pooled estimates with 95% confi-
dence intervals (95% CIs) from meta-analysis of the 
RCTs for short-term follow-up. With a median follow-
up duration of 25.5 months, incident HPV 16 and 
HPV 18 infections were prevented with 83% efficacy 
(95% CI: 70 to 90%). For persistent infections (lasting 
six months or longer), pooled efficacy was estimated at 
90% (95% CI: 79 to 95%) with a median follow-up 
 duration of 27 months, although there was moderate, 
statistically significant heterogeneity. CIN 2+ cervical 
lesions were prevented with 84% efficacy (95% CI: 50 
to 95%) after a median of 36 months’ follow-up, also 
with moderate, statistically significant heterogeneity. 

Subgroup analysis showed that this heterogeneity was 
caused by outcome definitions: in the PATRICIA trial 
(26) and the trial by Konno et al. (24), CIN 2+ lesions 
were analyzed as an outcome irrespective of the type of 
HPV found in the lesion; in contrast, the FUTURE I 
(21) and FUTURE II (22) studies reported CIN 2+ 
lesions as HPV 16- or HPV 18-positive lesions for 
 participants with no previous infection, which are the 
participants relevant to this review article (per-protocol 
susceptible population). None of these two latter 
studies reported any lesions independent of HPV type 
for this group of participants. Subgroup analysis for the 
first two studies mentioned (24, 26) showed pooled 
vaccination efficacy against CIN 2+ lesions, regardless 
of HPV type, of 70% (95% CI: 56 to 79%), while effi-
cacy against HPV 16- or HPV 18-positive CIN 2+ 
lesions specifically was 98% (95% CI: 86 to 100%) ac-
cording to the FUTURE studies (21, 22). CIN 3+ 
lesions were prevented with 94% efficacy (95% CI: 83 
to 98%) with a median follow-up duration of 
36 months.

RCTs—long-term follow-up: Figure 3 shows the 
data from meta-analysis of the RCTs on long-term 
 follow-up. The efficacy of prevention of incident infec-
tions was 94% (95% CI: 80 to 98%); this data was 
 obtained from a single trial with a follow-up duration of 
seven years (20). Persistent infections were prevented 
with a pooled efficacy of 95% (95% CI: 84 to 99%) 
over a period of six years (median) (20, 28). For 
CIN 2+ lesions as well, data was obtained from only 
one study (20). It showed 86% vaccination efficacy 
(95% CI: –166 to 99%) for HPV 16- or HPV 18-
 positive lesions after seven years’ follow-up, which is a 
non-significant effect with a very wide confidence in-
terval. The same study reported vaccination efficacy of 
40.6% (95% CI: –106 to 84.7%) for CIN 2+ lesions 

FIGURE 1Flow diagram 
showing procedure 

used to search 
 literature

8 RCTs  
(short-term 
 follow-up) 

2 RCTs  
(long-term 
 follow-up) 

5 observational 
studies

793 irrelevant articles excluded 

45 irrelevant articles excluded

32 articles excluded  
(9 duplicates, 11 with no data,  

10 review articles,  
2 monovalent vaccines) 

23 articles excluded  
(subgroup or interim analyses) 

908 articles identified

115 abstracts reviewed

70 full texts reviewed 

38 articles potentially to be included

15 studies
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Forest plots for 
 follow-up <5 years 
(RCTs)

FIGURE 2
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analysis, as it did not meet all the inclusion criteria (no 
data on participants’ infection status).

Evaluation of quality of evidence according to GRADE guidelines
For short-term follow-up, evidence quality was rated as 
“high” for the outcomes incident infections, persistent 
infections, and CIN 3+ lesions, as there were no short-
comings in terms of risk of bias or the other areas 
covered by the GRADE guidelines (inconsistency, indi-
rectness, imprecision, publication bias). For the out-
come CIN 2+ lesions, evidence quality was assessed as 
“moderate,” as the wide confidence interval indicated 
imprecision (details available from the authors).

As the trial by De Carvalho et al. (20) had a very 
high risk of bias, evidence quality was downgraded for 
all outcomes of long-term follow-up. Further shortcom-
ings concerned the definition of the outcome persistent 
infections (indirectness) and the wide confidence inter-
val for the outcome CIN 2+ lesions. Overall, evidence 
quality for long-term follow-up was therefore low to 
very low (details available from the authors).

Conclusion
This systematic review shows that there is no evidence 
from long-term follow-up that vaccine protection fol-
lowing vaccination for HPV types 16 and 18 decreases. 
While persistent infections (those lasting six months or 

 regardless of HPV type. No data was available on 
CIN 3+ lesions.

Observational studies: All five observational 
studies that were identified reported results from short-
term follow-up. Two were cohort studies (30, 33), 
while the other three were geographical association 
studies (29, 31, 32). The latter provided indirect evi-
dence for population-based efficacy of HPV vacci-
nation, as they compared data from before and after the 
introduction of vaccination for specific geographical 
areas (England, UK [31], Victoria, Australia [29], and 
Connecticut, USA [32]) and found a decrease in the 
incidence of HPV infections (31) or CIN 2+ lesions 
(29, 32) (population-based before-and-after studies). 
The cohort studies identified relationships between 
HPV vaccination status and CIN 2+ lesions (33) or 
HPV infections (30). No estimates (relative risks) of 
vaccination efficacy could be obtained from any of the 
observational studies, so ultimately these studies could 
not be included in the analysis and evaluation of 
 evidence. Instead, they were taken only as supporting 
evidence for the efficacy of vaccination in terms of spe-
cific outcomes (details available from the authors).

One further observational study was published after 
the search of the literature had been completed. This 
analyzed data from the Australian vaccination program 
for the state of Victoria (34). It was not included in the 
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longer) were prevented with a pooled efficacy of 90% 
with a median follow-up duration of 27 months, the 
pooled efficacy for a period of six years (median) was 
95%. For the clinical outcome HPV 16- or 
HPV 18-positive CIN 2+ lesions, 84% vaccination 
 efficacy was calculated after a median of 36 months, 
and 86% after seven years’ follow-up. Data on long-
term follow-up was taken from only one study (20), 
which had a considerably smaller number of partici-
pants; this explains why the effect was insignificant and 
the confidence interval very wide. Because only a few 
RCTs were conducted for five years or longer and these 
had considerably fewer participants than studies with 
 shorter follow-up, the quality of evidence for long-term 
protection is lower than that for short-term protection. 
However, the premise of stable long-term protection is 
supported by data that shows induction of a robust im-
mune memory following HPV booster vaccination 
(35). 

Our work focused on study participants in whom 
incident HPV infection with the types of HPV con-
tained in the vaccine was ruled out when they were en-
rolled in the studies. The highest vaccination efficacy 
was achieved when girls and young women were 
 vaccinated before their first possible HPV infection. 
For example, in the FUTURE II study the efficacy of 
vaccination against HPV 16- and HPV 18-associated 
medium-grade dysplasia of the cervix (CIN 2+) in 
HPV-negative women was almost 100%, while in par-
ticipants in the same study for whom HPV status was 
not an inclusion criterion it fell to approximately 50% 
(22). The main route of transmission of HPV infections 
of the cervix is sexual contact, and the probability of 
HPV infection rises substantially when an individual 
becomes sexually active (36). HPV vaccination should 
therefore be completed before the beginning of sexual 
activity.

The observational studies we identified provided no 
information that went beyond the data obtained from 
the RCTs. This was partly because all the existing 
 observational studies yielded data only on short-term 
follow-up, for which there is already relatively good 
evidence from RCTs. It was also partly because the de-
signs of some observational studies were not suitable 
for generating data on vaccination efficacy, and others 
did not provide any data on girls or young women with-
out HPV infection, which was the group focused on 
here. Nevertheless, these studies are an additional 
source of evidence showing an effect of HPV vacci-
nation on various outcomes following widespread use 
in the target group.

This systematic review focuses on studies investigat-
ing efficacy of vaccination in short- and long-term 
 follow-up; data on adverse drug reactions (ADRs) was 
not included in the evaluation according to the study 
protocol. Two recent systematic reviews have analyzed 
data on ADRs following HPV vaccination; both con-
cluded that the studies included did not show any 
 significant differences between vaccinated and non-
vaccinated participants in terms of relevant outcomes, 

and that the safety profile of vaccination was accept-
able (12, 13). A recently published systematic review 
also demonstrates the efficacy and safety of HPV vac-
cination when coadministered with other vaccines (37).

The limitations of this article concern the focus on 
girls and women with no HPV infection. The results are 
extrapolated to the actual target group for vaccination, 
girls and young women who are not yet sexually active. 
It must also be assumed that the data for other target 
groups such as older women or young men is different 
in terms of both efficacy data and evidence quality.

The particular strength of this article is that this is the 
first time a comprehensive systematic review has pro-
vided a conclusion on the long-term efficacy of HPV 
vaccine protection for the most important vaccination 
target group on the basis of meta-analysis. In addition, 
the standardized, international GRADE guidelines have 
been used to provide a conclusion on the quality of the 
evidence, differentiated by length of follow-up. This 
supports a critical assessment of this data.
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KEY MESSAGES

● Every year, approximately 11.2 of every 100 000 individ-
uals in Germany develop cervical cancer. Persistent 
 infection with a high-risk human papillomavirus (HPV) 
type is a necessary prerequisite for the development of 
dysplasia and neoplasia of the cervix.

● Since 2007, the German Standing Committee on Vacci-
nation (STIKO) has recommended that girls aged 
 between 12 and 17 receive vaccination against the 
high-risk types 16 and 18 of the human papillomavirus. 
For the first time, a systematic review has been per-
formed using pooled estimates of the duration of vac-
cine protection.

● This meta-analysis shows that the long-term (five years 
or longer) follow-up data published to date contains no 
evidence of a drop in vaccine protection following vacci-
nation against HPV types 16 and 18.

● RCTs investigating the duration of protection of HPV 
vaccination should be continued in order to improve the 
quality of evidence on long-term protection.

● Observational studies estimating the efficacy of vacci-
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to support the evidence.

590 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2014; 111: 584–91



M E D I C I N E

35. Olsson SE, Villa LL, Costa RL, et al.: Induction of immune memory 
following administration of a prophylactic quadrivalent human 
 papillomavirus (HPV) types 6/11/16/18 L1 virus-like particle (VLP) 
vaccine. Vaccine 2007; 25: 4931–9.

36. Kjaer SK, Chackerian B, van den Brule AJ, et al.: High-risk human 
papillomavirus is sexually transmitted: evidence from a follow-up 
study of virgins starting sexual activity (intercourse). Cancer epi-
demiology, biomarkers & prevention: a publication of the American 
Association for Cancer Research, cosponsored by the American 
 Society of Preventive Oncology 2001; 10: 101–6.

37. Noronha AS, Markowitz LE, Dunne EF: Systematic review of human 
papillomavirus vaccine coadministration. Vaccine 2014; 32: 
2670–4.

38. Duclos P, Durrheim DN, Reingold AL, Bhutta ZA, Vannice K, Rees H: 
Developing evidence-based immunization recommendations and 
GRADE. Vaccine 2012; 31: 12–9.

39. Ahmed F, Temte JL, Campos-Outcalt D, Schunemann HJ, Group 
AEBRW: Methods for developing evidence-based recommendations 
by the Advisory Committee on Immunization Practices (ACIP) of the 
U.S. Centers for Disease Control and Prevention (CDC). Vaccine 
2011; 29: 9171–6.

40. Ständige Impfkommission am Robert Koch-institut (STIKO): Stan-
dardvorgehensweise (SOP). www.stiko.de/DE/Content/Kommission/
STIKO/Aufgaben_Methoden/methoden_node.html. Last accessed 
on 23 October 2013. 

Corresponding author: 
Dr. med. Thomas Harder 
Robert Koch-Institut 
Impfprävention 
Seestr. 10, 13353 Berlin, Germany 
HarderT@rki.de

@ eBoxes and eTable: 
www.aerzteblatt-international.de/14m0584

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2014; 111: 584–91 591



M E D I C I N E

I Deutsches Ärzteblatt International | Dtsch Arztebl Int 2014; 111 | Deleré et al.: eTable

eT
AB

LE
 

Ra
nd

om
ize

d 
co

nt
ro

lle
d 

tri
al

s 
in

cl
ud

ed
 in

 m
et

a-
an

al
ys

is

St
ud

y

Ha
rp

er
  

et 
al.

 (1
9)

Vi
lla

  
et 

al.
 (2

7)

Vi
lla

  
et 

al.
 (2

8)
 

(co
nti

nu
ed

 
fro

m 
Vi

lla
 et

 
al.

 [2
7])

Ga
rla

nd
  

et 
al.

 (2
1)

 
(F

UT
UR

E 
I) 

Fu
tur

e I
I  

St
ud

y G
ro

up
 

(2
2)

Co
un

try

Br
az

il, 
 

Ca
na

da
,  

US
A

Br
az

il, 
 

Sw
ed

en
,  

Fin
lan

d, 
 

No
rw

ay
,  

US
A

Br
az

il, 
 

Sw
ed

en
,  

Fin
lan

d, 
 

No
rw

ay

16
 co

un
trie

s*3

13
 co

un
trie

s*4

En
ro

lm
en

t 
ye

ar

20
00 N/
S 

N/
S

20
02

20
02

In
clu

sio
n 

cr
ite

ria

He
alt

hy
;  

ag
e 1

5 t
o 2

5; 
 

no
 m

or
e t

ha
n 6

 pr
ev

iou
s 

se
xu

al 
pa

rtn
er

s; 
 

no
 hi

sto
ry 

of 
ab

no
rm

al 
PA

P 
fin

din
gs

 or
 ce

rvi
ca

l 
tre

atm
en

t;  
ne

ga
tiv

e s
me

ar
 te

st;
  

se
ro

ne
ga

tiv
e f

or
 H

PV
 

16
. 1

8. 
an

d 1
4 o

the
r 

HP
V 

typ
es

 (u
p t

o 
90

 da
ys

 be
for

e  
en

ro
lm

en
t)

He
alt

hy
;  

ag
e 1

6 t
o 2

3; 
 

no
t p

re
gn

an
t;  

no
 m

or
e t

ha
n 4

 pr
ev

iou
s 

ma
le 

se
xu

al 
pa

rtn
er

s; 
 

no
 hi

sto
ry 

of 
ab

no
rm

al 
PA

P 
fin

din
gs

;  
wo

me
n n

ot 
ye

t s
ex

ua
lly

 
ac

tiv
e: 

ag
e ≥

18
He

alt
hy

;  
ag

e 1
6 t

o 2
3; 

 
no

t p
re

gn
an

t;  
no

 m
or

e t
ha

n 4
 pr

ev
iou

s 
ma

le 
se

xu
al 

pa
rtn

er
s; 

 
no

 H
PV

 ab
no

rm
al 

PA
P 

fin
din

gs
;  

wo
me

n n
ot 

ye
t s

ex
ua

lly
 

ac
tiv

e: 
ag

e ≥
18

;  
Br

az
il a

nd
 N

or
dic

  
co

un
trie

s o
nly

He
alt

hy
;  

no
t p

re
gn

an
t;  

no
 m

or
e t

ha
n 4

 pr
ev

iou
s 

se
xu

al 
pa

rtn
er

s; 
 

no
 hi

sto
ry 

of 
ab

no
rm

al 
ce

rvi
ca

l te
st 

re
su

lts

He
alt

hy
;  

no
t p

re
gn

an
t;  

no
 m

or
e t

ha
n 4

 pr
ev

iou
s 

se
xu

al 
pa

rtn
er

s; 
 

no
 hi

sto
ry 

of 
ab

no
rm

al 
ce

rvi
ca

l te
st 

re
su

lts

Ag
e a

t 
 en

ro
lm

en
t  

(y
ea

rs
; m

ea
n)

20
.5 

20
.2 

 
(va

cc
ine

 
gr

ou
p)

/ 
 20
  

(p
lac

eb
o 

gr
ou

p)

20
.5 

 
(va

cc
ine

 
gr

ou
p)

/ 
 

20
.3 

 
(p

lac
eb

o 
gr

ou
p)

Va
cc

ine
 gr

ou
p: 

20
.2;

  
 

co
ntr

ol 
gr

ou
p: 

20
.3

Va
cc

ine
 gr

ou
p: 

20
;  

co
ntr

ol 
gr

ou
p: 

19
.9

Du
ra

tio
n 

of
 

 fo
llo

w-
up

 
(m

on
th

s)

27
 

36 60 36 36

Va
cc

in
e/ 

co
m

pa
ra

to
r

Bi
va

len
t/ 

pla
ce

bo

Qu
ad

riv
ale

nt/
pla

ce
bo

Qu
ad

riv
ale

nt/
pla

ce
bo

Qu
ad

riv
ale

nt/
pla

ce
bo

Qu
ad

riv
ale

nt/
pla

ce
bo

St
ud

y 
 sp

on
so

rs
hi

p

GS
K

Me
rck

Me
rck

Me
rck

Me
rck

n  
ra

nd
om

ize
d 

(v
ac

cin
e/ 

co
m

pa
ra

to
r 

gr
ou

p)
56

0/5
53

27
6/2

75

27
7/2

75

27
23

/27
32

60
87

/60
80

n  
ev

alu
at

ed
 

(v
ac

cin
e/ 

co
m

pa
ra

to
r 

gr
ou

p)
56

0/5
53

19
9 t

o 2
24

/ 
19

8 t
o 2

24
*2

11
4/1

27

22
41

/22
58

53
05

/52
60

De
fin

iti
on

 o
f 

ev
alu

at
ed

 
 po

pu
lat

io
n

Int
en

tio
n t

o  
tre

at:
  

me
ets

 in
clu

sio
n 

cri
ter

ia

Pe
r p

ro
toc

ol:
  

na
ive

 to
  

re
lev

an
t H

PV
 

typ
es

 at
  

en
ro

lm
en

t

Pe
r p

ro
toc

ol:
  

na
ive

 to
  

re
lev

an
t H

PV
 

typ
e a

t  
en

ro
lm

en
t

Pe
r-p

ro
toc

ol 
su

sc
ep

tib
le:

 
se

ro
ne

ga
tiv

e 
an

d D
NA

- 
ne

ga
tiv

e f
or

 
HP

V 
typ

es
 6,

 
11

, 1
6, 

an
d 1

8 
at 

en
ro

lm
en

t
Pe

r-p
ro

toc
ol 

su
sc

ep
tib

le:
 

se
ro

ne
ga

tiv
e 

an
d D

NA
- 

ne
ga

tiv
e f

or
 

HP
V 

typ
es

 6,
 

11
, 1

6, 
an

d 1
8 

at 
en

ro
lm

en
t

Ou
tc

om
es

Inc
ide

nt 
 

inf
ec

tio
n; 

 
pe

rsi
ste

nt 
 

inf
ec

tio
n

Pe
rsi

ste
nt 

 
inf

ec
tio

n

Pe
rsi

ste
nt 

 
inf

ec
tio

n

CI
N 

2, 
CI

N 
3 

(H
PV

 16
- o

r 
HP

V 
18

- 
po

sit
ive

)

CI
N 

2, 
CI

N 
3 

(H
PV

 16
- o

r 
HP

V 
18

- 
po

sit
ive

)

Ri
sk

 o
f b

ias
*1

Lo
w

Lo
w

Lo
w

Lo
w

Lo
w



M E D I C I N E

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2014; 111 | Deleré et al.: eTable II

*1
 R

isk
 of

 bi
as

 re
co

rd
ed

 us
ing

 C
oc

hr
an

e R
isk

 of
 B

ias
 To

ol.
 

*2
 P

er
 pr

oto
co

l, f
or

 sp
ec

ific
 ou

tco
me

. F
or

 te
ch

nic
al 

re
as

on
s, 

ra
nd

om
ize

d p
ar

tic
ipa

nt 
nu

mb
er

s w
er

e u
se

d a
s t

he
 de

no
mi

na
tor

 fo
r t

his
 an

aly
sis

. 
*3

 In
clu

de
s: 

Au
str

ia,
 B

ra
zil

, C
an

ad
a, 

Co
lom

bia
, C

ze
ch

 R
ep

ub
lic

, G
er

ma
ny

, H
on

g K
on

g, 
Ita

ly,
 M

ex
ico

, N
ew

 Z
ea

lan
d, 

Pe
ru

, P
ue

rto
 R

ico
, R

us
sia

, T
ha

ila
nd

, U
K,

 U
SA

.
*4

 In
clu

de
s (

the
 fo

llo
wi

ng
 14

 co
un

trie
s a

re
 lis

ted
 in

 st
ud

y a
pp

en
dic

es
): 

Br
az

il, 
Co

lom
bia

, D
en

ma
rk,

 F
inl

an
d, 

Ice
lan

d, 
Me

xic
o, 

No
rw

ay
, P

er
u, 

Po
lan

d, 
Pu

er
to 

Ri
co

, S
ing

ap
or

e, 
Sw

ed
en

, U
K,

 U
SA

. 
*5

 In
clu

de
s: 

Au
str

ali
a, 

Be
lgi

um
, B

ra
zil

, C
an

ad
a, 

Fin
lan

d, 
Ge

rm
an

y, 
Ita

ly,
 M

ex
ico

, th
e P

hil
ipp

ine
s, 

Sp
ain

, T
aiw

an
, T

ha
ila

nd
, U

K,
 U

SA
. 

*6
 Lo

ss
es

 du
rin

g f
oll

ow
-u

p a
re

 hi
gh

 an
d d

iffe
r b

etw
ee

n g
ro

up
s; 

se
lec

tiv
e o

utc
om

e r
ep

or
tin

g (
pa

rtic
ipa

nt 
nu

mb
er

s d
iffe

r b
etw

ee
n o

utc
om

es
); 

on
ly 

on
e o

f th
e s

tud
y p

op
ula

tio
ns

 in
itia

lly
 in

clu
de

d (
Br

az
il) 

wa
s f

oll
ow

ed
 up

.
N/

S:
 N

ot 
sta

ted
.

St
ud

y

Pa
av

on
en

  
et 

al.
 (2

5)
 

(P
AT

RI
CI

A)

Pa
av

on
en

  
et 

al.
 (2

6)
 

(P
AT

RI
CI

A)

De
 C

ar
va

lho
 

et 
al.

 (2
0)

  
(p

ar
tly

 co
n -

tin
ue

d f
ro

m 
Ha

rp
er

 et
 al

. 
[19

])

Ko
nn

o  
et 

al.
 (2

4)

He
rre

ro
 

 et 
al.

 (2
3)

Co
un

try

14
 co

un
trie

s*5

14
 co

un
trie

s*5

Br
az

il 

Ja
pa

n

Co
sta

 R
ica

En
ro

lm
en

t 
ye

ar

20
04

20
04

20
00

20
06

20
04

In
clu

sio
n 

cr
ite

ria

No
 m

or
e t

ha
n 6

 pr
ev

iou
s 

se
xu

al 
pa

rtn
er

s; 
 

co
ntr

ac
ep

tio
n; 

 
int

ac
t c

er
vix

No
 m

or
e t

ha
n 6

 pr
ev

iou
s 

se
xu

al 
pa

rtn
er

s; 
 

co
ntr

ac
ep

tio
n; 

 
int

ac
t c

er
vix

He
alt

hy
;  

ag
e 1

5 t
o 2

5; 
 

no
 m

or
e t

ha
n 6

 pr
ev

iou
s 

se
xu

al 
pa

rtn
er

s; 
 

no
  hi

sto
ry 

of 
ab

no
rm

al 
PA

P 
fin

din
gs

 or
 ce

rvi
ca

l 
tre

atm
en

t;  
ne

ga
tiv

e s
me

ar
 te

st;
  

se
ro

ne
ga

tiv
e f

or
 

HP
V 

16
, 1

8, 
an

d  
14

  ot
he

r H
PV

 ty
pe

s  
(u

p t
o 9

0 d
ay

s b
efo

re
 

en
ro

lm
en

t)
He

alt
hy

;  
ag

e 2
0 t

o 2
5; 

 
ne

ga
tiv

e p
re

gn
an

cy
 te

st;
 

co
ntr

ac
ep

tio
n t

hr
ou

gh
ou

t 
va

cc
ina

tio
n; 

 
int

ac
t c

er
vix

He
alt

hy
;  

no
t p

re
gn

an
t;  

no
t b

re
as

tfe
ed

ing
;  

co
ntr

ac
ep

tio
n t

hr
ou

gh
ou

t 
va

cc
ina

tio
n

Ag
e a

t 
 en

ro
lm

en
t  

(y
ea

rs
; m

ea
n)

20 20 20
.5

Va
cc

ine
 gr

ou
p: 

22
.4;

  
co

ntr
ol 

gr
ou

p: 
22

.5

18
 to

 25

Du
ra

tio
n 

of
 

 fo
llo

w-
up

 
(m

on
th

s)

14
.8

34
.9 74 24 50
.4

Va
cc

in
e/ 

co
m

pa
ra

to
r

Bi
va

len
t/ 

he
pa

titi
s A

  
va

cc
ine

Bi
va

len
t/ 

he
pa

titi
s A

  
va

cc
ine

Bi
va

len
t/ 

pla
ce

bo

Bi
va

len
t/ -

he
pa

titi
s A

 
 va

cc
ine

Bi
va

len
t/ -

he
pa

titi
s A

 
 va

cc
ine

St
ud

y 
 sp

on
so

rs
hi

p

GS
K

GS
K

GS
K

GS
K

Na
tio

na
l  

Ins
titu

tes
 of

 
He

alt
h

n  
ra

nd
om

ize
d 

(v
ac

cin
e/ 

co
m

pa
ra

to
r 

gr
ou

p)
93

19
/93

25

93
19

/93
25

25
8/2

48

51
9/5

21

37
27

/37
39

n  
ev

alu
at

ed
 

(v
ac

cin
e/ 

co
m

pa
ra

to
r 

gr
ou

p)
63

44
/64

02

54
49

/54
36

22
2/2

11

50
1/5

01

26
35

/26
77

De
fin

iti
on

 o
f 

ev
alu

at
ed

 
 po

pu
lat

io
n

To
tal

 va
cc

i -
na

ted
 co

ho
rt 

(T
VC

) n
aiv

e: 
se

ro
ne

ga
tiv

e 
an

d D
NA

- 
ne

ga
tiv

e f
or

 
HP

V 
16

/18
 at

 
en

ro
lm

en
t

To
tal

 va
cc

i -
na

ted
 co

ho
rt 

(T
VC

) n
aiv

e: 
se

ro
ne

ga
tiv

e 
an

d D
NA

- 
ne

ga
tiv

e f
or

 
HP

V 
16

/18
 at

 
en

ro
lm

en
t

Me
ets

 in
clu

sio
n 

cri
ter

ia

Ac
co

rd
ing

 to
 

pr
oto

co
l c

oh
or

t 
for

 ef
fic

ac
y: 

DN
A-

ne
ga

tiv
e 

for
 at

 le
as

t 1
 

HP
V 

typ
e a

t 
en

ro
lm

en
t

Ac
co

rd
ing

 to
 

pr
oto

co
l c

oh
or

t: 
DN

A-
ne

ga
tiv

e 
for

 co
rre

sp
on

-
din

g H
PV

 ty
pe

 
at 

en
ro

lm
en

t

Ou
tc

om
es

Pe
rsi

ste
nt 

 
inf

ec
tio

n 
(≥

6 m
on

ths
)

CI
N 

2+
, C

IN
 3+

 
(re

ga
rd

les
s o

f 
HP

V 
typ

e i
n  

les
ion

)

Inc
ide

nt 
 

inf
ec

tio
n; 

 
pe

rsi
ste

nt 
 

inf
ec

tio
n; 

CI
N 

2+

Inc
ide

nt 
inf

ec
ti-

on
; p

er
sis

ten
t 

inf
ec

tio
n; 

CI
N 

2+

Pe
rsi

ste
nt 

 
inf

ec
tio

n

Ri
sk

 o
f b

ias
*1

Lo
w

Lo
w

Hi
gh

*6

Lo
w

Lo
w



M E D I C I N E

I Deutsches Ärzteblatt International | Dtsch Arztebl Int 2014; 111 | Deleré et al.: eBoxes

eBOX 1

Search strategy
Search of Medline, Embase, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic 
 Reviews, and Database of Abstracts of Reviews of Effects (filter: publication year: 2000 to 2013; species: human; 
search date: November 19, 2013):  
#1 papillomaviridae 
#2 tumor virus infections
#3 papillomavirus
#4 HPV
#5 #1 OR #2 OR #3 OR #4
#6 uterine cervical neoplasm 
#7 cervical intraepithelial neoplasia
#8 uterine cervical disease
#9 uterine cervical dysplasia
#10 #6 OR #7 OR #8 OR #9
#11 vaccin*
#12 cervarix
#13 gardasil
#14 #11 OR #12 OR 13
#15 #5 AND #10 AND #14

● Data extraction
For each original study that met the inclusion criteria, two independent investigators (YD and TH) extracted study characteris-
tics and data and transferred them to standardized data extraction sheets. Discrepancies between the investigators were 
 discussed until consensus was reached (see eBox 2: Details of data extraction). 

● Assessment of risk of bias
The Cochrane Risk of Bias Tool was used to investigate the risk of bias of the studies included (17). 

● Assessment of evidence quality
The Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group guidelines were used 
to assess evidence quality (18). According to the GRADE guidelines, a body of evidence is assigned one of four possible 
 levels of evidence quality: + very low, ++ low, +++ moderate, or ++++ high. The GRADE guidelines are detailed in eBox 3. 

● Data synthesis
Relative risks (RRs), absolute risk differences (RDs), and 95% confidence intervals were estimated on the basis of the 
 extracted data or taken directly from the publications. Both vaccines were analyzed jointly. Efficacy of vaccination was calcula-
ted as (1 – RR) × 100. Meta-analysis was performed where data on one outcome was available from more than one study (see 
eBox 4). 
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eBOX 2

Details of data extraction 
The following data was extracted: study location, study 
 year(s), study type/design, name of vaccine and manu-
facturer, strains covered by the vaccine, vaccination 
 schedule, sponsorship, inclusion and exclusion criteria for 
study participants, age at beginning of vaccination, ethnici-
ty, duration of follow-up, number of participants enrolled 
(for RCTs: randomized), number of participants evaluated, 
number (or percentage) of vaccinated individuals with a 
 given outcome, number (or percentage) of non-vaccinated 
individuals with a given outcome, and for observational 
studies confounding factors taken into account and 
 estimates of effect sizes adjusted for confounding factors. 
Because the primary question of this systematic review 
concerned uninfected girls and women, data on study 
 participants who were negative for HPV 16 and/or 18 at 
the beginning of the study or had not yet become sexually 
active was used wherever possible. 

eBOX 3

Details of the Grading of Recommendations 
 Assessment, Development and Evaluation (GRADE) 
Working Group guidelines
The GRADE guidelines (18) provide a transparent system for assessing evidence 
and developing recommendations. They were developed by the GRADE Working 
Group and are used by the World Health Organization (38), the US Advisory 
Committee on Immunization Practices (ACIP) (39), the German Standing Com-
mittee on Vaccination (STIKO) (40), and other bodies. 

According to GRADE, evidence quality is a measure of confidence in the cor-
rectness of estimates of effect sizes: the higher the quality of evidence (on a four-
level scale ranging from “very low” to “high”), the surer the user can be that the 
effects of an intervention reported in a study correspond to the “true” sizes of the 
effects.

The units of analysis used by GRADE are outcomes; in other words, evidence 
quality concerns a single outcome. When the body of evidence, i.e. all available 
studies (rather than one single study), on an outcome is reviewed as a whole, the 
results of the systematic review are assigned one of four levels of evidence 
quality: + very low, ++ low, +++ moderate, or ++++ high.

Bodies of evidence from RCTs are initially rated as ++++ high-quality, while 
bodies of evidence from observational studies are initially assessed as ++ low-
quality. Evidence quality can then be up- or downgraded on the basis of an es-
tablished set of criteria covering aspects of both internal and external validity. 
Quality can be downgraded according to five criteria: 1) risk of bias (due to short-
comings in study design or conduct), 2) inconsistency (i.e. dispersion of study 
findings), 3) indirectness (whether the study findings can be applied to the target 
group for the recommendation), 4) imprecision (wide confidence interval or large 
standard deviation), and 5) publication bias (bias in overall results as a result of 
selective publication of “desirable” study findings).

The GRADE guidelines also allow evidence quality to be upgraded on the 
basis of three criteria: 1) large effect sizes (e.g. relative risk >2.0); 2) a dose–ef-
fect relationship, and 3) if potential confounding factors would have reduced the 
effect (i.e. all remaining, plausible confounding factors have already reduced the 
effect, so the effect observed is a conservative estimate). GRADE assessment of 
evidence is separate from the stage at which the evidence is used as the basis 
for a recommendation. In other words, high evidence quality does not automati-
cally lead to a strong recommendation, and a strong recommendation for or 
against an intervention can occasionally be based on moderate- or low-quality 
evidence as a result of other important factors (such as patients’ values and 
 preferences, costs, or the balance between positive and adverse effects).

eBOX 4

Details of data synthesis
Where there was heterogeneity (revealed by a statistically 
significant chi-square test or I2 statistics), a random-effects 
model was used. In other cases, data was pooled using a 
fixed-effects model. Due to the limited number of studies 
per outcome no test for publication bias was performed, in 
line with the recommendations of the Cochrane Collabora-
tion. All evaluations were performed for a follow-up dura -
tion of less than five years (short-term follow-up) and five 
years or more (long-term follow-up). All calculations were 
performed using the software program STATA 12 (Stata-
Corp, College Station, TX, USA). The results of the evi-
dence evaluation process and the absolute risk differences 
were recorded in GRADE evidence profiles using the pro-
gram GRADEpro (version 3.6; GRADE Working Group) 
(available from the authors). 


