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Introduction: Human papillomavirus (HPV) vaccination is essential for cervical cancer prevention.
However, the value of HPV vaccination in the context excisional treatment of high-grade cervical intraep-
ithelial neoplasia (CIN 3) remains unclear.
Methods: In this meta-analysis, three retrospective and three prospective studies, three post-hoc analyses
of RCTs and one cancer registry study analysing the effect of pre- or post-conization vaccination (bi- or
quadrivalent vaccine) against HPV were included after a systematic review of literature. Random-effect
models were prepared to evaluate the influence of vaccination on recurrent CIN 2+,
Results: Primary end point was CIN2+ in every study. The overall study population included 21,059
patients (3,939 vaccinations vs. 17,150 controls). The results showed a significant risk reduction for
the development of new high-grade intraepithelial lesions after HPV vaccination (relative risk (RR)
0.41; 95% CI [0.27; 0.64]), independent from HPV type. Due to the heterogeneous study population mul-
tiple sub analyses regarding HPV type, age of patients, time of vaccination and follow-up were performed.
Age-dependent analysis showed no differences between women under 25 years (RR 0.47 (95%-CI [0.28;
0.80]) and women of higher age (RR 0.52 (95%-CI [0.41; 0.65]). Results for HPV 16/18 positive CIN2+
showed a RR of 0.37 (95% CI [0.17; 0.80]). Overall, the number of women that would have to be vacci-
nated before or after conization to prevent one case of recurrent CIN 2+ (NNV) is 45.5.
Conclusion: Meta-analysis showed a significant risk reduction of developing recurrent cervical intraep-
ithelial neoplasia after surgical excision and HPV vaccination compared to surgical excision only.

© 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

Since the development of human papillomavirus (HPV) vaccina-
tion in 2006 cervical cancer prevention programs have gone
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through tremendous changes. Most European countries have
implemented HPV testing in their screening algorithms. Germany
started to offer co-testing of cytology and HPV for women at the
age of 35 and above in three-yearly intervals in 2020 [1]. The
primary goal of all cervical cancer screening programs is identifica-
tion of women with high-grade cervical intraepithelial neoplasia
(CIN) or high-grade squamous intraepithelial lesions (HSIL), the
immediate precursor lesion of invasive cervical cancer.
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These women usually receive excisional surgery of their pre-
neoplastic cervical lesions [2]. Most commonly, procedures like
loop electrosurgical excision procedure (LEEP) or laser conization
are performed. About 52,600 conizations are executed in Germany
every year due to high grade CIN [3]. Side effects or future risks of
these patients are for example shortening of cervical length with
the risk of premature delivery in pregnancy [4]. Despite this pre-
ventive operation, up to 8% of women with conization due to
high-grade CIN are affected by a relapse of the disease [5]. Not only
the risk of developing a cervical or vaginal carcinoma, but also
mortality is increased, as current studies show [6].

The prophylactic HPV vaccines have been developed from a
bivalent (HPV 16, 18) or quadrivalent (HPV 6, 11, 16, 18) to a 9-
valent vaccine (HPV 6, 11, 16, 18, 31, 33, 45, 52, 58) which could
prevent almost 90% of all cervical cancer cases [7]. The effective-
ness of these vaccines is explained by the induction of neutralizing
antibodies. These antibodies prevent the attachment of the virus to
the basement membrane. The cell surface binding is stopped and
the antibody-virus complex eliminated by neutrophils [8].

There is great variation of primary HPV vaccination coverage
worldwide. While countries with school-based vaccination pro-
grams such as Australia or the UK reach relatively high vaccination
rates (Australia 2015: 78% in females and 67% in males (three
doses)[9]; England 2018/19: 83.9% (two doses) [10]), the rates in
other countries are low, even in first world countries. In Germany,
only 31% of the 15-year old girls (range 22 - 57% in different states)
were completely vaccinated in 2015 [11]. Criticism about the effec-
tiveness or safety of vaccines could not be reassured in several
studies [12]. The vaccines reveal a high safety and low side effect
profile.

There have been tremendous efforts during the last years in the
research of therapeutic HPV vaccination to treat existing HPV-
related disease [13]. However, it will take several more years until
the introduction of the first therapeutic HPV vaccines. Besides that,
there is a growing body of evidence that prophylactic vaccination
in the context of excisional treatment of high-grade CIN can reduce
the risk of recurrence.

A further preventive option for women already treated by
conization could therefore be the HPV vaccination shortly before
or after treatment. Immunologically, the surgical intervention
seems to induce a major change in the local inflammatory response
in the cervix [14] and reduce TNFa and other pro-inflammatory
cytokines [15]. The resulting anti-inflammatory microenvironment
disadvantages a persistent HPV infection. A vaccine being applied
at this point could theoretically prevent new or recurrent infec-
tions similar to an HPV naive environment. This systematic review
of randomized controlled trials, cohort studies, post-hoc and retro-
spective comparative analyses was conducted to assess the influ-
ence of prophylactic HPV vaccination when applied shortly
before or after cervical excisional surgery.

2. Material and Methods

A systematic database research was performed for reports and
trials comparing the relapse or recurrence rate after excisional
therapy of high-grade CIN among women of any age with and
without pre- or postoperative vaccination against HPV. Studies
were included regardless of the type of vaccine used in the trials.
Prospective (randomized) trials were included as well as observa-
tional and retrospective studies with adequate intervention and
control groups. Post-hoc analyses of the large FUTURE and PATRI-
CIA trials and cancer registry evaluations were also included in the
meta-analysis. Only comparative studies with complete publica-
tion of all results in English or German were considered because
congress abstracts often contain preliminary or incomplete data.

If possible, the authors of studies that were only published as con-
gress abstracts were tried to be contacted via email and asked to
provide their data. No restrictions were made regarding publica-
tion date.

Three databases (Embase and MEDLINE via Embase; Cochrane
Central Register of Controlled Trials (CENTRAL)) were accessed
using the search algorithms presented in the supplementary items.
Study selection was done independently by JK and M]J. In case of
conflicting opinions PH decided about inclusion or exclusion. The
reasons for exclusion are mentioned in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses flowchart
(Fig. 1). A complete list of all search results can be found in the sup-
plementary items.

Data extraction from each included study was done on the basis
of study characteristics and outcome variables that were defined
beforehand (see Table 1). The following items were extracted from
each study for further analysis: study endpoint, type of vaccine (bi-
valent or tetravalent; studies using the 9-valent vaccine are still
ongoing), cases of recurrent high-grade CIN in the vaccination
and control group with and without regard to vaccine-related
HPV genotypes (effectiveness), study population (age), time of vac-
cination (before or after conization) and duration of follow-up. To
assess the clinical value of vaccination the total number of cases of
recurrent CIN 2+ in the vaccine group and in the control group and
the corresponding relative risks were calculated. The updated
Cochrane risk of bias tool 2 (RoB 2) was used to assess the scientific
quality of the included studies (Fig. 2) [14]. Inter-study hetero-
geneity was assessed using the maximum likelihood estimator
with calculation of t2 and its corresponding p-value. This p-value
indicates the probability that deviation from inter-study homo-
geneity can be explained by chance with a lower p-value implying
significant heterogeneity.

All studies were evaluated regarding potential conflicts of inter-
est on the basis of the available information on this matter. Statis-
tical analysis was conducted by random-effect models due to
significant inter-study heterogeneity. Analysis was by intention
to treat.

Due to the heterogeneous study population, multiple subgroup
analyses regarding the HPV type, age of patients, time of vaccina-
tion and duration of follow-up were performed. Several studies
did not report separate results for specific age groups. Therefore
the aspect of age was evaluated comparing studies on very young
women (Joura (15-26 years), Garland (15-25 years), Sand (only
the young cohort up to 25 years)) with studies on women of higher
age (Petrillo (32-47 years), Del Pino (26-64 years), Sand (second
and third cohort from 26 to 35 years and > 36 years). All calcula-
tions were done using R statistics (https://www.r-project.org).

3. Results

Included studies, characteristics, risk of bias

Numerous cases of women vaccinated against HPV after surgi-
cal treatment are described in pro- and retrospective studies. In
total, 212 studies fulfilled the primary search criteria. Ten of the
studies (Table 1), which involve 21,059 patients in total, were
included after considering the inclusion and exclusion criteria.
Three studies were performed prospectively (Pieralli [16] (ran-
domized), Ghelardi [17] (non-randomized), Del Pino [18] (non-
randomized)) and three retrospectively (Kang [19], Petrillo [20]
and Ortega-Quifionero [21]). Three studies (Hildesheim [22], Gar-
land [23], Joura [24]) are post-hoc sub analyses of an originally
prospective study design. One study (Sand [25]) was a prospective
population-based cohort study from the Danish pathology data-
base. Studies were published from 2012 to 2020. Women were
65 years of age maximum; maximum follow-up time was 10 years
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Primary search in Embase
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Fig. 1. PRISMA Flow chart.

after treatment. HPV vaccination was performed after operative
treatment in six studies, and before in two studies (Joura, Garland),
as well as before or after surgery in two studies (Sand, Ortega-
Quifionero), respectively. The vaccine applied was quadrivalent in
four (Joura, Kang, Ghelardi, Pieralli) and bivalent in two studies
(Hildesheim, Garland). In another four studies both vaccines (biva-
lent and quadrivalent) were used (Sand, Petrillo, Ortega-
Quifionero, Del Pino). Primary end point was HSIL or CIN2+ in
every study.

Considerable heterogeneity between the included studies was
assumed (Chi-squared test for heterogeneity: T2 = 0.1980,
p = 0.03). Therefore, the results from the random-effect analyses
were used for meta-analysis.

The risk of bias assessment revealed a large overall risk of bias
since the included studies were either post-hoc analyses of trials

designed to measure other outcomes than recurrent CIN after cer-
vical surgery or studies were not randomized or studies were not
prospective. Furthermore, studies had different inclusion criteria
such as negative/ positive HPV status and cytology before vaccina-
tion. It has to be assumed that there is a relevant risk of publication
bias since there were five trials that were only published as con-
gress abstracts without complete data available and one trial from
Poland without complete report in English [26].

All included studies were assessed regarding potential conflicts
of interest. In nine studies all authors have completed the ICMJE
uniform disclosure form. In five of the studies (Garland,
Hildesheim, Joura, Sand, Del Pino), connections to and support by
the vaccine manufacturer (GlaxoSmithKline Group and/or Merck
& Co. Inc.) were indicated. One study (Ortega-Quifionero) did not
publish the ICMJE uniform disclosure form in its paper.



Table 1

Included studies (n.a. = not available).

Reference Endpoint Vaccine type No. of recurrent CIN cases Risk reduction (%) [95% Study population Study design
Vaccinated cohort Control group Cl] or study results as
. reported
2/4v vaccine
n/N (%) n/N (%)

Joura et al. CIN2+ Quadri-valent 8/474 (1.7) 26/592 (4.4) 64.9 [20.1-86.3] Age 15-26 years Post-hoc-analysis (FUTURE I and
(HPV-type Vaccination before surgery 1)
independent) Follow-up 2.5 years (median)
CIN2+ Quadri-valent 1/474 (0.2) 3/592 (0.51) 61.3 [-382.4 to 99.3] retrospectively
(HPV 16, 18)

Garland et al. CIN2+ Bivalent 1/190 (0.53) 9/264 (3.41) 88.2 [14.8-99.7] Age 15-25 years Post-hoc analysis
(HPV-type Vaccination before surgery PATRICIA prospective
independent) randomization
CIN 2+ Bivalent 0/190 (0) 4/265 (1.51) 100 (-63.1-100) Follow-up 4 years
(HPV 16, 18)

Kang et al. CIN2+ Quadri-valent 9/360 (2.5) 27/377 (7.2) 65.1 (p < 0.05) Age 20-45 years Retrospective
(HPV-type Vaccination after surgery Follow-up 3.5 years (median)
independent)

CIN2+ Quadri-valent 5/197 (2.5) 18/211 (8.5) 70.2 (p < 0.01)
(HPV16, 18)

Ghelardi et al. CIN2+ Quadri-valent 2/172 (1.2) 11/172 (6.4) 81.2 [34.3-95.7] Age 18-45 years Prospective, non-randomized
(HPV-type Vaccination after surgery Follow-up 36 years (median)
independent)

Hildesheim et al. CIN2+ Bivalent 3/142 (2.11) 2/169 (1.18) “No significant effect” Age 18-25 years Randomized double blind clinical
(HPV-type Vaccination after surgery trial of 7466 Costa Rican women
independent) (NCI)

CIN 2+ (HPV 16,18) Bivalent 3/142 (2.11) 1/169 (0.59) n.a. Follow-up 57 mo. (HPV + ), 27

Pieralli et al.

Sand et al.

Petrillo et al.

Ortega-Quinonero et al.

Del Pino et al.

CIN 2+
(HPV-type
independent)
LSIL

CIN 2+
(HPV type
independent)

CIN 2+ (HPV
independent)

CIN 1+

CIN 2+ (HPV
independent)

CIN 2 + (HPV 16,18)

CIN 2+ (HPV
independent)

Quadri-valent

Quadri-valent

Bi-/Quadri-valent

Bi-/Quadri-valent

Bi-/Quadri-valent

Bi-/Quadri-

valent

Bi-/Quadri-
valent

Bi-/Quadri-valent

0/89 (0)

3/89 (3.37)

82/2074 (3.95)
14/399 (3.51)
(before LEEP)
68/1675 (4.06)
(after LEEP)
6/182 (3.29)

13/182 (7.14)

5/103 (4.85)

3/51 (5.88)

5/153 (3.27)

4/89 (4.49)

8/89 (8.99)

777/15054 (5.16)

14/182 (7.69)

17/103 (16.50)

22/139 (15.83)

15/69 (21.74)

12/112 (10.71)

n.a. for CIN 2+

3.4% vs. 13.5%
Recurrence

(p =0.0147) NNT 10
HR 0.86 [0.67-1.09]

3.3% vacc vs.
13.6% non-vacc
=HR 0.24

7.1% vacc vs.
16.5% non-vacc
=HR 0.43

4.8% vacc vs.
15.8% non vacc
=HR 0.3

5.8% vacc vs.
21.7% non vacc
=HR 0.27

3.3% vacc vs.
10.7% non vacc
=HR 0.31

Age < 45 years
Vaccination after surgery

Age 17-51 years
Vaccination before (0-
3 months) or after (0-
12 months) surgery

Age 32-47
Vaccination after (0-
1 month) after surgery

Age 18-65
Vaccination before or after
(0-1 month) surgery

Age 26-64
Vaccination after (0-
12 months) surgery

mo. (LEEP)

Prospective, randomized
Not blinded

Follow-up 3 years

Prospective, cohort study
(nationwide registry)

Retrospective
Follow-up 2 years

Retrospective
Follow-up 2 years

Prospective
Follow up 22.4 months median

60%9-20%9 (0207) 8€ auIDA /D 32 2qydsIuaf ‘W

S0v9



6406

M. Jentschke et al./Vaccine 38 (2020) 6402-6409
v %)
1%} ©
L B - R
2 z 'E' 8 = B ==
o o9 o = 5
p - > £ - v s o —_
s 25| 8 |gE = i@
= = o Q1 e 73 o
© (o S E Slo g g
N T [s) L5 g £ o
£ S ° W | 50|08
(o) v T £ g T o
o] a < “ O =
c Q 1)
= | = =
Jouraet al. ‘ ‘ ‘ ‘ ? @ . Low risk
Garland et al. ‘ ‘ ‘ ‘ ? @ ? Some concerns
el Q@O0 0@ @
cheirdicts. (@) @ @ O O | @
serenes. (@ @ @O @@
el e (@) @ | OO O O
i Q0000 @
ot @) @ O @ O @
oresraunnss (@) @@ @ O | @
ceirmoctal (@) (@) @ O O @
Fig. 2. Overall risk of bias.
Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Joura 8 474 26 592 —E—i— 0.38 [0.18; 0.84] 7.5% 13.5%
Garland 1 190 9 264 —— T 0.15 [0.02; 1.21] 24% 3.7%
Kang 9 360 27 377 —.T‘a— 0.35 [0.17; 0.73] 8.5% 14.1%
Ghelardi 2 172 11 172 —a— 0.18 [0.04; 0.81] 3.6% 6.2%
Hildesheim 3 142 2 169 e 1.79 [0.30; 10.54] 0.6% 4.7%
Pieralli 0 89 4 89 —-*——v—— 0.11 [0.01; 2.03] 1.5% 2.0%
Sand 82 2074 777 15054 : 0.77 [0.61; 0.96] 60.9% 22.8%
Petrillo 6 182 14 182 0.43 [0.17; 1.09] 4.5% 11.3%

Ortega—Quinonero
Del Pino

Fixed effect model
Random effects model

Heterogeneity: t° = 0.1980, p = 0.03 ' ' ' '

Meta-analysis

5 103 22 139
5 153 12 112

0.31 [0.12; 0.78] 6.1% 11.3%
0.31 [0.11; 0.84] 4.5% 10.3%
3939 17150 0.60 [0.50; 0.72] 100.0% -
0.41 [0.27; 0.64] == 100.0%

0.01 0.1 1 10 100

Fig. 3. Meta-analyiss of all included studies, HPV independent.

a relative risk (RR) of 0.41 (95%-CI [0.27; 0.64]) (Fig. 3), indepen-

Over all studies, the risk of recurrent CIN2+ after conization dent from HPV type. The reduction of risk is therefore 59% after

was 3.1% (121/3,939) with HPV vaccination and 5.3% pre- or postoperative vaccination. Age-dependent analysis
(904/17,150) without. Random-effects meta-analysis showed a showed no differences between women under 25 years (RR 0.47
significant reduction of CIN2 + recurrence after vaccination with (95%-CI [0.28; 0.80]) and women of higher age (RR 0.52 (95%-CI
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Experimental Control

Events Total Events Total Risk Ratio
8 474 26 562 ——
1 190 9 264 ' B
3 142 2 169 ——
15 564 777 15054 B
1370 16049 B
-
Heterogeneity: = 0.0686, p =0.28 ' ' ' '
01 051 2 10

Experimental

Fig. 4. Supplemental material: Age under 26, HPV independent.

Control

6407
Weight Weight
RR 95%=Cl (fixed) (random)
0.36 [0.17; 0.80] 26.7% 31.8%
0.15 [0.02; 1.21] 8.4% 6.2%
1.79 [0.30; 10.54] 2.0% 8.2%
0.52 [0.31; 0.85] 62.9% 53.9%
0.47 [0.32; 0.70] 100.0% =
0.47 [0.28; 0.80] -- 100.0%
Weight Weight

Study Events Total Events Total Risk Ratio RR 95%=-Cl (fixed) (random)
Petrillo 6 182 14 182 —+:—— 0.43 [0.17;1.09] 5.8% 6.1%
Del Pino 5 153 12 112 : 0.31 [0.11;0.84] 5.7% 5.2%
Sand 67 2393 777 15054 L 0.54 [0.42;0.69] 88.4% 88.7%
Fixed effect model 2728 15348 E 0.52 [0.41; 0.66] 100.0% .
Random effects model SRy 0.52 [0.41; 0.65] -- 100.0%
Heterogeneity: = 0,p =0.51 ' ' ' '
02 05 1 2 5
Fig. 5. Supplemental material: Age 26 and older, HPV independent.

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Joura 1 474 3 592 —'.___ 0.42 [0.04; 3.99] 7.1% 10.4%
Garland 0 190 4 265 0.15 [0.01; 2.86] 10.0% 6.5%
Kang 5 197 18 211 —h 0.30 [0.11; 0.79] 46.4% 41.4%
Hildesheim 3 142 1 169 ¢ 3.57 [0.38; 33.95] 2.4% 10.5%
Ortega—Quinonero 3 &1 15 69 —— 0.27 [0.08; 0.89] 34.0% 31.2%
Fixed effect model 1054 1306 —E— 0.36 [0.19; 0.67] 100.0% -
Random effects model —+1 0.37 [0.17; 0.80] --  100.0%
Heterogeneity: 12 = 0.1186, p = 0.32 ' ' ' '

0.01 0.1 1 10 100
Fig. 6. Supplemental material: HPV 16 and 18.

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Joura 8 474 26 562 —— 0.36 [0.17;0.80] 33.3% 36.9%
Garland 1 190 9 264 — 0.15 [0.02; 1.21] 10.5% 8.3%
Sand 14 399 777 15054 ==t 0.68 [0.40; 1.14] 56.2% 54.8%
Fixed effect model 1063 15880 E 0.52 [0.34; 0.79] 100.0% .
Random effects model -1 0.48 [0.26; 0.89] --  100.0%
Heterogeneity: 2= 0.1141, p =021 ' ' ' '

01 051 2 10

Fig. 7. Supplemental material: Vaccination before conization.

[0.41; 0.65]) (Figs. 4 and 5,
HPV 16/18 positive CIN2+ showed a RR of 0.37 (95% CI [0.17;
0.80]) (Fig. 6, supplemental material). Evaluation of time of vacci-
nation and duration of follow-up did not reveal any significant

supplemental material). Results for

differences (Figs. 7-10, supplemental material). Overall, the
results show that the number of women that would have to be
vaccinated before or after conization to prevent one case of recur-
rent CIN 2+ (NNV) is 45.5.
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Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%=Cl (fixed) (random)
Kang 9 360 27 377 ——-—:* 0.35 [0.17; 0.73] 11.6% 19.8%
Ghelardi 2 2 11 172 —— 0.18 [0.04; 0.81] 4.8% 9.2%
Hildesheim 3 142 2 169 —'r——+— 1.79 [0.30; 10.54] 0.8% 71%
Pieralli 0 89 4 89 ———————— 0.11 [0.01; 2.03] 2.0% 3.1%
Petrillo 6 182 14 182 —':— 0.43 [0.17; 1.09] 6.2% 16.2%
Del Pino 5 153 12 112 — 0.31 [0.11; 0.84] 6.1% 14.8%
Sand 68 1675 777 15054 = 0.79 [0.62; 1.00] 68.5% 29.9%
Fixed effect model 2773 16155 0.65 [0.53; 0.80] 100.0% -
Random effects model =+ 0.46 [0.27; 0.79] --  100.0%
Heterogeneity: = 0.2331, p =0.04 ' ' ' '

0.01 0.1 1 10 100
Fig. 8. Supplemental material: Vaccination after conization.

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Garland 1 190 9 264 —+—:—- 0.15 [0.02; 1.21] 3.4% 9.2%
Kang 9 360 27 377 —'-—' 0.35 [0.17; 0.73] 11.8% 31.7%
Hildesheim 3 142 2 169 —— 1.79 [0.30; 10.54] 0.8% 11.6%
Sand 82 2074 777 15054 toa 0.77 [0.61; 0.96] 84.0% 47.5%
Fixed effect model 2766 15864 E 0.70 [0.57; 0.87] 100.0% .
Random effects model —H 0.57 [0.29; 1.13] --  100.0%
Heterogeneity: = 0.2479, p =0.07 ' ' !

01 051 2 10
Fig. 9. Supplemental material: Follow-up > 3 years.

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Joura 1 474 3 592 : 0.42 [0.04;3.99] 17.3% 21.6%
Ortega—Quinonero 3 51 15 69 B — 0.27 [0.08;0.89] 82.7% 78.4%
Fixed effect model 525 661 —E— 0.30 [0.10; 0.84] 100.0% -
Random effects model —F— 0.30 [0.10; 0.85] --  100.0%
Heterogeneity: = 0,p =074 ' ' ' '

0.1 051 2 10

Fig. 10. Supplemental material: Follow-up < 3 years.

4. Discussion

To prevent relapse of cervical intraepithelial neoplasia in the
high-risk population of HPV positive women treated with
conization, the prophylactic vaccination in the context of surgi-
cal treatment could be an additional simple and effective
method. The individual benefit of vaccination after primary
infection and operative treatment is fairly understood. To clarify
the possible gains of vaccination, this meta-analysis was
performed. Our meta-analysis shows an overall risk reduction
of developing a new or persisting CIN2 + after conization of
59%.

When looking at the numbers in Germany with about 52,600
conizations per year [24] and the calculated recurrence rate of
5.3% we would expect about 2,790 cases of recurrent high-grade
CIN. With an additional prophylactic vaccination after conization
this number could be lowered to about 1,630 cases. This would

help about 1,160 women per year to avoid prolonged visits for col-
poscopies, psychological distress [27] and maybe even prevent
cases of invasive cancer after conization.

This protective effect is most pronounced when restricting the
analysis to the targeted HPV vaccine genotypes 16 and 18 with a
risk reduction of 63%. Besides that the existing data does not reveal
any other significant influence on the recurrence rate among the
possible cofactors patient age, time of vaccination and duration
of follow-up.

Strengths of our analysis include the large size of the cohort
(21,059 patients), as well as the prospective study designs in three
studies and long follow-up times. On the other hand it has to be
kept in mind that there was only one true randomized controlled
trial with acceptable quality (Pieralli et al.) designed to measure
the outcome of recurrent CIN after conization with only 89 patients
in each group. All other studies were either not designed to answer
this question or they were not randomized or retrospective studies.
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There were also substantial differences regarding inclusion criteria
and methodology (e.g. time of vaccination) resulting in significant
heterogeneity between studies.

There have been two other meta-analyses on the same topic
published recently. The meta-analysis by Lichter et al. included
six studies with a total population of 2,984 women [28]. Five of
these are also included in our meta-analysis while the trial by
Grzes$ et al. [26] was not included because there was no report
available in English. The studies by Del Pino, Ortega-Quifionero,
Petrillo, Pieralli and Sand were not included in the Lichter analysis.
Lichter et al. calculated a relative risk for recurrent CIN 2+ of 0.36
(95%-CI [0.23-0.55]).

The work by Bartels et al. included five studies with 3,562
women which were all also part of our analysis [29]. Again, the
studies by Del Pino, Ortega-Quifionero, Petrillo, Pieralli and Sand
were not included and neither the study by Grzes. The Bartels anal-
ysis reported an odds ratio in the favor of vaccination of 0.51 (95%-
CI [0.35-0.74]) and a NNV of 43.

The main reason why our systematic review included more
studies is the time restriction until January 1, 2019 (Lichter) and
June 2019 (Bartels) as the studies by Del Pino, Petrillo and Sand
were published in late 2019 and early 2020. Nevertheless, both
works by Bartels and Lichter have comparable results to our meta-
analysis.

5. Conclusion

This meta-analysis of ten studies shows a significant reduction
of risk for the development of new high-grade cervical intraepithe-
lial lesions after excisional treatment and HPV vaccination with a
RR of 0.41 (95%-CI [0.27; 0.64]). The number needed to vaccinate
is 45.5.

Further prospective studies are needed to confirm these data
and to determine the optimal point of time for vaccination - just
before or shortly after vaccination. Our CENTRAL search revealed
that there are at least three randomized controlled trials ongoing
on this topic: the NOVEL trial in the UK (https://clinicaltrials.gov/
show/NCT03979014), the VACCINstudy in the Netherlands
(https://www.clinicaltrialsregister.eu/ctr-search/trial/2018-002764-
94/NL) and the COVENANT trial in South Africa (HPV vaccination
among HIV-positive women at a see-and-treat program for cervical
precancer; https://clinicaltrials.gov/show/NCT03284866). All three
trials started in 2019 and are using the nonavalent vaccine.
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