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Abstract

Introduction: The role of multiple high-risk human papillomavirus (HR-HPV) infections
on the occurrence of persistence/recurrence of high-grade squamous intraepithelial le-
sion (HSIL) after conization/surgery for cervical intraepithelial neoplasia was evaluated.
Material and methods: A systematic search of Pubmed/Medine, Scopus, Cochrane
databases from inception to June 30, 2023 was performed. Three reviewers indepen-
dently screened the abstracts of the selected studies and extracted data from full-
text articles. The data were subsequently tabulated and compared for consistency.
The bias associated with each included study was evaluated according to the OSQE
method. PROSPERO registration number CRD42023433022.

Results: Out of 1606 records screened, 22 full text articles met the inclusion criteria.
A total of 8321 subjects treated (loop electrosurgical excision, laser or surgery) be-
cause of HSIL were followed-up and included in the meta-analysis. The pooled preva-
lence of overall persistence and/or recurrence was 17.6 (95% Cl: 12.3-23.5) in multiple
and 14.3 (95% Cl:10.1-19.2) in single HR-HPV infections detected shortly before or
at surgery. The pooled rate of multiple HR-HPV infections was 25% (95% Cl:20.4-
30). The odds ratio of histologically confirmed HSIL persistence and/or recurrence
was significantly higher (OR:1.38, 95% Cl:1.08-1.75, p=0.01, heterogeneity =39%)
among multiple than single HR-HPV infections. Increased risk of HSIL persistence/
recurrence was more marked among studies with multiple HR-HPVs prevalence 225%
(12 studies, N=3476) (OR:1.47, 95% Cl:1.18-1.84, heterogeneity=0%) and in those
evaluating true histologically confirmed recurrence after at least 6 months of nega-
tive follow-up (9 studies, N=5073) (OR:1.67, 95% Cl: 1.17-2.37, heterogeneity = 37%).
Multiple HR-HPVs infection detected during follow-up visits had no effect on the risk

Abbreviations: CIN, cervical intraepithelial neoplasia; CIN2+, high grade cervical intraepithelial neoplasia; HR-HPV, high-risk Human papillomavirus; HSIL, high grade squamous
intraepithelial lesion.; LEEP, loop electrosurgical excision procedure; OR, odds ratio.
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1 | INTRODUCTION

In prevalence surveys among general population, coinfection with mul-
tiple high-risk (HR) human papillomavirus infection (HPV) accounted
for 4%-15% of invasive cervical cancer and up to 46% of HPV infec-
tion."2 Multiple HR-HPV has been consistently related with an in-
creased risk of high grade cervical intraepithelial neoplasia (CIN2+) and
invasive cervical cancer among African human immunodeficiency virus
(HIV) positive.>* The strong association between multiple HR-HPV,
precancer lesions and invasive cervical cancer among HIV-positive
women has been attributed to epidemiological factors such as sexual
behavior and to a direct interaction between HIV and HPV.>® Despite
being common, the role of coinfection with multiple HPV in cervical
oncogenesis is controversial. Estimating the proportion of precancer
lesions or invasive cervical cancer attributable to multiple infection is
difficult from an epidemiological standpoint.! The clustering mecha-
nism that allows different HPVs to associate is largely unknown, and
the effects of multiple HR-HPVs on the occurrence or progression of
lesions may be modulated by the phylogeny of HPVs involved in the
coinfection.”® Investigations using laser microdissection technique in
CIN2 lesions reveal that one virus causes one lesion, even if colliding
lesions are often associated with different HPV types.” The detection
of viral transcripts in invasive cervical cancer suggests that in coinfec-
tion a single HPV genome is preferentially expressed, whereas the
role of the other HPVs involved in the infection remains unknown.°
Regardless of biological mechanisms, some studies suggest that multi-
ple HR-HPV infections may have a predictive role following therapy in
CIN2+ lesions as well as invasive cervical malignancies.?>** The pur-
pose of this meta-analysis was to summarize the findings of studies
that investigated the prognostic role of multiple HR-HPV infections in
the treatment of high-grade cervical lesions.

2 | MATERIAL AND METHODS

We searched Pubmed/Medine, Scopus, Cochrane database from
inception to June 30, 2023. The terms used for searches included

of recurrence although the number of included studies was small (4 studies, N=1248)
(OR:0.98, 95% Cl:0.68-1.39, heterogeneity =0%). The risk of bias was rated as high in
10 and low-moderate in 12 studies, respectively. In subgroup analysis, the risk of bias
of the included studies (low/moderate vs. high), had a small, although not significant
effect on the odds ratios of persistence/recurrence of HSIL (OR:1.57, 95% Cl:1.23-2
for low-moderate risk of bias and OR:1.06, 95% Cl:0.65-1.75 for high risk of bias; p-
value for subgroup differences=0.17).

Conclusions: Multiple HR-HPVs infections at the time of standard treatment of HSIL
entail a small but significant increased risk of persistence/recurrence of HSIL and

should be taken into account in the follow-up plan.

CIN, HPV, HR-HPV, HSIL, meta-analysis

Key message

Multiple high-risk human papillomavirus infections should
be considered into the follow-up strategy of women

treated for high grade squamous intraepithelial lesion.

“Multiple Human Papillomavirus” OR “Human Papillomavirus” OR
“Squamous Intraepithelial Neoplasia” OR “Cervical Intraepithelial
Neoplasia” Or “Cervical Dysplasia” AND “Treatment” OR “Persistence”
OR “Recurrence” OR “Failure”. We included only studies with an ini-
tial histological diagnosis of HSIL on cone or, when not available, in
cervical biopsies preceding conization. In addition, we included only
retrospective and prospective case-control and cohort studies with
available follow-up of at least 6 months, while case reports were ex-
cluded. Given the strong and consistent association between multiple
HR-HPVs infection, cervical intraepithelial neoplasia, invasive cer-
vical cancer and HIV infection, studies on HIV seropositive women
were excluded from the analysis.>"® Recurrence was defined as the
presence of histologically confirmed HSIL after 6months of follow-
up and at least one negative cytological result after conization. For
persistence/recurrence category we adopted the definitions used in
the included studies which comprised either persistence/residual of
histologically proven HSIL within 6 months following conization or a
recurrence subsequently. Three reviewers (AS, MD, CC) screened in-
dependently abstracts of the selected studies and extracted data from
full-text articles. Data were subsequently tabulated and compared for
consistency. The bias associated with each included study was evalu-
ated according to the OSQE method of Drukker et al.*? This is a bias
evaluation method developed for both case-control and cohort stud-
ies and include several domains adapted from Newcastle-Ottawa
scale, Strobe, and ROBINS-I methods. Quality items were indepen-
dently assigned by three investigators (MD, CC, AS), and discrepancies
were discussed with the other authors to reach concordance.

We used the packages meta and metaphor of R to analyze
the data.’® Random-effect models were used to compute pooled
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prevalences and odds ratios (OR) and 95% confidence intervals (Cl)
of the outcomes studied. Heterogeneity in the effects was evalu-
ated by the I? statistics. Additional events (persistence and/or recur-
rence) associated with multiple HR-HPVs infection were computed
by using the subroutine nnt of metafor on R. When heterogeneity
was significant, we used subgroup meta-analysis. We also tested by
using meta-regression for the effect of different moderators such as
the rates of margin positivity, CIN3 of the cone and the rate of HPV
16 infection at the time of conization. Finally, we checked for publi-

cation bias (small study effects) using the Egger test.

3 | RESULTS

We screened 1606 records for potential inclusions. After ex-
clusion of records because of irrelevancy, duplications, HIV
seropositive samples, and case reports, 22 studies were in-
cluded in the quantitative analysis (Figure 1).273° Multiple
HR-HPVs were checked at the time or shortly before treat-
ment of HSIL in 20 studies,**3%% and during follow-up visits

21,27,33,35,

in four ; in two cases multiple HR-HPVs were checked

both at conization and during follow-up.?*?’” A total of 14 pa-

14,16,19,22-24,26-28,30-32,34,35

pers were from Asia, and eight from

Europe.1>17:18:20.21,25.29.33 The design of the study included 15 ret-

rospective cohort papers,14'19’22’25'27'31’33'35

15-18,21,26,32

six prospective co-

hort studies, and one case control study.20 Treatment

modalities included exclusively loop electrosurgical excision pro-

cedure (LEEP) in 12 studies,'>1771%2122.24.25.27.28.33.35 oy c|ysive

23.30.34 3nd a mixed of LEEP, laser

14,16,20,26,29,31,32 None

hysterectomy in three studies,
or surgery in the remaining seven reports.
of the subjects included had received cryotherapy. Out of 8321
patients included in the studies, the pooled prevalences of overall
persistence and/or recurrence were 17.6 (95% Cl: 12.3-23.5) in
multiple and 14.3 (95% Cl:10.1-19.2) in single HR-HPV infections
(Figure 2). Overall, the pooled rates of HR-HPV in the studies ex-
amined was 25% (95% Cl:20.4-30). The odds ratio (OR) of HSIL
persistence and/or prevalence was significantly higher (OR:1.38,
95% Cl:1.08-1.75, p=0.01) among multiple than single HR-HPV
infections. On the basis of these results, testing positive for mul-
tiple HR-HPVs at the time of conization was associated with the
occurrence of one additional HSIL event every 20.8 (95% Cl:11-
93.4) cases of recurrence/persistence. The heterogeneity of the
model, although low (38%) was statistically significant (p=0.04).
For this reason, we performed a subgroup analysis on the basis of
outcomes (true recurrence vs. persistence/recurrence) (Figure 3).
The association between multiple HR-HPVs was significant for

[ Identification of studies via databases and registers ]
c
L
§ Records identified: Records removed for
& Databases (n = 1606) EEEE— duplication or not relevant
b= (n=1311)
)
=
\ 4
Records screened
(n =295)
\4
. Reports excluded because of
Records eligible
- 9! —»| limited case reports
o (n =65)
= (n=4)
=
o
5
a v
Qualitati lvsi Reports excluded because HIV
uf liative analysis — | seropositivity
(n=57) (n=2)
v

Qualitative analysis
(n =22)

FIGURE 1 Literature screening of
studies including multiple high risk human
papillomavirus.
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Multiple Single Weight Weight Odds Ratio Odds Ratio
Study Events Total Events Total (fixed) (random) IV, Fixed + Random, 95% CI 1V, Fixed + Random, 95% CI
Nagai et al 2000 1 5 2 51 04% 0.8% 6.12[0.45, 83.12] ——f—o—
Bekkers et al 2002 4 47 6 43 1.6% 2.7% 0.57 [0.15, 2.19] —
Bae et al 2007 9 28 13 79 2.9% 4.3% 2.40[0.89, 6.48] rre—
Gok et al 2007 3 30 32 199 1.8% 3.0% 0.58[0.17, 2.03] —0——-
Aerssens et al 2009 5 39 6 78 1.8% 3.0% 1.76 [0.50, 6.19] T
Kang et al 2010 2 123 35 531 1.4% 2.4% 0.23[0.06, 0.99] —
Heymans et al 2011 10 27 11 36 25% 3.9% 1.34[0.47, 3.84] —t——
Jones et al 2011 2 36 0 47 03% 0.6% 6.88 [0.32, 147.98] —
Wu et al 2011 25 58 37 157 6.9% 7.4% 2.46[1.30, 4.65] -|—
Kang et al 2016 (a) 13 24 79 161 3.8% 5.2% 1.23[0.52, 2.90] ——
Kang et al 2016 (b) 2 19 24 182 1.2% 2.2% 0.77 [0.17, 3.57] —-—-—
Bogani et al 2020 50 430 123 2444 23.5% 11.7% 248[1.76, 3.51] d |
Chen et al 2020 15 88 34 190 6.3% 71% 0.94[0.48, 1.84] —a
Ouh et al 2020 7 162 8 218 2.6% 4.0% 1.19[0.42, 3.34] —-—
Yun et al 2020 3 17 43 164 1.7% 2.8% 0.60[0.17, 2.20] —
Spinillo et al 2020 17 355 25 580 7.1% 7.5% 1.1210.59, 2.10]
Sun et al 2020 14 30 33 76 3.9% 5.3% 1.14[0.49, 2.66] -
Zhang et al 2020 15 104 30 258 6.3% 71% 1.28 [0.66, 2.49]
Huang HJ et al 2021 22 97 62 368 9.4% 8.6% 1.45[0.84, 2.50]
Zeng et al 2022 38 191 66 549 14.6% 10.2% 1.82[1.17, 2.82]
Total (fixed effect, 95% Cl) 1910 6411 100.0% - 1.55[1.31, 1.84]
Total (random effect, 95% ClI) - 100.0% 1.38 [1.08, 1.75]

Heterogeneity: Tau? = 0.099; Chi® = 31.01, df = 19 (P = .04); I? = 39%
Test for overall effect (fixed effect): Z=5.16 (P < .01)
Test for overall effect (random effects): Z = 2.59 (P < .01)

0.01 0.1 1 10 100
Favors single HR-HPV  Favors multiple HR-HPV

FIGURE 2 Pooled odds ratio (OR) and 95% confidence intervals (Cl) of persistence and or recurrence of high grade squamous
intraepithelial lesion associated with multiple high risk papillomavirus infection detected at or shortly before standard treatment.

true recurrence of HSIL (OR:1.67, 95% Cl:1.17-2.37, p=0.004),
but not for persistence/recurrence (OR:1.2, 95% Cl:0.88-1.62,
p=0.25); the model had low heterogeneity for both outcomes
and the difference between the two outcomes was significant
only in fixed effects. Nevertheless, in this model multiple HR-
HPVs infection was associated with an additional event every
13.8 (95% Cl:7.3-49.4) true HSIL recurrences. The rates of his-
tologically confirmed CIN 3 on surgical specimens (cone or hys-
terectomy) (16 studies) ranged from 50.9% to 100%, whereas
margin involvement ranged from 0% to 66% of the participants
studied (13 studies). Finally, the proportion of HPV 16 positive
cervical samples ranged from 23% to 51% (19 studies). Rates of
CIN 3 on surgical specimens (=-0.0035+0.008, p=0.4), margins
involvement ($=0.002+0.008, p=0.8) and HPV16 prevalence
(f=-1.46+1.22, p=0.24) had no effect on the relationship be-
tween multiple HR-HPVs and HSIL persistence/recurrence. Since
the proportion of multiple HR-HPVs detected depends on the char-
acteristics of the population studied but also on the sensitivity of
the molecular method used, we performed a subgroup analysis on
the pooled ORs of overall persistence/recurrence according to the
rates of multiple HR-HPV (225%, <25%) (Figure 4). The increased
risk of persistence/recurrence among individuals with multiple
HR-HPV was confirmed among populations with prevalence 225%
(OR:1.47, 95% Cl:1.18-1.84, p=0.001, hetereogeneity=0%) but
not in those with prevalence <25% (OR:1.11, 95% Cl:0.63-1.94,
heterogeneity =63%). However, the difference between the two
odds ratios was not significant (p=0.36). Eventually, Figure 5 re-
ports pooled ORs of recurrence when multiple HR-HPVs infec-
tion was detected during follow-up visits, at least 6 months after

conization. The number of the studies was low but multiple HR-HPVs
detected during follow-up visits had no effect on the likelihood of
recurrence (OR:0.98, 95% Cl:0.68-1.39, p=0.89).

The risk of bias evaluated by the QSQE method for all studies in-
cluded is reported as supplementary material (Table S1). Twelve studies
were considered at low-intermediate risk of bias and 10 at high-risk of
bias. In the subgroup analysis evaluating the risk of overall prevalence/
recurrence according to the quality of the studies included (10 at low-
moderate risk of bias and 10 at high risk of bias) odds ratios of outcome
associated with multiple HR-HPV were 1.5 (95% Cl:1.23-2, p<0.001,
heterogeneity=34%, N=6635) and 1.06 (95% Cl:0.65-1.75, p=0.8,
heterogeneity =32%, N=1686) in studies with low-moderate and high
risk of bias, respectively (Figure S1). The risk of outcome between the

two groups differed significantly only on the fixed effect method.

4 | DISCUSSION

The results of this meta-analysis of 8321 individuals with histologi-
cally proven HSIL suggest that multiple HR-HPV infections detected
at the time of treatment or shortly before, are associated with a small,
but significant increase in the risk of persistence and/or recurrence
of high-grade cervical lesions. These results were more pronounced
with low heterogeneity, in studies evaluating true recurrence, among
those with a prevalence of multiple infection greater than 25% and in
those judged of low-moderate as compared to those with high risk of
bias. Multiple HR-HPVs detected during follow-up of treated HSIL,
on the other hand, had no effect on the likelihood of recurrence, al-
though the number of studies evaluating this association was small.
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Study or Multiple Single Weight Weight Odds Ratio Odds Ratio
Subgroup Events Total Events Total (fixed) (random) IV, Fixed + Random, 95% CI 1V, Fixed + Random, 95% CI
Nagai et al 2000 1 5 2 51 04% 0.8% 6.12[0.45, 83.12] —
Heymans et al 2011 10 27 11 36 25% 3.9% 1.34[0.47, 3.84] ——
Jones et al 2011 2 36 0 47 0.3% 0.6% 6.88 [0.32, 147.98] —
Wu et al 2011 25 58 37 157 6.9% 7.4% 2.46[1.30, 4.65] -
Kang et al 2016 (b) 2 19 24 182 1.2% 2.2% 0.77 [0.17, 3.57] ——
Bogani et al 2020 50 430 123 2444 23.5% 11.7% 2.48[1.76, 3.51] .
Yun et al 2020 3 17 43 164 1.7% 2.8% 0.60[0.17, 2.20] —
Spinillo et al 2020 17 355 25 580 7.1% 7.5% 1.12[0.59, 2.10]
Huang HJ et al 2021 22 97 62 368 9.4% 8.6% 1.45[0.84, 2.50]
g

Bekkers et al 2002 4 47 6 43 1.6% 2.7% 0.57 [0.15, 2.19] —
Bae et al 2007 9 28 13 79 29% 4.3% 2.40[0.89, 6.48] —-0—
Gok et al 2007 3 30 32 199 1.8% 3.0% 0.58[0.17, 2.03] —
Aerssens et al 2009 5 39 6 78 18% 3.0% 1.76 [0.50, 6.19] ——
Kang et al 2010 2 123 35 531 1.4% 2.4% 0.23[0.06, 0.99] —
Kang et al 2016 (a) 13 24 79 161  3.8% 5.2% 1.23[0.52, 2.90] I-_
Chen et al 2020 15 88 34 190 6.3% 71% 0.94[0.48, 1.84]
Ouh et al 2020 7 162 8 218 2.6% 4.0% 1.19[0.42, 3.34] ——
Sun et al 2020 14 30 33 76 3.9% 5.3% 1.14 [0.49, 2.66] ——
Zhang et al 2020 15 104 30 258 6.3% 71% 1.28 [0.66, 2.49] —.—
Zeng et al 2022 38 191 66 549 14.6% 10.2% 1.82[1.17, 2.82] s 3

>

-
Total (fixed effect, 95% CI) 1910 6411 100.0% - 1.55[1.31, 1.84] .
Total (random effect, 95% Cl) -- 100.0% 1.38 [1.08, 1.75] | | * | |

Heterogeneity: Tau? = 0.099; Chi? = 31.01, df = 19 (P = .04); I? = 39%

Test for overall effect (fixed effect): Z = 5.16 (P < .01)

Test for overall effect (random effects): Z = 2.59 (P < .01)

Test for subgroup differences (fixed effect): Chi?=4.80, df = 1 (P =.03)
Test for subgroup differences (random effects): Chi? = 1.97,df=1 (P =.16)

0.01 0.1 1 10 100
Favors single HR-HPV  Favors multiple HR-HPV

FIGURE 3 Pooled odds ratio (OR) and 95% confidence intervals (Cl) of true recurrence and of persistence/recurrence of high grade
squamous intraepithelial lesion associated with multiple high risk papillomavirus infection detected at or shortly before standard treatment.

The role of multiple HR-HPV infections in cervical oncogenesis
is controversial. Among HIV infected women, multiple HR-HPVs are
rather common and have been consistently linked to an increased
risk of both high-grade CIN and invasive cervical cancer.®* This as-
sociation is less consistent in general population; some large prev-
alence studies have found increased rates of multiple HR-HPV in
HSIL,%%%7 but this association has not been validated by others.®®
The occurrence of multiple HR-HPVs is influenced by the sensitivity
of the molecular methods used as well as by various epidemiological
risk factors (age and immune status of the host, sexual history and
behavior, distribution of different HR-HPVs in the population stud-
ied).”?103537 The assessment of the causal relationship between
multiple HR-HPVs infection and the development or progression of
CIN is complicated by the large number of covariates involved.®” On
the other hand, age, virological factors (type of virus, persistence
of infection, viral loads), completeness of excision, and endocervical
involvement are the key risk factors for persistence/recurrence or
worsening of cervical lesions.3%40
A recent long-term follow-up study conducted by Bogani et al.

has suggested a notable correlation between HPV persistence and

anincreased risk of CIN2+ recurrence disease after conization for up

). Another study revealed that, in

to 1year (recurrence risk of 13.1%
a high-risk population undergoing cervical conization for high-grade
cervical lesions with positive margins and persistent HPV infection
after 6 months, positive endocervical margins rather than ectocervi-
cal margins were associated with poorer outcomes (HR: 4.56, 95%
Cl: 1.23-7.95; p=0.021).42 These results emphasize the significance
of monitoring HPV persistence and considering specific margin
types in predicting the likelihood of recurrence in individuals with
high-grade cervical lesions.

Given the low and well-defined number of risk factors, women
treated for CIN represent a suitable population to study the prognos-
tic role of multiple HR-HPVs. Previous metanalyses on risk factors for
CIN recurrence focused mainly of the role of incomplete excision, per-
sistence of HPV infection and on the protective role of adjuvant HPV
vaccination.®?~*3 Although there are a significant number of studies
which have evaluated the role of HR-HPVs on recurrence after stan-
dard treatment of CIN, no pooled data have been published.

The retrospective design, use of molecular methods with differ-
ent sensitivities, and lack of complete information on sexual history
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Study or Multiple Single Weight Weight Odds Ratio Odds Ratio
Subgroup Events Total Events Total (fixed) (random) IV, Fixed + Random, 95% CI 1V, Fixed + Random, 95% CI
Nagai et al 2000 1 5 2 51 04% 0.8% 6.12[0.45, 83.12] —
Gok et al 2007 3 30 32 199 1.8% 3.0% 0.58 [0.17, 2.03] —
Kang et al 2010 2 123 35 531 14% 2.4% 0.23 [0.06, 0.99] —
Kang et al 2016 (a) 13 24 79 161 3.8% 5.2% 1.23[0.52, 2.90] ——
Kang et al 2016 (b) 2 19 24 182 1.2% 2.2% 0.77 [0.17, 3.57] ——
Bogani et al 2020 50 430 123 2444 23.5% 11.7% 2.48[1.76, 3.51] .
Yun et al 2020 3 17 43 164 1.7% 2.8% 0.60[0.17, 2.20] —
Huang HJ et al 2021 22 97 62 368 9.4% 8.6% 1.45[0.84, 2.50] :
*
Bekkers et al 2002 4 47 6 43 1.6% 2.7% 0.57 [0.15, 2.19] —-——-—
Bae et al 2007 9 28 13 79 2.9% 4.3% 2.40[0.89, 6.48] T
Aerssens et al 2009 5 39 6 78 1.8% 3.0% 1.76 [0.50, 6.19] ——:-—
Heymans et al 2011 10 27 11 36 25% 3.9% 1.34[0.47, 3.84] —r—
Jones et al 2011 2 36 0 47 0.3% 0.6% 6.88[0.32, 147.98] —_—r
Wu et al 2011 25 58 37 157 6.9% 7.4% 2.46[1.30, 4.65] -.—
Chen et al 2020 15 88 34 190 6.3% 71% 0.94[0.48, 1.84] ]
Ouh et al 2020 7 162 8 218 2.6% 4.0% 1.19[0.42, 3.34]
Spinillo et al 2020 17 355 25 580 7.1% 7.5% 1.1210.59, 2.10] -
Sun et al 2020 14 30 33 76 3.9% 5.3% 1.14[0.49, 2.66] ]
Zhang et al 2020 15 104 30 258 6.3% 7.1% 1.28[0.66, 2.49]
Zeng et al 2022 38 191 66 549 14.6% 10.2% 1.82[1.17, 2.82] : 3
¢
’.
Total (fixed effect, 95% CI) 1910 6411 100.0% - 1.55[1.31, 1.84] .
Total (random effect, 95% CI) -- 100.0% 1.38[1.08, 1.75] > | |

Heterogeneity: Tau? = 0.099; Chi* = 31.01, df = 19 (P = .04); 12 = 39% f T
Test for overall effect (fixed effect): Z=5.16 (P <.01)

Test for overall effect (random effects): Z = 2.59 (P <.01)

Test for subgroup differences (fixed effect): Chi?=0.58, df = 1 (P = .45)
Test for subgroup differences (random effects): Chi?=0.84, df = 1 (P =.36)

0.01 0.1 1 10 100
Favors single HR-HPV  Favors multipe HR-HPV

FIGURE 4 Pooled odds ratio (OR) and 95% confidence intervals (Cl) of persistence and/or recurrence of high grade squamous
intraepithelial lesion associated with multiple high risk papillomavirus infection (HR-HPV) detected at or shortly before standard treatment
in studies with multiple HR-HPV prevalence 225% and <25%.

Multiple Single Weight Weight Odds Ratio Odds Ratio
Study Events Total Events Total (fixed) (random) IV, Fixed + Random, 95% CI 1V, Fixed + Random, 95% CI
Jones et al 2011 1 17 1 57 16% 1.6% 3.50[0.21, 59.13]
Ouh et al 2020 8 95 7 59 11.0% 11.0% 0.68[0.23, 1.99] —a—
lacobone et al 2021 5 22 14 74 95% 9.5% 1.26 [0.40, 4.00] —f——
Ding et al 2022 37 197 140 727 78.0% 78.0% 0.97 [0.65, 1.45]
Total (fixed effect, 95% ClI) 331 917 100.0% - 0.98 [0.68, 1.39]
Total (random effect, 95% ClI) == 100.0% 0.98 [0.68, 1.39]

Heterogeneity: Tau? = 0; Chi? = 1.40, df = 3 (P = .71); 1> = 0%
Test for overall effect (fixed effect): Z=-0.13 (P = .89)
Test for overall effect (random effects): Z = -0.13 (P = .89)

0.1 051 2 10
Favors single HR-HPV  Favors multiple HR-HPV

FIGURE 5 Pooled odds ratio (OR) and 95% confidence intervals (Cl) of recurrence of high grade squamous intraepithelial lesion
associated with multiple high risk papillomavirus infection detected during follow-up visits.

of participants of the included studies are the main limitations of
this meta-analysis. In addition, we had no information on the du-
ration/persistence of HR-HPV infection which could influence re-
currence or progression of high grade SILY%7 A detailed risk of
bias assessment was performed for all studies to critically address
potential confounding. Although the heterogeneity of the included

studies was low (<50%) in all comparisons, subgroup analysis sug-
gests that the increased risk of persistence/recurrence was more
consistent among studies rated at low-moderate risk of bias, rein-
forcing the conclusions of the analysis. On the other hand, the use
of a well-defined histological diagnosis of HSIL both at enrollment
and during follow-up, the assessment of the role of cofactors like
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the prevalence of multiple infection or the prevalence of CIN3 in
histological samples in the populations under study are the main
strengths of the analysis.

Multiple sexual partners, early sexual debut, immunodeficiency,
and younger age are all linked to higher rates of multiple HR-HPVs in-
fection.*™* Although invasive cervical cancers are associated with pre-
dominantly single HR-HPV genotypes and only a minority of physically
colliding preinvasive cervical lesions are caused by multiple genotypes,”
multiple HR-HPV infections could still play a role in cervical oncogen-
esis. X0 According to a number of studies, infections from multiple HR-
HPV genotypes are largely independent and multiple lesions seem to
be caused by different viruses®’; in this situation multiple infection
may serve as a kind of reservoir of HR-HPV sustaining HPV infection.”
Multiple HR-HPV infections are also associated with increased viral
loads and, in follow-up studies, with the persistence of HPV infec-
tion.?11:162634 O the other hand, both increased viral loads and per-
sistent HPV infection have been convincingly linked to an increased risk
of high-grade CIN and progression to invasive cervical cancer.>16:2644
These data support the role of multiple HR-HPVs as predictors of in-
creased risk of recurrence after standard treatment of high-grade SIL.

The risk factors for recurrence of HSIL after therapy are well
documented and current guidelines do not mention multiple HR-
HPVs infection as a significant risk factor.*> Among women treated
for high-grade HSIL, the risk of recurrence remains elevated for
10-25years and is higher in women with persistent HR-HPV infec-
tions.*%=4¢ During follow-up, these women should have a co-test
(cytology and HR-HPV test) performed at 12months and every
1-3years afterwards.***¢ The findings of this meta-analysis suggest
that, while the risk of HSIL persistence/recurrence associated with
multiple HR-HPV infections is small (one additional case every 14
true recurrences), it should be considered in the clinical assessment

of the risk of post-treatment failure.

5 | CONCLUSION

The results of this study suggest that multiple HR-HPVs infection
among women treated for HSIL is common, involving 25% of the
individuals, and is associated with a small but significantly increased
risk of persistence/recurrence of high-grade cervical lesions. Given
these findings, in the future multiple HR-HPV infections should be
considered into the follow-up strategy of women treated for HSIL.
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