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Abstract

Objective: A major side effect of cervical excision for high-grade cervical intraepithe-
lial neoplasia (CIN) is premature birth. A non-invasive treatment for reproductive age
women is warranted. The aim of the present study was to determine the efficacy of
topical imiquimod in the treatment of high-grade CIN, defined as a regression to <CIN
1, and to determine the clearance rate of high-risk human papillomavirus (hr-HPV),
compared with surgical treatment and placebo.

Methods: Databases were searched for articles from their inception to February 2023.
The study protocol number was INPLASY2022110046. Original studies reporting the
efficacy of topical imiquimod in CIN 2, CIN 3 or persistent hr-HPV infections were
included. The study followed the Preferred Reporting Items for Systematic Reviews
and Meta-analyses checklist.

Results: Five studies were included (n=463). Histological regression to <CIN 1 was
55% in imiquimod versus 29% in placebo, and 93% in surgical treatment. Imiquimod-
treated women had a greater odds of histological regression to <CIN 1 than placebo
(odds ratio [OR] 4.17, 95% confidence interval [Cl] 2.03-8.54). In comparison to im-
iquimod, surgical treatment had an OR of 14.81(95% Cl 6.59-33.27) for histological
regression to <CIN 1. The hr-HPV clearance rate was 53.4% after imiquimod and 66%
after surgical treatment (95% Cl 0.62-23.77).

Conclusions: The histological regression rate is highest for surgical treatment fol-

lowed by imiquimod treatment and placebo.

KEYWORDS
LLETZ, metabolic clearance rate, papillomaviridae, papillomavirus infections, squamous
intraepithelial lesions, transformation zone, treatment outcome, uterine cervical neoplasms
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1 | INTRODUCTION

High-grade cervical intraepithelial neoplasia (CIN), also known as
high-grade squamous intraepithelial lesion (HSIL), is caused by a
persistent infection with high-risk human papillomavirus (hr-HPV),
which is primarily transmitted through sexual contact.! The majority
of HPV infections are cleared by the immune system. However, a
number of women whose immune system fails to clear the virus may
develop high-grade CIN and subsequently invasive cervical cancer.
Approximately 1%-2% of women worldwide suffer from this prema-
lignant stage.?

The standard treatment for high-grade CIN involves cervical exci-
sion or ablation, such as large loop excision of the transformation zone
(LLETZ), cold knife conization and laser conization.®* These surgical
procedures were designed to remove the affected area of the trans-
formation zone. In comparison to other methods, a LLETZ procedure
appears to provide the most reliable specimens for histology with
the least morbidity.5 Nevertheless, residual disease or recurrence of
disease after LLETZ is not uncommon (ranges from 5% to 27%).3'S In
addition, LLETZ is an invasive procedure with complications and side
effects. The most serious side effects are subfertility and premature
birth due to cervical insufficiency.®"® The risk of premature birth can
reach up to 13% in women who have had more than one surgery.9

In light of these side effects, there is a need for non-invasive
treatment, especially in reproductive-age women. As a topical
immune-response modulator, imiquimod binds to Toll-like recep-
tors (TLR) 7 on antigen presenting cells, resulting in a local immune
response at the cervix by secreting pro-inflammatory cytokines. In
addition to increasing antigen presentation, imiquimod induces an
immune response to target HPV-infected cells, resulting in HPV
clearance.X®

The effectiveness of imiquimod in treating vulvar HSIL, which is
also caused by hr-HPV, ranges from 35% to 81% after 6-12months,
and is therefore recommended as a first-line treatment.**

In a recent study,'? imiquimod showed a 73% histologic regres-
sion in high-grade CIN lesions, after which it was incorporated into
the Dutch guidelines for cervical dysplasia treatment as an alterna-
tive treatment to avoid LLETZ treatment.®® A disadvantage of imiqui-
mod treatment is the duration of 16 weeks and the side effects, such
as pain and redness of the treated area, tiredness, headache, and
flu-like symptoms. In addition to the side effects, the duration of the
treatment makes it difficult for women to complete the treatment.
Therefore, starting such a treatment should result in a high success
rate,14 but different studies have shown that imiquimod has a lower

rate of efficacy than expected by women.

1.1 | Objectives

We performed a systematic review and meta-analysis to summarize
the available evidence. In a previous systematic review on imiquimod in
CIN, only two studies were included, which concluded that imiquimod
was effective in treating low-grade squamous intraepithelial lesion
(LSIL), but less effective than surgery.*” In the present study, a primary
objective was to assess the efficacy of topical imiquimod in high-grade
CIN lesions compared with LLETZ or placebo. A secondary objective
was to determine the clearance rate of human HPV infection after topi-
cal imiquimod treatment, compared with LLETZ treatment, as well as to

evaluate side effects associated with all treatment modalities.

2 | MATERIALS AND METHODS
2.1 | Information source and search strategy

This review was reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) check-
list,® the PRISMA -S extension to the PRISMA Statement for
Reporting Literature Searches in Systematic Reviews,"” and meta-

.28 The search

analysis of observational studies (MOOSE) checklis
was developed in Embase.com and then translated to other data-
bases by an experienced information specialist (WMB). The search
was carried out on February 16, 2023 in the databases Embase.com,
Medline ALL via Ovid, and the Cochrane Central Register via Wiley.
The search contained the terms imiquimod, cervical dysplasia, and
HPV (Table S1). No study registries were searched, but Cochrane
Central retrieves the contents of ClinicalTrials.gov and the WHO's
International Clinical trials Registry Platform. No authors or subject
experts were contacted, and we did not browse unindexed journals
in the field. The study protocol was registered in INPLASY (registra-

tion no. INPLASY2022110046).

2.2 | Eligibility criteria and study selection

Studies published in the English language with adequate informa-
tion according to our inclusion criteria and the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) state-
ment were searched.’” We included retrospective and prospective
cohort studies as well as clinical trials that reported the efficacy
of topical imiquimod in CIN 2, CIN 3, or persistent hr-HPV infec-
tions. Studies that evaluated the efficacy of imiquimod treatment
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in intraepithelial lesions or malignancy of other organs, and studies
published as conference abstract, narrative review, editorial, letter,
or short communication were excluded. The titles and abstracts
retrieved from the search strategy were screened for relevance by
two authors (AS and HB) independently. Then, they retrieved and re-
viewed the full texts of the seemingly relevant articles. Any disagree-
ments between AS and HB were resolved through discussion and
arbitration by a third author (MK). The reference lists of retrieved

articles were searched for possibly missed relevant studies.

2.3 | Data extraction and assessment of risk of bias

The main outcome was the efficacy of topical imiquimod treatment
in women with an untreated, histologically proven, CIN 2-3 lesion
or women who were persistent hr-HPV-positive. The efficacy of
treatment was defined as a histologic regression to CIN 1, complete
histologic submission, or negative hr-HPV. The following study char-
acteristics were extracted: name of first author, year of publication,
country, study sample size, study design, and treatment protocol.
Patients' characteristics were extracted as following: age (years), num-
ber of pregnancies, number of sexual partners, history of sexual trans-
mitted disease (yes/no), contraception methods (oral contraception/
other hormonal contraception/other), smoking status (yes/no/quit
within last 6 months), histology, HPV status (HPV 16/18, HPV 16/18,
and other, other hr-HPV, HPV negative or unknown), compliance, and
treatment side effects. The methodological quality of the included
studies was assessed with the Newcastle-Ottawa Quality Assessment
Scale or the risk of bias with the Revised Cochrane risk-of-bias tools
for randomized trials. There was one observational study which was
assessed by the Newcastle Quality Assessment Scale (www.ncbi.nlm.
nih.gov/books/NBK115843/bin/appe-fm3.pdf). This scoring system
focuses on selection, comparability, and outcome and each item can
be given a number of stars. With these stars the study can be con-
verted to good, fair, or poor quality. All randomized controlled trials
were assessed by the revised Cochrane Collaboration's risk-of-bias toll
for randomized trials (RoB2),20 where studies are judged on five dif-
ferent domains. Two independent reviewers (AS and MK) scored each
domain of the studies “low risk,” “some concern,” or “high risk” using
the RoB2 tool published in 2019 (https:/www.riskofbias.info/welco
me/rob-2-0-tool/current-version-of-rob-2). Each study was reviewed
on the domains randomization process, deviations from intended
interventions, missing outcome data, measurement of the outcome,
and selection of the reported result and received on overall score.
Discrepancies of both scoring systems were resolved by discussion
with a third reviewer (HB).

2.4 | Datasynthesis

Results were synthesized by performing random-effects meta-
analyses to compute the weighted mean difference (WMD) for con-
tinuous variables and the pooled odd ratios (ORs) for binary variables.

All pooled estimations are displayed with their 95% confidence
intervals (Cls). The mean and standard deviation were calculated
based on the method described by Wan et al.?%if not provided in the
study. Existence of heterogeneity among study effect sizes was ex-
amined using the I? index and the Q-test P-value. An I? index greater
than 75% indicated medium to high heterogeneity. Categorical
variables are presented as number (%), and continuous variables as
mean +standard deviation (SD). Statistical significance was defined
as a P-value <0.05. Publication bias was formally assessed using the
Egger test. The analyses were performed using Review Manager
(RevMan) version 5.4.1 (the Cochrane Collaboration, 2020).

3 | RESULTS

3.1 | Study selection, study characteristics, and
risk of bias of included studies

The primary search strategy yielded 337 citations. After removal
of duplications, titles and abstracts of 269 articles were screened.
Twenty-four articles were retrieved for a comprehensive review.
Finally, five articles involving 463 women with high-grade CIN were
included in the analysis (Figure 1). Three studies were randomized
controlled trials, one was a randomized trial, and one was a prospec-
tive cohort study.

All studies were assessed for risk of bias. Two studies showed
good quality, while three showed concerns (Tables S2A,B). Of the
three studies, one?? showed concern regarding differences from in-

tended interventions, and the other two'?23

showed possible bias in
the selection of the reported results. In addition, the trial was pre-
maturely closed because of poor recruitment rate, which may lead to
possible patient selection.

The studies spanned from 2007 to 2020. In general, the stud-
ies' key inclusion criteria were untreated histologically proven CIN
2-3 with satisfactory colposcopy. Patients with hypersensitivity
to imiquimod, cancer, immune deficiency status, pregnancy, or lac-
tation were excluded. Two studies evaluated the effectiveness of
topical imiquimod treatment versus placebo/control.*??? Three
studies compared the effectiveness of topical imiquimod treatment
versus LLETZ.2%"%° In three studies, self-applied vaginal suppository
was used as an imiquimod applicator.'?232> One study used a self-
applied menstrual cup®* and, in another study, imiquimod was ap-
plied weekly by a physician.?? The outcome measure was assessed
by colposcopy-guided biopsy and/or HPV testing. Patients with his-
tological regression to CIN 1 or less, or negative hr-HPV were con-
sidered as successfully treated. Details of treatment protocols and
follow-up duration are summarized in Table 1.

3.2 | Synthesis of results

Two hundred and thirty-nine of all 463 women (52%) had been
treated with topical imiquimod. The mean age was 31 (SD 9.1) years
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Identification of studies via databases and registers
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FIGURE 1 PRISMA flow diagram.

versus 32 (SD 10.6) years for the control groups. Four studies re-
ported smoking status; the proportion of daily smokers in the group
of women treated with imiquimod was higher than that of the women
in control groups (39% vs. 33%). HPV genotype analysis (HPV16,
HPV18, and other hr-HPV) had been performed in four studies. This
had revealed 87% hr-HPV infections in the imiquimod group and
86% in the control groups at the beginning of the study. The propor-
tions of CIN 2 and CIN 3 status were, respectively, 38% and 62% in
the imiquimod group, and 28% and 72% in the control groups. Four
studies reported patients' treatment compliance; 82% (158/188) of
women in the imiquimod group had completed the protocol without
discontinuity. Treatment effectiveness for high-grade CIN was 55%
(131/239) for topical imiquimod, 29% (20/69) for placebo, and 93%
(106/114) for LLETZ. The clearance rate for HPV was 53% (46/86)
in the imiquimod group, versus 66% (60/91) in the group of women
treated with LLETZ.

The included articles reported two cases of progression to
(micro)invasive disease during imiquimod treatment. One patient
was treated with nine applications of imiquimod and subsequently
underwent a LLETZ procedure. Treatment was completed with a

laparoscopic hysterectomy, where no residual invasive disease was

v

Not population of interest (n = 4)
Congress presentation (n = 6)
Review article (n = 4)

Mixed population (n = 2)
Different primary endpoint (n = 1)
Pilot study (n = 2)

detected. The other patient had a persistent HPV infection and HSIL
within the observation period. She received a LLETZ procedure
which showed microinvasive adenocarcinoma. No further treatment
was required following the resection.

All studies*®?%72> reported on systemic side effects of imiqui-
mod, mostly according to Common Terminology Criteria for Adverse
Events guidelines (grade 0-5). Two studies reported the side effects
at any time, which were between 88% and 96%.222* The most com-
mon systemic side effect was headache/migraine in 57% (96/168)
followed by fatigue in 56% (94/168) and myalgia in 55% (92/168).
The most common local side effect was vulvar pain/pruritus in 48%
(80/168).

Only one study reported the side effects of placebo,’? where
headache was reported in 21%, fatigue in 35%, myalgia/flu like
symptoms in 10% and vulvar pain/pruritus in 38%.

Three studies?*2°

reported on the side effects from a LLETZ
procedure, but not all were specified. The most common symp-
toms were vaginal bleeding (60%), vaginal discharge (57%), and
abdominal pain (57%). Almost 6% (6/104) of patients had needed a
re-intervention because of postoperative bleeding. There was no re-

port of a subsequent pregnancy in the included studies.
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Placebo Imiquimod Odds ratio (Non-event) Odds ratio (non-event)
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI Year M-H, random, 95% CI
Grimm Cetal. [12] " 29 22 30 423% 450(1.49-13.56) 2012 ——
Fonseca B etal. [21] 9 40 24 45 57.7% 3.94(1.53-10.13) 2021 ——
Total (95% CI) 69 75 100.0% 4.17 (2.03-8.54) B
Total events 20 46
Heterogeneity. Tau®= 0.00; Chi*=0.03, df=1 (P= 0.86),/*= 0% .01 01 10 100

Test for overall effect: Z= 3.90 (P < 0.0001)

Favors placebo  Favors Imiquimod

(b)
LLETZ Imiquimod Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% Cl Year M-H, random, 95% CI
Cokan Aetal. [21] 48 52 27 52 49.0% 11.11 (3.50-35.30) 2021 ——
Hendriks N et al. [22] 58 62 26 61 51.0% 19.52(6.29-60.62) 2022 ——
Total (95% CI) 114 113 100.0% 14.81(6.59-33.27) Al
Total events 106 53
Heterogeneity: Tau®= 0.00; Chi*= 0.47, df=1 (P= 0.50);/*= 0% k t 1 J
Test for overall effect: Z=6.53 (P < 0.00 001) 0.01 0 10 100
Favors Imiquimod Favors LLETZ

© LLETZ Imiquimod Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% Cl Year M-H, fixed, 95% CI
Hendriks N et al. [22] 33 49 24 35 56.3% 0.95(0.37-2.40) 2022
Polterauer S et al. [22] 27 42 22 51 43.7% 2.37(1.02-5.50) 2022
Total (95% CI) 91 86 100.0%  1.57(0.85-2.90)
Total events 60 46

Heterogeneity. Chi*= 2.07, df=1 (P=0.15), F=52%
Test for overall effect. Z=1.44 (P=0.15)

0.01 0.1 1 10 100
Favors Imiquimod Favors LLETZ

FIGURE 2 (a)Forest plot displaying odds ratios (ORs) of women with high-grade squamous intraepithelial lesion (HSIL) treated with
topical imiquimod relative to placebo (histological regression). (b, c) Forest plot displaying ORs of women with HSIL treated with topical
imiquimod relative to large loop excision of the transformation zone (LLETZ): histological regression (b); HPV clearance (c).

3.3 | Meta-analysis

Figure 2aillustrates a forest plot displaying ORs of women treated
with topical imiquimod versus placebo. Women treated with
topical imiquimod had a significantly higher odds of histologi-
cal regression to CIN 1 or less compared with placebo or control
(OR4.17, 95% Cl 2.03-8.54). Two studies compared the effective-
ness of topical imiquimod and LLETZ; women treated with LLETZ
had a 14.81 higher odds (95% Cl 6.59-33.27) of histological re-
gression to CIN 1 or less (Figure 2b). The OR of HPV clearance of
women treated with topical imiquimod group did not differ from
that of women treated with LLETZ (OR 1.53, 95% Cl 0.62-3.77)
(Figure 2c). None of the studies had compared HPV clearance be-
tween women treated with topical imiquimod and women treated

with placebo.

4 | DISCUSSION

The results of this meta-analysis and systematic review suggest
that imiquimod is more effective than placebo but less effective
than LLETZ in women with high-grade CIN. Imiquimod treatment is

probably safe with a 0.8% chance of progression to (micro)invasive
disease (2/239 patients). We also found that side effects of imiqui-
mod were common. According to our findings, imiquimod may not
be an appropriate treatment for all women with high-grade CIN.

In present study, imiquimod treatment shows a moderate (55%)
histological regression rate. Therefore, it is not recommended as
a first-line treatment for all high-grade CIN. However, the present
study provides evidence for counseling women when considering
an alternative treatment for a specific group of patients. Imiquimod
was previously explored as an alternative to LLETZ treatment, with
alower efficacy.'22%?7 In a previous analysis of patients' preferences
for LLETZ versus imiquimod, women who chose imiquimod treat-
ment were those who were interested in conceiving or at high risk of
premature birth, and therefore also willing to accept a lower success
rate.}

In addition, imiquimod may be a suitable treatment option for
recurrent CIN, in order to prevent repeated LLETZ procedures. In
particular, women who wish to become pregnant in the near future
may benefit from this treatment. However, to date, there is only one
study evaluating the efficacy of imiquimod in this group of wom-
en—a retrospective study of only 18 patients, which reported a suc-
cess rate of 61%.28 Further research is therefore warranted.
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One of the possible options is to carefully select patients for
imiquimod therapy. A previous study on the immune microenviron-
ment in patients with CIN and the implication of immunotherapy
demonstrated that the pre-existing immune composition may reflect
the potential for lesion regression and might be a possible immune
biomarker for immunotherapy in high-grade CIN.2?3° Biomarkers
could be useful in selecting patients, counseling patients, and pre-
venting patients with a low likelihood of responding from experienc-
ing unnecessary side effects.

The PRedICT-TOPIC study aims to investigate the potential of
immune-related biomarkers on the clinical response of patients with
high-grade CIN to imiquimod (Clinical Trials.gov NCT05405270).

Based on the findings of this review, we are unable to propose
different treatment effects for CIN 2 versus CIN 3, because the
two conditions were essentially not differentiated in most stud-
ies. Hence, no subgroup analysis could be performed in the meta-
analysis. In addition, the patient should be informed about the
possibility of active surveillance. CIN 2 is associated with an over-
all high spontaneous regression rate of 55%—even higher in young
women—and with a low probability of 0.3% of progression to cervi-
cal cancer. Thus, conservative treatment of CIN 2 should always be
considered, especially in fertile women.31%2 By contrast, CIN 3 has a
spontaneous regression rate of only 28%, so expectant management
is not recommended for these patients.

The ideal study design would be to compare LLETZ versus
imiquimod versus observation/placebo in women with high-grade
CIN. The TOPIC trial attempted this study design, but it was prema-
turely stopped due to lagging inclusions. The study changed to an
open-label design, because of strong patient preference for treat-
ment modalities.?

5 | STRENGTHS AND LIMITATIONS

This systematic review and meta-analysis include all available re-
cent studies. Overall, the included studies were small in size and the
number of women treated with imiquimod was low. Some studies
had prematurely stopped because of a slow inclusion rate or had
changed their methods.}>2%%° This is probably due to uncertain ef-
ficacy of imiquimod, treatment duration, and side effects of imiqui-
mod. Also, all studies had a considerable number of dropouts and
dosage reductions.???*25 Dosage and duration of imiquimod ap-
plication differed between studies. Weekly dosages for 12 weeks??
appear to produce comparable results to longer and higher dosages
of imiquimod. Moreover, the success rate was still substantially
high (63%)%* in the group of women who lowered in frequency or
stopped their treatment. The question arises whether patients could
be relieved from side effects by reducing treatment frequency or
duration. In addition, different control groups were used (placebo
vs. LLETZ) and outcome measures of the studies differed. One study
identified itself as a randomized controlled trial but had no interven-
tion as a control group.22 The small study size made it impossible to
perform subgroup analysis and to differentiate between the effect

of imiquimod in, for instance, CIN 2 and CIN 3. Finally, treatment
efficacy is limited for patients with small high-grade CIN lesion ac-
cording to the criteria for each trial. Considering the short follow-up
period, the subsequent pregnancy effect was not demonstrated in
any study.

In high-grade CIN treatments, LLETZ should remain the gold
standard. In the case of selected women who prefer non-invasive
treatment, imiquimod may be a useful alternative modality where
our data help in making an informed decision about treatment. In
comparison with LLETZ, the success rate of imiquimod treatment is
moderate. To recommend further implementation of imiquimod, a
higher success rate is required; biomarkers for patients' responsive-
ness are warranted and may help in patient selection and in increas-

ing imiquimod's efficacy.

5.1 | Comparison with the existing literature

In addition to imiquimod, other topical treatments could be an option
in the treatment of high-grade dysplasia. For example, 5-fluorouracil
and cidofovir have shown promising results.>* The results seem to
be comparable to imiquimod, but need validation in future studies.
None of these options seem to be an immediate equal alternative for
a LLETZ procedure at this point.

Moreover, there could be a general discussion about the need
to explore the different treatment modalities of treatment of high-
grade CIN after the introduction of HPV vaccination. However, the
global female HPV vaccine coverage still does not exceed 50%, even
in high-income countries.®® Consequently, HPV-related diseases are
likely to remain a problem in the future.

6 | CONCLUSION AND IMPLICATIONS

Histological regression rates were highest in patients treated with
LLETZ, followed by topical imiquimod and placebo, at 93%, 55%,
and 29%, respectively. Both LLETZ and imiquimod have side ef-
fects. While most imiquimod side effects occur during treatment,
side effects of LLETZ are commonly experienced after treatment,
with a long-term effect on subsequent pregnancies. Currently,
LLETZ is the gold standard in treating high-grade CIN. In a sub-
group of women, imiquimod may be used as an alternative treat-
ment. Future research should focus on improving the efficacy of
imiquimod treatment, by better patient selection through possible
biomarkers, and on investigating the differences in response be-
tween CIN 2 and CIN 3.
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