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ABSTRACT

Objectives This study aimed to conduct a meta-analysis
of estimates of the natural history of high-grade cervical
intraepithelial neoplasia (CIN) during pregnancy.

Setting Studies examining the clinical courses of
histologically confirmed high-grade CIN during pregnancy.
Participants We searched PubMed, Web of Science

and Embase for eligible studies. Studies were included

if they reported the data regarding the natural history of
histologically confirmed high-grade CIN during pregnancy.
Final estimates were from the meta-analysis of 10 eligible
studies.

Primary outcome measures The regression rate,
persistence rate and progression rate of histologically
proven untreated high-grade CIN during pregnancy.
Results A total of 10 original studies were included in
this meta-analysis. During pregnancy, the regression rate,
persistence rate and progression rate of high-grade CIN
were 40% (95% Cl 35% to 45%), 59% (95% Cl 54% to
64%) and 1% (95% CI 0% to 2%), respectively. There was
moderate heterogeneity among the studies. The results of
the subgroup meta-analysis show that the pooled rates of
regression and persistence during pregnancy were 59%
(95% Cl 54% to 65%) and 40% (95% CI 35% to 45%) for
CIN2, and 29% (95% CI 25% to 33%) and 70% (95% Cl
65% to 73%) for CIN3.

Conclusions During pregnancy, the majority of
histologically confirmed high-grade CIN would be
persistent or regressed to lower grade CIN or normal.
However, it is still worth noting that a small percentage of
high-grade CIN would progress to cervical cancer during
pregnancy.

INTRODUCTION

High-grade cervical intraepithelial neoplasia
(CIN) is thought to be cervical precancerous
lesions, which include CIN2 and CIN3.'*
High-grade CIN is caused by the human papil-
lomavirus (HPV), which is the most common
sexually transmitted infection in women, up
to 75% of females will become infected with
HPV during their lifetime." Fortunately, only
a minority of women infected will progress to
high-grade CIN and potentially even cancer
when left untreated.'™

,® Wu Huang,'? Yi Du,® Cui Hu*

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first meta-analysis regarding this topic.

= This meta-analysis was conducted following the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines. Also, scientific and
reliable methodological and statistical methods can
ensure the reliability of the results of our study.

= We included only the studies published in the peer-
reviewed English journals because of the limited
resource and authors’ linguistic proficiency.

During pregnancy, about 2-7 in 100 women
will experience abnormal cervical cyto-
logical findings, which is similar to that of
their age-matched non-pregnant peers, and
about 1.3%-2.7% of pregnant women will
be affected by different degrees of CIN.*7
Although the overall incidence of invasive
cervical cancer among pregnant women
with biopsy-proven diagnosis of high-grade
CIN is fairly low,® cervical cancer is the most
common gynaecological cancer found during
pregnancy, with an estimated incidence of
1.5-12 of every 100000 pregnancies.4 o1

Over the years, the management protocols
for CIN during pregnancy have gone through
from an aggressive biopsy and treatment-
based course of action to a more conser-
vative and expectant way.” "*'® At present,
the main purpose of management for CIN
during pregnancy is to exclude invasive
cervical cancer.!” Once the invasive disease
has been excluded through a comprehensive
diagnostic workout, treatment of CIN can
be safely postponed until after the puerpe-
rium.'” This shift was based on the consensus
that the risk of high-grade CIN to progress
to invasive cervical cancer during pregnancy
and the postpartum period is very low.'
However, the available data on the natural
history of high-grade CIN during and after
pregnancy are heterogeneous.m_21 With all
this in mind, we conducted this meta-analysis
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to statistically synthesise the data of studies examining the
clinical course of high-grade CIN during pregnancy.

MATERIAL AND METHODS

We conducted this meta-analysis following the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.”” The protocol of this study was
registered at PROSPERO, the registration number is
CRD42020220977. Two members of our team inde-
pendently performed literature searches, data extraction
and quality assessment in duplicate. Disagreements were
resolved by discussion and, if necessary, a consensus was
reached with the involvement of a third investigator.

Literature search

We searched three electronic databases (PubMed,
Embase and the Web of Science) for studies between
database inception and 15 October 2020. The language
was restricted to English because of the limited resource
and authors’ linguistic proficiency. To define the study
population, we used the Boolean operator (ie, AND, OR)
to combine the following keywords: “cervical intraepithe-
lial neoplasia”, “cervical intraepithelial neoplasm”, “preg-
nancy” and “pregnant women” (see online supplemental
material 1 for the details of search strategies). We also
hand searched the reference lists of all included papers.

Study selection

Records obtained from the database searches and hand
searches were imported into a local reference manager
(EndNote V.X9). Duplicates were removed, and all
records were screened by title and abstract. Full texts of
the items identified by title and abstract screening were
obtained and thoroughly evaluated for eligibility by two
authors independently.

Articles were included in this meta-analysis according to
the following predefined inclusion criteria: being a full-
text original article published in a peerreviewed English
journal; reported on outcomes of pregnant women with
histologically proven CIN2 or CIN3 who were not treated
at diagnosis, were monitored during pregnancy and had a
diagnosis (histological or cytological) available at the end
of the study period; defining the length of the follow-up
period; having clear definitions of regression, persistence
and progression of the disease.

Articles were excluded for the following reasons:
reporting duplicated data; including fewer than 30
patients; published as conference abstracts, commentary,
series case reports, letters or short communications; and
including patients with a diagnosis of low-grade CIN.

Data extraction

For all included studies, data regarding the following
variables were collected: name of the first author, year
of publication, the design and setting, geographical
region, the size of the study cohort, the number of partic-
ipants with the outcomes of interest, method of cervical

evaluation after delivery, regression rate, persistence rate,
progression rate and duration of follow-up.

The above-mentioned data were identified and
extracted from the reports by hand and desktop search
engines to improve accuracy. A dedicated form was
developed before the data extraction. Further attempts
to obtain relevant but unavailable quantitative data were
made by contacting the corresponding authors. To make
sure the integrity of the data gathered, the results of data
extraction were rechecked by a third investigator.

We accepted the definitions of regression, persistence
and progression used in each study, recognising that
there would be heterogeneity in definitions across studies.
In general, regression of high-grade CIN was defined
as regression to low-grade (CIN1) or normal detected
in the follow-up period compared with the initial visit.
Persistence of the disease was defined as persistence of
high-grade CIN regardless of CIN2 or CIN3. Progression
of high-grade CIN was defined as histological evidence
of microinvasive carcinoma or invasive cancer at a subse-
quent visit when compared with the initial consultation.

Quality assessment

To assess the quality of the included studies, we used the
critical appraisal tool for prevalence studies with further
guidance from Munn et a”*** where each study was judged
on nine questions answered by ‘Yes’, ‘No’ or ‘Unclear’.
Studies were categorised based on the percentage of ‘No’
answers as high quality (£49%), moderate quality (50%—
69%) or low quality (>70%).*

Statistical analysis

We defined regression, persistence and progression rates
as the ratio of the observed number of women with a given
outcome divided by the number of women attending in
that follow-up time. Using the metaprop command in
STATA V.15, we meta-analysed pooled proportions for
each outcome. We used the exact binomial score test-
based Cls with the Freeman-Tukey double arcsine method
to stabilise the variances for individual studies, in which
many of the proportions were close to or at the margins
of the possible interval (0 or 100%).%

The heterogeneity between studies was evaluated by the
I? metric of inconsistency, and 12 values of 25%, 50% and
75% were considered low, moderate and high heteroge-
neity, respectively.”® When low statistical heterogeneity
exists, data would be pooled using a fixed-effects model.
If there was moderate or severe heterogeneity among the
included studies, considering that there may be a signifi-
cant difference in the natural courses between CIN2 and
CIN3, this category would be used to conduct subgroup
analyses by strata of defined study attribute to present
subgroup-specific meta-analysis effect estimates.

Visual inspection of funnel plots and the Egger’s regres-
sion asymmetry test (p<0.10) were used to examine the
possible presence of publication bias only when there
were at least 10 studies in the meta—analysis.27 The statis-
tical software (Stata, V.15.1/1C; StataCorp) was used for
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. full text not available (n=1)
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43 of full-text
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l

10 of studies included in qualitative
synthesis and meta-analysis

Figure 1 Study selection flow chart.

all data analyses, two-tailed p<0.05 was considered statisti-
cally significant.

RESULTS

Search results

A total of 1385 records were identified through the liter-
ature searches. After duplicate removal, 854 items were
screened by title and abstract, 43 items were assessed in
full text, and 10 studies including 832 patients were even-
tually included in this systematic review and meta-analysis.
The process of study selection is described in figure 1.

Characteristics and quality of included studies
Table 1 shows the characteristics of the included
studies.”™’

These studies were published between 1999 and 2020
including 10 study populations from different countries.
The sample size of these studies ranged from 32 to 160.
Among them, a total of six studies were retrospective
cohort studies,”*' *=*7 the rest of them were all prospec-
tively designed.”®**?** As for the duration of postpartum

Table 1 Characteristics of included studies
Point of
Study Size of Methods of postpartum postpartum
Study Country Design of study span sample diagnosis follow-up
Hong et al 2019%¢ Korea Retrospective 2005-2014 160 Cervical cytology or/and 10weeks
unicentre cohort study colposcopy-directed biopsy;
cervical excision
Schuster et al 2018% Australia Retrospective 2010-2015 35 Cervical cytology or/and 6-8 weeks
unicentre cohort study colposcopy-directed biopsy;
cervical excision
Mailath-Pokorny et Austria Retrospective 2005-2010 34 Cervical cytology or/and 8weeks
al 2016 unicentre cohort study colposcopy-directed biopsy
Wu et al 2014% China Prospective unicentre 2007-2010 114 Cervical cytology or/and 8-12weeks
cohort study colposcopy-directed biopsy;
cervical excision
Karrberg et al 2013*> Sweden Prospective unicentre 2001-2009 130 Cervical cytology or/and 10-12 weeks
cohort study colposcopy-directed biopsy;
cervical excision
Ueda et al 2009*' Japan Retrospective 1994-2007 32 Cervical cytology and 12 weeks

unicentre cohort study

Serati et al 2008%°  Italy
cohort study

Vlahos et al 2002%°  Greece  Retrospective

unicentre cohort study
Yost et al 1999° USA
cohort study

Germany Retrospective
unicentre cohort study

Grimm et al 2020%7

Prospective unicentre 2003-2007 36

1988-1998 78

Prospective unicentre 1995-1996 153

2001-2017 60

colposcopy-directed biopsy

Colposcopy-directed biopsy or 8-12weeks
cervical excision

Colposcopy-directed biopsy or 8-12weeks
cervical excision

Cervical cytology and 6-12weeks
colposcopy-directed biopsy
Cervical cytology or/and 8-12weeks

colposcopy-directed biopsy;
cervical excision
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Table 2 Natural history of high-grade CIN during
pregnancy

High-grade CIN

Number of studies Rate 95% ClI Heterogeneity

Regression 10 40% 35% to 45% 55%
Persistence 10 59% 54% to 64% 57.1%
Progression 6 1% 0% to 2% 0.0%

CIN, cervical intraepithelial neoplasia.

follow-up, the majority of the study populations were
followed up for 8-12 weeks. 28343637 Afier delivery, the
actual management of high-grade CIN mainly depended
on cytological and histological findings and the risk of
cervical cancer.?®%

The results of quality assessment for all included
studies”® " are shown in online supplemental material 2.
The appraisal of methodological aspects for the included
studies was performed by our independent investiga-
tors according to the Joanna Briggs Institute’s critical
appraisal checklist,23 24 a1l the included studies have no
more than one ‘No’ answers indicating that they were all
at fairly low risk of bias.

Natural history of histologically proven high-grade CIN during

pregnancy

A total of 10 studies reported the clinical courses of
histologically proven high-grade CIN during pregnancy.
Table 2 shows the natural history of high-grade CIN
during pregnancy.

Regression rates of high-grade CIN during pregnancy

In total, 10 studies?*>7 reported regression rates of high-
grade CIN during pregnancy. The pooled regression rate
for high-grade CIN during pregnancy was 40% (95%
CI 35% to 45%), but the heterogeneity among these
studies was moderate to high (I*=55.0%) (figure 2A). We
performed the subgroup meta-analysis by dividing high-
grade CIN into CIN2 and CINS3, its result shows that the
pooled regression rates for CIN2 and CIN3 were 59%
(95% CI 54% to 66%) and 29% (95% CI 25% to 33%),
respectively (figure 2B). The funnel plots (online supple-
mental material 3) and Egger’s test (p=0.913) indicate
that there was a low risk of publication bias.

Persistence rates of high-grade CIN during pregnancy

The meta-analysis of 10 studies shows that the pooled
persistence rate of high-grade CIN during pregnancy
was 59% (95% CI 54% to 656%) (figure 3A). Similarly,
due to the existence of moderate-to-high heterogeneity
(I°=57.1%) among these studies, we employed subgroup
meta-analysis to calculate the persistence rate of high-
grade CIN during pregnancy. The result of the subgroup
meta-analysis of the included studies™>’ demonstrates
that 40% (95% CI 35% to 45%) of CIN2 and 70% (95%
CI 65% to 73%) of CIN3 would be persistent during
pregnancy (figure 3B). We found no small study effects
existed among these studies by the visual inspection of

funnel plots (online supplemental material 4) and the
Egger’s test (p=0.373).

Progression rates of high-grade CIN to cervical cancer during
pregnancy

Six studies reported the incidence of high-
grade CIN progressing to cervical cancer during preg-
nancy. According to the meta-analysis of these studies,
1% (95% CI 0% to 2%) of high-grade CIN would prog-
ress to cervical cancer (figure 4). There was no signifi-
cant heterogeneity among these studies (1°=0.0%). The
Egger’s test (p=0.105) shows that there was no bias of
publication.

28 29 32 33 36 37

DISCUSSION
We perform cytological screening and colposcopy during
pregnancy with the main goal of confirming that there
is no invasive cervical cancer that exists.”'® Thus,
abnormal screening findings in gestational time lead
to the employment of colposcopy and even colposcopy-
guided biopsy if necessary, this is the same as for non-
pregnant women."” * However, there are some aspects
of cervical screening during pregnancy that deserve our
attention. During pregnancy, the CIN lesions are thought
to be cytometrically identical to those of patients without
pregnancy, but it is more difficult for clinical pathologists
to interpret them correctly because of the interference
from the physiological changes of exfoliated cells in the
reproductive tract during pregnancy.®* * What is more,
changes in hormone levels during pregnancy can lead to
a series of physiological changes in the cervix (eg, mucus
overproduction, cervical hyperemia and hyperplasia of
endocervical glands), all these changes can compromise
the diagnostic power of colposcopy.” ** Thus, pregnant
patients with suspected CIN should be assessed and
consequently actively surveilled in specialised clinics.
There have been some studies with regard to the natural
history of untreated CIN during pregnancy.'*?" *-
However, most of them did not investigate the different
courses for different degrees of CIN, or the majority of
diagnoses of CIN in these studies were based on cytolog-
ical findings. By meta-analysis, our study found that the
majority of high-grade CIN will persist or regress to low-
grade CIN or normal during pregnancy. This conclusion
is consistent with the results of other studies.” ** % -
Compared with non-pregnant patients, the regression rate
of high-grade lesions of pregnant women is higher."” **
Including 36 studies that involved 3160 non-pregnant
women with CIN2, the systematic review and meta-analysis
conducted by Tainio et al*® found that the regression rate
and persistence rate of lesions were 50% (95% CI 43%
to 57%) and 32% (95% CI 23% to 42%) at 24 months
after diagnosis. At present, the status of HPV infection
is considered to be a major factor affecting the clinical
outcome of high-grade lesions.*” Bogani et al* reported
that patients with high-risk HPV-positive high-grade
CIN are at increased risk of disease recurrence when
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Figure 2 Forest plot of regression rates of high-grade CIN (A, non-subgroup analysis; B, subgroup analysis). CIN, cervical

intraepithelial neoplasia.

compared with women who do not have an infection of
high-risk HPV. In terms of the possibility for high-grade
CIN progressing to invasive cervical cancer during preg-
nancy, the reported data were generally consistent.”® **~*
The reported progression data varied from 0.3% to 1.2%,
which is mainly due to the large heterogeneity of the defi-
nition of disease progression among these studies. Some
authors even think that the progression from CIN3 to
invasive cervical cancer between the antepartum and the
postpartum period is an unlikely event." Invasive cervical
cancer found after delivery is not excluded as a missed
diagnosis during pregnancy.

Based on the recent American Cancer Society
and American Society of Colposcopy and Cervical

Pathology guidelines, high-grade lesions of the cervix
among pregnant women should be actively surveilled
with repeat cytology and colposcopy at intervals no
shorter than 3 months.'” > However, the necessity of
repeated colposcopy during pregnancy for pregnant
women with high-grade CIN has been questioned.*
On one hand, the repeated colposcopy during preg-
nancy may result in insecurity to the pregnancy,
an increase of anxiety and worry in patients, and a
decline in patient compliance. On the other hand,
repeated colposcopy for high-grade CIN during preg-
nancy is of little practical significance when the fact
that the risk for high-grade CIN to progress to inva-
sive cervical cancer is fairly low is taken into account.
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Figure 3 Forest plot of persistence rates of high-grade CIN (A, non-subgroup analysis; B, subgroup analysis). CIN, cervical

intraepithelial neoplasia.

%
study events total ES (95% Cl) Weight
Hong 2019 3 160 ——ir—b— 0.02 (-0.00, 0.04) 16.70
Wu 2014 1 114 ——4;— 0.01(-0.01,0.03) 25.18
Karrberg 2013 2 130 ——;‘— 0.02 (-0.01,0.04) 16.48
Yost 1999 2 153 ——05_ 0.01(-0.00,0.03) 22.77
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Overall (l-squared = 0.0%, p = 0.988) @ 0.01(0.00,0.02)  100.00

T - T
-.0491 0 0491

Figure 4 Forest plot of progression rates of high-grade CIN.
CIN, cervical intraepithelial neoplasia.

We carried out the first systematic appraisal of the
published data on the natural history of histologically
confirmed high-grade CIN lesions during pregnancy.
By scientifically statistically pooling the rates of regres-
sion, persistence and progression, our study provides
gynaecologists and pregnant women the current best
estimates of the different prognoses of high-grade CIN
during pregnancy to assist consultation and shared
decision-making. The major strength of our study is
the scientific and rigorous methodology. The literature
searches, identification of eligibility, data extraction
and quality assessment of included studies were all
independently performed by different reviewers of
our team. We employed reasonable statistical methods
to produce pooled estimates and appropriately
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addressed the moderate-to-high heterogeneity among
the included studies by using subgroup meta-analyses.
What is more, in consideration of the fact that the sensi-
tivity and specificity of cytology are lower than that of
histology,” we only included the studies that had histo-
logical diagnoses of high-grade CIN, thereby reducing
the risk of misclassification bias.

However, several limitations need to be considered
when interpreting the results of our study. First, there
was some degree of heterogeneity across the included
studies in baseline characteristics (eg, the duration of
postpartum follow-up), definitions of outcomes and
methods of cervical assessment after delivery. Second,
the included studies could not provide specific data
on the gestational ages or the number of cervical
screenings during the follow-up. The duration of preg-
nancy may have some effects on the natural course of
high-grade CIN. Also, it is well known the one biopsy
taken during colposcopy underestimates the inci-
dence of high-grade cervical lesions. Third, we should
be cautious with these results because the majority
of included studies were small scale, additional large
sample and multicentre studies are needed to confirm
the results from our studies. Finally, no study published
in other languages was included in our systematic
review and meta-analysis because of limited resources
and our restricted linguistic capacity.

CONCLUSIONS

During pregnancy, the majority of histologically
confirmed high-grade CIN will be persistent or regressed
to lower grade CIN or normal. It is worth noting that a
small percentage of high-grade CIN will progress to more
severe disease during pregnancy.
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