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Introduction: Persistent human papillomavirus infection is an important factor
in the development of cervical cancer, which is usually a long process evolving
from the development of squamous intraepithelial lesions (SIL), also referred to
as cervical intraepithelial neoplasia (CIN). Local treatment of advanced squamous
intraepithelial lesions, also regarded as High-Grade Squamous Intraepithelial
Lesion, may be effective in preventing cancer.

Objective: To promptly identify high-risk patients with a tendency to recurrence.

Methods: We retrospectively analyzed the clinical data of 300 patients with
high-grade squamous intraepithelial lesions of the cervix admitted to the Second
Affiliated Hospital of Dalian Medical University from 2019 to 2020 to investigate
the relationship between recurrence of cervical lesions and postoperative
regression of HPV infection, as well as other related risk factors.

Results: We found that the HPV-negative rates were 81.81, 85.71, and 90.91% at
6, 12, and 24 months, respectively, and the average lesion recurrence rate was
8.16%, with a median time to recurrence of 14 months in patients undergoing
CKC for HSIL. The risk of cervical squamous intraepithelial lesions was highest in
patients with HPV16. Patients over 61years of age had the lowest postoperative
HPV-negative rate. The conversion rate was significantly lower in patients with
multiple HPV genotypes than in those with single HPV infection (p<0.05). The
probability of recurrence was higher in patients with the same HPV infection
genotype before and after surgery than in patients with different infection
genotypes before and after surgery (p <0.05).

Conclusion: Combined with the literature review, we believe that patients aged
>50years, with >3 pregnancies and births, a history of smoking, and consistent
genotypes of preoperative and postoperative HPV infection in cervical conization
have more HPV re-infection or persistent infection, and that these factors may
be high-risk factors for lesion recurrence. For patients with possible potential
high-risk factors, we need to carry out individualized follow-up and focused
management, take timely and effective management measures, optimize the
treatment plan, reduce the recurrence rate, prevent HSIL and cervical cancer,
improve the quality of patient’s survival, and improve the prognosis.
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Introduction

At present, cervical cancer has become a public health problem of
global concern. It is one of the most common malignant tumors
among women in the world, ranking fourth in incidence rate and
mortality (Ferlay et al.,, 2015). High-risk Human Papilloma Virus
(HPV) infection is considered the main cause of cervical cancer
(Schiffman et al., 2007). Persistent human papilloma virus infection is
an important factor in the development of cervical cancer, which is
usually a long process evolving from the development of squamous
intraepithelial lesions (SIL), also referred to as CIN. Local treatment
of advanced squamous intraepithelial lesions, also regarded as High-
Grade Squamous Intraepithelial Lesion (HSIL), may be effective in
preventing cancer. So cervical cancer is the only malignant tumor that
can be prevented by vaccination, and we can achieve early detection,
treatment, and prevention through cervical precancerous screening.
It is very important to detect cervical lesions in time and block their
development. The American Society for Colposcopy and Cervical
Pathology (ASCCP) recommends that cervical conization with fertility
preservation be the first choice for HSIL with satisfactory Colposcopy
examination. Cervical conization includes loop electrosurgical
excision procedure (LEEP) and cold knife conization (CKC), but
about 15% of patients experience varying degrees of residual or
recurrence after surgery (Kocken et al., 2011). How to detect high-risk
recurrence patients in time is still inconclusive. Therefore, this article
attempts to analyze the prognosis of HSIL cervical conization surgery
with HPV infection, explore the relationship between cervical lesion
recurrence and HPV prognosis, and other related risk factors, with the
aim of timely identify high-risk patients with recurrence tendency, and
improve the survival rate and prognosis of patients.

Methods

This article retrospectively analyzed the clinical data of 300
patients with high-grade squamous intraepithelial lesions (HSIL) of
the cervix admitted to the Second Affiliated Hospital of Dalian
Medical University from 2019 to 2020. The inclusion criteria for cases
are those with HPV infection and pathologically diagnosed as HSIL
through cervical biopsy. All patients underwent CKC for treatment.
We collected age, pathological type, and involvement of glands in the
lesion, HPV infection type and genotype, pregnancy and childbirth
history, smoking history, postoperative HPV follow-up results at 6, 12,
and 24 months, as well as the HPV infection status and lesion
characteristics of recurrent patients. The follow-up period was until
January 2023. All information is obtained by consulting medical
records. The study was approved by the Ethics Committee of the
Second Affiliated Hospital of Dalian Medical University. We used
SPSS statistical software for data analysis, counting data use cases and
percentage, and comparing multiple groups using y” tests or Fisher’s
exact probability method, using Bonferroni correction for pairwise
comparison. The difference with p <0.05 is statistically significant.

Results

Analysis of clinical data characteristics of patients with high-grade
squamous intraepithelial lesions of the cervix.
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TABLE 1 Chi square analysis of gland involvement and HPV negative
conversion rate.

i(r:;l\?:l?/emen t Negative Positive Total 2 p
Y(Yes) 118(77.12%)  35(22.88%) 153

N(No) 72(78.26%) | 20 (21.74%) 92 0.043 | 0.836
Total 190 (77.55%)  55(22.45%) = 245

Among the 300 patients we collected, the average age was
41.13years (21-70years). 245 patients completed follow-up, with an
overall follow-up rate of 81.67%. 20 patients experienced recurrence
within 4years after surgery, with an average recurrence rate of 8.16%
and a median recurrence time of 14 months. Postoperative pathology
of 153 patients with cervical cone resection revealed gland
involvement. There was no significant difference in the postoperative
negative conversion rate between them and patients without gland
involvement. We believe that whether the gland is involved or not has
no significant effect on the postoperative recurrence rate (Table 1).

Analysis of HPV infection genotypes before
and after operation

Table 2 lists the statistics of HPV infection genotypes of HSIL
patients before operation, and the top five are genotypes 16, 52, 58, 33,
and 31 in turn. 146 cases of cervical high-grade squamous
intraepithelial lesions caused by HPV 16, accounting for 35.78%. The
genotypes of HPV reinfection after cervical conization, and the top
five are genotypes 16, 58, 52, 53, and 39. Thus it can be seen that the
common HPV infection genotypes in patients with HSIL are 16, 52,
and 58 genotypes. Genotypes 16 of HPV has the highest risk of
cervical squamous intraepithelial lesions.

Analysis of age and recovery from HPV
infection after cervical conization

Figure 1 shows the statistics of HPV retesting after cervical
conization in different age groups, and a total of 192 cases were
screened with negative results of the last HPV test, with an overall
HPV conversion rate of 79.18%. We found that patients over 61 years
of age had the lowest postoperative HPV conversion rate of about
73.33%. The conversion rate was also lower in the age group of
51-60years, at 74.70%, with little difference in the rate between the
ages of 30 and 50 years. However, there was no significant difference
between the conversion rates of each age group by y” test.

Correlation of multiple HPV infections,
HPV genotypes, and recovery from HPV
infection after cervical conization

Of the 245 follow-up patients who underwent cervical conization
for HSIL, 110 patients were retested for HPV at 6months
postoperatively with a negative rate of 81.81%, 98 patients were
retested for HPV at 12 months postoperatively with a negative rate of
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TABLE 2 Statistics of HPV infection genotypes before operation and reinfection genotypes after surgery.

Genotypes before

Reinfection genotypes

operation Percentage (%) after surgery Cases Percentage (%)
16 146 35.78 16 23 19.83
52 41 10.05 58 22 18.97
58 39 9.56 52 13 1121
33 21 5.15 53 11 9.48
31 18 441 39 8 6.90
18 17 4.17 56 7 6.03
35 12 2.94 51 6 5.17
51 12 2.94 CP8304 6 5.17
53 12 2.94 33 5 431
68 11 270 59 4 3.45
39 10 245 68 4 345
56 8 1.96 66 3 259
66 7 1.72 11 1 0.86
81 7 1.72 31 1 0.86
Not genotyped 14 3.42 45 1 0.86
45 6 1.47 6 1 0.86
59 5 1.23

6 4 0.98

42 3 0.74

82 3 0.74

11 2 0.49

Others 10 2.45

Other genotypes include: 9, 26, 40, 43, 54, 55, 61, 73, 78, 83, etc.

16/18 genotypes

I SSatveT3 121

Pre- and post-operative infection

genotypes C MlGcRIeey
same 92.31%

infection types HPV negative rate

multiple 77.13%
ey snqle 82 9%

Follow-up time

oy, | T

mQOver 61 years old

— 53%
] -

Age ;.% . 3@ 51-60 years old

m41-50 years old
0.00% 20.00% 40.00% 60.00% 80.00%100.00% m31-40 years old

FIGURE 1

Summary of risk factors and negative rate of HPV after cervical conization (Due to the multiple categories of data, the legend only indicates different
age groups, and the remaining data are marked as follows: negative = 16/18 genotypes negative, positive = 16/18 genotypes positive, same = the same
genotype before and after surgery, different = different genotype before and after surgery, single = single HPV genotype infection, and

multiple = multiple HPV genotypes infection.).

85.71%, and 66 patients were retested for HPV at 24months  negative rate of HPV test is more than 90% at 2years after the
postoperatively with a negative rate of 90.91%. We can see that the  operation. This also shows that cervical conization is effective in
negative rate of HPV test is gradually increasing with time, and the =~ removing HPV. Meanwhile, we found that the negative rate of 49
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patients with multiple HPV infections was 77.13%, which was
significantly lower than those with HPV mono-infections (p=0.049).
We also statistically analyzed the sex-negative rate of patients infected
with HPV genotypes 16 or 18 and found that whether they were
infected with HPV genotypes 16 or 18 did not significantly affect the
negative rate (p =0.681).

For patients who were reinfected with HPV (first postoperative
HPV-negative review and second or subsequent HPV-positive
review), we sorted the data according to whether the patients were
infected with the same HPV genotypes before and after surgery, and
we analyzed the effect of the consistency of the preoperative and
postoperative infection genotypes on the recurrence of lesions. Due
to the small sample size and some subgroup sample counts less than
5, the use of the traditional chi-square test tends to bias the test results,
so Fisher’s exact test was used for chi-square estimation. The results
showed that at the 10% significance level, the probability of recurrence
was higher in patients with the same HPV infection genotype before
and after surgery than in patients with different infection genotypes
before and after surgery.

Correlation between the number of
pregnancies and births and HPV infection
and regression

We counted the maternal history of 271 patients and found that
the number of pregnancies and births had no significant effect on the
HPV conversion rate. Due to the small sample size and some subgroup
sample counts less than 5, the use of the traditional chi-square test is
prone to bias the test results, so Fisher’s exact test was used for
chi-square analysis (Table 3).

Discussion

HPV and cervical squamous intraepithelial
lesions

Persistent human papillomavirus infection is an important factor in
the development of cervical cancer, which is usually a long process
evolving from the development of squamous intraepithelial lesions (SIL),

TABLE 3 Chi-square test of the number of pregnancies, births, and HPV
negativity rate.

Number of . o

pregnancies Negative Positive Total 2 p
0 33(86.84%) 5(13.16%) 38

1-2 131 (82.39%) | 28 (17.61%) 159 0.743 0.878
3-4 89 (82.41%) | 19 (17.59%) 108

5 and more 11 (78.57%) 3(21.43%) 14

Number of births

0 53(84.13%) | 10 (15.87%) 63

1 171 (83.01%) 35 (16.99%) 206 0.090 0.977
2 and more 47 (82.46%) 10 (17.54%) 57

Total 272 (83.18%) 55 (16.82%) 327
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also known as cervical intraepithelial neoplasia (CIN). Early studies have
shown that women with persistent HPV infection have a significantly
increased risk of developing cervical squamous intraepithelial lesions,
which can progress to cancer if not detected and treated in time
(Walboomers et al., 1999; Bosch et al., 2002). In other words, local
treatment of advanced squamous intraepithelial lesions, also known as
HSIL, may be effective in preventing cancer (International Agency for
Research on Cancer, 2005, 2020; Kyrgiou et al., 2020). Local cervical
treatments include large loop excision of the transformation zone
(LLETZ), cold knife conization (CKC), loop electrosurgical excision
procedure (LEEP), or ablation. Because cervical conization allows
assessment of the margins of the excised tissue for residual lesions,
excisional treatment is currently considered superior to ablation (Perkins
etal., 2020). Arbyn et al. showed that the average risk of recurrence after
surgery for high-grade lesions was only 6.6%. Among them, the risk of
recurrence of HSIL or CIN was 6.7% for LLETZ, while CKC or laser
conization had only a 2.1-2.2% risk of recurrence (Arbyn et al., 2017).
At the same time, several studies have shown that the recurrence rate
after CKC ranges from 1.4 to 2.2% (Santesso et al., 2016; Arbyn et al.,
2017; Zhang and Lin, 2022), while the failure rate after LEEP treatment
ranges from 7 to 14% (Kreimer et al., 2006; Lubrano et al., 2012; Kuroki
etal, 2016). All patients in our study underwent CKC, the recurrence
rate of the lesions was 8.16%, the median time to lesion recurrence was
14months, and the pathological type was LSIL. We believe that CKC and
LEEP have their own advantages, and the treatment should
be individualized according to the patient’s condition. Updates and
improvements in surgical approaches need to be further explored and
confirmed by multicenter, large-sample prospective studies.

Analysis of HPV regression after cervical
conization

There is an association between the onset, progression, treatment,
and prognosis of SIL or CIN and HPV infection (Salvado et al., 2021).
However, HPV infection is asymptomatic in most patients and resolves
spontaneously within 1-2years (Frazer, 2009). The 2-year HPV-negative
rate after cervical conization in our study was more than 90%. To
reduce the psychological and economic burden on patients, we believe
that a 6-month postoperative follow-up period is appropriate. In
addition, Alonsol et al. and Perkins et al. (2020) showed that HPV viral
load was also strongly related to postoperative residue or recurrence,
with higher rates of postoperative residue or recurrence in the group of
patients with high preoperative HPV viral load. Thus, persistent HPV
infection, as well as HPV viral load, may be a high-risk factor for
residue or recurrent postoperative lesions. Whether or not to include
HPV viral load as one of the postoperative tests then needs to
be supported by more clinical research data. Although surgery removes
most of the HPV, it does not remove it completely, and if residual
HPV-infected lesions remain after surgery, it may lead to recurrence of
the lesions or even eventual progression to cervical cancer.

Age
We counted the HPV testing after cervical conization in different

age groups. And we found that there was a relationship between the
age of patients and postoperative residual or recurrence. We found
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that postoperative HPV-negative rates decreased progressively with
increasing age or late menopausal period, although there was no
dramatic difference in postoperative negative rates between age
groups, with the lowest postoperative HPV-negative rates found in
patients over the age of 61 years. It has been shown (Bilibio et al., 2019)
that low estrogen levels in postmenopausal women reduce the number
of cells secreting interferon-y and tumor necrosis factor--a, thereby
decreasing immune reactivity, and have an accelerating effect on the
release of pro-inflammatory cytokines, which in turn promotes lesion
progression. Petorius et al. (2006) followed patients after CIN
conization and found that the subsequent risk of CIN 3 or cancer
increased with patient age. Therefore, we believe that for elderly
patients, especially postmenopausal patients, considering that their
lesions are mostly hidden in the cervical canal and their immune
function is declining, as well as the poor adherence to postoperative
follow-up in elderly patients, an individualized plan of treatment
should be formulated, and close postoperative follow-up should
be performed to detect recurrent cases in time and take appropriate
management measures.

Maternity and smoking

Early studies have shown that pregnancy-associated elevated
levels of estrogen or growth hormone, such as Human Chorionic
Gonadotropin (HCG), may increase the activity of HPV molecules,
which in turn may influence the natural history of HPV infection and
the progression of lesions (Nair et al., 2005; Delvenne et al., 2007).
Jensen et al. (2013) found that childbirth increased the risk of HSIL
even more than the risk of persistent HPV infection. The mechanism
by which pregnancy influences the progression of HPV infection to
clinical lesions may be related to the pregnancy-associated increase in
HPV molecular activity due to elevated levels of estrogen or growth
hormone, such as human chorionic gonadotropin (HCG). However,
there are also studies that show no increased risk of HPV infection
during pregnancy (Banura et al., 2008; Schmeink et al., 2012; Trottier
et al, 2015). In our study, we counted the maternal history of
conization patients and found that the number of pregnancies and
births did not have a significant effect on the HPV conversion rate
after conization. Therefore, we believe that further prospective studies
with large samples are needed to confirm the effects of pregnancy and
maternal history on HPV infection and postoperative recurrence.

Smoking has been shown to be an independent risk factor for
HSIL in young women after the onset of frequent sexual activity
(Collins et al., 2010). Several studies have shown (International
Collaboration of Epidemiological Studies of Cervical Cancer et al.,
2006; Koshiyama et al., 2019) that smokers have an increased risk of
developing cervical cancer compared with nonsmokers, and that the
risk of squamous cell carcinoma of smokers increases with the number
of cigarettes smoked every day and with decreasing age of smoking
initiation. Inamine et al. (2012) found that smoking induces high
plasma expression of vascular endothelial growth factor C (VEGF-C)
in patients with CIN and that VEGF-C plays a major role in cervical
lesions in smoking patients. However, it has also been shown
(Hui-Qiong et al, 2016) that there is no statistically dramatic
difference in the comparison of postoperative recurrence between
smoking and non-smoking patients. The smoking history in our study
was only one person, and there are fewer large-sample studies on the
effect of smoking on postoperative HPV regression or lesion
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recurrence, so we believe this requires more data collection and
further exploration.

Effect of postoperative re-infection with
HPV subtype and type on recurrence

Multiple infections refer to the coexistence of two or more HPV
subtypes in patients with cervical cancer, which may be dual, triple or
even more. Reinfection with HPV after cervical conization remains a
high-risk factor for lesion recurrence, and which subtypes and types
of infection are more likely to cause recurrence needs to be further
explored. Gok et al. (2007) and Bais et al. (2009) reported that women
infected with HPV16 were significantly more likely to develop
residual/recurrent CIN than women infected with other HR-HPV
genotypes. However, because the study included a small number of
residual cases, this does not confirm the correlation between HPV
genotype infection and recurrence. Nam et al. (2009) conducted a
study on recurrent cases with negative margins and found that
pre-taper HPV16 infection was significantly associated with
persistence of High Risk-Human Papilloma Virus (HR-HPV) after
taper. Furthermore, it has also been reported (Soderlund-Strand et al.,
2014; Kang and Kim, 2016) that HPV18 is more likely to be related to
recurrence of high-grade CIN (p <0.05). Vintermyr et al. (2014)
reported that 95.9% of recurrent CIN2+ patients had persistent
HR-HPYV infection, of which 74.5% were HPV16 or HPV 18. More
than 60% of recurrent CIN2+ occurred within 3years of initial
conization, indicating a high risk of recurrence in patients with
persistent HR-HPV infection. In this study, HPV16, HPV52, and
HPV58 were the top three infection genotypes in order before
conization, and HPV16, HPV58, and HPV52 were the top three
infection genotypes in order after conization. HPV16 was the genotype
with the highest infection rate before and after conization, but
we statistically found that whether or not we were infected with HPV
genotypes 16/18 did not have a significant effect on the rate of
conversions (p =0.836). Meanwhile, in our study, the negative rate of
49 patients with multiple HPV infections after cervical conization was
77.13%, which was significantly lower than that of those infected with
a single HPV genotype. And we found that the probability of
recurrence in patients with the same genotype of HPV infection
before and after surgery was higher than that in patients with different
genotypes of infection before and after surgery. There are still some
limitations since some patients in this study were lost to follow-up and
the use of LSIL or more defined as residual/recurrent, which may have
influenced the statistical results to be biased. Therefore, the relevance
between HPV genotype infection and recurrence needs to
be confirmed by further studies.

Vaccination and lesion recurrence

Human Papilloma Virus (HPV) vaccination is a primary
prevention of cervical cancer and significantly reduces the risk of
developing cervical lesions and even cervical cancer. Some scholars
believe that HPV vaccination may reduce the risk of recurrence in
patients with CIN who undergo surgery (Kang et al., 2013; Ghelardi
et al., 2018; Bartels et al., 2020; Jentschke et al., 2020; Lichter et al.,
2020; Di Donato et al., 2021), but others believe that vaccination will
not play a role in postoperative patients with CIN (Sand et al., 2020).
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It is worth noting that in analyzing previous observational studies,
we should consider the surgical margins to assess more objectively the
effect of HPV vaccination after excisional treatment. The mechanism
of prophylaxis after CIN is unclear. Some studies have emphasized a
possible cross-immunization effect for initial prophylaxis with
vaccines against HPV-related diseases, but the effect on recurrent
infections and whether it prevents reactivation of latent HPV
infections is unclear (Ault, 2007; Jenkins, 2008; Gravitt and Winer,
2017). We believe that HPV vaccination may decrease the risk of
postoperative recurrence in patients with HSIL, but more studies are
needed to further confirm the mechanism of action for better
clinical application.

Conclusion

In summary, the chances of patients becoming negative for HPV
after cervical conization are high, and to reduce the psychological and
economic burden on patients, we believe that a postoperative
follow-up period of 6 months is appropriate. Whereas the numerous
high-risk factors for HPV reinfection or persistent infection are
inconclusive. In conjunction with the literature review, we believe that
HPV reinfection or persistent infection was more common in patients
aged >50years, with >3 pregnancies and deliveries, a history of
smoking, and consistent genotypes of pre- and postoperative HPV
infection in cervical conization, all of which may be high-risk factors
for lesion recurrence. For patients with potential high-risk factors,
we need to provide individualized follow-up and targeted
management, take timely and effective action, optimize treatment
plans, reduce recurrence rates, prevent HSIL and cervical cancer,
improve the quality of patient survival, and improve prognosis.
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