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Abstract

Background/Objectives: Cervical Intraepithelial Neoplasia (CIN) is a significant risk
factor for the development of invasive cancer, and the histological detection of High-
Grade CIN (CIN2+) during screening generally indicates the need for surgical removal of
the lesion; cervical conization is the current gold standard of treatment. The recurrence
risk for disease is reported to be up to 30%, based on data in the literature. Follow-
up protocols mainly rely on High-Risk Human Papillomavirus (hrHPV) detection at six
months post-treatment; if negative, this is considered the test of cure. This approach
assumes that all patients have an equal risk of disease recurrence, regardless of individual
characteristics. The objective of this study was to evaluate the individual recurrence
risk using a mathematical model, analyzing the weight of various parameters and their
associations in terms of recurrence development. Methods: We retrospectively examined
428 patients treated for CIN2+ at San Raffaele Hospital in Milan between January 2010
and April 2019. Clinical and pathological data were recorded and correlated with disease
recurrence; three different variables, known to behave as significant prognostic factors, were
analyzed: hrHPV persistence, the surgical margin status, Neutrophil-Lymphocyte Ratio
(NLR), along with their relative associations. Data were used to engineer a mathematical
model for the identification of different risk classes, allowing for the risk stratification of
cases. Results: Surgical margins status, hrHPV persistence, and a high NLR index were
demonstrated to act as independent and significant risk factors for disease recurrence, and
their different associations significantly correlated with different recurrence rates. The
mathematical model identified eight classes of recurrence probability, with Odds Ratios
(ORs) ranging from 7.48% to 69.4%. Conclusions: The developed mathematical model
may allow risk stratification for recurrence in a hierarchical fashion, potentially supporting
the tailored management of follow-up, and improving the current protocols. This study
represents the first attempt to integrate these factors into a mathematical model for post-
treatment risk stratification.

Keywords: Human Papilloma Virus (HPV); cervical intraepithelial neoplasia (CIN);
conization; LEEP; follow-up; recurrence; prognostic factors; NRL

1. Introduction

High-Grade Cervical Intraepithelial Neoplasia (HG-CIN) is a precancerous condition
of the cervix and has been widely recognized as a preinvasive lesion that can progress to
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invasive cervical cancer if not appropriately treated in a timely manner [1-5]. Cervical can-
cer is the fourth most common malignancy among women worldwide, with an estimated
annual incidence of over 500,000 new cases and the number of deaths exceeding 300,000 per
year [6-9]. The prevention, diagnosis, and early treatment of cervical precancerous lesions
such as HG-CIN play a crucial role in reducing the incidence of this invasive disease [10,11].

Human Papilloma Virus (HPV) is consistently recognized as the main etiological agent
of cervical cancer. Sexual transmission of the virus and its ability to penetrate and persist
in the cells of the female genital tract are considered determinants for the development
of intraepithelial lesions. High-risk HPVs, such as types 16 and 18, are responsible for
most cases of HG-CIN and cervical cancer [12]. The introduction of screening programs
primarily based on HPV testing and reflex cervical cytology (Pap test) have significantly
improved the early diagnosis and treatment of precancerous lesions, reducing the rate
of progression to invasive cancer [13,14]. The gold standard of treatment for HG-CIN is
currently represented by conservative excisional procedures, namely cervical conization
and the Loop Electrosurgical Excision Procedure (LEEP); however, despite the effectiveness
of these conservative treatments [15-17], a significant percentage of the patients treated
for HG-CIN develop recurrences by the postoperative follow-up, with the highest rates
within the first 24 months after treatment. Recent studies report recurrence rates ranging
from 5% to 30%, depending on the clinical-pathological characteristics of the patients
and the follow-up methodology adopted [18-21]. Several factors have been identified
as predictors of recurrence in surgically treated HG-CIN patients [22-25]. Among these,
the status of surgical margins and the presence of post-treatment hrHPV positivity have
been widely studied and recognized as highly significant determining factors [26-30]. The
persistence of high-risk HPV infection is associated with a significant increase in the risk
of recurrence, while positive surgical margins are suggestive of an incomplete resection
of the lesion, contributing to the possible recurrence of the neoplasm [19,31-34]. For these
reasons, hrHPV positivity after treatment, having demonstrated a high Positive Predictive
Value (PPV) for recurrence, is considered the test of cure. Another prognostic factor that
recently emerged as a possible marker of recurrence is the Neutrophil /Lymphocyte Ratio
(NLR) index, a systemic marker of inflammation [35]. Chronic inflammation is recognized
as a contributory factor in the development and progression of neoplasms, and an altered
neutrophil-lymphocyte ratio has been linked to poor prognosis in several neoplasms.
Since it is associated with an increased risk of recurrence in patients with HG-CIN, recent
studies have suggested that an elevated NLR may also have value in preinvasive cervical
conditions, providing a potential non-invasive prognostic tool to identify those patients at
higher risk [36—40]. Currently, the follow-up protocols after conservative treatments are solely
based on hrHPV testing at six months after conization or LEEP, thus considering all treated
patients at the same risk for recurrence, independently of other clinical-pathological features.

The aim of this study was to identify the major negative prognostic factors associated
with the recurrence of high-grade cervical intraepithelial neoplasia in patients undergoing
conservative treatments, alone or in association with one another. In detail, we examined
the relative influence and associations of known variables such as the surgical margin
status, post-treatment HPV DNA detection, and the Neutrophil-Lymphocyte Ratio (NLR)
on the risk of recurrence, with the aim of developing a risk stratification model that would
support clinicians in managing patient follow-up. A risk stratification model based on
these clinical variables, in our opinion, could help to improve the effectiveness of follow-up,
allowing for the personalization of patient surveillance, identifying subgroups at different
recurrence risk, and allowing for a reduction in unnecessary invasive interventions for
those at low risk. Furthermore, a better understanding of the role of systemic inflammation,
measured using the NLR, could provide new perspectives for therapeutic approaches
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in patients with HG-CIN, offering the opportunity to integrate strategies based on the
modulation of inflammation.

2. Materials and Methods

Study Group. This study retrospectively reviewed 623 patients treated for HG-CIN at
San Raffaele Hospital in Milan between January 2010 and April 2019. Patients underwent
conservative excisional treatments (cervical conization or LEEP procedures) for CIN2, CIN3,
and carcinoma in situ, detected through the Italian cervical cancer screening program. De-
mographic, histological, surgical, and clinicopathological data, pre- and post-treatment HPV
DNA status, and follow-up information up to June 2020 were collected. Patients under im-
munosuppressive drugs regimens (e.g., organ transplant cases) or affected by immune system
impairments (e.g., HIV positive cases), were excluded from the study. Excisional procedures
were performed by experienced colposcopists, while preoperative and follow-up pathologi-
cal analyses were conducted by trained pathologists from the same institution. Recurrence
was defined as a new diagnosis of CIN1+ during follow-up. Conization was performed
as a one-day surgery procedure, and the NLR was recorded preoperatively. A minimum
of 24 months follow-up with adherence to the standard protocols and the availability of
clinical/pathological records were required for inclusion of the cases in the study.

Variables analyzed. According to the existing literature data [18,21,36,41-44], the
surgical margin status of the excised cervical specimen, hrHPV-DNA detection at the first
follow-up visit, and an NLR index with an established cut-off value of 2.0 obtained through
a blood sample taken on the same day as the surgical procedure, were considered in the
study analysis and correlated with disease recurrence; this latter event was defined as a
histologically proven CIN1+ lesion during follow-up.

Study Design. In relation to investigating the effectiveness of the proposed mathe-
matical model, these variables were chosen according to their independent statistically
significant value in predicting recurrences after conservative cervical treatment. Since the
scope of the study included a preliminary evaluation of the potential utility of the model in
clinical practice, we intentionally limited the number of variables submitted for investiga-
tion, selecting parameters which already have an independent prognostic significance; in
our view, this design better fits the scope for validating the model by initially stratifying
the risk for known variables only.

Ethical Issues. In accordance with the guidelines, internal Institutional Review Board
(IRB) approval was obtained after submission to Ethics Committee for evaluation (protocol
n. 84/INT/2020).

Mathematical Methodology. Regarding the mathematical methodology adopted,
each single prognostic factor was first analyzed using a univariate logistic regression
correlated with the prevalence of recurrence and statistically weighted; in detail, the dataset
consisted of 428 instances (i.e., patients), three attributes (or predictors): A; (hrHPV), A,
(surgical margins), and Az (NLR), and a label for the probability of recurrence R (1 for
positive vs. 0 for negative, in the dataset). Secondly, to further investigate the extent of the
interactions among the risk factors, four binary variables (NLR+Margins, Margins+hrHPV,
hrHPV+NLR, NLR+hrHPV+Margins) were created and similarly analyzed by labelling
them as 1 if all the variables considered were present in each subject, and as 0 if not.
Univariate logistic regression analysis was conducted to measure the association between
these new variables and CIN recurrence, and to measure the weight of the variables’
associations. All individual and combined variables were then evaluated using a decision
tree analysis to segment the patients into different groups based on their risk of recurrence,
thus establishing a hierarchical order of the variables” importance. The purpose of the latter
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statistical analysis was to train the predictive model to evaluate the recurrence probability
of a patient using the known values of the corresponding three predictors.

A non-linear, multivariate regression model was elaborated, according to the math-
ematical principles of mixed linear-nonlinear least squares regression [45], using the
following formula:

R (A1, Ay, Az) = Co + C1A1 + CoAy + C3A3 + C4A1% + C5A52% + CoAz® + C7A1 Ay + CgA1Az + CoArAs

where the C coefficients are generated by the regression model itself, depending on the
dataset variables values. Once the C coefficients were identified from the fitting, the formula
was used to determine the R values (i.e., the probability of recurrence) for the different
associations of the three predictors A;, A and Aj for each patient; in our specific case, the
three predictors only had a discrete value of 1 or 0, leading to a total of eight possible input
combinations for the variables (Table 1).

Table 1. Combinations of input values for the three predictors.

Ay A, A;
1 1 1
1 1 0
1 0 1
0 1 1
1 0 0
0 1 0
0 0 1
0 0 0

Consequently, the predictive model defined above has been used to estimate the
probability of recurrence (R) associated with each of these combinations. By sorting the eight
combinations according to the corresponding predicted value of R, the risk stratification
model was effectively produced.

Statistics. Statistical analysis was performed using the package version 20.0 for
Windows (SPSS). All statistical tests were two-sided, and significance was established at a
p-value < 0.05.

3. Results

Of the entire cohort of 623 patients treated during the interval analysis and considered
as eligible, a total of 428 cases fulfilled the inclusion criteria and were included in the
study, while 195 were excluded (160 were incompletely followed up according to the study
parameters and 35 were lacking complete clinical records). These 428 cases represented the
dataset used in the engineering of the mathematical model, using a step-by-step statistical
process. The mean and median age of the patients were 38.4 and 37.5 years, respectively.
All patients, in accordance with the internal institutional guidelines of clinical management,
were submitted for LEEP excisional one-day surgery procedures; according to surgical
specimen histology, a high-grade squamous intraepithelial neoplasia (HG-SIL) (CIN2,
CIN3, and carcinoma in situ) was recorded in 90.4% of cases, while a low-grade squamous
intraepithelial neoplasia (LG-CIN) (CIN1) was recorded in 9.1% of cases; a high-grade
glandular intraepithelial neoplasia (HG-GCIN) (G-CIN2 and G-CIN3) was detected in 0.4%
of the whole group. Surgical cone margins were positive in 15.2% of cases and negative in
84.8%. Postoperative follow-up hrHPV testing was positive in 27% of cases and negative
in 73%. The NLR value was <2.0 in 256 (59.8%) patients and >2.0 in 172 (40.2%) patients.
The overall recurrence rate accounted for 20% (18.2% within 12 months from conization
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and 1.8% within 24 months, respectively). We considered the finding of CIN1+ at the
biopsy performed at follow-up colposcopic controls as a recurrence. The study cohort
demographics and clinicopathological characteristics are summarized in Table 2.

Table 2. Demographic and clinical-pathological records of study cohort.

min 18
. max 73
Patient Age mean 38.4
median 37.5
CIN1 39 (9.1%)
CIN2 192 (44.9%)
. CIN3 162 (37.9%)
Cone Histology CIS 33 (7.7%)
G-CIN2 1 (0.2%)
G-CIN3 1(0.2%)
positive 115 (27%)
Post-Treatment hrHPV negative 313 (73%)
. . positive 65 (15.2%)
Surgical Margins negative 363 (84.8%)
at 12 months: 78 (90.6%)
yes 86 (20.1%)
Recurrences at 24 months: 8 (9.4%)
no 342 (79.9%)

After univariate logistic regression analysis, CIN recurrence was statistically associ-
ated with all variables, representing possible interactions among risk factors (p < 0.05).
We obtained five different odds ratios (ORs), considering expression of all possible combi-
nations of the three variables. In detail, the OR (CI 95%) for recurrence was 3.417 (1.733,
6.737) for NLR > 2 + hrHPV persistence, 4.507 (2.006, 10.126) for NLR > 2 + Margins, 6.913
(2.202, 21.705) for hrHPV persistence + Margins, 5.512 (1.210, 25.109) for NLR > 2 + hrHPV
persistence + Margins, and 0.243 (0.127, 0.463) for no risk factors (Table 3).

Table 3. Recurrence risk related to variables—Univariate logistic regression.

Variables p-Value OR 95% CI
NLR > 2 + HPV persistence 0.000 3.417 1.733 6.737
NLR > 2 + Margins 0.000 4.507 2.006 10.126
HPYV persistence + Margins 0.000 6.913 2.202 21.705
NLR > 2 + HPV persistence + Margins 0.027 5.512 1.210 25.109
No Risk Factors 0.000 0.243 0.127 0.463

The obtained odds ratio values show a cumulative risk effect in relation to the different
combinations of the three variables. The largest effect in terms of risk (OR 6.913) was
obtained for the combination of hrHPV persistence and positive surgical margins, indicating
a 7-fold increase in recurrence risk, compared to the protective effect against the same risk
(OR 0.243) that was determined in those cases having none of the three variables considered,
e.g., negative hrHPV testing, negative surgical margins, and an NLR < 2.

A decision tree model that considered all the possible interactions among the variables,
alone or in association, was then created by the mathematical model itself, identifying the
statistical weight of how the recurrence risk increased according to the presence/association
of the variable (Figure 1).
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Figure 1. Decision tree model according to the significant variables.

The chart defined five classes of risk according to their increasing recurrence rate. The
first leaf at the apex of the graph includes the entire study group of patients (428 cases) in
the dataset, with an overall 20% recurrence rate. The first branch identifies two subsets of
patients: one including cases with negative hrHPV testing and negative surgical margins,
and another subset in which hrHPV and/or surgical margins were positive; this latter
subset of cases did not yet consider the NLR variable. The recurrence rates in these two
groups were 13% and 32%, respectively. The latter subgroup was further analyzed, adding
the variable NLR; two additional branches were obtained, correlating with the following
recurrence rates: 25% in cases with an NLR < 2 and 44% in cases with an NLR > 2. The
following step was splitting the NLR > 2 subset, which was further evaluated for the
surgical margin status variable: recurrence rates were 39% and 50% in cases with negative
and positive surgical margins, respectively. The final analysis was then performed for the
positive surgical margins subset of cases, introducing the hrHPV persistence variable: the
recurrence rate was 47% in cases with negative hrHPV testing, increasing to 57% when
the hrHPV variable tested positive. Based on all the recurrence rates, a hierarchical order
of decreasing recurrence risk was obtained, from the highest to the lowest, and a risk
stratification model created, allowing the identification of eight classes at significantly
different risks of recurrence according to the variables’ status; the recurrence risk ranking is
summarized in Table 4.

The highest probability of recurrence was 69.4% and was recorded in cases with
positivity for all three variables under study, while the lowest probability of recurrence
(7.48%) was obtained for the group of patients without any of the variables considered.
All possible combinations of the variables that, through different interactions, define an
intermediate probability of recurrence have been stratified accordingly.
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Table 4. Recurrence risk ranking according to variables (non-linear multivariate regression) (p < 0.05).

Margins hrHPV NLR >2 % Recurrence Risk
+ + + 69.42
+ - + 42.84
- + + 36.79
+ — - 27.69
- + - 22.99
- - + 19.35

4. Discussion

More than 60% of cases of low-grade cervical intraepithelial neoplasia (CIN1) sponta-
neously regress to normal, while high-grade CIN is considered a lesion that can progress
to invasive carcinoma if left untreated [1]. High-grade cervical intraepithelial neoplasia is
a frequent precancerous condition in the female population, characterized by a relatively
high potential for recurrence after conservative surgery [19,20].

However, not all patients undergoing conservative surgery for CIN2+ have an in-
creased risk of recurrence or disease progression compared to untreated controls. Therefore,
it is conceivable that a tailored and personalized follow-up approach, based on the indi-
vidual recurrence risk, would allow for the careful surveillance of patients at high risk
of recurrence and a less intensive follow-up for those at very low risk of recurrence; this
approach would very likely result in a substantial reduction in the workload for follow-up
visits and diagnostic procedures, and also decrease the amount of unnecessary procedures.
The concept of assessing the real risk of a specific pathological condition, through the
stratification of patients according to their individual characteristics, is currently widely
supported and adopted in many circumstances, mainly focusing on a preventive per-
spective. In our opinion, based on the present experience, extending the application of
risk assessment and patient stratification to post-treatment follow-up protocols represents
a viable and promising option. Moreover, a stratification-based risk assessment would
be essential for tailoring appropriate follow-up programs, especially in low-resource set-
tings. In addition, a reduction in interventional needs during follow-up, secondary to
the identification of patients at higher risk for recurrence after primary treatment, would
potentially result in significant added benefits to the patients. It is known that, although
a single correctly performed conization has a minimal impact on women’s fertility and
obstetrical outcomes, multiple cervical excisions are significantly correlated with several
obstetrical complications, such as the risk of preterm birth and the premature rupture
of membranes [46,47].

In addition to the strongly validated factors for the risk of post-treatment recurrence,
which include patient age at diagnosis, surgical cone margins [48,49], and high-risk Human
Papilloma Virus status at follow-up [22,24,28,33], several other co-factors play a prognostic
role in the development of disease recurrence and reportedly have significant value. In
particular, personal habits regarding smoking, sexual behavior, oral contraceptive intake,
pre-treatment severity of the lesion, and treatment modality have all demonstrated statis-
tical associations with recurrence rate; however, none of these factors demonstrated an
independent prognostic significance when submitted to multivariate analysis [18]. More
recently, HPV type-specific genotyping, both pre- and post-treatment, demonstrated a
higher Positive Predictive Value (PPV) compared to qualitative hrHPV detection for the
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assessment of recurrence risk [41,42,50]. The role of HPV vaccination, according to recently
reported data, is of high interest in the scenario of cervical preinvasive lesions management:
independently of the timing of HPV vaccine administration, either as primary prevention
or as an adjuvant prophylaxis at the time of cervical conization, HPV vaccines have a favor-
able effect on post-treatment recurrence rates. However, a recent meta-analysis concluded
that the strength of the available evidence is still low, and data must not yet be considered
conclusive [51]. One of the most interesting and promising areas of investigation is rep-
resented by the recently discovered association between the vaginal microbiota and the
natural history of HPV-related diseases, including the risk of recurrence after conservative
treatment. Many data are currently available, reporting on the role of specific vaginal
microbiota patterns, the so-called Community State Types (CSTs), in HPV infection and
cervical intraepithelial neoplasia [52-54]; however, all the published reports are consistent
in concluding that the vaginal microbiota assessment cannot yet be considered a clinically
meaningful and practically useful tool. This conclusion has also been summarized in a
recently published meta-analysis [55].

In terms of clinical applications, it has been reported that the combination of HPV
positivity and positive surgical margins represents the most effective strategy for the
identification of women at significantly higher risk of recurrent disease [30,34]. In line with
the goal of identifying patients at higher risk, one study proposed the integration of several
different variables that contribute to CIN recurrence, defining a score-based nomogram for
the risk of recurrence after cervical conization treatment [56].

The Neutrophil-Lymphocyte Ratio is a novel hematological parameter for systemic
inflammation and is widely adopted in almost every medical discipline as a reliable and
easily available marker of the immunological status in response to infectious and non-
infectious conditions. The NLR reflects the ongoing dynamic relationship between the
innate (neutrophils) and adaptive (lymphocytes) cellular immune response during illness
and in various pathological states, and a normal value in healthy individuals is <2 [57].
The clinical usefulness of the NLR assessment has been largely documented in solid
tumors, demonstrating that preoperative NLR measurements have a significant prognostic
significance in terms of their correlation with cancer extent, metastatic potential, lymph
node involvement, response to therapy, and disease-free intervals [57]. The same data are
available for gynecological cancers, and particularly cervical cancer [37,39,58]. Accordingly,
we wanted to explore whether preoperative NLR detection could also be of use in pre-
invasive cervical conditions, correlating with the recurrence rate after cervical conization for
HG-CIN. We recently tested this hypothesis by generating a receiver operating characteristic
(ROC) curve analysis and determining the Youden Index [21], identifying an optimal cut-
off value of 2.0 for predicting recurrence; we then demonstrated a significant correlation
between the Neutrophil-Lymphocyte Ratio (NLR) and the risk of HG-CIN recurrence,
independently of the surgical margins and post-treatment hrHPV status [36]. With regard
to the NLR cut-off value of >2.0 identified in our previous experience after generating
the ROC curve [21], a meta-analysis by Ethier [39] involving 26 studies reporting on
10,530 cases of gynecological cancers identified that mean NLR cut-off values of 2.95 and
2.79 significantly correlated with overall survival and event-free survival, respectively. In
line with our results, several other authors have investigated the prognostic significance of
the NLR, together with other co-factors, in predicting recurrences after the conservative
treatment of pre-invasive cervical conditions (CIN2+). Chun [59] studied 230 patients,
reporting that the optimal NLR cut-off value for recurrence was 2.1 and that the Recurrence-
Free Survival (RFS) was significantly lower in patients with an NLR > 2.1. The authors
concluded that the NLR acts as an independent prognosticator of RFS in CIN individuals.
Farzaneh [35] investigated 307 cases and found that an NLR cut-off value of 1.9 was
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the most appropriate for the prediction of recurrences; a higher NLR value (>1.9) was
significantly associated with a higher recurrence rate and a lower RFS. Hajizadeh [60]
studied the same cohort of 307 patients using a defective model and reported that an NLR

2

cut-off value of >1.9 and a 15 mm~ cervical excision offered significant prognostic value;

the authors demonstrated that cure rates ranged from 98% in cases with an NLR < 1.9
and excisions > 15 mm?, to 30% in patients with an NLR > 1.9 and excisions < 15 mm?.
An Italian study by Dominoni [44] including 287 cases of CIN2+ and 157 cases of CIN1,
reported a 14% recurrence rate and an optimal NLR cut-off value of 1.34; this apparent
discrepancy with the majority of reported results is probably due to the higher number of
CIN1 patients included in the study; these are known to correlate with very low recurrences
rates, and this very likely influenced the NLR cut-off determination.

The present study reinforces the value of including the NLR as a prognostic factor
in estimating the probability of recurrence during the follow-up of patients undergoing
conservative excisional procedures for HG-CIN, together with follow-up hrHPV detection
and surgical margins status. The relative weight of the interactions among the variables
using a mathematical model has been evaluated, demonstrating that the simultaneous
presence of multiple risk factors increases the risk of recurrence when compared to the risk
associated with each single variable alone; additionally, the NLR was demonstrated to be
an independent risk factor for recurrence after multivariate analysis. It was also evident
from the statistical analysis that the risk of recurrence in the absence of the three risk factors
is significantly reduced, and that this condition is protective; individuals with all-negative
variables present a recurrence risk that is significantly lower compared to the risk correlated
with each negative variable individually considered. The decision tree approach and the
statistical analysis confirm that the relative impact of the NLR variable is, in hierarchical
order, the least significant and, on the other hand, that the surgical margin status is the most
relevant; our results are in line with Onuki [27] and Ghaem-Maghami [61], who reported
similar recurrence risks for post-treatment CIN2+ in patients with positive surgical margins
and positive hrHPV testing in the follow-up.

Our sensitive and high negative predictive value data are in line with the literature
and demonstrate how the use of these variables can have a significant impact in the clinical
management of follow-up.

The current Italian recommendations, together with many other international guide-
lines, indicate that co-testing (Pap test + hrHPV testing) six months after surgical treatment
for HG-CIN [62,63], with or without a colposcopic evaluation, is acceptable; thereafter,
patients enter a scheduled follow-up protocol for several years. In our view, a potential
limitation of the current follow-up protocols may be the lack of risk assessment for patients
entering post-treatment monitoring. The present study could represent a starting point
for considering the hypothesis of stratifying patients in the follow-up, as already done
in the preventive diagnostic workup [62]. One of the major advantages of this approach
would be a potentially significant reduction in the number of colposcopies performed in
post-treatment, particularly for those individuals stratified in the very low risk category.
As an example, a pre-treatment NLR value < 2, together with negative surgical conization
margins and negative hrHPV testing at first follow-up visit, may allow a prolonged interval
between follow-up visits, or even an anticipation of the patients’ return to routine screening
protocols. On the other hand, in young and nulliparous patients in whom a higher risk for
recurrence is preoperatively identified, incomplete and/or insufficient cervical excisions
could be more easily avoided. In our view, after confirmation of our data in similar studies,
the application of the risk stratification principles in the follow-up of conservatively treated
patients represents the natural evolution of the innovative strategies that have been widely
accepted and adopted in many countries, targeted at cervical cancer prevention.
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Despite the interesting and encouraging results, some limitations of the present study
must be discussed. The retrospective nature of the study may represent a bias; however,
almost all studies reporting on the prevalence of post-conization recurrences are based on
retrospective analysis and the interpretation of historical data [51]. The second limitation
can be attributed to the limited number of variables investigated, which potentially limits
the validity of results; this aspect has already been explained previously. We do believe that
a considerable number of other variables could be considered, not only to strengthen the
correlations we have highlighted, but also to characterize new ones. Variables such as HPV
vaccination status, HPV genotyping, and vaginal microbiota could possibly be included in
the risk stratification process, once definitely validated as clinically meaningful. It would
also be desirable to extend this study to other referral institutions with different patient
cohorts, with the goal of testing the validity of the proposed model.

A further limitation of our study is the length of follow-up considered: a larger amount
of data would be advisable to evaluate the effectiveness of the proposed model in a longer
follow-up period. However, as stated in the study design, limiting the investigation to
the first two years of follow-up was chosen in consideration of the highest risk of disease
recurrence in the first 24 months after treatment [18,51], and as a function of a correct
dataset for a proper statistical analysis.

5. Conclusions

Women who have been treated for High-Grade Cervical Intraepithelial Neoplasia are at
increased risk of recurrent disease and progression to cervical cancer and therefore require
a careful and personalized follow-up to avoid the potential negative consequences. The
results of the present study provide insights that can contribute to the practical realization
of this goal. The engineered algorithm has proven to be a simple, reproducible, and
cost-effective tool that could be usefully introduced into clinical practice in any setting.

In conclusion, investigating the relative prognostic weight of surgical margins status,
hrHPV persistence, the neutrophil-lymphocyte ratio, and their possible associations, has
demonstrated the feasibility of developing a mathematical/statistical model for the risk-
based stratification of patients at different risks of recurrence after surgical treatment for
High-Grade Cervical Intraepithelial Neoplasia (HG-CIN).
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