EUR REV MED PHARMACOL SCI

2025; 29: 23-29

MAJOR PREDICTIVE FACTORS
FOR RECURRENCE OF CIN AFTER TREATMENT:
AN EXPLORATORY ANALYSIS TOWARDS
A PREDICTIVE MODEL

C. RICCIY, M. DI PUMPQ? N. NICOLOTTF, G. CAPELLI®, G.F. ZANNONI*>,
M.T. EVANGELISTA?, G. SCAMBIA*? R.P. DE VINCENZO**

!Dipartimento per le Scienze Della Salute Della Donna, del Bambino e di Sanita Pubblica, UOC
Ginecologia Oncologica, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome, Italy
2Universita Cattolica del Sacro Cuore, Rome, Italy
3Medical Management, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy
4Centro Nazionale per la Prevenzione dellle malattie e la Promozione della Salute (CNaPPS) — Istituto
Superiore di Sanita (ISS), Rome, Italy
*Unita di Ginecopatologia e Patologia Mammaria, Dipartimento Scienze della Salute della Donna,
del Bambino e di Sanita Pubblica, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy

CORRESPONDING AUTHOR
Caterina Ricci, MD; e-mail: caterina.ricci@policlinicogemelli.it

ABSTRACT - Objective: Cervical cancer is known as one of the most common malignant tumors in the female popula-
tion. It can be prevented by early detection and treatment of cervical intraepithelial neoplasia (CIN), which is a recognized
precursor. Large Loop Excision of the Transformation Zone (LLETZ) has been widely applied with ideal therapeutic effects.
However, 2-25% of patients with HSIL who are treated with LLETZ have been reported to have persistent/recurrent dis-
ease. Data about risk stratification and possible influencing factors for recurrence after treatment for CIN are present in
the literature, but robust evidence is still lacking.

We analyzed data from a well-defined and homogeneous cohort of patients treated for CIN in an Italian referral
center for HPV disease to identify significant risk factors that could influence persistent/recurrent disease after treat-
ment.

Patients and Methods: We retrospectively collected and reviewed data from 255 patients treated for the first time
for CIN in our University Hospital from January 2015 to December 2017 by LLETZ. Demographic data, smoking habits,
colposcopy, pre-treatment and follow-up HPV testing, pre-treatment cytology, histology, and treatment histology were
collected and analyzed, as well as data about follow-up visits up to date (5 years of maximum follow-up). A multiple logis-
tic regression model was therefore developed to identify the factors that are more predictive of relapse. CIN relapse was
recorded when applicable as the main outcome.

Results: As previously underlined by other studies in literature, our results confirmed that HPV positivity after treat-
ment, endocervical margin positivity, higher grading of the lesion at the margin, and smoking habit are significant risk
factors for recurrence after treatment for CIN.

Conclusions: With a more and more tailored approach, a validated predictive tool based on the identified significant
risk factors could be of great help in the improvement of guidelines and the follow-up of treated patients.
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INTRODUCTION

Cervical cancer is known as one of the most
common malignant tumors in the female popu-
lation. Cervical cancer can be prevented by early
detection and proper treatment of Cervical in-
traepithelial neoplasia (CIN), which is a recog-
nized precursor, especially high-grade lesions
(HSIL). Large Loop Excision of the Transforma-
tion Zone (LLETZ) has been widely applied with
ideal therapeutic effects, being a simple, safe,
and effective procedure, standing the need for
conservative treatment, particularly in young
women and/or those who desire to preserve
fertility. However, 2-25%! of patients with HSIL
who are treated with LLETZ have been reported
to have persistent/recurrent disease after initial
treatment for HSIL**. Many studies®>® have been
carried out to investigate risk factors to classify
patients based on their risk of persistent/recur-
rent dysplasia after primary treatment. Among
the possible recurrence predictors, the following
emerge: smoking habit, age, post operative HPV
persistence, HPV genotype, immunodeficiency
status and other histopatologic factors such as
diagnosis, margin status, positivity of endocervi-
cal curettage (ECC)>2.

A metanalysis from Arbyn et al° showed that
the risk of residual or recurrent CIN2+ is signifi-
cantly greater with involved margins on excision-
al treatment; however, post-treatment high-risk
HPV persistence seems to predict treatment fail-
ure more accurately than margin status. Some
investigations have suggested that secondary
conization/LLETZ should be applied in patients
who have positive margins, while other studies
have demonstrated that this population can be
followed up, especially pre-menopausal women
with childbearing potential**.

Moreover, data about risk stratification con-
sidering the other possible influencing factors for
recurrence are present but robust evidence is still
lacking.

Follow-up is of critical importance because these
patients are at long-term risk for developing recur-
rent disease and cancer®!. Yet, evidence-based
recommendations for more appropriate post-treat-
ment follow-up protocols considering the stratifica-
tion of risk factors are lacking. HPV testing is a vital
component of all aspects of cervical cancer screen-
ing and post-treatment follow-up.

This includes the use of HPV tests 6 months after
treatment and to evaluate the risk of recurrent dis-
ease in patients who have been treated for high-grade
CIN*™2. Numerous studies**** have shown that HPV
testing in follow-up provides essential information
concerning the chances of disease recurrence in this
vulnerable population of women®!*1

PATIENTS AND METHODS

We retrospectively collected and reviewed
data from patients treated for the first time
for CIN in our University Hospital from January
2015 to December 2017 by LLETZ to identify
significant risk factors that could influence per-
sistent/recurrent disease. Institutional review
board (IRB) approval was obtained. Demograph-
ic data, smoking habits, colposcopy, pre-treat-
ment and follow-up HPV testing, pre-treatment
cytology, and histology and treatment histology
were collected from patients’ charts, as well as
data about follow-up visits up to date (5 years
of maximum follow-up). CIN relapse was re-
corded when applicable as the main outcome.
All patients were treated by LLETZ as per insti-
tutional protocol.

As per follow-up protocol, the first follow-up
visit and HPV testing were performed by patients
at 6 months after treatment.

The variables included as potential predic-
tors are histologic grading, endomargin positivity
grading, and exomargin positivity grading. These
variables were generated by assigning a histologic
progression score from 0 to 7:

0: metaplasia — 1: koilocytosis — 2: CIN 1 — 3:
CIN2 — 4: CIN3 — 5: CIS (squamous carcinoma in
situ) — 6: AIS (Endocervical adenocarcinoma in
situ) — 7: MICRO (microinvasive carcinoma).

Age (continuous variable), smoking habit, and
HPV test positivity (binary variables) were includ-
ed as well as potential predictors in the analysis.
The variable included as the outcome was: relapse
of the disease.

Statistical analysis

A descriptive statistic of the characteristics of
the population under study was performed by us-
ing median and interquartile range (IQR) for qual-
itative and non-normal quantitative variables or
frequency (percentage) for binary variables.

A Shapiro-Wilk test was performed to study
whether quantitative variables are normally dis-
tributed. Statistical significance of differences was
tested by Student’s t-test, Mann-Whitney’s U test
or Chi-square test as appropriate for the nature
and distribution of the variables.

Power analysis was performed according to
literature recommendations®. The validity of the
model, however, will also be confirmed “ex-post”
via calibration and discrimination analysis

A multiple logistic regression model was
therefore developed to identify the factors that
are more predictive of relapse. The relationship
between predictors and relapse was expressed
as odds ratio (OR, with a 95% confidence inter-
val).
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Table 1. Description of variables on population

ification for presence/absence of relapse, and inferential statistics.

Variables Total participants No relapse Relapse Difference between
(n. 255) group group groups p (p < 0.05)
Age 43; 14* 42; 15 45; 14 0.1465**
Histological grading (0-7) 4; 1* 3; 2% 4; 1* 0.0307**
Endomargin positivity grading (0-6) 0; 1* 0; 0* 1; 4% <0.001**
Exomargin positivity grading (0-5) 1;1* 0; 1* 1;3* 0.0024**
Smoking habit 46; 18.04%° 30; 15.54%° 16; 25.81% 0.0680%
Positive HPV test 75; 29.41%* 18; 9.33%° 57; 91.94%* <0.001%

*Median; IQR. **Comparison with Mann-Whitney U test. SFrequency; percentage. $Comparison with Chi-square test.

As recommended by the literature, we pro-
ceeded with a discrimination analysis to deter-
mine how predictive the model could be using the
ROC curve. Using the Hosmer Lemeshow test, we
performed a calibration analysis (or “goodness of
fit”) to determine the extent to which a model
correctly estimates the absolute risk (i.e., if the
values predicted by the model agree with the ob-
served values).

The statistical significance level was set at 0.05.
The descriptive and inferential statistical analyses
were conducted with STATA software ver. 13.1
(Statacorp, College Station, TX, USA).

RESULTS

The final number of included patients was 255.
The Shapiro-Wilk shows that the variable age was
not normally distributed (p < 0.001).

After data collection for histologic grading,
all histologic progression scores were found
(0-7). For endomargin positivity, only histologic

scores from 0 to 6 were found. For esomargin
positivity, only histologic scores from 0 to 5 were
found.

The number of events per variable (EPV) = 62/6
= 10 was acceptable, as evidenced in the litera-
ture®,

Table | describes the 6 variables considered as
predictors; endomargin positivity grading, smok-
ing status and HPV positivity resulted significant
among them.

Multiple logistic regression model

The multivariable logistic regression model in-
cluded the factors that resulted significant: endo-
margin positivity grading, smoking habit, and HPV
positivity as predictors of relapse.

To explore the possibility of informing an app-
based device to introduce the patient’s parame-
ters and detect the predicted risk of relapse in a
future study, we reported the results below and
in Table Il.

Regarding endomargin positivity, since no
relapse outcomes were observed in strata 2

Table Il. Multivariable logistic model considering endomargin positivity levels, smoking, and HPV positivity.

Variable OR

Endomargin positivity grading

95% C.l. p

Metaplasia 1 (Reference group)

Koilocytosis/CIN1 0.41 (0.90-1.92) 0.259

CIN2/CIN3/CIS 5.10 (1.50-17.38) 0.009

Micro 6.96 (0.03-1,624.16) 0.485
Smoker

No 1 (Reference group)

Yes 5.71 (1.35-24.18) 0.018
HPV test

Negative 1 (Reference group)

Positive 170.96 (45.77-638.55) <0.001
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and 5 of the variable, it was recoded into three
grade levels as follows: Level 1 corresponds to
the former Level 1 (koilocytosis), Level 2 corre-
sponds to the former Levels 3-4 (CIN2-3), and
Level 3 corresponds to AIS. The baseline Level
0 represents metaplasia. The logistic regression
models showed for re-coded grade level 1 OR =
0.41, 95% C.1. 0.90-1.92 (p = 0.259), for re-coded
grade level 2 OR = 5.10, 95% C.I. 1.50-17.38 (p =
0.009), for re-coded grade level 3 OR =6.96, 95%
C.l. 0.03-1,624.16 (p = 0.485).

Regarding the smoking habit, the model showed
an OR =5.71, 95% C.l. 1.35-24.18 (p = 0.018).

With regards to HPV test positivity, the model
showed an OR = 170.96, 95% C.|. 45.77-638.55 (p
< 0.001). This model showed a pseudo-R?>= 0.613
(p =0.000).

Also, in the multivariable analysis, endomargin
positivity grading, smoking habit, and HPV posi-
tivity were confirmed as significant predictors of
relapse.

Analysis of discrimination
and calibration of the model

The discrimination analysis of the model, per-
formed by determining the “area under ROC
curve”, gave a highly significant result = 0.959 (as
also shown in the graph in Figure 1).

The calibration (or “goodness-of-fit”) analysis
of the model performed using the Hosmer-Leme-
show test was found to be significant (p = 0.377).
The Hosmer-Lemeshow test (HL test) is a good-

ness of fit test for logistic regression. If the test re-
ports low p-values (e.g., <0.05), it is indicative that
the model is not a good fit. Higher large p-values
mean the probability of the model being a good fit
is much higher?s.

DISCUSSION

As previously underlined by other studies®34
in the literature, our results confirmed HPV posi-
tivity, endomargin positivity grading, and smoking
habit as significant risk factors for recurrence af-
ter treatment for CIN.

HPV test at the first 6 months follow up is,
from our results, the most significant risk fac-
tor, as expected and previously demonstrated
by many studies**'#1317-15 This result confirms
the importance of HPV test of cure (6 months
post-treatment test) in the follow-up after treat-
ment as the most important and significant
test to identify patients at major risk®#1213.17-19,
Many studies?**” have compared different treat-
ment techniques and possible pre-operative or
post-operative risk factors, and many others?*2¢
have recently tried to investigate the role of spe-
cific risk factors for the recurrence of CIN, mostly
to improve follow-up of patients after treatment
towards a tailored approach. Margins and espe-
cially endomargin positivity grading (CIN2-CIN3
lesions) has been confirmed by the current study
as one of the most significant and predictive fac-
tors. Nonetheless, available data in the literature
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Figure 1. Discrimination analysis graph.
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are still not robust enough to change current
guidelines in follow-up after treatment according
to margin status or to suggest the need for rou-
tine retreatment, especially in fertile nulliparous
women, in which the increasing risk of pre-term
labor according to the excised volume has been
widely demonstrated®2830,

The aim of this study was to identify and vali-
date, in a preliminary retrospective analysis, the
most significant risk factors that could be in the
future introduced and considered in a predictive
score and app-based counseling model, which
would need further analysis and validation on a
larger number of patients. Bogani et al®® recent-
ly proposed a nomogram that could be helpful
in counseling patients at risk for recurrence af-
ter treatment for CIN. Our results agree with re-
sults from this and other recent studies**** and
underline how important such tools could be in
improving follow-up management in the clinical
setting. In our study, it was not possible to assess
the role of HPV genotype as most of the patients
had a non-genotyping test at the time of treat-
ment. The main strength of our study is that data,
although retrospectively collected, come from a
very homogeneous and well-selected population.
Our results also confirm and underline that smok-
ing status is a very significant risk factor for HPV
persistence and CIN recurrence. As reported in
recent studies®, smoking is associated with HPV
persistence and seems to have a strong causal ef-
fect on an increased risk of cervical cancer. Being
a possibly changeable behavioral factor, counsel-
ing about smoking habit should be improved and
taken into account in the patient’s workup and
follow-up tailoring.

As it is now well established that HPV vaccina-
tion after treatment can contribute to decreasing
risk for recurrence3*%, it will be important in the
future to understand the role of previous HPV
vaccination in the identified “higher risk patients”
and how it could affect the patient’s risk stratifica-
tion and accordingly their follow-up.

CONCLUSIONS

HPV positivity after treatment, endomargin pos-
itivity grading, and smoking habit has been identi-
fied in our study as the most predictive factors for
CIN recurrence. Our results are in line with available
data in the literature. Towards a more and more
tailored approach in counseling and follow-up, a
validated predictive tool based on the identified
significant risk factors could be of great help in the
improvement of guidelines and clinical practice.
Further studies on a larger number of patients are
needed to reach the aim.
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