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Introduction: Currently, the commonly used surgical methods for cervical lesions include loop electrosurgical excision procedure (LEEP) and cold knife conization (CKC). However, the positive rate of surgical margins after LEEP is relatively high, which leads to disease recurrence and places further demand on clinical treatment. This study investigated factors related to positive margins after LEEP and established a scoring system to enhance preoperative risk assessment and surgical selection.

Materials and Methods: A retrospective analysis of the clinical data of 411 patients undergoing LEEP surgery for cervical lesions in the First Affiliated Hospital of University of Science and Technology of China (USTC), from January 2016 to March 2021, was performed. Cases were divided into a negative margin group (349 cases) and a positive margin group according to postoperative pathology. In the positive group (62 cases), single-factor and multi-factor analyses screened influencing factors; a logistic and additive scoring system was established; furthermore, a ROC curve was used to evaluate scoring effectiveness.

Results: The positive rate of resection margins after LEEP was 15.1%. Univariate analysis indicated a relationship to patient age, menopause, preoperative ThinPrep Cytology Test (TCT) results, lesion quadrant number under colposcopy, cervical biopsy, and the result of endocervical curettage (ECC). Multivariate analysis showed that age >35 y, menopause, preoperative TCT being high-grade squamous intraepithelial lesion (HSIL), four quadrants being involved under colposcopy, and ECC being HSIL were all independent influencing factors of positive margins after LEEP (P < 0.05). These were included with the above factors to establish a logistic and additive scoring system. When the logistic score was 17, the sensitivity and specificity of predicting positive margins after LEEP were 80.6 and 61.6%, respectively. When the additive score was 6, the sensitivity and specificity were 74.2 and 66.2%, respectively. Both scoring systems had good predictability (area under the curve AUC >0.75).

Conclusions: This study quantified factors influencing positive margins after LEEP and established a scoring system for evaluating patients before surgery to provide a basis for individualized treatment and selection of surgical methods.
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INTRODUCTION

Cervical intraepithelial neoplasia (CIN) is closely related to cervical cancer (1). In 2014, the World Health Organization (WHO) changed the original name of CIN to squamous intraepithelial lesions and adopted a secondary classification, namely low-grade squamous intraepithelial lesion (LSIL) and high-grade squamous intraepithelial lesion (HSIL). LSIL includes CIN1 and HSIL includes CIN2 and CIN3. It is estimated that 1–2% of women worldwide suffer from CIN2-3 each year and CIN2-3 may develop into cervical cancer (2). Current treatment for CIN2-3 includes loop electrosurgical excision procedure (LEEP), cold knife conization (CKC), and cryotherapy (3); however, there is no consensus on the most effective treatment (4). Some studies show that the positive margin of cervical lesions after surgery is an important factor for recurrence and is an indicator of the quality of clinical practice (5–7). A meta-analysis indicated that the residual or recurrence risk of positive resection margins was increased compared with negative resection margins (8). Previous research also found that the risk of treatment failure with positive margins increases 5-fold (9). However, it is still unclear which factors affect positive margins after LEEP surgery.

For patients with positive margins after LEEP surgery, prediction and selection of the appropriate surgical method and scope can reduce the positive rate of postoperative resection margins and avoid residual recurrence of lesions and secondary treatment after surgery. Here, we build a scoring system to screen the risk factors associated with positive margins after LEEP, this system can provide precise and individualized treatment plans for clinicians.



MATERIALS AND METHODS

A retrospective analysis was performed on the patients undergoing LEEP surgery in the First Affiliated Hospital of University of Science and Technology of China (USTC) from January 2016 to March 2021. Inclusion criteria: pathology of the patient's preoperative biopsy confirmed cervical lesions (CIN1-3); the surgical method was LEEP; and the postoperative pathology was clear, with completely resected margins. Exclusion criteria: postoperative pathology was cervical cancer, concurrent endometrial cancer, ovarian cancer, or other malignant disease; medical records were incomplete (Figure 1).
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FIGURE 1. Research roadmap and basic information.


Data collection included age, pregnancy and childbirth history, menopause, preoperative HPV testing and ThinPrep Cytology Test (TCT) results, type of transformation zone, number of lesion involvement quadrants in colposcopy, cervical biopsy pathology, gland, surgical time, and method of postoperative pathology.


The Construction and Evaluation of Scoring Systems

Statistical methods were used to conduct single factor analysis, screen meaningful variables for multivariate logistic regression analysis, and to determine the final risk factors. A simplified model was adopted to facilitate clinical application. For the logistic scoring system: according to the results of multivariate regression analysis and the rounded value of its 10-fold regression coefficient (β ×10), each risk index was assigned. For the additive scoring system: based on the OR value of each factor in the regression analysis, a rounded integer OR value, and the sum of the OR values of each factor could predict the probability of positive surgical margins in patients with cervical lesions (10). The receiver operating characteristic (ROC) curve was used to evaluate the performance of the scoring system. The higher the AUC value, the better the predictive ability of the scoring system. The value of AUC ranges from 0.5 to 1.



Statistical Analysis

SPSS 23.0 and MedCalc software were used for statistical analysis. To facilitate clinical application and calculation, the quantitative data were transformed into qualitative data. The single factor analysis was adopted by χ2 test. Meaningful predictive factors were screened according to the standard of P < 0.05 and included in the multivariate logistic regression analysis, based on independent influencing factors. The regression coefficient and OR value of the scoring system was established. The ROC curve and Hosmer–Lemeshow goodness-of-fit test were used to evaluate the overall effectiveness of the scoring system (11).



Ethical Approval

In this study, medical records and treatment images of patients were retrospectively classified and exempt from informed consent. The study was approved by the Institutional Human Ethics Committee at the First Affiliated Hospital of USTC with the approval number 2021-RE-073.




RESULTS


Univariate Analysis of Positive Margins After LEEP

Four hundred and eleven patients who met the criteria were included in the study with an age range of 19–73 y and a median age of 39 y. There were 349 patients with negative margins and 62 patients with positive margins (Figure 2), the positive margin rate was 15.1%. Among the 60 menopausal patients, 19 (31.67%) patients had positive margins. There were a total of 125 patients with gravidity >3, of which 21 patients had positive resection margins, and 31 patients with parity >2 including 6 patients with positive resection margins. However, the number of gravidity and parity were not statistically significant. Moreover, a total of 73 patients had preoperative TCT with HSIL, including 19 (26.03%) patients with positive margins. Furthermore, there were 90 patients with type 1 transformation zone, 91 patients with type 2 transformation zone, and 230 patients with type 3 transformation zone.
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FIGURE 2. Preoperative colposcopic images of 4 patients with positive margin.


Preoperative cervical biopsy revealed 27 cases of CIN1, 179 cases of CIN2, and 205 cases of CIN3. One hundred and sixty-six patients were infected with HPV16/18, of which 24 patients had positive resection margins. There were 238 patients with other high-risk HPV infections. We found that 155 patients had cervical lesions involving the glands, including 27 patients with positive margins, but no significant difference of gland involvement was observed. The results of endocervical curettage indicated 15 cases of HSIL, and 40% of HSIL patients had positive resection margins. Univariate analysis suggested that patient age, menopause, preoperative TCT, quadrant number of lesions under colposcopy, and the results of endocervical curettage (ECC) were significantly different between the two groups (P <0.05; Table 1).


Table 1. Single factor analysis of positive margins after LEEP.
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Multivariate Logistic Regression Analysis of Positive Resection Margin

Multivariate regression analysis showed that the index, including age >35 y (β: 0.823; OR: 2.278; 95% CI: 1.067–4.863), menopausal (β:1.32; OR: 3.745; 95% CI: 1.771–7.919), preoperative TCT with HSIL (β:0.942; OR: 2.566; 95% CI: 1.279–5.145), four quadrants under colposcopy (β:1.541; OR: 4.671; 95% CI: 2.393–9.114), and HSIL of ECC (β:1.64; OR: 5.154; 95% CI: 1.527–17.404), were independent risk factors for positive postoperative margins (P < 0.05; Table 2).


Table 2. Multivariate analysis.
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The Establishment of Scoring Systems

According to the regression coefficient (β) and OR value of the multivariate logistic regression equation variables, two systems were established to predict whether the margins were positive after LEEP surgery. The logistic scoring system scored from 0 to 61 points, and the additive scoring system scored from 0 to 19 points (Table 3).


Table 3. Scoring systems.
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Evaluation of the Scoring Systems

Based on the investigated factors related to positive margins after LEEP, we established a scoring system to enhance preoperative risk assessment and surgical selection. We found that when the logistic score was 17, the sensitivity and specificity were 80.6 and 61.6%, respectively; the AUC was 0.769, 95% CI: 0.709–0.829; the Hosmer–Lemeshow goodness of fit test, χ2 = 2.433, P > 0.05. Furthermore, when the additive score was 6, the sensitivity and specificity were 74.2 and 66.2%, respectively; the AUC was 0.768, 95% CI: 0.707–0.828; the Hosmer–Lemeshow goodness of fit test, χ2 = 1.885, P > 0.05 (Figure 3).


[image: Figure 3]
FIGURE 3. Comparison of the two risk scoring systems. ([image: yes]) the logistic scoring system, AUC: 0.769; ([image: yes]) the additive scoring system, AUC: 0.768; ([image: yes]) reference line.





DISCUSSION

With the promotion of cervical cancer screening and the improvement of medical awareness, the population of patients with cervical precancerous lesions is increasing. It is particularly important to predict the development of the disease or the adverse consequences associated with treatment in the early stage and to provide effective evidence for patients' personalized treatment (12, 13). Previously, we established the risk scoring system for lymph node metastasis of early endometrial cancer and the scoring system for postoperative decision-making of advanced cervical cancer, which were applied in clinic (10). At present, there is no uniform standard for the selection of cervical lesions. The 2019 American Society of Colposcopy and Cervical Pathology (ASCCP) pointed out that resection was better than ablation therapy for cervical HSIL (14), while WHO opposed cold knife conization (CKC) as the first choice (3). The expert consensus of the Chinese Society of Eugenics Science for Colposcopy and Cervical Pathology (CSCCP) also made no relevant recommendations on the surgical methods of cervical lesions. The choice of surgical method mostly depends on the subjective judgment of the surgeon. Thus, we analyzed the factors influencing positive margins after LEEP and established a scoring system for evaluating patients before surgery and to provide a basis for individualized treatment and selection of surgical methods.

Compared to LEEP, CKC is associated with increased postoperative bleeding, infection, premature birth, and other adverse events, but the postoperative recurrence rate is lower (15). Studies show that CKC reduces the risk of cervical residual disease, and positive margins in women undergoing LEEP surgery increase 2-fold compared with CKC (4, 16). Although a positive margin after surgery does not imply a persistent postoperative lesion, the follow-up treatment requires a comprehensive evaluation for individualized treatment (17, 18). Although the US and European guidelines recommend repeat surgery for patients with positive margins after minimally invasive cervical cancer resection, no consensus has been reached on the further treatment of positive margins for patients with CIN2 and CIN3. The subsequent treatment mainly includes cytological and colposcopic follow-up, conization, or hysterectomy (19, 20). Additionally, regular follow-up may make the patient anxious, and missed diagnosis or repeat surgeries also lead to related surgical complications. Therefore, the choice of the first surgical method is very important. The purpose of this study was to construct a scoring system to evaluate the risk population with positive margins after LEEP surgery.

In this study, we found that when the logistic score was 17, the sensitivity and specificity were 80.6 and 61.6%. Furthermore, when the additive score was 6, the sensitivity and specificity were 74.2 and 66.2%. Thus, when patients had two or more independent risk factors, the risk of positive margins after LEEP surgery rose sharply. For such patients, clinicians need to carefully consider the choice of surgical method (Figure 4). Independent risk factors for positive margins included age >35 y, menopause, HSIL in preoperative TCT or ECC, and colposcopy lesions involving four quadrants. Xiang found that the positive rate of surgical margins was 3.7% for women who were never delivered, while it increased to 7.8% for women with history of childbirth (21). Our study found that multiple pregnancy (number of pregnancies >3) and prolific birth (parity >2) were not related to positive surgical margins. Previous reports showed that the risk of residual LSIL lesions in 25 y and 40 y patients after LEEP were 20 and 30%, and the incidence of HSIL in women <35 y is 2-fold of women >35 y (6.5 vs. 3.7%) (22, 23). Liu described the age of high incidence of HSIL/LSIL as 35–49 y (24). Here, the age of 35 y was also taken as the boundary to separate the age of menopause as this age group is of childbearing age and had one of the highest incidences of cervical lesions. We also found that age >35 y was a risk factor for positive margins after LEEP surgery (P = 0.033), which is consistent with the previous results (25). Previous studies showed that menopause was a risk factor for positive surgical margins (26, 27), and our research also confirmed these findings. The cervix of postmenopausal women atrophies and the squamous column junction moves inward, which increases the difficulty of lesion detection and operation.


[image: Figure 4]
FIGURE 4. Application process of the scoring system for preoperative evaluation.


As the main screening method for cervical cancer, TCT combined with HPV examination can identify most cervical lesions (28) and their comprehensive detection effect is comparable to histopathological examination. Some studies showed that the sensitivity, specificity and positive prediction of TCT were 78.3, 77.9 and 73.3%, respectively, which was higher than the HPV test (29). In this study, compared with other types of HPV, HPV16/18 infection had no effect on the positive margin, which is consistent with a previous study (26). However, postoperative TCT with HSIL is a risk factor of positive resection margin. This may be because the TCT results are related to the degree of disease. This finding also suggested that the positive margin after LEEP was not correlated with the type of HPV infection, but was dependent on the degree of disease progression. Under clinical conditions including: an unsatisfactory colposcopy; atypical squamous cells of undetermined significance (ASCUS) in cytology and positive HPV but without visible lesion under the colposcopy; ≥LSIL in cytology and no lesion under colposcopy; HSIL cytology; atypical glandular cells (AGC); or a suspected invasive disease, ECC was suggested as the prioritizable method (30). In our study, we also found that the HSIL of ECC was a risk factor for positive margins, which was supported by the previous study that the risk of surgical margins with positive ECC was increased (31). At present, TCT and ECC are mainly used for cervical cancer screening and diagnosis, but their impact on prognosis is often ignored clinically. Patients with higher cytological atypia also have a higher probability of positive margins and residual lesions (25). Here, our study emphasizes the importance of preoperative cytological results for patient evaluation. This study also showed that preoperative TCT and ECC results of HSIL were risk factors for positive margin, but cervical biopsy of CIN3 were not related. This reflects the importance of cytological diagnosis for the treatment and prognosis of cervical lesions. TCT is the detection of cervical transformation area and a small number of intracervical cells, but intracervical cell analysis depends on ECC. It is undeniable that colposcopy images and biopsy histopathology are important for the diagnosis of cervical lesions, but the selection of biopsy location and the determination of biopsy tissue size are lack of standardization, which often affects the disease diagnosis of patients (32). For example, Lang pointed out that the pathological grade of ECC was higher than that of tissue biopsy (33). Thus, the combined application of cytopathology and histopathology not only makes the disease diagnosis more accurate, but also provides a basis for the selection of disease treatment and prognosis. Furthermore, postoperative TCT combined with HPV detection is a common close monitoring method for patients with positive margin. Postoperative HPV infection and abnormal TCT results are closely related to disease recurrence. Postoperative TCT can predict disease recurrence in patients with positive margin, but cannot infer lesion residue (16), so the choice of initial treatment is also important for patients. Additionally, a larger lesion area was a risk factor for positive surgical margins and more extensive changes in high-grade disease were closely related to incomplete resection (34). The current study found that when four quadrants were involved during colposcopy, the positive rate of resection margin after LEEP was as high as 22.60%, while the range of other lesions was only 9.40%. The large lesion range increases the operation difficulty of the operator and LEEP is more difficult for the complete resection of large-scale cervical lesions. Some studies have pointed out that the experience and professionalism of doctors are related to the positive rate of surgical margin, and inexperienced surgeons may increase the positive rate of surgical margin (26, 35). In our study, all surgeons had been engaged in colposcopy diagnosis and treatment of cervical lesions for many years and had rich clinical experiences and theoretical knowledge to avoid the influence of surgeons on surgical margins.



CONCLUSIONS

Here, we preliminarily constructed a scoring system for positive LEEP postoperative cutting edge, namely the logistic scoring system and the additive scoring system. The AUC was 0.769 (0.709–0.829) and 0.768 (0.707–0.828), respectively, indicating that the scoring system was effective. This system is suitable for cervical intraepithelial neoplasia. Nevertheless, it is still necessary to expand the sample size to further test the scoring system so that patients with cervical lesions can be evaluated before surgery according to specific clinical guidelines.
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