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To estimate the effects of early cervical lesions (ECL) on female reproductive function and IVF/ICSI cycle outcomes, a retrospective cohort study involving 111 infertile women from 2014 to 2019 was performed. Thirty-seven women with a history of ECL and seventy-four controls, undergoing IVF/ICSI cycles, were included in the ECL group and comparison group respectively. Demographic characteristics, ovarian reserve, and IVF/ICSI cycle outcomes of both groups were collected. Basal serum FSH level, AMH level, AFC, number of oocytes retrieved and matured, normal fertilization rate, embryo available rate, blastocyst formation rate, implantation rate, pregnancy rate, and cumulative live birth rate (CLBR) were assessed and compared. We observed that while both groups were similar concerning baseline features, significantly more women in the ECL group were diagnosed as poor ovarian response (POR), compared with those in the comparison group (27.0% vs. 10.8%, P=0.003). The pregnancy rate and LBR for a complete cycle were both significantly lower in the ECL group (38.5% vs. 58.8%, P=0.021; 28.9% vs. 48.2%, P=0.025, respectively). The conservative and optimal CLBRs for up to four complete cycles in the ECL group were also lower than those in the comparison group (40.5% vs. 55.4%, P=0.140; 45.9% vs. 67.6%, P=0.028). Longer time intervals (over one year) between ECL diagnosis/treatment and assisted reproductive technology (ART) cycle start negatively affected the pregnancy rate and LBR. In conclusion, female patients with ECL history seemingly have a lower ovarian reserve, reduced pregnancy rate, and decreased live birth rate (LBR), compared with age-matched women undergoing IVF/ICSI.
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Introduction

Cervical cancer remains the fourth most common cancer in women (1). With the development and popularization of screening methods, patients with cervical lesions can be early diagnosed and receive fertility-sparing treatment (2, 3). Cervical intraepithelial neoplasia (CIN), or squamous intraepithelial lesion (SIL), known as the pathological diagnosis of cervical precancerous lesion, was classified into low-grade lesion (CIN1) and high-grade lesions (CIN2 and CIN3), based on the different morphological characteristics and clinicopathological processes. CIN1 is attributed to active human papillomavirus (HPV) infection and usually regresses without treatment, while the high-grade SIL and early invasive cervical cancer, may need surgical treatments, such as conization, loop electrosurgical excision procedure (LEEP), and trachelectomy (4, 5).

The fecundability and obstetric outcomes of the patients with a history of early cervical lesions (ECL), including CIN and early invasive cancer, were analyzed previously. A case-control study showed a 2-fold increase in risk of infertility for women after CIN treatments compared with untreated women (6), while other studies involving larger samples demonstrated no evident adverse effects of CIN history and treatments on fertility (7, 8). As for early invasive cervical cancer, previous studies mainly focused on obstetric outcomes following different-type surgeries, such as abdominal, vaginal, or robot-assisted radical trachelectomy, aiming to prove the feasibility and safety of surgeries (9–12). Generally, most studies indicated that no significant negative effect of ECL and related surgical treatment on female fertility was observed.

But like the non-oncology population, even if the treatment of the cervix does not increase the prevalence of infertility, some patients are unable to conceive spontaneously for various reasons and require assisted reproductive technology (ART) to obtain offspring (7, 13). Whether the infertile patients with an ECL history would experience worse ART outcomes remains to be explored. In the current study, by retrospective analyses of the patients with ECL history undergoing ART in our center, the ovarian reserve, ovarian response, embryo development, and obstetrical outcomes were compared with those of the comparison group, to estimate the effect of ECL on female reproductive function and in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) outcomes.



Materials and Methods


Study Population

All women undergoing IVF/ICSI cycles from January 2014 to December 2019 at the Reproductive Medicine Center of Tongji Hospital in Wuhan, China were reviewed. Thirty-seven women who were noted to have a history of pathologically confirmed ECL were included in the ECL group. For each patient, two age-matched controls with similar body mass index (BMI) and infertility type during the same period were included in the comparison group. Women with other benign or malignant tumors, polycystic ovarian syndrome (PCOS), endometriosis, congenital abnormality, previous ovarian surgery, oocyte donors, and preimplantation genetic diagnosis cycles were excluded from the analyses in both groups.

The original study was approved by the Ethical Committee of Tongji Hospital, Tongji Medicine College, Huazhong University of Science and Technology on 24 April 2019 (#[2019]S964). Each of the patients had given written informed consent at the time of treatment for the future use of their clinical data.



Ovarian Stimulation Protocol, Oocyte Retrieval, and Embryo Transfer

Ovarian stimulation protocols have been processed as previously described (14, 15). Briefly, pituitary suppression was achieved by injection of GnRH agonist starting in the mid-luteal phase of the previous cycle or GnRH antagonist starting with the existence of follicles measuring 13-14 mm in diameter. The dosage and duration of recombinant follicle-stimulating hormone (FSH) were adjusted based on individual ovarian responses. When two to three leading follicles reached a mean diameter of 18 mm, intramuscular injection of recombinant human chorionic gonadotropin (hCG) was performed, and oocytes were retrieved by guided transvaginal ultrasound 36-38h after hCG administration. The IVF or ICSI were performed as appropriate, and embryo transfer was performed on day 3 after oocyte retrieval. The surplus available embryos were frozen on day 3 or further cultured to day 5 or 6 for cryopreservation. Transfer with cryopreserved embryos was performed after priming the uterus with estrogen.



Data Collection

Demographic characteristics, including age at cycle start, BMI, infertility duration, infertility type, and causes of infertility, were collected. Basal serum FSH level, antimüllerian hormone (AMH) level, and antral follicle count (AFC) were extracted for assessment of ovarian reserve. IVF/ICSI cycle information extracted included the amount of gonadotropin used, total days of ovarian stimulation, estradiol (E2) level, number of large follicles on hCG trigger day, number of oocytes retrieved and matured, available embryos, blastocysts, embryos transferred, pregnancies, and live births. For the ECL group, detailed information about cervical lesion type, treatment, and time from diagnosis/treatment of cervical lesion to cycle start was recorded.



Criteria of Assessment

Women with poor ovarian response (POR) were classified with at least two of the three following features: advanced maternal age (≥40 years) or any other risk factor for POR; a previous POR (≤3 oocytes with a conventional ovarian stimulation protocol); and an abnormal ovarian reserve test (i.e. AFC <5–7 or AMH <0.5–1.1 ng/ml), according to the Bologna criteria (16). The normal fertilization rate was defined as the number of 2PN zygotes divided by the number of matured oocytes; the cleavage rate was defined as the number of cleaved embryos divided by the number of fertilized oocytes; the available embryo rate was defined as the number of embryos available for transfer, freezing, and extended culture divided by the number of normally-fertilized and cleaved embryos (including the late-cleaved embryos); the blastocyst formation rate was the number of blastocysts divided by the number of day 3 embryos for extended culture; the good-quality blastocyst formation rate was the blastocysts available for cryopreservation divided by the number of day 3 embryos for extended culture. Implantation rate referred to the ratio of the number of gestational sacs to the number of embryos transferred. Clinical pregnancy was confirmed if an intrauterine fetal heartbeat could be observed by transvaginal ultrasound. The live birth was defined as the birth of at least one live child after 28 weeks of gestation. Deliveries of multiple pregnancies were counted as one live birth.

For first-cycle cumulative live birth rate (CLBR) assessment, live birth rates (LBR) were calculated following every embryo-transfer procedure during the first complete cycle. For multiple cycles, two kinds of CLBRs were calculated. The conservative CLBR was calculated based on the assumption that women who discontinued ART treatment would not have achieved live birth if they had continued, while the optimal CLBR assumed that women who discontinued treatment would have had the same chance of live birth with continued ART as those who did continue (17). Women were considered to have discontinued ART treatment if they failed to have a treatment-dependent live birth and did not return for further ART cycles until 31 December 2019.



Statistical Analysis

Data were analyzed and presented using SPSS software (SPSS Inc, version 22.0) and Graphpad Prism (version 8.0). Continuous data were analyzed with Kruskal-Wallis nonparametric method and expressed as median (interquartile range [IQR]), or with a Student t-test if data were normally distributed. Categorical data were presented as the number of cases and frequency (percentage), with a Chi-Square test to assess between-group differences. Logistic regression was performed to explore the influencing factors of cycle outcomes. The conservative CLBR estimate was calculated as the number of live births up to and including a specific treatment cycle, divided by the number of women who started their first ART cycle during the study period. The optimal estimate of CLBR was calculated by the Kaplan-Meier method upon inclusion of all treatment cycles in the analysis. Log-rank test and Kaplan-Meier curves with live birth considered as an event were used to illustrate differences between groups (14). Wald P-values were two-sided; P<0.05 was considered to be significant.




Results


Baseline Characteristics

Thirty-seven women with a history of ECL, involving fifty-three IVF/ICSI cycles, were identified and included in the ECL group. Age-matched women were included in the comparison group at a ratio of 1:2, with eighty-six IVF/ICSI cycles. The median age of women commencing ART in both groups was 34 years. Other baseline features, including BMI, infertility type and duration, and infertility cause, were also similar between the two groups (Table 1).


Table 1 | Demographic characteristics of the ECL and comparison groups.



Among the 37 patients with ECL history, 31 (83.8%) have been diagnosed as CIN and others as cervical cancer, based on pathological evidence. Four CIN1 patients and two CIN2 patients have received no treatment but regular follow-up, and three patients with CIN3 or early-stage cancer have undergone trachelectomy, with different extents of resection. Most patients (75.7%) have been treated with conization or LEEP. All patients underwent the re-examination of HPV infection and Thinprep cytologic test (TCT) regularly after cervical surgeries and specially prior to ART treatment, to exclude recurrence. Nearly half of the patients (45.9%) started the ART cycles within one year after ECL diagnosis or treatment, while 29.7% did not choose ART until two years later (Supplementary Table S1).



Ovarian Reserve and Response

According to our observation, the ECL group had higher basal FSH level (median: 8.9 vs. 7.3 mIU/mL, P<0.001), lower AMH level (2.0 vs. 3.2 ng/mL, P=0.009), and fewer AFC (8.0 vs. 11.0, P<0.001) than the comparison group (Table 2). After stimulation, the ECL group reached significantly lower E2 levels and fewer large follicles on hCG trigger days, consequently fewer oocytes were obtained (6.0 vs. 9.0, P=0.015), although the oocyte maturation rates were similar between the two groups. Based on the Bologna criteria, more women with a history of ECL were diagnosed as POR compared with those without cervical lesion history (27.0% vs. 10.8%, P=0.003).


Table 2 | Ovarian reserve and response to stimulation in the ECL and comparison groups.





IVF/ICSI Results, Obstetric and Neonatal Outcomes

As for the IVF/ICSI results, no significant differences were observed in normal fertilization rate, cleavage rate, available embryo rate, blastocyst formation rate, and good-quality blastocyst formation rate between the two groups. For fresh-embryo transfer cycles, the average numbers of transferred embryos were 1.26 and 1.41 in the ECL and comparison group, respectively (P>0.05). However, we found that the implantation rate, pregnancy rate, and LBR following fresh embryo transfer in the ECL group were all significantly lower than those in the comparison group (20.7% vs. 53.9%, P=0.002; 26.1% vs. 61.1%, P=0.005; 21.7% vs. 50.0%, P=0.021, respectively).

All pregnant women were followed up until a live birth was achieved or abortion occurred after their last IVF/ICSI cycles. For one complete cycle, which encompasses the outcomes from fresh and all frozen/thawed embryo transfers following one ovarian stimulation, the pregnancy rate and LBR of the ECL group were also significantly lower than those of the comparison group (38.5% vs. 58.8%, P=0.021; 28.9% vs. 48.2%, P=0.025, respectively) (Table 3).


Table 3 | IVF/ICSI results and obstetric outcomes of ECL and comparison groups.



For the first complete cycle, the CLBR following every embryo-transfer procedure rose from 27.0% to 35.1% in the ECL group, and from 39.2% to 51.4% in the comparison group (P=0.113), shown in Figure 1. The conservative and optimal CLBRs for up to four complete cycles were presented in Figure 2. Overall, the CLBR was 35.1% for the first complete cycle of the ECL group, rising to 40.5% (conservative) and 45.9% (optimal) for the second cycle, while in the comparison group, the CLBR rose from 51.4% for the first cycle to 55.4% (conservative) and 67.6% (optimal) for the second cycle. The difference of optimal CLBRs between the two groups was significant (P=0.033). CLBRs did not increase from the third cycle in either group.




Figure 1 | The CLBR following every embryo-transfer procedure for the first complete cycle. For each complete cycle, the LBR following every embryo-transfer procedure rose from 27.0% to 35.1% in the ECL group (red line), and from 39.2% to 51.4% in the comparison group (green line). The difference between the two groups was not significant (P=0.113).






Figure 2 | The conservative and optimal CLBRs for up to four complete cycles in both groups. The CLBR was 35.1% for the first complete cycle of the ECL group, rising to 40.5% (conservative) and 45.9% (optimal) for the second cycle. In the comparison group, the CLBR rose from 51.4% for the first cycle to 55.4% (conservative) and 67.6% (optimal) for the second cycle. The difference of optimal CLBRs between the two groups was significant (P=0.033), although not significant for conservative CLBRs (P=0.139). CLBRs did not increase from the third cycle in either group.



Considering the significantly lower pregnancy rate and LBR in the ECL group, factors such as age, BMI, lesion type, treatment, and the time interval between ECL diagnosis/treatment and IVF/ICSI cycle, were included in multivariate logistic regression for analysis (Supplementary Table S2). The results showed that higher BMI negatively affected the pregnancy rate but not the LBR. The pregnancy rate and LBR were both significantly reduced in patients with a time interval of more than one year between ECL diagnosis/treatment and IVF/ICSI, compared with the ones who started cycles within one year (pregnancy rate: 45.0% vs. 65.7%, OR: 0.087 [0.008-0.963], P=0.047; LBR: 30.0% vs. 52.9%, OR: 0.022 [0.001-0.623], P=0.027), although the median ages at cycle start were similar (33.5 vs. 34.0 years).

Of all the live births obtained by single embryo transfer in both groups, none were preterm delivery. All preterm births occurred during the course of twin pregnancies, and the incidence of preterm births and neonatal weight did not differ significantly between the two groups. Very few women in either group have maternal complications, including gestational diabetes, hypertensive disorder, and placental abnormalities. There were no cases of neonatal defects in both groups (Table 3).




Discussion

As mentioned before, nowadays cervical lesions could be detected in early stage, and the risk of pre-invasive to invasive lesions shift might be predicted, based on the evaluation of some biomarkers, such as p16ink4a, p16, E-cadherin, Ki67, pRb, and p53 (18). Moreover, through the application of sentinel lymph node (SLN) mapping, the surgical treatment of cervical lesions also became more accurate (19). All these advances in technologies and concepts dramatically increased the fertility sparing opportunity for patients with cervical lesions, and also highlighted the necessity of reproductive evaluation and fertility guidance for these patients.

The results of this study suggest that female patients with CIN or early cervical cancer history have lower ovarian reserve, reduced pregnancy rate, and decreased CLBR, compared with age-matched women undergoing IVF/ICSI. Although the infertility rate and IVF delivery proportion of patients with ECL history were not increased according to previous studies (7, 8), it appears that those infertile patients do not have an optimal outcome in seeking ART treatment. Moreover, the time interval between ECL diagnosis/treatment and ART cycle start is seemingly associated with the pregnancy rate and LBR.

The deleterious impact of ECL history on the ovarian reserve is unexpected because lesions were localized and all treatments did not seem to directly involve the ovaries. The underlying mechanisms probably involve cervical treatments, HPV infection, and the potential reproductive damaging effects of the tumor itself:

The various cervical treatments reportedly caused different pregnancy results (20), while very little literature investigated their effects on ovarian reserve. Spracklen et al. reported that women with a history of LEEP required more time to conceive a pregnancy resulting in live birth when compared to similar women with no history of cervical surgery (6), but Sklavos et al., attempting to clarify the mechanism, found that the delayed time to pregnancy is likely not due to a LEEP-associated decrease in ovarian reserve as measured by AMH (21). Another study involving eighteen patients undergoing abdominal radical trachelectomy found no significant differences in AMH levels between surgery group and control group (22). However, the conclusions require further verification due to the small sample size. In the current study, the effect of cervical treatments was not evaluated specifically considering the limited number of untreated patients and possible inconsistency in surgical operations.

As for HPV infection, the majority in the ECL group (67.6%) were with clear evidence of HPV positive when they were diagnosed as ECL, but more information regarding HPV types was regrettably missing. A most recent study investigated the long-term impact of being diagnosed with high risk (HR)-HPV-positive and HR-HPV-negative lesions in a large group of women treated with conization for high-grade cervical dysplasia, and found that HR-HPV-positive patients experienced a 8-fold increase risk of recurrence than HR-HPV-negative counterpart (23). We speculated the HR-HPV infection might have a more sustained impact on patients. However, there is a lack of studies regarding HPV effects on female hormones or oocyte production, while more attention has been focused on the impact of HPV vaccines on ovarian reserve (24). Although a causal conclusion cannot be confirmed by now, six case reports indicated a possible association between the 4-valent HPV vaccine and primary ovarian insufficiency (POI) (25, 26). We hypothesized that HPV, which contains more active biological substances than its vaccine, may be more likely to be detrimental to ovarian function. More research regarding the long-term effect of HPV infection or 2-, 4-, 9-valent vaccines on ovarian reserve is required.

Additionally, the impact of the tumor itself on reproductive function should not be ignored. A meta-analysis reviewed seven studies that evaluated the ovarian performance of patients with cancers, including breast cancer, lymphoma or leukemia, gynecologic cancer, or other malignancies. The result showed that, even before radio/chemotherapy, the number of retrieved oocytes among patients with cancer was significantly lower compared with age-matched healthy IVF patients (27). In a recent study exploring the impact of cancer type on ovarian response to stimulation for fertility preservation, a lower ovarian response in patients with gynecologic cancers was identified (28). However, the conclusion remains controversial, based on the conflicting results of other studies (29, 30), and more studies are also needed to reveal the mechanisms.

Simultaneously, the ART outcomes of ECL patients in our study were also unsatisfactory. Two kinds of CLBRs in the ECL group were lower than those in the comparison group, with a statistical significance in optimal CLBRs difference. The conservative CLBR is pessimistic, while the optimal CLBR is probably overly optimistic, based on their computational principles. As the prognosis-adjusted CLBRs were closer to the optimal than the conservative estimate (17), we have more reason to believe that the ECL group did suffer from a lower CLBR.

HPV infection may be involved. Spandorfer et al. have reported significantly decreased pregnancy rates in IVF cycles in women with cervical HPV infection (without cytological abnormalities) who were undergoing IVF compared with those who were HPV negative (23.0% vs. 57.0%, respectively), and no significant difference in the miscarriage rates was found (31). Another study of 199 infertile couples, however, showed a marked increase in the risk of pregnancy loss when HPV infection was diagnosed (32). Importantly, a cervical lesion requiring treatment is more complex than a simple HPV infection, and the different treatments could affect ART outcomes, as shortened cervical length and abnormal cervical function are likely to increase the risk of miscarriage or preterm delivery (7, 33). The current study firstly presented a reduced pregnancy rate and CLBR in patients with cervical lesions undergoing ART treatment, while the impact on preterm delivery rate was not significant.

Our study took the ovarian reserve of ECL patients into consideration, which has usually been ignored by other researchers assessing the effect of HPV or cervical treatment on ART outcomes. In addition, the CLBRs were calculated both conservatively and optimistically to present the ART outcomes that patients are most concerned about. Limitations of this study include its retrospective and single-center nature, with a rather small sample size. The influence of treatment methods was not assessed specifically as the patients received surgeries in different centers.

In conclusion, we have shown that a history of early cervical lesion among infertile women may have a significantly negative impact on the ovarian reserve and IVF/ICSI outcomes, with a higher incidence of POR and lower live birth rate. This study provides data support for further exploration of the effects of cervical cancer and other tumors on fertility and also advocates that oncologists and reproductive physicians pay more attention to these patients. Comprehensive ovarian function assessment, individualized fertility guidance, and planned follow-up by professionals are recommended for patients with early cervical lesions history.
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Reproductive results ECL patients Comparison P-value

Ovarian reserve
Day3 FSH (mIU/mL) 8.9 (7.0-13.2) 7.3(6.1-8.4) <0.001
Day3 AFC 8.0 (4.0-10.0) 11.0 (7.0-16.0) <0.001
AMH (ng/mL) 2.0(1.1-4.0) 3.2(1.8-5.8) 0.009

Ovarian response

Total dose of gonadotropins (IU) 2400.0 (1875.5-3075.0) 2437.5 (1887.5-3018.8) 0.919
Days of gonadotropins use (d) 9.0 (8.0-10.5) 10.0 (8.8-11.0) 0.150
E2 on hCG trigger day (pg/mL) 1454.0 (694.4- 2329.5) 2084.0 (1356.5-3518.5) 0.001
No. of large follicles on hCG day 6 (4-10) 8(6-13) 0.008
No. of oocytes retrieved 6 (3-11) 9 (5-15) 0.015
No. of Ml oocytes 5(3-8) 8 (4-13) 0.021
Maturation rate 89.1% 85.7% 0.213

Incidence of POR 27.0% 10.8% 0.003

ECL, early cervical lesions; FSH, folicle-stimuiating hormone; AFC, antral follicle count; AMH, antimdllerian hormone; E2, estradiol; hCG, human chorionic gonadotropin; POR, poor ovarian response.

Bold fonts were statistically significant.
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Characteristics ECL patients Comparison P-value
Number of patients, n 37 74 /
Number of ART cycles, n 53 86 /
Female age at cycle start (y) 34 (31-39) 34 (31-39) 0.712
BMI (kg/m?) 21.8(19.8-23.4) 21.5(19.8-23.3) 0.700
Infertility duration (y) 3(1-5) 3(2-4.3 0.659
Infertility type, n (%) 0.841
Primary 6(43.2%) 30 (40.5%)
Secondary 21 (56.8%) 44 (59.5%)
Infertility cause, n (%) 0.733
Female factors only 26 (70.3%) 46 (62.2%)

Tubal 16 (43.2%) 33 (44.6%)

DOR 5(13.5%) 1 (14.9%)

Tubal +DOR 5(13.5%) 2 (2.7%)
Male factors only 2(5.4%) 7 (9.5%)
Combined male and female factors 4(10.8%) 2 (16.2%)
Unexplained 5(13.5%) 9 (12.2%)

Values are median (IQR) for continuous variables and n (%) for categorical variables.
ECL, early cervical lesions; ART, assisted reproductive technology; BMI, body mass index; DOR, diminished ovarian reserve.





