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Simple Summary


Early-stage endometrial cancer is increasingly diagnosed in young women who wish to preserve their fertility, even though standard treatment involves removal of the uterus. Conservative, fertility-sparing treatments using hormonal therapy or minimally invasive surgery have therefore been developed, but their long-term effectiveness and reproductive success remain uncertain. We reviewed and analyzed data from 76 studies including more than 2500 women with early-stage endometrial cancer treated conservatively. Overall, approximately 70–75% of women achieved an initial remission with fertility-sparing treatment, although cancer recurrence occurred in about 30–35% of those who responded. Strategies combining hormonal therapy with hysteroscopic removal of visible disease were associated with higher remission durability and lower rates of early treatment failure compared with hormonal treatment alone. Following remission, conception occurred in approximately 45–50% of women attempting pregnancy, while 35–40% resulted in live births. Together, these findings illustrate both the potential benefits and the inherent limitations of fertility-sparing treatment and may help support realistic counseling and individualized clinical decision-making.




Abstract


Background/Objectives: Fertility-sparing treatment is an accepted option for selected women with early-stage endometrial carcinoma, yet comparative evidence on oncologic durability and reproductive success remains limited. This systematic review and meta-analysis aimed to evaluate oncologic and reproductive outcomes across available fertility-preserving strategies in early-stage endometrial carcinoma. Methods: A systematic search of MEDLINE, Embase, Web of Science, CENTRAL, and Scopus was conducted from inception to 13 April 2025. Eligible studies included women of reproductive age with FIGO stage IA endometrial carcinoma undergoing fertility-sparing treatment. Studies enrolling mixed populations were included only if carcinoma-specific outcomes could be clearly identified; cases of atypical endometrial hyperplasia or endometrial intraepithelial neoplasia were not included in the quantitative synthesis. Outcomes included the rates of complete response, recurrence, partial response, no response, pregnancy, and live birth. Meta-analyses with random-effect models were performed, with subgroup analyses by treatment strategy. Risk of bias was assessed using ROBINS-I and RoB 2 tools. The review was preregistered in PROSPERO. Meta-analyses were conducted using R software, v4.4.2 (R Foundation for Statistical Computing, Vienna, Austria). Results: Seventy-six studies involving 2507 women were included. The pooled complete response rate was 74% (95% CI: 69–79%), while recurrence occurred in 35% (95% CI: 28–42%) of complete responders. Strategies incorporating hysteroscopic resection, alongside other combination regimens, consistently demonstrated higher complete response rates (85%) and lower recurrence (14–16%) compared with oral progestin or LNG-IUD monotherapy. Early treatment failure, with pooled partial and no response rates of 6% and 16%, respectively, particularly affecting monotherapy regimens. The pooled pregnancy and live birth rates were 48% (95% CI: 41–54%) and 36% (95% CI: 29–43%), with more consistent reproductive outcomes observed with combination strategies. Conclusions: Fertility-sparing treatment in early-stage endometrial carcinoma is associated with high initial remission rates; however, the durability of response remains limited, while overall reproductive success is moderate. Accumulating evidence suggests that combination strategies, particularly those incorporating hysteroscopic resection, are associated with more favorable oncologic control and reproductive outcomes compared with hormonal monotherapy. Accordingly, fertility preservation should be regarded as a carefully selected, time-limited approach that requires close surveillance and individualized patient counseling.
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1. Introduction


Endometrial carcinoma (EC) is the leading gynecologic malignancy in high-income countries, with a consistent upward trend in incidence observed among younger women, particularly in those younger than 50 years [1]. An estimated 5–7% of endometrial carcinoma diagnoses occur in women under 45 years of age, reflecting the rising burden of obesity and polycystic ovary syndrome (PCOS) in this population [2]. In disease stages I–II, standard management consists of total hysterectomy with bilateral salpingectomy or salpingo-oophorectomy, depending on patient age and disease stage; however, this approach poses a major clinical dilemma, as it results in the irreversible loss of reproductive potential [3].



Atypical endometrial hyperplasia (AEH) and endometrial intraepithelial neoplasia (EIN) represent premalignant endometrial lesions characterized by cytologic atypia and architectural glandular abnormalities, with an increased risk of progression to carcinoma. In contrast, early-stage invasive endometrial cancer refers to histologically confirmed endometrioid carcinoma confined to the endometrium, corresponding to FIGO stage IA disease without myometrial invasion. In the present review, the term “early-stage endometrial carcinoma” is used to denote early-stage invasive endometrial cancer and does not include premalignant conditions.



Over the past two decades, fertility-preserving strategies have been developed to address this dilemma, aiming to preserve uterine function while maintaining oncologic safety [4]. Current international guidelines, including those of ESGO/ESTRO/ESP, NCCN, and ESMO, support fertility-sparing treatment in carefully selected patients with early-stage, low-grade endometrial carcinoma who wish to preserve fertility [5,6]. These approaches most commonly involve oral progestins or levonorgestrel-releasing intrauterine devices (LNG-IUDs), often preceded by hysteroscopic tumor resection to optimize disease control and reduce relapse risk.



Progestin-based therapy acts through progesterone receptor activation in endometrial cells, inducing antiproliferative effects, decidualization, glandular atrophy, and apoptosis, while also suppressing estrogen receptor signaling and downstream pathways such as p21 and Bcl-2 [7]. LNG-IUDs achieve high local hormone exposure with minimal systemic effects, but share similar cellular mechanisms with oral progestins [8]. Emerging evidence suggests that combination regimens may further enhance therapeutic efficacy. Therapy including metformin increases progesterone receptor expression and inhibits PI3K/AKT/mTOR–mediated proliferation, while gonadotropin-releasing hormone (GnRH) analogs reduce estrogen production and directly promote cell-cycle arrest and apoptosis via GnRH receptors [9]. Hysteroscopic resection complements medical therapy by mechanically removing visible lesions, reducing tumor burden, and improving responsiveness to subsequent hormonal treatment.



In patients with early-stage endometrial carcinoma, reported complete response rates reach 70–80% within 6–12 months of conservative treatment; however, disease recurrence occurs in approximately 30% of cases [10]. Although adjunctive agents such as metformin and GnRH analogs have been explored [11], most recommendations still rely on monotherapy or limited pharmacological combinations, and robust comparative evidence remains scarce. Key challenges include defining the optimal duration of therapy and improving the durability of oncologic response while preserving reproductive outcomes.



Importantly, this review focuses exclusively on endometrial carcinoma and does not include outcomes related to atypical endometrial hyperplasia or endometrial intraepithelial neoplasia. This review therefore aims to provide a comprehensive, EC-specific evaluation of fertility-preserving treatments, focusing exclusively on oncologic and reproductive outcomes in endometrial carcinoma. By synthesizing data on complete response, recurrence, pregnancy, and live birth rates across hormonal, surgical, and combined approaches, we seek to address critical evidence gaps and inform future guideline development tailored specifically to young women with EC.




2. Objectives


The objective of this review is to identify the most effective fertility-preserving treatment strategy for women with early-stage endometrial cancer, defined as the approach that achieves an optimal balance between oncologic safety and reproductive outcomes, with the highest rates of complete response, pregnancy, and live birth, and the lowest recurrence rate.




3. Materials and Methods


3.1. Study Selection Criteria


The population–intervention–control–outcome (PICO) framework applied in this study was as follows:




	
Population: Women of reproductive age diagnosed with FIGO stage IA endometrial carcinoma who received conservative, fertility-preserving management.



	
Intervention: Fertility-sparing interventions included systemic and intrauterine progestins, as well as multimodal regimens such as the addition of metformin or gonadotropin-releasing hormone (GnRH) analogs, and hysteroscopic tumor resection. In the available literature, hysteroscopic resection was combined with either oral or intrauterine progestins, while no study reported its use together with both modalities concurrently.



	
Control: Other fertility-sparing treatment strategies drawn from the same predefined intervention set, enabling pairwise and subgroup comparisons across the full spectrum of conservative treatment modalities.



	
Outcomes: Oncologic outcomes included complete response (CR) rate and recurrence rate. Reproductive outcomes encompassed pregnancy and live birth rates (LBR). Secondary endpoints were partial response (PR) rate, no response (NR) rate.








All included studies primarily enrolled women with histologically confirmed endometrioid endometrial carcinoma confined to the uterus, corresponding to FIGO stage IA, grade 1 disease, which represents the accepted indication for fertility-sparing management. Studies that included mixed populations, such as atypical endometrial hyperplasia alongside carcinoma, were eligible only if outcome data for carcinoma patients could be clearly identified or if carcinoma-specific outcomes were reported separately. A small number of studies reported the inclusion of isolated grade 2 endometrioid tumors; however, these cases represented a very limited minority of the overall population, were not the focus of treatment protocols, and could not be analyzed separately due to aggregated reporting. As such, they are unlikely to have materially influenced the meta-analytic estimates. Importantly, no included study involved patients with myometrial invasion beyond stage IA or non-endometrioid histology.




3.2. Search Sources and Strategy


A comprehensive literature search was conducted in Embase, Web of Science, CENTRAL, MEDLINE (via PubMed), and Scopus up to 13 April 2025, without restrictions on the start date. The search strategy combined Medical Subject Headings (MeSH) with relevant free-text keywords to ensure comprehensive identification of eligible studies. The specific search terms used are detailed below. The search strategy included the following terms: (“endometrium” OR “endometrial” OR “endometrioid” OR “endometr*”) AND (“carcinoma” OR “carcino*” OR “cancer*”) AND (“early stage” OR “stage I” OR “FIGO I” OR “low-risk” OR “fertility-sparing” OR “fertility preserv*” OR “conservative management”) AND (“gestagen” OR “gest*” OR “progesterone” OR “progest*” OR “medroxyprogesterone acetate” OR “medroxyprogesterone” OR “progesterone derivative” OR “megestrol acetate” OR “dienogest derivative” OR “levonorgestrel” OR “hydroxyprogesterone” OR “medrogestone” OR “megestrol” OR “desogestrel derivative” OR “drospirenone” OR “dydrogesterone” OR “intrauterine device” OR “IUD” OR “metformin” OR “GnRHa” OR “gonadotropin-releasing hormone agonist” OR “GnRH analogue” OR “hysteroscopy” OR “hysteros*” OR “hysteroscopic resect*”).



This review was developed in accordance with the PRISMA framework [12] (Supplementary Tables S2 and S3), with methodological guidance drawn from the Cochrane Handbook for Systematic Reviews of Interventions [13], and was formally submitted to PROSPERO on 13 April 2025 (CRD420251032161) [14].




3.3. Study Selection Process


All retrieved citations were imported into EndNote v21 (Clarivate Analytics, Philadelphia, PA, USA, 2025) for reference management and duplicate removal. Following de-duplication, records were uploaded to Rayyan (v1.5.3; Rayyan Systems Inc., Cambridge, MA, USA). Two reviewers (P.S.; B.V.) independently screened titles and abstracts according to the predefined eligibility criteria, after which, full texts of potentially relevant studies were assessed. Any disagreements were resolved through discussion or, when necessary, by consultation with a third reviewer (M.K.). Data extraction was performed independently by two reviewers (P.S.; B.V.) using a standardized Excel spreadsheet (Microsoft Excel, Office 365; Microsoft Corporation, Redmond, WA, USA, 1985), with discrepancies resolved by consensus or arbitration by a third reviewer (M.K.). (Supplementary Table S4).




3.4. Variables and Outcome Measures


A predefined data extraction form was used to ensure consistency across studies. Extracted study-level variables included first author, year of publication, study design (e.g., randomized controlled trial or cohort study), and sample size. Intervention-related data encompassed the type of fertility-sparing therapy, comparators when applicable, and duration of follow-up. Baseline patient characteristics, including mean or median age and body mass index (BMI), were also collected.



Outcomes of interest included the complete response rate, defined as the absence of endometrial carcinoma or atypical hyperplasia on follow-up endometrial assessment; the partial response rate, defined as regression of carcinoma with persistence of endometrial hyperplasia with or without atypia; the recurrence rate, defined as histologically confirmed disease reappearance after an initial CR; and the no response rate, indicating persistence or progression of disease despite conservative treatment. Follow-up evaluation was most commonly performed by dilatation and curettage, while endometrial sampling or hysteroscopic-guided sampling or resection was also used in some studies, depending on institutional practice. In several reports, the specific follow-up sampling method was not distinguished at the individual patient level; however, histologic confirmation of remission was required in all studies declaring CR. Additional outcomes included time to response, defined as the interval from treatment initiation to documented CR, as well as reproductive endpoints. Pregnancy and live birth rates were extracted preferentially among women who achieved complete response and were explicitly reported to have actively attempted conception. In retrospective studies, verification relied on study-level reporting of reproductive intent, fertility attempts, or follow-up restricted to women pursuing pregnancy. When the number of women attempting conception was not reported, reproductive outcomes were calculated using the number of complete responders as the denominator. In cases of missing, incomplete, or unclear information, corresponding authors were contacted for clarification.




3.5. Assessment of Methodological Quality and Bias


Risk of bias was assessed independently by two reviewers (M.K. and P.M.). For non-randomized studies, the ROBINS-I tool was applied, covering confounding, selection, intervention classification, deviations from intended interventions, outcome data completeness, outcome measurement, and selective reporting. For randomized controlled trials, the Cochrane Risk of Bias 2 (RoB 2) tool was used to evaluate randomization, adherence to interventions, integrity of outcome data, measurement, and reporting bias. Disagreements were resolved by discussion or adjudication by a third reviewer (R.T.).



Potential meta-biases were also examined. Publication bias and selective reporting were assessed through visual inspection of funnel plots when at least ten studies reported an outcome. Funnel plot asymmetry was further tested using Egger’s and Begg’s tests (p < 0.10). Reported outcomes were compared with trial registries or published protocols, where available to detect selective non-reporting. Subgroup and sensitivity analyses were conducted to examine the robustness of findings in the presence of possible bias.




3.6. Statistical Analysis and Evidence Synthesis


In accordance with the preregistered protocol, all quantitative syntheses were conducted using a random-effects meta-analytic framework. Meta-analyses were performed when at least three studies reported sufficiently comparable outcome data. For dichotomous outcomes, risk ratios (RRs) with 95% confidence intervals (CIs) were calculated using the Mantel–Haenszel method, applying the exact variant in the presence of zero-event cells. In parallel, event proportions were pooled separately within each treatment group. For continuous outcomes, mean differences (MDs) or differences between medians (MedDs) were reported depending on data availability. When studies reported only quartiles, means and standard deviations (SDs) were estimated assuming normal or lognormal distributions; when such assumptions were not justifiable, medians were synthesized directly. When only aggregate data were available, pooled RRs and MDs were estimated using the inverse variance method.



To enhance the robustness of statistical inference, confidence intervals were adjusted using the Hartung–Knapp method when this approach yielded more conservative estimates. Between-study heterogeneity was assessed using Higgins’ I2 statistic, with τ2 estimated by restricted maximum likelihood (REML) and corresponding confidence intervals derived using the Q-profile method. Prediction intervals were reported when at least three studies contributed to an analysis. Statistical significance was defined by confidence intervals that did not cross the null value. Results were presented in forest plots, and model diagnostics included both visual inspection and formal influence analyses to identify potential outlying studies.



For trials with multiple intervention arms, three-level multivariate random-effects models were applied to account for correlated outcomes without imposing arbitrary correlation coefficients. Conventional two-level random-effects models were also fitted to evaluate the robustness of the findings. Sensitivity analyses were conducted by sequentially excluding studies with very large sample sizes or extreme effect estimates. Subgroup analyses were performed when at least three studies contributed to a given intervention–outcome comparison. Patient age and body mass index were consistently reported across studies, primarily as aggregated summary measures. Although these variables were reviewed descriptively, no formal stratified analyses according to age or body mass index were performed, as their between-study distributions largely overlapped and did not permit meaningful separation into clinically distinct subgroups. In contrast, predefined subgroup analyses were conducted according to treatment strategy, with interventions analyzed separately for each outcome when supported by at least three studies.



Potential small-study effects and publication bias were evaluated using funnel plots, supplemented by Peters’ regression or Begg’s test when at least ten studies were available. For time-to-event outcomes, such as time to complete response or time to recurrence, reported medians and ranges or interquartile ranges were reviewed to assess the feasibility of time-to-event synthesis. However, due to substantial heterogeneity in reporting and follow-up metrics, these outcomes were not subjected to formal pooled time-to-event analyses.



Pooled meta-analyses were conducted irrespective of study design when data were available; however, due to outcome-specific data availability, randomized controlled trials contributed only to the analyses of complete response, pregnancy, and live birth outcomes, while recurrence, partial response, and no response analyses were based exclusively on cohort studies.



All statistical analyses were conducted in R (v4.4.2; R Core Team, Vienna, Austria), using the meta package (v7.0.0) for primary analyses and forest plots, dmetar (v0.1.0) for influence diagnostics, metafor (v4.6.0) for multivariate modeling, and ggplot2 (v3.5.1) for data visualization.




3.7. Evaluation of the Strength of Evidence


The certainty of evidence for each outcome is assessed using the GRADE approach, which considers risk of bias, inconsistency, indirectness, imprecision, and publication bias. Outcomes are rated as high, moderate, low, or very low certainty. Evidence from randomized trials will start as high, but may be downgraded if concerns are identified, while evidence from non-randomized studies will begin as low, and may be upgraded in cases of large effects, dose–response relationships, or when confounding would likely reduce the observed effect. Findings and certainty ratings will be presented in Summary of Findings tables generated with GRADEpro GDT, with all rating decisions clearly justified [15] (Supplementary Table S1).





4. Results


4.1. Study Identification and Selection


The systematic search across electronic databases retrieved 7824 records. After removal of duplicate entries, 6070 unique publications were subjected to title and abstract screening. Of these, 108 articles were reviewed in full text for eligibility, and 49 were excluded at the data extraction stage due to failure to meet inclusion criteria. The final dataset comprised 56 cohort studies and 2 randomized controlled trials [16,17]. Manual screening of reference lists yielded an additional 18 eligible cohort studies. In total, 76 studies (28 prospective [18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45] and 46 retrospective [46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91] cohort studies, 2 randomized controlled trials [16,17]) [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91] involving 2507 patients were included in the qualitative and quantitative synthesis (Figure 1). Detailed clinical characteristics of the included studies and study populations are provided in Table 1 and Table 2.




4.2. Assessment of the Risk of Bias


Because the evidence base was largely composed of non-randomized studies, risk of bias was primarily assessed using the ROBINS-I framework, which was applied to 74 observational investigations. The two randomized controlled trials were evaluated separately using the Cochrane Risk of Bias 2 (RoB 2) tool. Overall, the majority of observational studies were judged to be at moderate risk of bias, reflecting the inherent methodological challenges of retrospective fertility-sparing research; a subset demonstrated comparatively strong methodological rigor and a low likelihood of bias, while a limited number were assessed as having more substantial risk in specific domains. Both randomized trials were prospectively registered in publicly accessible clinical trial registries prior to participant enrolment. Risk of bias assessments were conducted according to pre-specified criteria and are presented graphically using the robvis visualization platform, with detailed judgments reported in Supplementary Figure S1.




4.3. Synthesis of Results


4.3.1. Complete Response Rates


Across all included studies [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91] evaluating fertility-sparing treatments for early-stage endometrial carcinoma, the pooled complete response (CR) rate was 74% (95% CI: 69–79%), based on 2507 patients, with substantial heterogeneity (I2 = 81.2%) (Figure 2A). This finding indicates that conservative management is generally effective in achieving histologic remission, although response rates vary considerably across treatment strategies and clinical settings.



	
Oral progestin






Based on 50 studies [16,17,22,26,29,30,31,35,36,38,39,40,42,43,44,47,48,49,54,55,57,59,61,65,67,68,70,71,73,74,75,76,78,79,80,82,83,85,86,87,88,89,91] encompassing 1409 patients, oral progestin monotherapy was associated with a pooled complete response rate of 72% (95% CI: 65–77%), accompanied by considerable heterogeneity (I2 = 78.5%) (Figure 2D).



	
LNG-IUD






In analyses of 10 studies [19,53,56,71,72,76,79,83,89,90] including 110 patients, LNG-IUD monotherapy achieved a pooled complete response rate of 59% (95% CI: 43–74%), with moderate between-study heterogeneity (I2 = 47.7%) (Figure 2F).



	
Oral progestin + LNG-IUD






Among 10 studies [17,19,23,28,45,55,71,77,84,89] comprising 179 patients, combined treatment with oral progestins and LNG-IUD produced a pooled complete response rate of 72% (95% CI: 56–86%), although substantial heterogeneity was observed (I2 = 75.7%) (Figure 2E).



	
Oral progestin + hysteroscopic resection






Across 9 studies [18,27,37,41,46,50,56,58,60] involving 179 patients, hysteroscopic tumor resection followed by oral progestin therapy resulted in a pooled complete response rate of 85% (95% CI: 67–98%), despite marked heterogeneity (I2 = 81.9%) (Figure 2B).



	
LNG-IUD + hysteroscopic resection






In 4 studies [24,27,51,56] including 69 patients, LNG-IUD insertion after hysteroscopic resection yielded a pooled complete response rate of 85% (95% CI: 73–94%), with low heterogeneity across studies (I2 = 20%) (Figure 2C).



	
LNG-IUD + GnRHa






Data from 6 studies [20,21,29,32,33,84] comprising 267 patients indicated that combined LNG-IUD and GnRHa therapy was associated with a pooled complete response rate of 83% (95% CI: 69–94%), in the context of very high heterogeneity (I2 = 82.1%) (Figure 2H).



	
Oral progestin + metformin






Across 5 studies [16,36,64,69,82] including 219 patients, the addition of metformin to oral progestin therapy resulted in a pooled complete response rate of 80% (95% CI: 47–100%); however, this estimate was characterized by extreme heterogeneity (I2 = 96%) (Figure 2G).




4.3.2. Recurrence Rate


Among 1002 patients with available follow-up data who achieved an initial complete response, the pooled recurrence rate was 35% (95% CI: 28–42%), with high heterogeneity (I2 = 72.7%) (Figure 3A):



	
Oral progestin






Drawing on 31 studies [22,25,29,31,34,35,39,40,42,47,49,52,54,57,61,62,63,66,67,68,70,74,75,76,78,80,81,85,86,88,91] comprising 626 patients, oral progestin therapy was associated with a pooled recurrence rate of 43% (95% CI: 34–51%), with substantial between-study heterogeneity (I2 = 68.8%) (Figure 3D).



	
LNG-IUD






In 6 studies [53,56,72,76,79,89] including 39 patients, LNG-IUD monotherapy showed a pooled recurrence rate of 64% (95% CI: 31–92%), accompanied by considerable heterogeneity (I2 = 63.7%) (Figure 3B).



	
Oral progestin + LNG-IUD






Across 4 studies [28,45,77,89] involving 23 patients, the combination of oral progestins and LNG-IUD was associated with a pooled recurrence rate of 12% (95% CI: 0–33%), with no evidence of heterogeneity (I2 = 0%) (Figure 3E).



	
Oral progestin + hysteroscopic resection






Based on 4 studies [18,46,50,56] comprising 71 patients, oral progestin therapy administered after hysteroscopic resection yielded a pooled recurrence rate of 16% (95% CI: 8–27%), with no observed heterogeneity (I2 = 0%) (Figure 3F).



	
LNG-IUD + hysteroscopic resection:






In 4 studies including [24,27,51,56] 58 patients, this treatment approach resulted in a pooled recurrence rate of 14% (95% CI: 6–26%), again with no detectable heterogeneity across studies (I2 = 0%) (Figure 3G).



	
LNG-IUD + GnRHa






Across 3 studies [20,29,32] encompassing 68 patients, combined LNG-IUD and GnRHa therapy was associated with a pooled recurrence rate of 12% (95% CI: 5–22%), with no statistical heterogeneity observed (I2 = 0%) (Figure 3C).




4.3.3. Pregnancy Rate


Across all studies reporting reproductive outcomes following fertility-sparing management of early-stage endometrial carcinoma, the pooled pregnancy rate was 48% (95% CI: 41–54%), based on 966 women, with moderate heterogeneity (I2 = 58.5%) (Figure 4A).



	
Oral progestin






Based on 37 studies [17,22,25,26,29,31,35,39,40,42,43,47,49,52,57,59,61,62,63,65,66,67,68,70,71,73,74,75,78,80,85,86,87,88,89,91] encompassing 653 women, oral progestin monotherapy was associated with a pooled pregnancy rate of 43% (95% CI: 36–50%), with moderate between-study heterogeneity (I2 = 51.7%) (Figure 4D).



	
LNG-IUD






In analyses of 6 studies [19,53,71,72,76,89] including 28 patients, LNG-IUD monotherapy resulted in a pooled pregnancy rate of 64% (95% CI: 14–100%), accompanied by substantial heterogeneity (I2 = 62.9%) (Figure 4B).



	
Oral progestin + LNG-IUD






Across 7 studies [17,19,28,71,77,84,89] involving 63 patients, combined treatment with oral progestins and LNG-IUD yielded a pooled pregnancy rate of 58% (95% CI: 44–72%), with no evidence of heterogeneity (I2 = 0%) (Figure 4E).



	
Oral progestin + hysteroscopic resection






Drawing on 6 studies [18,27,46,50,56,60] comprising 75 women, oral progestin therapy following hysteroscopic resection achieved a pooled pregnancy rate of 57% (95% CI: 40–73%), with moderate heterogeneity observed across studies (I2 = 31.2%) (Figure 4F).



	
LNG-IUD + hysteroscopic resection






In 3 studies [24,27,56] including 29 patients, the combination of LNG-IUD placement and hysteroscopic resection was associated with a pooled pregnancy rate of 75% (95% CI: 33–100%), although heterogeneity was high (I2 = 78%) (Figure 4C).



	
LNG-IUD + GnRHa






Across 4 studies [20,21,29,84] encompassing 60 women, combined LNG-IUD and GnRHa therapy demonstrated a pooled pregnancy rate of 31% (95% CI: 15–49%), with moderate heterogeneity (I2 = 42.8%) (Figure 4G).




4.3.4. Live Birth Rate


Across studies reporting live birth outcomes following fertility-sparing treatment, the pooled live birth rate was 36% (95% CI: 29–43%), with substantial heterogeneity (I2 = 52.3%) (Figure 5A). This demonstrates that although pregnancy is achieved in a considerable proportion of patients, successful progression to live birth occurs in a smaller subset:



	
Oral progestin






Based on 29 studies [17,22,25,31,35,39,40,42,43,47,49,52,61,63,65,67,68,70,71,74,75,78,80,87,88,89] comprising 272 women, oral progestin therapy was associated with a pooled live birth rate of 35% (95% CI: 27–44%), with moderate between-study heterogeneity (I2 = 47.0%) (Figure 5C).



	
LNG-IUD






In 5 studies [19,53,71,72,89] including 27 patients, LNG-IUD monotherapy resulted in a pooled live birth rate of 33% (95% CI: 2–73%), accompanied by moderate heterogeneity (I2 = 44.8%) (Figure 5B).



	
Oral progestin + LNG-IUD






Across 6 studies [17,19,71,77,84,89] involving 54 women, combined oral progestin and LNG-IUD therapy achieved a pooled live birth rate of 43% (95% CI: 28–59%), with no detectable heterogeneity (I2 = 0%) (Figure 5D).



	
Oral progestin + hysteroscopic resection






Drawing on 6 studies [18,27,46,50,56,60] encompassing 75 patients, the combination of oral progestin therapy and hysteroscopic resection yielded a pooled live birth rate of 44% (95% CI: 24–65%), with moderate heterogeneity observed across studies (I2 = 55.2%) (Figure 5E).



	
LNG-IUD + GnRHa






Across 4 studies [20,21,29,84] including 60 women, combined LNG-IUD and GnRHa treatment was associated with a pooled live birth rate of 20% (95% CI: 4–42%), with moderate heterogeneity (I2 = 66.5%) (Figure 5F).




4.3.5. Partial Response Rate


Based on 933 patients, the pooled partial response rate was 6% (95% CI: 2–10%), with substantial heterogeneity (I2 = 71.8%) (Figure 6A).



Oral progestin



Based on 19 studies [22,36,39,40,43,44,47,48,49,52,55,57,63,68,70,80,85,87] comprising 343 patients, oral progestin monotherapy was associated with a pooled partial response rate of 5% (95% CI: 1–11%), with substantial between-study heterogeneity (I2 = 67.3%) (Figure 6D).



LNG-IUD



In 6 studies [19,53,56,72,89,90] including 73 patients, LNG-IUD monotherapy yielded a pooled partial response rate of 8% (95% CI: 2–18%), with no detectable heterogeneity across studies (I2 = 0%) (Figure 6E):



	
Oral progestin + LNG-IUD






Across 8 studies [19,23,28,45,55,77,84,89] involving 144 patients, combined oral progestin and LNG-IUD therapy resulted in a pooled partial response rate of 10% (95% CI: 3–18%), accompanied by moderate heterogeneity (I2 = 33.6%) (Figure 6F).



	
Oral progestin + hysteroscopic resection






Drawing on 7 studies [18,27,41,46,56,58,60] encompassing 133 patients, partial response was observed in 6% (95% CI: 0–23%) of cases following hysteroscopic resection combined with oral progestin therapy, with substantial heterogeneity across studies (I2 = 79.6%) (Figure 6B).



	
LNG-IUD + hysteroscopic resection






In 3 studies [24,27,56] including 55 patients, LNG-IUD placement after hysteroscopic resection was associated with a pooled partial response rate of 1% (95% CI: 0–7%), with no evidence of heterogeneity (I2 = 0%) (Figure 6G).



	
LNG-IUD + GnRHa






Across 3 studies [20,21,84] involving 56 patients, combined LNG-IUD and GnRHa therapy demonstrated a pooled partial response rate of 2% (95% CI: 0–9%), again with no observed heterogeneity (I2 = 0%) (Figure 6C).




4.3.6. No Response Rate


Analyzing 970 patients, the pooled no response rate was 16% (95% CI: 12–21%), with moderate heterogeneity (I2 = 67.5%) (Figure 7A).



Oral progestin



Based on 20 studies [22,36,39,40,43,44,47,48,49,52,55,57,63,67,68,70,80,81,85,87] comprising 368 patients, oral progestin monotherapy was associated with a pooled no response rate of 21% (95% CI: 13–30%), with substantial between-study heterogeneity (I2 = 69.8%) (Figure 7D).



	
LNG-IUD






In 6 studies [19,53,56,72,89,90] including 73 patients, LNG-IUD monotherapy resulted in a pooled no response rate of 23% (95% CI: 13–35%), with no detectable heterogeneity across studies (I2 = 0%) (Figure 7F).



	
Oral progestin + LNG-IUD






Across 8 studies [19,23,28,45,55,77,84,89] involving 144 patients, combined oral progestin and LNG-IUD therapy yielded a pooled no response rate of 12% (95% CI: 1–28%), accompanied by substantial heterogeneity (I2 = 78.7%) (Figure 7C).



	
Oral progestin + hysteroscopic resection






Drawing on 7 studies [18,27,41,46,56,58,60] encompassing 136 patients, oral progestin therapy following hysteroscopic resection was associated with a pooled no response rate of 12% (95% CI: 4–21%), with low heterogeneity observed across studies (I2 = 25.3%) (Figure 7E).



	
LNG-IUD + hysteroscopic resection






In 3 studies [24,27,56] including 55 patients, LNG-IUD placement after hysteroscopic resection was associated with the lowest pooled no response rate at 12% (95% CI: 1–30%), with no evidence of heterogeneity (I2 = 0%) (Figure 7B).



	
LNG-IUD + GnRHa






Across 3 studies [20,21,84] involving 56 patients, combined LNG-IUD and GnRHa therapy demonstrated a pooled no response rate of 21% (95% CI: 2–50%), with substantial heterogeneity (I2 = 78%) (Figure 7G).




4.3.7. Weighted Mean Time to CR and Weighted Mean Time to Recurrence


Across studies reporting time to response, most fertility-sparing treatments achieved histologic remission within a few months, typically between 3 and 10 months. Oral progestin–based regimens, including combinations with LNG-IUD or hysteroscopic resection, generally resulted in remission within 3–6 months, while LNG-IUD–based strategies showed wider variability, with reported response times ranging from 4 to 12 months. More pronounced dispersion was observed for combinations involving hysteroscopic resection or metformin. Overall, the substantial heterogeneity in reported time-to-response metrics reflects differences in study design, treatment protocols, and outcome reporting, precluding meaningful quantitative comparisons across treatment strategies and supporting descriptive interpretation only.




4.3.8. Randomized Controlled Trials


Two randomized controlled trials evaluated fertility-sparing treatment strategies in women with FIGO stage IA, grade 1 endometrioid endometrial carcinoma.



Yang et al. [16] compared oral megestrol acetate monotherapy with combined oral megestrol acetate plus metformin. Complete response was achieved in 6 of 9 patients (67%) receiving oral progestins alone and in 12 of 14 patients (86%) treated with oral progestins plus metformin.



Similarly, Xu et al. [17] compared oral megestrol acetate monotherapy with combined oral megestrol acetate plus levonorgestrel-releasing intrauterine device (LNG-IUD). Complete response was observed in 16 of 28 patients (57%) in the oral progestin group and in 16 of 26 patients (62%) in the combined treatment group. Among patients attempting conception after complete response, pregnancy occurred in 13 of 21 patients (62%) and 9 of 12 patients (75%), with corresponding live birth rates of 5 of 21 (24%) and 4 of 12 patients (33%), respectively.



Randomized controlled trials did not report recurrence, partial response, or no response outcomes suitable for quantitative synthesis.





4.4. Assessing the Certainty of Evidence


According to the GRADE framework, the certainty of evidence varied across outcomes and treatment strategies, ranging from high to low. Overall, concerns for risk of bias were present, mainly due to the predominance of non-randomized and retrospective study designs, despite generally acceptable methodological quality. The evidence base was further limited by small study populations. Higher certainty ratings were typically assigned to treatment comparisons supported by a larger number of studies and more frequently reported outcomes, whereas lower ratings were observed when sample sizes were small, effect estimates showed minimal between-group differences, or when substantial statistical heterogeneity was present. In line with GRADE guidance, outcomes demonstrating substantial heterogeneity (typically I2 > 50%) were downgraded for inconsistency. Complete response, recurrence, pregnancy, and live birth were predefined as critical outcomes, while partial response and no response were classified as important outcomes. (Supplementary Table S1).




4.5. Influencing Factors


Patient age and body mass index showed substantial between-study variability across the included literature. No consistent association was identified between higher or lower age or body mass index and complete response rates at the study level. However, interpretation is limited using aggregated data and heterogeneous reporting formats, and potential patient-level effects cannot be excluded. Almost all included patients had grade 1 endometrioid endometrial carcinoma, with grade 2 tumors representing only a small fraction of included women, making it unlikely that tumor grade meaningfully influenced pooled estimates.



Follow-up duration varied widely and was inconsistently reported across studies. Because recurrence was assessed as a proportion among patients achieving complete response rather than as a time-to-event outcome, incorporating follow-up duration into comparative analyses would have introduced substantial bias. Other potentially relevant clinical modifiers, including metabolic status, polycystic ovary syndrome, and treatment adherence, were inconsistently reported and could not be systematically evaluated.




4.6. Assessment of Reporting Bias


Funnel plots showed no clear evidence of publication bias for complete response, recurrence, pregnancy, or live birth, with asymmetry consistent with between-study heterogeneity. Interpretation of partial and no-response outcomes was limited by few studies and low event counts. Egger’s test was non-significant for all outcomes except partial response in the overall analysis, while no asymmetry was observed in oral progestin–only analyses. Supplementary Figure S2.




4.7. Sensitivity Analysis


Sensitivity analyses were consistent with the primary results across outcomes. Exclusion of large studies or outliers did not materially change pooled estimates but generally reduced heterogeneity, indicating that between-study variability was driven mainly by extreme study sizes or event rates. Partial-response analyses showed greater variability due to sparse events, though estimates remained within a narrow, clinically plausible range. Overall, these findings support the robustness of the main analyses despite limited data in some subgroups (Supplementary Figures S3–S7).





5. Discussion


In this systematic review and meta-analysis, we synthesized oncologic and reproductive outcomes following fertility-sparing treatment in women with early-stage endometrial carcinoma, integrating evidence across contemporary conservative strategies, including oral progestins, levonorgestrel-releasing intrauterine devices, hysteroscopic resection, and combination regimens. Although fertility preservation has become an increasingly accepted option for appropriately selected patients, clinical decision-making remains challenging due to the predominance of non-randomized data, heterogeneity in treatment protocols, and the scarcity of direct comparative evidence, particularly for long-term disease control and reproductive endpoints.



Several previous systematic reviews and meta-analyses have evaluated fertility-sparing management by analyzing patients with atypical endometrial hyperplasia and early-stage EC together, implicitly treating these entities as a single clinical continuum. This approach has been adopted in multiple influential reviews, including those by Gallos et al., Wei et al., and De Rocco et al. [10,92,93], as well as in more recent analyses incorporating hysteroscopic resection–based strategies, such as the meta-analysis by Zhao et al. [94] While these studies have substantially advanced the field, the practice of pooling atypical endometrial hyperplasia with endometrial carcinoma introduces important clinical heterogeneity, as highlighted in systematic evaluations of atypical hyperplasia (Sebok et al.) [95], given the distinct biological behavior, malignant potential, and recurrence risk of these conditions. This carcinoma-specific focus distinguishes the present analysis from prior reviews that combined carcinoma and premalignant disease, but may limit direct comparability with studies reporting pooled AEH/EC outcomes.



Importantly, fertility-sparing treatment has also been examined in systematic reviews restricted to EC populations. Recent meta-analyses by Ogunbiyi et al. [96] and Suzuki et al. [97] focused exclusively on patients with early-stage, low-grade EC and provided disease-specific benchmarks for oncologic and reproductive outcomes.



However, these analyses typically evaluated a more limited range of conservative interventions. Building on this literature, the present review incorporates a larger overall patient population and evaluates a broader spectrum of fertility-sparing strategies within an EC-only framework, thereby offering a comprehensive and clinically relevant synthesis of treatment effectiveness across currently used modalities



Within this EC-restricted and methodologically broader context, our findings allow a more granular examination of how both oncologic and reproductive outcomes vary across currently used fertility-sparing strategies.



Overall, fertility-sparing treatment in early-stage endometrial carcinoma was associated with a high pooled complete response rate of 74% (95% CI: 69–79%), confirming that conservative management is generally effective in achieving initial histologic remission, albeit with substantial heterogeneity. Response rates varied by intervention, with combination strategies, particularly those incorporating hysteroscopic resection, consistently demonstrating complete response rates around 85%. Despite these favorable initial outcomes, oncologic outcomes differed markedly across strategies. While recurrence occurred in 35% of complete responders overall, monotherapy approaches, especially oral progestins and LNG-IUD alone, were associated with substantially higher recurrence rates, whereas combination regimens, including hysteroscopic resection–based strategies, showed lower and more consistent recurrence rates, typically ranging between 12% and 16%.



When interpreted alongside previously published EC-focused meta-analyses, our pooled complete response estimate aligns closely with disease-specific benchmarks, although recurrence estimates differ in magnitude depending on the evidence base and endpoint definition. Ogunbiyi et al. [96] (stage IA grade 1 EC) reported an overall remission rate of 77% (95% CI: 70–84%) with a relapse rate of 20% (95% CI: 13–27%). While their remission estimate is only slightly higher than ours, the more substantial divergence is seen in recurrence (their 20% vs. our 35% among CR responders), likely reflecting the smaller underlying dataset in the comparator analysis and therefore less stable pooled estimates.



When stratified by intervention, our results indicate a clinically meaningful gradient in oncologic durability. Oral progestin monotherapy achieved a pooled CR of 72%, yet recurrence remained substantial at 43%, indicating limited long-term disease control despite acceptable initial response rates. LNG-IUD monotherapy demonstrated a lower pooled CR of 59% and the highest pooled recurrence rate at 64%; however, this estimate is based on a small number of heterogeneous studies and should be interpreted cautiously. Importantly, some cohorts contributing to the LNG-IUD monotherapy subgroup, including Hubbs et al. [76], included older patients and women with less favorable baseline characteristics (e.g., higher comorbidity burden or contraindications to systemic progestins). As a result, LNG-IUD monotherapy was often selected as a pragmatic alternative rather than a first-line fertility-sparing strategy, introducing selection bias that likely inflates recurrence rates and attenuates apparent response.



Endpoint selection appears to be an additional driver of between-study differences. The 2024 meta-analysis by Suzuki et al. [97], which focused on the best complete response within 12 months, reported pooled best CR rates of 66% (95% CI: 55–76%) for oral progestins and 86% (95% CI: 69–95%) for LNG-IUD, with corresponding recurrence rates among responders of 31% (95% CI: 22–41%) and 14% (95% CI: 5–31%), respectively. Compared with that time-anchored approach, our analyses yielded a CR of 72% for oral progestins and 59% for LNG-IUD, suggesting that fixed short-term endpoints may overestimate early response, particularly for LNG-IUD–based strategies, without fully capturing longer-term disease control.



In contrast, combination strategies incorporating hysteroscopic resection (HR) consistently demonstrated more favorable oncologic profiles. Oral progestin plus HR achieved a pooled CR of 85% with a recurrence rate of 16%, while LNG-IUD plus HR yielded a pooled CR of 85% and a recurrence rate of 14%, supporting the hypothesis that surgical cytoreduction improves durability by reducing tumor burden and enhancing local progesterone responsiveness. This pattern is concordant with prior meta-analytic literature: Ogunbiyi et al. [96] reported a pooled remission rate of 84% and a relapse rate of 9.3% for hysteroscopic resection combined with adjuvant progestin, compared with a relapse rate of 28% for oral progestin monotherapy, and Zhao et al. [94] reported a pooled CR of 88.6% (95% CI: 84.8–92.0%) with a pooled recurrence rate of 18.3% (95% CI: 13.7–23.3%) for hysteroscopic resection–based conservative therapy in early-stage EC. Together, these findings suggest that cytoreductive strategies mainly reduce relapse after an initial response, rather than increasing the probability of achieving response per se.



Other combination regimens showed high initial response rates but substantial variability. Oral progestin combined with LNG-IUD resulted in a pooled CR of 72% and a recurrence rate of 12%, although derived from very limited data. LNG-IUD combined with GnRHa achieved a pooled CR of 83% with a recurrence rate of 12%, suggesting potentially favorable oncologic control in selected cohorts, albeit with heterogeneous indications. Oral progestin combined with metformin showed a pooled CR of 80%, but extreme heterogeneity (I2 = 96%) limited robustness. Consistent with these findings, Fernandez-Montoli et al. [98] reported low-certainty evidence that metformin combined with progestin may modestly increase complete response (RR 1.85, 95% CI 1.07–3.19) while having little to no effect on live birth (RR 1.80, 95% CI 0.88–3.68).



Beyond complete response and recurrence, early treatment failure was clinically relevant. In early-stage endometrial carcinoma, pooled partial response and no response rates were 6% and 16%, respectively, identifying a subset unlikely to benefit from prolonged fertility-sparing treatment. No response rates were higher with monotherapy (21% for oral progestins, 23% for LNG-IUD) than with combination regimens (around 12%), except for LNG-IUD plus GnRHa (21%), while partial response rates were generally low (1–10%). Overall, these results indicate that combination approaches, particularly those including hysteroscopic resection, primarily reduce treatment failure and relapse rather than substantially increasing complete response rates, enabling earlier identification of ineffective therapy.



From a reproductive perspective, fewer than half of women treated with fertility-sparing strategies achieved pregnancy, with a pooled pregnancy rate of 48%, and only approximately one-third achieved a live birth, reflected by a pooled live birth rate of 36%. This consistent gap between oncologic remission and reproductive success underscores, that histologic response alone does not guarantee favorable fertility outcomes. Pregnancy did not uniformly translate into live birth, emphasizing the divergence between oncologic and reproductive outcomes.



Intervention-stratified analyses revealed consistent and clinically meaningful patterns. Oral progestin monotherapy was associated with pooled pregnancy and live birth rates of 43% and 35%, respectively. LNG-IUD monotherapy demonstrated a higher pooled pregnancy rate of 64%, but a similar live birth rate of 33%, although these estimates were characterized by wide confidence intervals due to small sample sizes. In contrast, combination approaches, including oral progestin combined with LNG-IUD or hysteroscopic resection, were associated with more consistent and generally higher reproductive outcomes, with pregnancy rates around 57–58% and live birth rates of 43–44%. In smaller subgroups, LNG-IUD combined with hysteroscopic resection achieved a pooled pregnancy rate of 75% alongside strong oncologic efficacy (CR 85%), although interpretation is limited by the small number of contributing studies. Conversely, LNG-IUD combined with GnRHa was associated with comparatively poorer reproductive outcomes, with a pooled pregnancy rate of 31% and a live birth rate of 20%, despite high oncologic response rates, suggesting a dissociation between tumor regression and reproductive potential with this regimen.



Although this review incorporated two randomized controlled trials, randomized evidence remains limited in scope. The available trials contributed data only to complete response and reproductive outcomes, while recurrence, partial response, and no response endpoints were not reported in the randomized trials. Consequently, pooled estimates for oncologic durability outcomes were derived exclusively from cohort studies [16,17].



These findings are broadly concordant with prior EC-focused meta-analyses, while also highlighting important methodological differences. Ogunbiyi et al. reported that despite an overall remission rate of 77% (95% CI: 70–84%), the pooled live birth proportion was only 20% (95% CI: 15–25%), whereas Zhao et al. observed live birth rates of 26.0% (95% CI: 17.3–35.5%) among all treated patients and 30.6% (95% CI: 21.0–41.0%) among complete responders undergoing hysteroscopic resection-based conservative therapy. In contrast, in the present analysis, reproductive outcomes were calculated using as denominator women who achieved complete response and subsequently attempted conception, rather than all women initiating fertility-sparing treatment or all complete responders regardless of reproductive intent. This difference in outcome definition likely contributes to discrepancies in reported pregnancy and live birth rates across meta-analyses and underscores the importance of distinguishing treatment efficacy from realized reproductive intent.



Overall, fertility-sparing management in early-stage endometrial carcinoma should be viewed as a time-limited opportunity to achieve pregnancy rather than as a definitive oncologic solution. In this context, monotherapy refers to the use of a single conservative modality, most commonly oral progestins or a levonorgestrel-releasing intrauterine device alone, whereas combination therapies encompass multimodal approaches that integrate hormonal treatment with additional interventions, such as hysteroscopic tumor resection, combined systemic and intrauterine progestins, or the addition of agents such as metformin or gonadotropin-releasing hormone analogs. Although statistically significant differences between treatment strategies were not consistently demonstrated across pooled analyses, the available evidence suggests clinically meaningful directional trends, with combination approaches generally associated with higher complete response rates and greater durability of remission compared with hormonal monotherapy. Nevertheless, the substantial risk of disease recurrence despite initial response underscores the importance of early fertility counseling, close oncologic surveillance, and a timely transition to definitive surgical management once childbearing goals have been achieved.



5.1. Strengths and Limitations


This systematic review and meta-analysis provides a focused and disease-specific synthesis of fertility-sparing management in early-stage endometrial carcinoma, deliberately excluding atypical hyperplasia to avoid dilution of oncologic and reproductive outcomes. Although several included studies enrolled mixed populations of endometrial carcinoma and atypical endometrial hyperplasia or endometrial intraepithelial neoplasia, only carcinoma-specific outcomes were included in the quantitative synthesis. This approach was chosen to preserve clinical homogeneity and to avoid conflating biologically and prognostically distinct disease entities. This restriction improves clinical interpretability and ensures that pooled estimates more accurately reflect the biologic behavior, recurrence risk, and fertility trade-offs of malignant disease. A further strength is the comprehensive evaluation of a wide range of fertility-sparing strategies, including progestin-based monotherapies, LNG-IUD-based regimens, hysteroscopic resection, and combination approaches, allowing intervention-specific comparisons across key oncologic and reproductive endpoints. Importantly, the analysis extends beyond complete response and recurrence to include early failure patterns and reproductive outcomes, which are essential for patient counseling and clinical decision-making but remain underreported in prior meta-analyses. Methodological rigor was reinforced through protocol preregistration, adherence to PRISMA guidelines, advanced multilevel modeling, and sensitivity analyses demonstrating that pooled estimates were robust to exclusion of large cohorts or statistical outliers.



The interpretation of these findings requires careful consideration of several limitations related to the nature of the available evidence. First, the majority of included studies were retrospective and non-randomized cohort analyses, and treatment allocation was commonly influenced by physician preference, institutional protocols, and patient characteristics, which limits the ability to infer causal relationships. Although random-effects models were applied to account for between-study variability, substantial statistical heterogeneity was observed across most pooled analyses, reflecting differences in eligibility criteria, baseline risk profiles, therapeutic regimens, surveillance strategies, and follow-up duration among the included cohorts.



In this context, pooled effect estimates should be interpreted as average effects derived from heterogeneous clinical settings rather than as precise comparative measures applicable to individual patients. To improve the clinical interpretability of these findings despite heterogeneity, prespecified subgroup analyses were conducted according to treatment modality, and multiple sensitivity analyses were performed, including the exclusion of very large cohorts and statistical outliers. These additional analyses yielded broadly consistent directions of effect, supporting the robustness of the main findings while acknowledging residual uncertainty.



Meta-regression analyses were not undertaken, as several clinically relevant effect modifiers, including metabolic status, infertility history, reproductive intent, use of assisted reproductive technologies, and molecular tumor characteristics, were inconsistently reported or entirely unavailable across most primary studies, rendering multivariable modeling unreliable and prone to spurious associations.



Reproductive outcomes were associated with further sources of variability, particularly in retrospective cohorts, where documentation of pregnancy intention, duration of attempts to conceive, and utilization of assisted reproductive technologies was often incomplete. When attempt-specific denominators could not be ascertained, reproductive outcomes were calculated among women achieving complete response, a strategy that enhances clinical relevance but limits generalizability to the broader treated population. Moreover, some treatment subgroups comprised relatively small numbers of patients, further reducing statistical precision. Consequently, findings derived from smaller subgroups should be regarded as hypothesis-generating rather than definitive, highlighting the need for larger, prospectively designed comparative studies.



In this context, although pooled analyses suggested favorable outcomes for certain metformin- and GnRHa-based combination therapies, these findings were derived from a limited number of studies and were characterized by substantial heterogeneity. Accordingly, the current evidence is insufficient to support firm clinical recommendations for these strategies, which should be considered exploratory and require confirmation in adequately powered, prospective studies with standardized protocols.



Taken together, these considerations indicate that the present meta-analysis provides a clinically informative synthesis of fertility-sparing management in early-stage endometrial carcinoma, while underscoring the need for prospective, disease-specific studies with standardized protocols and long-term follow-up.




5.2. Future Directions


Future research should focus on EC-specific, comparative studies with standardized eligibility, surveillance, and outcome definitions to clarify differences in response induction and durability across fertility-sparing strategies. Consistent reporting of recurrences, reproductive outcomes, and key clinical modifiers, ideally through prospective trials or individual-level analyses, will be essential to generate actionable, patient-centered evidence.





6. Conclusions


In this systematic review and meta-analysis focused on early-stage endometrial carcinoma, fertility-sparing treatment achieved high initial histologic remission but showed limited durability and moderate reproductive success. Recurrence among complete responders was frequent, supporting the concept of conservative management as a time-limited strategy requiring close surveillance and definitive surgery after childbearing. While statistically significant differences between approaches were not demonstrated, combination therapies were generally associated with more favorable oncologic outcomes and, to a lesser extent, higher live birth rates than monotherapy. Within these, hysteroscopic resection-based strategies appeared particularly advantageous, whereas monotherapy was more often linked to early treatment failure.
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Figure 1. PRISMA 2020 flow diagram of study selection. 
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Figure 2. (A) Overall, (B) Oral progestin plus hysteroscopic resection, (C) LNG-IUD plus hysteroscopic resection, (D) Oral progestin, (E) Oral progestin plus LNG-IUD, (F) LNG-IUD, (G) Oral progestin plus metformin, (H) LNG-IUD plus GnRHa. Forest plots showing complete response rates in women with early stage endometrial cancer treated with fertility-sparing interventions. Pooled analyses are based on observational cohort studies and randomized controlled trials. Red squares: Study-specific complete response rate; square size represents study weight. Horizontal lines: 95% confidence intervals for each study. Black diamond: Pooled effect estimate with its 95% confidence interval. Vertical dotted line: Overall pooled effect estimate (reference line). Heterogeneity statistics: I2, τ2, and p-value describe between-study variability [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91]. 
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Figure 3. (A) Overall, (B) LNG-IUD, (C) LNG-IUD plus GnRHa, (D) Oral progestin, (E) Oral progestin plus LNG-IUD, (F) Oral progestin plus hysteroscopic resection, (G) LNG-IUD plus hysteroscopic resection. Forest plots showing recurrence rates in women with early stage endometrial cancer treated with fertility-sparing interventions. Pooled analyses are based exclusively on cohort studies. Red squares: Study-specific complete response rate; square size represents study weight. Horizontal lines: 95% confidence intervals for each study. Black diamond: Pooled effect estimate with its 95% confidence interval. Vertical dotted line: Overall pooled effect estimate (reference line). Heterogeneity statistics: I2, τ2, and p-value describe between-study variability [18,20,22,24,25,27,28,29,31,32,34,35,39,40,42,45,46,47,49,50,51,52,53,54,56,57,61,62,63,66,67,68,70,72,74,75,76,77,78,79,80,81,85,86,88,89,91]. 
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Figure 4. (A) Overall, (B) LNG-IUD, (C) LNG-IUD plus hysteroscopic resection, (D) Oral progestin, (E) Oral progestin plus LNG-IUD, (F) Oral progestin plus hysteroscopic resection, (G) LNG-IUD plus GnRHa. Forest plots showing pregnancy rates in women with early stage endometrial cancer treated with fertility-sparing interventions. Pooled analyses are based on observational cohort studies and a randomized controlled trial. Red squares: Study-specific complete response rate; square size represents study weight. Horizontal lines: 95% confidence intervals for each study. Black diamond: Pooled effect estimate with its 95% confidence interval. Vertical dotted line: Overall pooled effect estimate (reference line). Heterogeneity statistics: I2, τ2, and p-value describe between-study variability [17,18,19,20,21,22,23,24,25,26,27,28,29,31,35,39,40,42,43,46,47,49,50,52,53,56,57,59,60,61,62,63,65,66,67,68,70,71,72,73,74,75,76,77,78,80,84,85,86,87,88,89,91]. 
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Figure 5. (A) Overall, (B) LNG-IUD, (C) Oral progestin, (D) Oral progestin plus LNG-IUD, (E) Oral progestin plus hysteroscopic resection, (F) LNG-IUD plus GnRHa. Forest plots showing live birth rates in women with early stage endometrial cancer treated with fertility-sparing interventions. Pooled analyses are based on observational cohort studies and a randomized controlled trial. Red squares: Study-specific complete response rate; square size represents study weight. Horizontal lines: 95% confidence intervals for each study. Black diamond: Pooled effect estimate with its 95% confidence interval. Vertical dotted line: Overall pooled effect estimate (reference line). Heterogeneity statistics: I2, τ2, and p-value describe between-study variability [17,18,19,20,21,22,25,27,29,31,35,39,40,42,43,46,47,49,50,52,53,56,60,61,63,65,67,68,70,71,72,74,75,77,78,80,84,87,88,89]. 
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Figure 6. (A) Overall, (B) Oral progestin plus hysteroscopic, (C) LNG-IUD plus GnRHa resection, (D) Oral Progestin, (E) LNG-IUD, (F) Oral progestin plus LNG-IUD, (G) LNG-IUD plus hysteroscopic resection. Forest plots showing partial response rates in women with early stage endometrial cancer treated with fertility-sparing interventions. Pooled analyses are based exclusively on cohort studies. Red squares: Study-specific complete response rate; square size represents study weight. Horizontal lines: 95% confidence intervals for each study. Black diamond: Pooled effect estimate with its 95% confidence interval. Vertical dotted line: Overall pooled effect estimate (reference line). Heterogeneity statistics: I2, τ2, and p-value describe between-study variability [18,19,20,21,22,23,24,27,28,36,39,40,41,43,44,45,47,48,49,52,53,55,56,57,58,60,63,68,70,72,77,80,84,85,87,89,90]. 
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Figure 7. (A) Overall, (B) LNG-IUD plus hysteroscopic resection, (C) Oral progestin plus LNG-IUD, (D) Oral Progestin, (E) Oral progestin plus hysteroscopic resection, (F) LNG-IUD, (G) LNG-IUD plus GnRHa. Forest plots showing no response rates in women with early stage endometrial cancer treated with fertility-sparing interventions. Pooled analyses are based exclusively on cohort studies. Red squares: Study-specific complete response rate; square size represents study weight. Horizontal lines: 95% confidence intervals for each study. Black diamond: Pooled effect estimate with its 95% confidence interval. Vertical dotted line: Overall pooled effect estimate (reference line). Heterogeneity statistics: I2, τ2, and p-value describe between-study variability [18,19,20,21,22,23,24,27,28,36,39,40,41,43,44,45,47,48,49,52,53,55,56,57,58,60,63,67,68,70,72,77,80,81,84,85,87,89,90]. 
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Table 1. Basic characteristics of included studies: oral progestin monotherapy and LNG-IUD monotherapy.
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Study

	
No. of Patients

	
Age 1

	
BMI 2

	
Therapy 3

	
Regimen 4

	
CR 5

	
Recurrence Rate 6

	
Pregnancy Rate 7

	
Live Birth Rate 8

	
Partial

Response 9

	
No Response 10






	
Oral progestin




	
Ohyagi-Hara C. 2015 [49]

	
16

	
34.2 (10.1) M

	
24 (16–47.3) MD

	
Oral prog.

	
MPA 400–600 mg

	
11/16

	
9/11

	
1/8

	
1/8

	
0/16

	
5/16




	
Andress J. 2021 [48]

	
11

	
32.2 (30–48) MD

	
33.1 (21–48) MD

	
Oral prog.

	
MA 160 mg, MPA 500 mg

	
5/11

	
N/A

	
N/A

	
N/A

	
4/11

	
2/11




	
Kaku T. 2001 [47]

	
12

	
29.3 (21–42) MD

	
N/A

	
Oral prog.

	
MPA 100–800 mg

	
9/12

	
2/9

	
2/7

	
1/7

	
0/12

	
3/12




	
Tamauchi S. 2024 [52]

	
23

	
34.2 (19.4–44.6) MD

	
24.5 (18–45) MD

	
Oral prog.

	
MPA 600 mg

	
19/23

	
11/19

	
5/11

	
5/11

	
0/23

	
4/23




	
Baek J.S. 2016 [54]

	
13

	
33 M

	
23.1 M

	
Oral prog.

	
MA 80–160 mg, MPA 40–160 mg

	
7/13

	
4/7

	
N/A

	
N/A

	
N/A

	
N/A




	
Roh H.J. 2021 [55]

	
18

	
32.1 (19–40) M

	
27.2 (14.9–38) M

	
Oral prog.

	
MA 40–320 mg, MPA 10–400 mg

	
8/18

	
N/A

	
N/A

	
N/A

	
1/18

	
9/18




	
Niwa K. 2005 [22]

	
12

	
31 (23–34) MD

	
22 (17–40) MD

	
Oral prog.

	
MPA 400–600 mg

	
12/12

	
8/12

	
7/10

	
5/10

	
0/12

	
0/12




	
Gotlieb W.H. 2003 [57]

	
13

	
31 (23–40) MD

	
N/A

	
Oral prog.

	
MA 160 mg, MPA 200–600 mg, NA 5 mg

	
13/13

	
6/13

	
3/13

	
N/A

	
0/13

	
0/13




	
Xu Z. 2023 [17]

	
28

	
30 (21–43) MD

	
25 (18–52) MD

	
Oral prog.

	
MA 160 mg

	
16/28

	
N/A

	
13/16

	
5/16

	
N/A

	
N/A




	
Chae S.H. 2019 [59]

	
118

	
37 (28–45) MD

	
22.7 (18.5–43.5) MD

	
Oral prog.

	
MPA 500–1000 mg

	
71/118

	
N/A

	
22/49

	
N/A

	
N/A

	
N/A




	
Park J.Y. 2013 [61]

	
148

	
31.3 (21–40) M

	
25 (15–38) M

	
Oral prog.

	
MA 40–240 mg, MPA 30–1500 mg

	
115/148

	
35/115

	
44/115

	
N/A

	
N/A

	
N/A




	
Park H. 2012 [62]

	
14

	
30 M

	
22.3 M

	
Oral prog.

	
MA 160–240, MPA 30–500 mg

	
13/14

	
2/13

	
4/7

	
N/A

	
N/A

	
N/A




	
Hahn H.S. 2009 [63]

	
35

	
31 (21–43) MD

	
N/A

	
Oral prog.

	
MA 160 mg, MPA 250–1500 mg

	
22/35

	
9/22

	
10/12

	
8/12

	
1/35

	
12/35




	
Eftekhar Z. 2009 [25]

	
21

	
29 (21–45) MD

	
29.3 M

	
Oral prog.

	
MA 160–320 mg

	
18/21

	
3/18

	
5/18

	
2/18

	
N/A

	
N/A




	
Ou Y.C. 2021 [65]

	
45

	
32.4 (23–42) MD

	
29 (16–55) MD

	
Oral prog.

	
MA, MPA

	
41/45

	
N/A

	
9/23

	
12/23

	
N/A

	
N/A




	
Park J. 2013 [66]

	
48

	
30 (23–40) MD

	
23.6 (18.57–38.20) MD

	
Oral prog.

	
MA 160 (40–240, MPA 30–1500 mg

	
37/48

	
16/37

	
12/22

	
12/22

	
N/A

	
N/A




	
Shirali E. 2012 [26]

	
16

	
32 (24–42) MD

	
30 (23–34) MD

	
Oral prog.

	
MA 160–320 mg

	
10/16

	
N/A

	
4/9

	
N/A

	
N/A

	
N/A




	
Chen M. 2016 [68]

	
37

	
N/A

	
32 (21–41) MD

	
Oral prog.

	
MA 160–480 mg, MPA 250–500 mg, GnRHa

	
27/37

	
8/27

	
8/27

	
5/27

	
3/37

	
7/37




	
Ouasti S. 2022 [30]

	
30

	
35 (19–47) MD

	
N/A

	
Oral prog.

	
CA 10 mg

	
23/30

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Ushijima K. 2007 [31]

	
22

	
31.7 (20–39) MD

	
22.8 (16–33) MD

	
Oral prog.

	
MPA 600 mg

	
14/22

	
8/14

	
4/14

	
3/14

	
N/A

	
N/A




	
Yang B.Y. 2020 [16]

	
9

	
N/A

	
N/A

	
Oral prog.

	
MA 160 mg,

	
6/9

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Chen J. 2022 [29]

	
22

	
33.5 (30–46) MD

	
32 (21–42) MD

	
Oral prog.

	
MPA 500 mg, MA 160 mg

	
15/22

	
5/15

	
3/7

	
1/7

	
N/A

	
N/A




	
Koskas M. 2012 [70]

	
8

	
34.4 M

	
N/A

	
Oral prog.

	
MPA, MA, NA, CA

	
5/8

	
2/5

	
2/5

	
2/5

	
0/8

	
3/8




	
Bokhman J.V. 1985 [34]

	
19

	
28.0 M

	
N/A

	
Oral prog.

	
Oxyprogesterone-caproate 500 mg

	
15/19

	
0/15

	
N/A

	
N/A

	
N/A

	
N/A




	
Cade T.J. 2010 [71]

	
4

	
33.5 M

	
N/A

	
Oral prog.

	
MA 200 mg

	
2/4

	
N/A

	
0/2

	
0/2

	
N/A

	
N/A




	
Duska L.R. 2001 [73]

	
12

	
30.5 M

	
24 M

	
Oral prog.

	
N/A

	
10/12

	
N/A

	
4/10

	
N/A

	
N/A

	
N/A




	
Fujiwara H. 2012 [74]

	
59

	
31 (21–42) MD

	
23.3 (15–38) M

	
Oral prog.

	
MPA 400–600 mg

	
42/59

	
22/42

	
18/42

	
18/42

	
N/A

	
N/A




	
Fukui Y. 2017 [75]

	
35

	
33 (19–39) MD

	
21.5 (17.7–34.9) MD

	
Oral prog.

	
MPA 600 mg

	
25/35

	
8/25

	
12/25

	
11/25

	
N/A

	
N/A




	
Hubbs J. 2013 [76]

	
16

	
70 (22–89) MD

	
40 (23.2–77.6)

	
Oral prog.

	
N/A

	
4/16

	
3/4

	
N/A

	
N/A

	
N/A

	
N/A




	
Jafari Shobeiri M. 2013 [35]

	
8

	
30 M

	
N/A

	
Oral prog.

	
MA 320 mg

	
7/8

	
3/7

	
3/7

	
2/7

	
N/A

	
N/A




	
Yuan F. 2022 [36]

	
60

	
35.12  (8.41) M

	
33.37 (4.5) M

	
Oral prog.

	
MPA

	
12/60

	
N/A

	
N/A

	
N/A

	
20/60

	
28/60




	
Yang Y.C. 2005 [38]

	
6

	
32.5 M

	
22.6 M

	
Oral prog.

	
MA 160 mg

	
2/6

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Wang C.B. 2002 [39]

	
9

	
32.9 M

	
N/A

	
Oral prog.

	
MA 160 mg

	
8/9

	
4/8

	
4/8

	
2/8

	
0/9

	
1/9




	
Mao Y. 2010 [78]

	
6

	
28.3 M

	
N/A

	
Oral prog.

	
MA 160 mg, MPA 250–500 mg

	
4/6

	
0/4

	
3/4

	
3/4

	
N/A

	
N/A




	
Mentrikoski J. 2012 [79]

	
2

	
32 (18–42) MD

	
N/A

	
Oral prog.

	
N/A

	
0/2

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Minaguchi T. 2007 [80]

	
19

	
31 M

	
N/A

	
Oral prog.

	
MPA 400–600 mg

	
15/19

	
5/15

	
3/15

	
3/15

	
0/19

	
4/19




	
Ota T. 2005 [81]

	
12

	
31 M

	
N/A

	
Oral prog.

	
MPA 600 mg

	
5/12

	
2/5

	
N/A

	
N/A

	
0/12

	
7/12




	
Mazzon I. 2010 [40]

	
6

	
32 M

	
22.17 M

	
Oral prog.

	
N/A

	
6/6

	
3/6

	
4/6

	
4/6

	
0/6

	
0/6




	
Novikova O.V. 2021 [33]

	
27

	
24.2 M

	
34 (20–46) MD

	
Oral prog.

	
MPA 500 mg

	
22/27

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Dagher C. 2023 [89]

	
2

	
37.5 M

	
22.8 M

	
Oral prog.

	
MA 160 mg

	
1/2

	
N/A

	
1/1

	
1/1

	
N/A

	
N/A




	
Wang C.J. 2014 [67]

	
37

	
32 (18–40) MD

	
24.9 (17.9 to 44.9) MD

	
Oral prog.

	
MA 160 mg

	
30/37

	
15/30

	
4/15

	
4/15

	
1/37

	
6/37




	
Ushijima K. 2023 [82]

	
177

	
35 (19–44) MD

	
24.5 (15.2–50.8) MD

	
Oral prog.

	
MPA

	
132/177

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Rossetti D. 2014 [42]

	
5

	
30 (27–31) MD

	
22 (20–23) MD

	
Oral prog.

	
MA 160 mg

	
5/5

	
2/5

	
5/5

	
5/5

	
N/A

	
N/A




	
Wheeler D.T. 2007 [83]

	
16

	
N/A

	
N/A

	
Oral prog.

	
N/A

	
5/16

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Yamazawa K. 2007 [43]

	
9

	
35.5 M

	
N/A

	
Oral prog.

	
MPA 400 mg

	
7/9

	
N/A

	
4/7

	
3/7

	
2/9

	
0/9




	
Signorelli M. 2009 [44]

	
11

	
32 (21–40) MD

	
27.7 (19–41) MD

	
Oral prog.

	
Progesterone 200 mg

	
2/11

	
N/A

	
N/A

	
N/A

	
4/11

	
5/11




	
Perri T. 2011 [85]

	
27

	
33.4 (5.4) M

	
N/A

	
Oral prog.

	
NA 5 mg, Hydroxyprogesterone caproate, MPA 100–200 mg

	
24/27

	
15/24

	
14/24

	
11/24

	
2/27

	
1/27




	
Yahata T. 2006 [86]

	
8

	
31.8 M

	
25.4 M

	
Oral prog.

	
MPA

	
7/8

	
7/7

	
3/7

	
2/7

	
N/A

	
N/A




	
Parlakgumus H.A. 2014 [87]

	
5

	
35 M

	
N/A

	
Oral prog.

	
MA 80–160 mg

	
5/5

	
N/A

	
2/5

	
1/5

	
0/5

	
0/5




	
Kim Y.B. 1997 [88]

	
7

	
32.4 M

	
N/A

	
Oral prog.

	
MA 160 mg

	
4/7

	
1/4

	
0/4

	
0/4

	
N/A

	
N/A




	
Yamagami W. 2018 [91]

	
97

	
35 (19–44) MD

	
21.9 (15.8–41.4) MD

	
Oral prog.

	
MPA 400–600 mg

	
88/97

	
55/88

	
20/88

	
N/A

	
N/A

	
N/A




	
LNG-IUD

	

	

	

	

	

	

	

	

	

	

	




	
Fang F. 2021 [19]

	
25

	
30 M

	
N/A

	
LNG-IUD

	
LNG

	
15/25

	
N/A

	
7/15

	
3/15

	
3/25

	
7/25




	
Leone Roberti Maggiore U. 2019 [53]

	
20

	
33.8 M

	
24.5 M

	
LNG-IUD

	
LNG

	
16/20

	
8/16

	
8/8

	
6/8

	
1/20

	
3/20




	
Falcone F. 2020 [56]

	
4

	
34.75 M

	
26.25 M

	
LNG-IUD

	
LNG

	
4/4

	
4/4

	
N/A

	
N/A

	
0/4

	
0/4




	
Cade T.J. 2010 [71]

	
3

	
44 M

	
N/A

	
LNG-IUD

	
LNG

	
1/3

	
N/A

	
0/1

	
0/1

	
N/A

	
N/A




	
Catena U. 2022 [72]

	
3

	
35.6 M

	
26.72 M

	
LNG-IUD

	
LNG

	
2/3

	
2/2

	
0/1

	
0/1

	
0/3

	
1/3




	
Hubbs J. 2013 [76]

	
23

	
37 (22–83) MD

	
50.6 (28.8–67.8) MD

	
LNG-IUD

	
LNG

	
10/23

	
7/10

	
1/1

	
N/A

	
N/A

	
N/A




	
Mentrikoski J. 2012 [79]

	
6

	
32 (18–42) MD

	
N/A

	
LNG-IUD

	
LNG

	
4/6

	
0/4

	
N/A

	
N/A

	
N/A

	
N/A




	
Wheeler D.T. 2007 [83]

	
5

	
N/A

	
N/A

	
LNG-IUD

	
LNG

	
2/5

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Dagher C. 2023 [89]

	
4

	
35.5 M

	
35.6 M

	
LNG-IUD

	
LNG

	
3/4

	
2/3

	
1/2

	
1/2

	
0/4

	
1/4




	
Pal N. 2018 [90]

	
17

	
45.6 (18.5–85.2) MD

	
45 (20–74) MD

	
LNG-IUD

	
LNG

	
5/17

	
N/A

	
N/A

	
N/A

	
5/17

	
7/17








Basic characteristics of included studies: oral progestin monotherapy and LNG-IUD monotherapy. 1 Age is measured in years, M = mean, m = median, 2 BMI is measured as (kg/m2), M = mean, MD = median, 3 Therapeutic methods are Oral = oral progestins, IUD = intrauterine device, GnRHa = gonadotropin releasing hormone analog, HR = Hysteroscopic resection, Met = metformin, 4 Therapeutic regimens are MA = Megestrol acetate, MPA = Medroxyprogesterone acetate, LNG = Levonorgestrel, NA = Norethisterone acetate, CA = Clomiphene acetate, N/A = Data not available 5 CR = complete response, 6 Recurrence rate, 7 Pregnancy rate, 8 Live birth rate are calculated from the patients reached CR, 9 Partial response, 10 No response.













 





Table 2. Basic characteristics of included studies: combination fertility-sparing therapies.
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Study

	
No. of Patients

	
Age 1

	
BMI 2

	
Therapy 3

	
Regimen 4

	
CR 5

	
Recurrence Rate 6

	
Pregnancy Rate 7

	
Live Birth Rate 8

	
Partial Response 9

	
No Response 10






	
Oral progestin plus hysteroscopic resection




	
Ayhan A. 2020 [46]

	
30

	
32 MD

	
30.8 M

	
Oral + HR

	
MA 160 mg

	
22/30

	
5/22

	
8/17

	
5/17

	
1/30

	
7/30




	
Shan B.E. 2013 [18]

	
14

	
30 (18–38) MD

	
21.3 (17–38) MD

	
Oral + HR

	
MA 160 mg

	
11/14

	
3/11

	
2/8

	
1/8

	
0/14

	
3/14




	
Casadio P. 2020 [50]

	
36

	
33.1 M

	
29.1 M

	
Oral + HR

	
MA 160 mg

	
34/36

	
4/34

	
21/34

	
14/34

	
N/A

	
N/A




	
Falcone F. 2020 [56]

	
5

	
32.6 M

	
26.44 M

	
Oral + HR

	
MA 160 mg, NA 10 mg

	
4/5

	
1/4

	
2/4

	
2/4

	
0/4

	
1/4




	
Kuang J. 2021 [58]

	
65

	
30 (25–39) MD

	
27 M

	
Oral + HR

	
MA 160 mg

	
29/65

	
N/A

	
N/A

	
N/A

	
25/65

	
11/65




	
Wang F. 2017 [60]

	
11

	
27.3 (25–39) MD

	
23.6 (18–28) MD

	
Oral + HR

	
MA 160–320 mg, MPA 250–500 mg

	
9/11

	
N/A

	
6/9

	
6/9

	
2/11

	
0/11




	
Falcone F. 2017 [27]

	
6

	
38 M

	
26.6 M

	
Oral + HR

	
MA 160 mg, NA 10 mg

	
6/6

	
N/A

	
3/3

	
3/3

	
0/6

	
0/6




	
Yang H.C. 2019 [37]

	
6

	
34.5 M

	
29.1

	
Oral + HR

	
MA 160 mg, MPA 500 mg

	
6/6

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Wang Q. 2015 [41]

	
6

	
29.5 M

	
20.39 M

	
Oral + HR

	
MA 160–320 mg

	
6/6

	
N/A

	
N/A

	
N/A

	
0/6

	
0/6




	
Oral progestin plus LNG-IUD




	
Fang F. 2021 [19]

	
31

	
30 M

	
N/A

	
Oral prog. + LNG-IUD

	
MPA 10 mg

	
27/31

	
N/A

	
13/20

	
11/20

	
2/31

	
2/31




	
Hwang J.Y. 2017 [77]

	
5

	
30.4 M

	
24 M

	
Oral prog. + LNG-IUD

	
MA 160 mg, MPA 250–1500 mg

	
3/5

	
1/3

	
1/3

	
0/3

	
2/5

	
0/5




	
Roh H.J. 2021 [55]

	
25

	
32.1 (19–40) M

	
27.2 (14.9–38) M

	
Oral + LNG-IUD

	
LNG, MA 40–320 mg, MPA 10–400 mg

	
23/25

	
N/A

	
N/A

	
N/A

	
2/25

	
0/25




	
Xu Z. 2023 [17]

	
26

	
30 (21–43) MD

	
25 (18–52) MD

	
Oral + LNG-IUD

	
MA 160 mg, LNG

	
16/26

	
N/A

	
9/12

	
4/12

	
N/A

	
N/A




	
Kim M.K. 2019 [23]

	
35

	
32.9 (27–40) MD

	
24.5 (15–37) MD

	
Oral + LNG-IUD

	
MPA 500 mg

	
13/35

	
N/A

	
N/A

	
N/A

	
9/35

	
13/35




	
Kim M.K. 2013 [28]

	
16

	
34.8 M

	
24.4 M

	
Oral + LNG-IUD

	
MPA 500 mg

	
14/16

	
2/14

	
3/9

	
N/A

	
1/16

	
1/16




	
Cade T.J. 2010 [71]

	
9

	
32.7 M

	
N/A

	
Oral + LNG-IUD

	
MA 200 mg, LNG-IUD

	
7/9

	
N/A

	
4/7

	
3/7

	
N/A

	
N/A




	
Pino I. 2022 [84]

	
20

	
34.5 (6.4) M

	
23.8 (4.5) M

	
Oral + LNG-IUD

	
LNG, MA 160 mg

	
16/20

	
N/A

	
5/10

	
5/10

	
1/20

	
3/20




	
Dagher C. 2023 [89]

	
7

	
31.2 M

	
29.4 M

	
Oral + LNG-IUD

	
LNG, MA 160 mg

	
2/7

	
1/2

	
1/2

	
1/2

	
0/7

	
5/7




	
Kim M.K. 2011 [45]

	
5

	
38.4 (4.8) M

	
20.3 (8.9) M

	
Oral + LNG-IUD

	
LNG, MPA 500 mg

	
4/5

	
0/4

	
N/A

	
N/A

	
1/5

	
0/5




	
LNG-IUD plus hysteroscopic resection




	
Laurelli G. 2016 [24]

	
21

	
35.9 M

	
28.5 M

	
LNG-IUD + HR

	
LNG

	
19/21

	
2/19

	
11/12

	
N/A

	
0/21

	
2/21




	
Falcone F. 2020 [56]

	
12

	
34.6 M

	
30.4 M

	
LNG-IUD + HR

	
LNG, MA 160 mg, NA 10 mg

	
8/12

	
3/8

	
1/5

	
1/5

	
0/12

	
4/12




	
Giampaolino P. 2019 [51]

	
14

	
35.1 M

	
25.9 M

	
LNG-IUD + HR

	
LNG

	
11/14

	
2/11

	
N/A

	
N/A

	
N/A

	
N/A




	
Falcone F. 2017 [27]

	
22

	
37.4 M

	
28.2 M

	
LNG-IUD + HR

	
LNG

	
20/22

	
2/20

	
11/12

	
10/12

	
1/22

	
1/22




	
LNG-IUD plus GnRHa




	
Minig L. 2011 [20]

	
14

	
34 (22–40) MD

	
21 (17–41) MD

	
LNG.IUD + GnRHa

	
LNG, GnRHa

	
8/14

	
2/8

	
1/8

	
1/8

	
0/14

	
6/14




	
Pashov A.I. 2012 [21]

	
11

	
30.2 M

	
N/A

	
LNG-IUD + GnRHa

	
LNG, GnRHa

	
11/11

	
N/A

	
3/11

	
2/11

	
0/11

	
0/11




	
Chen J. 2022 [29]

	
40

	
33.5 (30–46) MD

	
32 (21–42) MD

	
LNG-IUD + GnRHa

	
LNG, GnRHa

	
37/40

	
5/37

	
7/27

	
2/27

	
N/A

	
N/A




	
Pronin S.M. 2015 [32]

	
32

	
33 M

	
N/A

	
LNG-IUD + GnRHa

	
LNG, GnRHa

	
23/32

	
2/23

	
N/A

	
N/A

	
N/A

	
N/A




	
Novikova O.V. 2021 [33]

	
139

	
24.2 M

	
34 (20–46) MD

	
LNG-IUD + GnRHa

	
LNG, GnRHa

	
128/139

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Pino I. 2022 [84]

	
31

	
32.8 (4.9) M

	
25.8 (8.1) M

	
LNG-IUD + GnRHa

	
LNG, Triptorelin Acetate

	
20/31

	
N/A

	
8/14

	
7/14

	
2/31

	
9/31




	
Oral progestin plus Metformin




	
Jing C.Y. 2022 [64]

	
79

	
30 (27–33) MD

	
23.4 (20.0–27.5) MD

	
Oral prog. + Metformin

	
MA 160 mg, Met 1500 mg

	
75/79

	
26/75

	
29/58

	
27/58

	
N/A

	
N/A




	
Yang B.Y. 2020 [16]

	
14

	
N/A

	
N/A

	
Oral prog. + Metformin

	
MA 160 mg, Met 1500 mg

	
12/14

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Mitsuhashi A. 2019 [69]

	
42

	
35 (26–44) MD

	
31 (15.4–50.8) MD

	
Oral + Metformin

	
MA 160 mg, Met 750–2250 mg

	
40/42

	
7/40

	
N/A

	
N/A

	
0/42

	
2/42




	
Yuan F. 2022 [36]

	
60

	
33.73 (7.5) M

	
34.4 (4.2) M

	
Oral prog. + Metformin

	
MPA, Met

	
16/60

	
N/A

	
N/A

	
N/A

	
27/60

	
17/60




	
Ushijima K. 2023 [82]

	
24

	
35 (19–44) MD

	
24.5 (15.2–50.8) MD

	
Oral prog. + Metformin

	
MPA, Met

	
20/24

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Oral progestin plus LNG-IUD plus GnRHa




	
Novikova O.V. 2021 [33]

	
24

	
24.2 M

	
34 (20–46) MD

	
Oral + LNG-IUD + GnRHa

	
MPA 500 mg, LNG, GnRHa

	
17/24

	
N/A

	
N/A

	
N/A

	
N/A

	
N/A




	
Pino I. 2022 [84]

	
24

	
36.3 M

	
25.6 M

	
Oral + LNG-IUD + GnRHa

	
MA 160 mg, LNG, Triptorelin Acetate

	
20/24

	
N/A

	
N/A

	
N/A

	
1/24

	
3/24








Basic characteristics of included studies: combination fertility-sparing therapies 1 Age is measured in years, M = mean, m = median, 2 BMI is measured as (kg/m2), M = mean, MD = median, 3 Therapeutic methods are Oral = oral progestins, IUD = intrauterine device, GnRHa = gonadotropin releasing hormone analog, HR = Hysteroscopic resection, Met = metformin, 4 Therapeutic regimens are MA = Megestrol acetate, MPA = Medroxyprogesterone acetate, LNG = Levonorgestrel, NA = Norethisterone acetate, CA = Clomiphene acetate, N/A = Data not available 5 CR = complete response, 6 Recurrence rate, 7 Pregnancy rate, 8 Live birth rate are calculated from the patients reached CR, 9 Partial response, 10 No response.
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Jafari Shobeiri M (Oral prog.] 2013 3 7 15% 0.43[0.10;0.82 =
Park J (Oral prog.], 2013 16 37 25% 043[027;061 — Total (95% CI) 626 100.0% 0.43 [0.34; 0.51] -
Gothileb WH (Oral prog ), 2003 6 13 20% 046[0.19;0.75 & Prediction interval [0.10; 0.
Leane Robert Maggiore U (LNG-UD), 2019 8 16 21% 050[0.25:0.75 & Heterogeneity: Tau® = 0.0279: Chi® = 96.23, df = 30 (P < 0.0001); I¥ = 68.8%! ' T ' ' '
Wang Cl (Oral prog.), 2014 15 30 24% 050(0.31;0.69 —— ' ' ' 0 0.2 0.4 0.6 0.8 1
Wang CB (Oral prog.), 2001 4 8 1.6% 050[0.16:0.84 L 3
Mazzon | (Oral prog.), 2010 3 6 14% 050([0.12;0.88 L
Dagher C (LNG-IUD), 2023 2 4 1.2% 0.50[0.07;0.93 ]
Dagher C (Oral + LNG-IUD), 2023 i 2 08% 050[0.01;09 - .
Fujiwara H (Oral prog.), 2012 22 42 26% 0.52[0.36:0.68 — Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baek JS (Oral), 2016 4 7 15% 0.57[0.18:0.90 = .
Ushijima K (Oral prog.}, 2007 8 14 20% 0.57[0.29;0.82 = Kim MK 2011 0 4 18.0% 0.00[0.00;0.60] = :
Tamauchi S (Oral), 2024 1119 22% 0.58[0.33;0.80 —— Kim MK 201 5 14 58.0Y 1410.02: 0.4 —
Perri T (Oral prog.), 2011 15 24 23% 0.62[0.41;0.81 —— lean JYOZ(Z)B” 1 3 ?3 g.,f’ g 33 {g g,f g 9?} -
Yamagami W (Oral prog.), 2018 55 87 28% 0.63[0.52:0.73 o= 9 . °° - Vi Ve -
Niwa K (Oral prog.), 2005 8 12 19% 0.67[0.35;0.90 - Dagher C 2023 12 10.0% 0.50[0.01;0.99] -
Hubbs J (LNG-IUD), 2013 7 10 1.8% 0.70[0.35;0.93 =
gubbs J (Ora(-l" prggA)‘ 2013 3 4 12% 0.75[0.19;0.99 # Total (95% CI) 23 100.0% 0.12[0.00; 0.33] -—~=om——
hyagi-Hara C (Oral prog.), 2015 9 11 19% 0.82[0.48;0.98 & Prediction interval ) 48
e eI, e O pod il . Heterogeneity: Tau’ = 0; Ch* = 2.62, df = 3 (P = 0.4537); I = oon | ' ' ' !
Catena U (LNG-IUD), 2022 2 2 08% 1.00[0.16;1.00 = geneity: =0 =262, df = =0. (1F=00%
Yahata T (Oral prog.), 2005 7 7 15% 1.00[0.59;1.00 o a 0 0.2 04 0.6 0.8
Total (95% CI) 1002 100.0% 0.35 [0.28; 0.42] -
Prediction interval [0.03; 0.77]
. _ . ChiZ = _ . I | | I | .
Hetoroganalty: Tau - 0.0358; Ch’ = 194.44,di = 53 (P < 0.0001); ¥ = 72.7% 0 0z o4 06 . Study Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Casadio P 2020 4 34 473% 0.12[0.03;0.27] -
Ayhan A 2020 5 22 30.8% 0.23[0.08;0.45] i
Study Events Total Weight IV, Random, 95% ClI IV, Random, 95% CI Falcone F 2020 1 4 6.2% 0.25[0.01;0.81] -
Shan BE 2013 3 11 15.8% 0.27[0.06; 0.61] L
Mentrikoski J 2012 0 4 155% 0.00[0.00;0.60] &
Leone Roberti Maggiore U 2019 8 16 229% 0.50[0.25;0.75] L] Total (95% ClI) 71 100.0% 0.16 [0.08; 0.27] —~eti———
Dagher C 2023 2 3 13.8% 0.67[0.09;0.99] L Prediction interval [0.03; 0.34]
Hubbs J 2013 7. 10 208% 0.70(0.35;0.93) & Heterogeneity: Tau? = 0; Chi® = 2.22, df = 3 (P = 0.5272); I = 0.0% ' ' ' !
Falcone F 2020 4 4 155% 1.00[0.40; 1.00] | 0.2 0.4 06 0.8
Catena U 2022 2 2 11.5% 1.00[0.16; 1.00] | ’ '
Total (95% CI) 39 100.0% 0.64 [0.31; 0.92] E——
Prediction interval [0.00; 1.00] :
Heterogenelty: Tau’ = 0.0697; Chi’ = 13.78, df = 5 (P = 0.0171); = 63.7% | T T T T 1 Study Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
0 02 04 08 08 ! Falcone F 2017 2 20 342% 0.10[0.01;032) ——@———
Laurelli G 2016 2 19 325% 0.11[0.01;033] —@——
Giampaolino P 2019 2 11 19.2% 0.18[0.02; 0.52] L
Study Events Total Weight IV, Random, 95% ClI IV, Random, 95% CI Falcone F 2020 3 8 14.2% 0.38[0.09;0.76] -
Pronin SM 2015 2 23 338% 0.09[0.01;0.28] = Total (95% 9') 58 100.0%  0.14 [0.06; 0.26) ——_—
o : Prediction interval [0.02; 0.33]
ChenJ 2022 5 37 54.0% 0.14[0.05;0.29] —— Heterogeneity: Tau® = 0; Chi? = 2.97, df = 3 (P = 0.3962); I? = 0.0% . 1 T — —
Minig L 2011 2 8 122% 0.25[0.03; 0.65] ; # 01 02 03 04 05 06 07
Total (95% Cl) 68 100.0% 0.12[0.05; 0.22] i
Prediction interval [0.00; 0.35]
Heterogeneity: Tau” = 0; Chi® = 1.28, df = 2 (P = 0.5282); I = 0.0% ' ' ! | | |
0.1 0.2 0.3 0.4 0.5 0.6





