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Abstract

:

Endometrial cancer is the most common gynecologic malignancy in developed countries, and the incidence is rising in premenopausal females. Type I EC is more common than Type II EC (80% vs. 20%) and is associated with a hyperestrogenic state. Estrogen unopposed by progesterone is considered to be the main driving factor in the pathogenesis of EC. Studies show that BMI > 30 kg/m2, prolonged duration of menses, nulliparity, presence of polycystic ovarian syndrome, and Lynch syndrome are the most common causes of EC in premenopausal women. Currently, there are no guidelines established to indicate premenopausal patients who should be screened. This review aims to synthesize current data on the etiology, risk factors, presentation, evaluation, and prognosis of endometrial cancer in this population.
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1. Introduction


Endometrial cancer (EC) is the most common gynecologic malignancy in developed countries and is a well-established cause of morbidity and mortality in postmenopausal women, but the incidence has been steadily rising among premenopausal females [1]. The average age of diagnosis is the 6th decade of life, but there has been a 2.2% annual rise in diagnosis in women <50 years old [1]. An average of 20–25% of cases are premenopausal, but approximately 4% are in women <40 years old [2,3,4,5,6,7,8,9]. A study by Wan et al. (2016) found premenopausal EC cases were as high as 32.4% [10]. One study at Hospital Melaka in Malaysia reported that 44.8% of cases diagnosed were premenopausal women and as much as 16% of EC cases were diagnosed in women <40 years old [2]. In the United States, the incidence of EC in black women aged 35–49 years has increased by 2.8% per year from 2001 to 2019 [11].



Currently, the gold standard for EC treatment is surgical with total abdominal hysterectomy, bilateral salpingo-oophorectomy, and surgical staging. The increasing number of premenopausal women with this disease has led to the consideration of conservative management for those who are interested in future childbearing. In brief, these treatments include oral progestins with hysteroscopic ablation of lesions as well as long-acting levonorgestrel-releasing intrauterine devices (IUD) [12]. Women who meet the criteria for this treatment include those with low-grade endometrioid-type EC with no myometrial or lymphovascular invasion and no cervical or adnexal involvement [12]. A large study of 23,000 women with Stage IA EC had similar 5-year survival rates with progestin therapy when compared to standard treatment with hysterectomy [13]. Due to the low overall incidence of EC in premenopausal women, there are limited data regarding the most effective treatment regimen. A more detailed discussion of fertility-sparing treatment is out of the scope of this review.



According to the SEER Program database, women in the US have a 3.1% chance of developing EC [14]. Fortunately, the average 5-year survival rate of EC in all women is 81%, often reaching 100% in the premenopausal population, but timely diagnosis is important [6,14]. There is a growing body of evidence regarding etiologic factors leading to the development of EC in premenopausal women. This review aims to outline the current data on the incidence, etiology, evaluation, and prognosis of EC in premenopausal women.




2. Etiology and Risk Factors


Endometrial cancer can be divided into the following categories: Type I and Type II tumors. Type I tumors are FIGO Grade 1 endometrioid adenocarcinomas and are associated with unopposed estrogen stimulation. Type II tumors include FIGO Grade 3 endometrioid, serous, and clear cell carcinomas and are generally thought to be estrogen-independent. The incidence of Type I is 60–80% overall and that of Type II is 20% overall [15]. This paper focuses primarily on Type I EC, as it is much more common in premenopausal women. The most commonly reported risk factors for Type I EC are obesity, nulliparity, longer duration of menses (earlier age at menarche or late age of menopause), history of anovulatory cycles, polycystic ovarian syndrome (PCOS), diabetes mellitus (DM), or unopposed estrogen therapy. Hyperestrogenic states, or increased estrogen exposure, have been proven to be the main driver in the development of Type I EC.



2.1. Hyperestrogenic States or Estrogen Exposure


Studies have consistently demonstrated that premenopausal women with a hyperestrogenic state are at an increased risk of developing EC [8,9]. The hypothesis of the unopposed estrogen effect causing endometrial hyperplasia and neoplasia has been described since the 1970s [16,17]. The unopposed estrogen hypothesis, first described by Key et al. (1988), is a widely accepted theory stating that women with high circulating levels of endogenous estrogen unopposed by progesterone run an increased risk of developing EC [17]. This states that estrogen unopposed by sufficient progesterone leads to the unregulated mitogenic effects of estrogen, leading to increased endometrial proliferation during the follicular phase, and increased EC risk among young women with increased endogenous or exogenous estrogen levels [4,16,17]. This is in part due to adipose tissue with high concentrations of aromatase, converting androgens to endogenous estrogen. During the follicular phase, the release of estrogen alone without progesterone increases endometrial cell mitotic activity. Longer duration of unopposed estrogen exposure causing excess proliferation increases the probability of mutations, specifically in proto-oncogenes and tumor suppressor genes [16,17]. Progesterone is important in the luteal phase of the menstrual cycle to allow the secretory proliferation of the endometrial tissue [18]. Progesterone also plays a role in reducing mitotic activity by reducing estradiol (E2) receptor concentration in the endometrium as well as increasing the metabolism of E2 to estrone (E1), a less active estrogen [17].



Many large retrospective studies have shown that postmenopausal women with Type I EC have higher levels of circulating estrogens [19]. A study by Allen et al. (2008) examined the relationship between EC risk and serum levels of estrogens, androgens, and sex hormone-binding globulin (SHBG) in postmenopausal women [19]. They found significantly increased EC risk with the increased serum concentrations of total testosterone, free testosterone, estrone, total estradiol, and free estradiol. The ORs associated with BMI 25–29 and greater than or equal to 30+ were 1.26 and 2.67, respectively. Data in the premenopausal population continue to demonstrate results similar to these large population studies.



2.1.1. Obesity


There is a rising rate of obesity in developed nations, which is a likely cause of the increase in the incidence of endometrial carcinoma in the premenopausal population. Obesity is established as a leading cause of Type I EC throughout the lifespan [20,21,22,23]. Of note, the incidence of Type II histology (clear cell, serous papillary) actually decreases with increasing BMI [24]. Higher BMIs have been associated with lower-grade cancers [9,22]. For example, Crosbie et al. (2012) found that WHO class III obesity (BMI > 40 kg/m2) was associated with a more significant proportion of isolated endometrial involvement and well-differentiated carcinomas when compared to normal-weight individuals (BMI 20–25 kg/m2) [24]. Other studies found that obesity (BMI > 30 kg/m2) is associated with a 4.5-fold increase in the incidence of EC compared to normal-weight women [25,26]. This relationship is thought to be due to changes in hormone metabolism, such as the endogenous production of estrogen through peripheral aromatization of androstenedione to estrone [16,21,27]. Obesity is also associated with decreased SHBG [17]. Prior to menopause, elevated E1 levels trigger a negative feedback loop that leads to oligo- or anovulation [27]. In patients with obesity, there is an increased basal level of E2 in circulation, stimulating the endometrial cells to undergo continuous proliferation that leads to endometrial carcinogenesis while never peaking to levels that induce ovulation, as discussed before. This increased E2 is likely not the main factor associated with the increased risk in obesity; it is the progesterone deficiency leading to unregulated endometrial proliferation [17].



The Million Women Study found that the relative risk of developing EC was 1.87 for every 5-kg/m2 increase in BMI in postmenopausal women [28]. A systematic review and meta-analysis by Renehan et al. (2008) demonstrated that, in premenopausal women, the risk of developing EC increases 1.59-fold with each 5 kg/m2 increase in BMI at a BMI of 28 and above [29]. In a study by Lachance et al. (2006), the average BMI of patients <45 yo was 40.3 kg/m2 compared to older patients (35.3 kg/m2 in 46–64 yo and 31.0 kg/m2 in those >65 yo) [7]. In a meta-analysis of BMI, the risk of EC increased more obviously when BMI was 25 or greater [23,30]. In one study by Pellerin & Finan (2005), 71% of patients <45 yo with EC had a BMI of 30 or greater [31]. In one study, the average BMI in the premenopausal group diagnosed with EC was 30.8 kg/m2 vs. 28.9 kg/m2 in the postmenopausal group [2]. Fortunately, while a higher BMI has been demonstrated to increase the incidence of EC and reduce the average age at diagnosis, it does not appear to lower survival rates [24].



One study by Nevadunsky et al. (2014) found that the age at diagnosis is decreasing linearly with increasing BMI [25]. They found that even when correcting for insulin resistance and hyperinsulinemia, factors that contribute to metabolic disorders, the linear association with BMI persisted. Grade and hypertension were also associated with age at the diagnosis of Type I EC. Interestingly, the presence of diabetes and hyperlipidemia were not significant when demonstrated as surrogate markers of metabolic disorders. This study did not stratify patients based on premenopausal vs. postmenopausal status, with the majority of patients being postmenopausal, but the association is interesting and may be further studied in premenopausal women. The BMI relationship appears to be linear, with more severe obesity (BMI > 40 kg/m2) potentially contributing to more pronounced carcinogenesis and an earlier development of dysplasia. Further investigation should analyze this linear relationship more closely and describe more specifically the implication of severe obesity in carcinogenesis and the development of dysplasia.



	
ia. Comorbid Conditions






Premenopausal women diagnosed with EC are often found to have comorbid conditions of diabetes and hypertension, though there are more robust data supporting the association of diabetes with EC. It is difficult to determine if these alone increase the risk or if they are associated as a result of obesity. In one study, hypertensive disease was more prevalent in non-endometrioid cancers, but there are significantly fewer data on hypertension alone to be associated with the development of EC [25].



Some hypotheses demonstrate endometrioid cancer to be associated with increased fasting insulin levels and insulin-like growth factors [22]. This may be due to hyperestrogenism rather than being an isolated cause, though Gunter et al. (2008) demonstrated that hyperinsulinemia may increase the risk independently from estradiol [22]. EC cell lines have also been shown to express high-affinity insulin receptors [32].



Chronic hyperinsulinemia is tumorigenic in estrogen-sensitive tissues [21]. This is due to the insulin-driven reduction of sex-hormone-binding globulin (SHBG), which increases estrogen availability [21,33]. Increased estradiol will stimulate endometrial cell proliferation and inhibit apoptosis, and it has been shown to stimulate insulin-like growth factor-I (IGF-I) in endometrial tissue [22,33,34]. IGF-I has a very similar amino acid sequence homology to insulin and has been found to have a stronger mitotic and antiapoptotic activity than insulin [34].




2.1.2. Duration of Menses


Increased duration of the time of ovulation increases estrogen exposure in a woman’s life and has been linked to an increased risk of EC [16,17,35,36]. Reproductive factors that influence this lifetime exposure to estrogen are early age at menarche, late age of menopause, number of pregnancies, age at first pregnancy, and age at last pregnancy [18,35,37].



A review by Wu et al. (2019) analyzed 171 meta-analyses of 1354 individual studies of 53 risk factors and found that parity, higher age at last birth, and higher age at menarche were associated with a decreased risk of EC [37]. There is a 7–8% reduction in risk of developing EC per year of menstrual life, similar to the risk reduction associated with a shorter total menstrual lifespan HR 0.92 per year [35]. Furthermore, younger patients who present with EC are most commonly nulligravid with a history of infertility [3,38,39]. Women with a history of infertility may even have 2× increased risk of developing EC [38,39].



The age of menarche and menopause are also influenced by BMI. A study by Zhu et al. (2018) found that overweight and obese women run a 50% increased risk of late menopause, and underweight women are more likely to have early menopause [40]. Studies cited an age of menarche lower than 12 yo to confer an increased risk of EC [18,35,38]. A meta-analysis by Gong et al. (2015) found a modest 4% reduction in EC risk per 2 years of delay in menarcheal age [18]. They did estimate a 32% reduction in risk when the oldest menarcheal age was compared to the youngest, though the range of menarcheal ages varied amongst studies, ranging from 11 to 17 years [18].



Women with a later menopausal age have longer lifetime exposure to estrogen, which confers an increased risk of developing EC [20,37]. A study by Wu et al. (2019) aimed to summarize the evidence from observational studies to determine the association of age at menopause with the risk of EC [37]. This review explored eighteen epidemiologic studies: ten showed a significant association between later menopause and an increased risk of EC, while eight studies showed no association. The positive association between menopause and the development of EC appeared to be significant when the age of menopause was greater than 46.5 years old. The risk ratios (RR) for the development of EC were 1.17 (1.14–1.20), 1.57 (1.45–1.71), and 2.08 (1.80–2.39) when menopause occurred at 47, 50, 54, and 57 yo, respectively. It is thought to be due to later menopausal age associated with overweight BMI, later age of menarche, and higher parity.



The European Prospective Investigation into Cancer and Nutrition (EPIC) was a large, multicenter prospective cohort study designed to investigate the associations between nutritional, lifestyle, metabolic, and genetic risk factors, and cancer incidence. Dossus et al. (2009) utilized these data to examine the association of menstrual and reproductive characteristics with the development of endometrial cancer [35]. This study found the following characteristics of patients associated with EC when compared to age-matched controls: higher BMI, though this was not statistically significant [26.5 (5.4 SD) vs. 24.9 (4.4 SD)]; more often users of hormone replacement therapy (HRT) (44.3% vs. 39.8%); less likely to have achieved a university degree (18.4% vs. 24.1%); and slightly more often reported a history of diabetes (3.9% vs. 2.1%). The EC rate was lower among women with late menarche (defined as >15 yo) when compared to women with early menarche (defined as <12 yo) with HR 0.72 (0.58–0.90). They found an HR of 2.20 (1.61–3.01) for EC among women with late menopause (>55 yo) when compared to those with earlier menopause (<50 yo). The cause of this is still not fully understood, but the theory of unopposed estrogen is thought to be an important influence.




2.1.3. Parity


A relationship between an increasing number of pregnancies and decreased EC risk has been infrequently studied. Many studies report nulliparous women to be at significantly higher risk of EC, but it is difficult to characterize the risk [38,41]. One study found an OR of 6.2 for nulliparous women and 5.9 for nulligravid women [38]. Higher age at last birth has been proposed to be associated with a lower risk of EC because decreased estrogen levels accompanying pregnancy among women approaching menopause may have a protective effect against cancer [35,42,43,44]. Evans-Metcalf et al. (1998) also found that nulliparity, rather than age, was found to be an independent risk factor for EC [45].



In a literature review by Gerli et al. (2014), parity showed strong evidence, delay in achieving menarche showed suggestive evidence, and prolonged breastfeeding showed weak evidence of a lower risk of EC [5]. The association of some factors such as age at first pregnancy or breastfeeding with EC risk has been controversial in prospective studies. Age at first delivery, hormone therapy use, and breastfeeding were not associated with EC risk [35]. A meta-analysis by Wang et al. (2015) attempted to assess the dose–response association between each breastfeeding month and EC risk [46]. In total, 14 studies were reviewed, including 5158 EC cases and 706,946 participants. Four studies reported a protective effect of breastfeeding while ten showed no significant association. The pooled risk ratio of developing EC and ever breastfeeding was 0.77. The RR of EC with ever breastfeeding vs. never breastfeeding was 0.85, though that association was not significant (95% CI 0.61–1.20), potentially due to classifying women who attempt breastfeeding once as having breastfed. The RR of the longest (2 years) vs. shortest (<1 month) category of breastfeeding was 0.71 (95% CI 0.53–0.95). Interestingly, when analyzing geographic locations, only studies conducted in North America a showed significant association between reduced EC risk and breastfeeding. The dose–response analysis found that increasing the duration of breastfeeding by one month led to a subtle 2%-decreased risk of EC (RR 0.98, CI 0.97–0.99).



Dossus et al. (2009) examined pregnancy-related variables in the EPIC cohort study [35]. This included the number of full-term pregnancies (FTP), age at the first and last FTP, and time since the last FTP. They found that parous women faced a decreased risk when compared to nulliparous women (HR 0.65, CI 0.54–0.77). When all pregnancy-related variables were examined together in the same model, only the number of FTP and time since the last FTP were significantly associated with decreased risk. An increasing number of FTP, defined as the sum of live-born children and stillbirths, conferred stronger protections (p = 0.04), and there was a decreased risk of EC associated with a cumulative duration of FTP (HR 0.78, CI 0.72–0.84 per year). They also found that the duration of breastfeeding was inversely associated with EC when comparing women who breastfed >18 months vs. those who breastfed <1 month (p = 0.01), though this was no longer significant when adjusting for the number of FTP (p = 0.22).



A study by Katagiri et al. (2023) examined 1005 EC cases using pooled individual data from 13 Asian prospective cohort studies conducted between 1963 and 2014 in the Asia Cohort Consortium [47]. This study found that participants who reported ever being pregnant faced a significantly lower risk of EC when compared to the nulliparous group (HR 0.54, CI 0.48–0.67). Specifically, hazard ratios of parous women when compared to nulliparous women were 0.54 in those with one–two deliveries, 0.50 in those with three–four deliveries, and 0.31 in those with five or more deliveries. This indicates a protective effect of childbearing against EC risk. In alignment with previous studies, the study also found that older age at menarche and younger age at menopause put women at a lower risk of EC. Ultimately, further investigation of these associations should be conducted to clarify the relationship of breastfeeding and parity as a protective factor, as data are contradictory regarding the significance of the effect on EC risk.




2.1.4. Polycystic Ovarian Syndrome


Polycystic Ovarian Syndrome (PCOS) is relatively common, affecting up to 8% of women, and polycystic ovaries (PCO) without the clinical diagnosis of PCOS affect up to 20% of women [48]. The condition is characterized by oligo- or anovulation, signs of androgen excess, and an excess of small ovarian cysts [33,49]. Chronic anovulation leads to chronic estrogen exposure which, as stated above, can lead to endometrial hyperplasia and neoplasia. The association between PCOS and EC was described as early as 1949 and is based on several factors [50,51]. First, as discussed before, the stimulatory effect of estrogen on the endometrium when unopposed by progesterone has been shown to induce endometrial carcinogenesis [48,50,52,53]. Second, PCOS is associated with hyperinsulinemia and insulin resistance. Third, the hyperandrogenism associated with increased aromatase activity leads to the conversion of androgens to estrone, further leading to a hyperestrogenic state [54].



Other studies have described the presence of PCO without the presence of obesity being associated with EC [48,53]. In a systematic review and meta-analysis by Barry et al. (2014), patients with PCOS were at a significantly increased risk of EC (OR 2.79, 1.31–5.95) when comparing gynecologic cancers in women with PCOS <54 yo to age-matched controls [48]. Premenopausal patients with PCOS were found to be at a significantly higher risk of developing EC than postmenopausal patients with PCOS. This association did not change when correcting for BMI in PCOS vs. non-PCOS groups, suggesting that PCOS alone increases the risk of EC. Barry et al. (2014) also evaluated the risk of ovarian cancer in PCOS and found there was no significant increase overall, though Chittenden et al. (2009) did find an increased risk of ovarian cancer [48,49].



A systematic review by Chittenden et al. (2009) found that women with PCOS run up to three times the risk of developing EC when compared to the general population [49]. This included a study by Iatrakis et al. (2006), which found that the odds of developing EC in women with PCOS was OR 2.70 [55]. Iatrakis et al. (2006) also found that BMI, parity, a history of PCOS, diabetes, and the duration of menstrual cycles increased the risk of EC, with BMI being the most significant [55]. A study by Haoula et al. (2012) found a three-fold increase in EC risk in women with PCOS [52]. Wild et al. (2000) found that women with PCOS were six times more likely to develop EC [53]. A study by Gallup and Stock (1984) found that 31% of patients presenting with Type I EC had associated PCOS [56]. One case report describes adenocarcinoma in a 13-year-old girl with a BMI of 24.8, who was found to have polycystic ovaries [57]. A review of 10 cases of endometrial carcinoma in women aged 15–25 found that 70% exhibited the characteristics of PCOS clinically, with three of them having polycystic ovaries on diagnosis [58]. In this review, one patient had adenosquamous carcinoma that involved the ovary and pelvic sidewall; otherwise, the cancers were limited to the endometrium, which aligns with current data showing that the prognosis in these patients is very good.



Early treatment of PCOS may reduce the risk of the development of endometrial cancer by targeting BMI and insulin resistance. Insulin resistance is seen in 50–70% of women with PCOS [59]. Metformin has been demonstrated to decrease the inflammatory state associated with obesity in women with PCOS, primarily via the presence of increased inflammatory markers (increased CRP, IL-6, IL-8) [60]. In a study by Ali et al. (2019), which examined the effect of metformin vs. metformin and pioglitazone, a thiazolidinedione treatment for patients with PCOS, metformin use significantly decreased the level of serum fasting insulin (p < 0.001) [61]. When IL-8, a pro-inflammatory cytokine, was used as a marker for inflammation, a significant decrease was seen in patients with metformin and metformin and pioglitazone combination therapy.



Additionally, some authors have also reported that weight loss can decrease the risk of EC recurrence [62]. A meta-analysis by Graff et al. (2016) analyzed nine studies that evaluated the treatment effect of metformin compared to orlistat, a lipase inhibitor, in weight/BMI, HOMA score, testosterone levels, and insulin, and found a similar decrease in all measures, though none reached statical significance [63]. This meta-analysis was limited in that the studies lacked a substantial sample size and duration of treatment that may determine the impact of early treatment, though we may presume that it would be beneficial, as obesity is a known risk factor for the development of EC. Studies show that weight loss improves many factors, such as lipid profile and insulin resistance, and increases sex hormone-binding globulin (SHBG) concentration. Another single-center retrospective study by Sassin et al. (2023) evaluated metformin monotherapy versus metformin and tirzepatide (a GLP-1 and GIP receptor agonist) combination therapy [64]. They found that combination therapy doubled the chance of weight loss (HR = 2). There is significant heterogeneity in the interpretation of the BMI effect throughout studies, which makes it difficult to determine the specific risk of EC based on BMI alone.



It is still difficult to determine if PCOS alone increases the risk of EC because the underlying disease process is associated with several comorbidities: obesity, diabetes, metabolic syndrome, and anovulation leading to infertility. It is also made difficult due to the number of different accepted diagnostic criteria for the syndrome. All of the independently associated risk factors outlined above are seen in PCOS. There is a paucity of studies examining the relationship between PCOS and EC in a prospective longitudinal cohort, as would be the ideal evaluation of this association, and if treatment may prevent the development of EC. Due to the variation in diagnostic criteria for PCOS, associated risk factors, and a paucity of data evaluating the association between PCOS and EC, it is still difficult to discern the magnitude of risk increase for these patients. Prospective longitudinal cohort studies would be a useful tool to further investigate the relationships and stratification of risk based on specific comorbidities to evaluate risk profiles of individual variables.




2.1.5. Combined Oral Contraception


Protection has been observed in women using combined oral contraception (OC), progestogens combined with estrogens, throughout their menstrual cycle [17,35,65]. Use for 1 year confers as much as 30–50% reduction in EC risk and extends for 10–20 years [6,35]. Dossus et al. (2009) found an HR of 0.65 (CI 0.56–0.75) among OC users, and the duration of use was inversely associated with risk (HR for >10 years 0.58, CI 0.42–0.79) when compared to those who used for one year or less (p < 0.0001) [35]. They also found that risk reduction by OC use was stronger among women with BMI > 30 when compared to those with BMI < 25 (p = 0.04). Further, lower postmenopausal endogenous estrogen concentrations have been observed in past OC users compared with never users [65].



Studies are contradictory; some report the use of hormonal contraception as increasing the risk of EC [19,38]. Andarieh et al. (2016) found that 41.5% of those who used contraceptive pills developed EC vs. 27.1% of users who did not [38]. Gitsch et al. (1995) found that 47% of women <45 with EC had a history of OCP use for two or more years [27]. More recent studies have been challenging the previous theory of HRT increasing the risk of EC [24,66] (Crosbie et al., 2012; Feinberg et al., 2019). Feinberg et al. (2019) did not find the use of HRT as a risk factor for the development of Type I or Type II EC [66].





2.2. Lynch Syndrome


Approximately 2–5% of endometrial cancers are associated with heritable predispositions [4,67]. Lynch syndrome accounts for the majority of inherited endometrial cancers and 6% of all endometrial cancers [67]. Lynch syndrome is an autosomal dominant disease caused by mutations in DNA mismatch repair genes hMLH1, hMSH2, hMSH6, and hPMS2, and can cause cancers of the endometrium, renal pelvis, ovary, stomach, small bowel, and ureter [67]. The majority of Lynch-associated endometrial cancers are FIGO Type I [67]. Type I cancers have been shown to be associated with sporadic deletions in k-Ras, PTEN, or mismatch repair mechanisms [66]. EC is actually the most common extracolonic manifestation of Lynch syndrome. The risk is approximately 40–60% in mutation carriers and can be up to 71% with the specific mutation hMSH6 [67]. These patients often develop EC 10 years prior to the average age of sporadic EC [67]. In a study by Boks et al. (2002), 92% of Lynch syndrome-associated cancers were Type I compared to 88% in the control group [68].



Identifying premenopausal women with EC has important implications for both the patients and their families. Furthermore, it is not uncommon to present with a synchronous diagnosis of gynecologic malignancy and colorectal malignancy [69]. In 2007, the Society of Gynecologic Oncology published guidelines for genetic risk assessment for Lynch Syndrome in patients with endometrial or colorectal cancer [38,70]. They recommended a genetic risk assessment for patients that ran a 20–25% increased risk: (1) met the Amsterdam criteria, (2) had synchronous or metachronous endometrial OR ovarian and colorectal cancer diagnosed <50 yo, or (3) had 1st or 2nd degree-relative OR personal history of colorectal or EC with the evidence of mismatch repair defect. The Amsterdam criteria are as follows: three or more relatives with Lynch-associated cancer; one of the relatives should be a first-degree relative of the other two, cancers should involve two successive generations, and one cancer should be diagnosed <50 yo [67]. Patients with a greater than 5–10% risk of having inherited predisposition are as follows: (1) those with endometrial OR colorectal cancer <50 yo; (2) those with synchronous or metachronous Lynch-associated tumor at any age; (3) those diagnosed with endometrial OR colorectal cancer at any age with two or more first- or second-degree relatives with Lynch-associated tumors at any age; or (4) patients with a first- or second-degree relative that meets any of the previous criteria. The guidelines report that a genetic risk assessment may be helpful, but do not necessarily recommend it in these patients. Soliman et al. (2005) found that only 3% of women with synchronous endometrial and ovarian cancers met the aforementioned Amsterdam Criteria for genetic evaluation and concluded that it is unlikely for Lynch syndrome to account for a significant amount of young EC cases [9]. Some studies have proposed using low BMI as a screening tool for Lynch syndrome in young women with endometrial carcinoma [9]. Many studies show that a family history of reproductive cancers increases the risk of early presentation of EC and as such is an important component of workup in premenopausal patients with EC [9,38].



There are minimal data available at this time regarding any significant differences in morbidity or mortality in women with Lynch-associated EC. According to the SEER database, mortality rates did not increase in patients <45 yo who underwent ovarian preservation with Stage I EC [71]. Boks et al. (2002) found that the 5-year survival rate was 88% vs. 82% for Lynch-associated and sporadic endometrial cancers, respectively [68].





3. Presentation


In postmenopausal women, the presentation of EC or hyperplasia is much more straightforward, with post-menopausal bleeding. EC in premenopausal women presents with persistent abnormal uterine bleeding, which can present as menorrhagia (heavy menstrual cycles), prolonged menstrual bleeding, or irregular cycles [2,72]. The presentation in fertile women is more convoluted, given that abnormal uterine bleeding affects up to one-third of reproductive-aged women, which often leads to delayed diagnosis [2,45,73]. There is no defined difference in the presentation of benign vs. premalignant abnormal uterine bleeding in the premenopausal patient [2]. In one study, the average duration of symptoms in premenopausal women was three times longer than in postmenopausal women [45]. One study in Malaysia found that the median time of diagnosis for premenopausal women was 12 weeks, but some women were not diagnosed for up to 2 years [2]. Despite the delay in presentation and diagnosis, younger women often have early-stage disease [45]. Most studies report a higher percentage of Type I endometrial carcinomas, up to 90%, but others show a rate of Type II carcinomas that is no different from postmenopausal women [45]. A recent study at Parkland Hospital evaluated the percentage of endometrial pathology in women who presented to the women’s emergency department for AUB [74]. They found that 17.4% of patients had intermediate pathology and 2.1% had endometrial malignancy. The mean BMI was 36.6 kg/m2. It is important to be aware that patients may present initially to an emergency department with heavy vaginal bleeding requiring same-day evaluation.



The above-outlined risk factors for EC ultimately increase the rate of endometrial proliferation and hyperplasia. Endometrial hyperplasia, defined as endometrial thickening with proliferation of irregularly sized and shaped glands and an increased gland-to-stroma ratio, is the only known precursor for invasive disease. Endometrial intraepithelial neoplasia (EIN) is a contemporary nomenclature used to define two clinical categories of hyperplasia: (1) normal polyclonal endometrium diffusely responding to an abnormal hormonal environment, and (2) intrinsically proliferative monoclonal lesions that arise focally and confer an elevated risk of adenocarcinoma [6]. Endometrial hyperplasia is further characterized by the presence or absence of atypia, which occurs when there is nuclear atypia of the endometrial gland cells [6]. Women with atypical endometrial hyperplasia run up to 43% risk of concurrent EC, which highlights the need for screening guidelines [75].



Pennant et al. (2017) conducted a systematic review to evaluate the risk of EC and atypical hyperplasia in premenopausal women with abnormal uterine bleeding [76]. They stratified AUB into heavy menstrual bleeding (HMB) and intermenstrual bleeding (IMB) and found that the risk of EC was higher in women with IMB (0.52%) when compared to HMB (0.11%). Overall, they found only a 1.33% risk of EC in premenopausal women with AUB, though they did not stratify subgroups based on other risk factors, only menstrual status.



Concurrent Ovarian Malignancies


Synchronous endometrial and ovarian carcinoma (SEOC) is a very rare cause of primary double cancer. SEOC accounts for 40–51.7% of the overall incidence of double gynecologic cancers of 0.63–1.7% [77,78,79]. The risk factors for SEOC are very similar to those for EC in premenopausal women. Premenopausal age, obesity, infertility and decreased parity, and Lynch syndrome [79] Soliman et al. (2004) found that the average age at SEOC diagnosis was 50 years and >50% occurred in premenopausal women [80]. The Scully Criteria, first published in 1998, were 12 criteria to differentiate between metastasis and double primary cancers that considered histologic features, the depth of invasion and tumor extension, ovarian tumor location, laterality, and the depth of invasion and degree of spread [81]. The Scully criteria are still widely used but have been slightly modified in recent years to distinguish metastatic cancer from primary double cancer better, though these new modifications are rarely used due to the small sample size of the initial study [82]. The theory behind the presence of SEOC is called “microenvironment confinement”, meaning that tumor cells detach from the primary lesion and spread spatially without undergoing apoptosis rather than the usual route of EC metastasis through lymphatic, hematogenous, or implantation [79]. The overall incidence of SEOC is very rare and needs a more robust study to better inform the risk of ovarian conservation for fertility preservation in premenopausal women.



Ovarian involvement has been evaluated in several studies of premenopausal EC risk. The studies vary significantly in regard to the reported rate of concurrent ovarian malignancies, ranging between 5% and 29% [27,78,83,84]. In one study, 13% of patients <40 yo with Lynch syndrome and endometrial carcinoma had synchronous ovarian tumors [85]. Gitsch et al. (1995) found that a significantly higher percentage of cases were associated with simultaneous ovarian malignancies in patients younger than 45 when compared to those >45 years (29.4% vs. 4.6%) [27]. This is important to consider when deciding to proceed with ovarian conservation, as the risk of concurrent ovarian carcinoma is 2–7 times that of postmenopausal women [41,83].



Evans-Metcalf et al. (1998) found that premenopausal women are five times as likely to present with a concurrent ovarian malignancy [45]. The tumors in the premenopausal group were all Stage I and all but one were evident grossly, though previous studies, albeit dated, reported a significantly larger portion of occult disease [86]. This warrants further study, as fertility conservation is often a goal in premenopausal women diagnosed with EC. Ovarian tumors that are unilateral, large in size, without surface involvement or multinodular growth pattern and the presence of endometriosis or borderline tumor are more likely to be an independent primary tumor [77]. Of course, it is imperative to diagnose these pathologically.



Sun et al. (2013) found that 5.4% had gross ovarian involvement, but only 1.5% were a synchronous ovarian malignancy rather than metastasis [84]. They found that adnexal metastasis was more likely when associated with lymph node (LN) involvement, >50% myometrial invasion, and gross extrauterine disease. Interestingly, tumor histology, grade, and cervical involvement did not increase the risk of adnexal metastasis. In patients without intraoperative evidence of ovarian involvement, only 1.2% had pathology-confirmed synchronous malignancy. Overall, no difference was found in prognosis or survival between those who underwent BSO compared to those who kept one or both ovaries in situ. The authors also conducted a meta-analysis that was consistent with their findings.



Walsh et al. (2005) studied women 24–45 yo who underwent hysterectomy for EC [78]. They found coexisting epithelial ovarian tumors in 25% (n = 26) of the study population, a majority of those being synchronous primaries (n = 23). Only one had mucinous ovarian cancer; the remaining tumors were of epithelial origin. 71% of patients had abnormal adnexal imaging prior to surgery, 29% had benign/normal radiologic findings, 67% had ovarian masses discovered intraoperatively, 14% had ovarian surface abnormalities, and 19% (n = 4) had no intraoperative abnormalities. Of the four cases with no intraoperative findings, three had operative reports commenting on cystic but normal-appearing ovaries. Lee et al. (2007) reported a synchronous ovarian malignancy rate of 7.3%, but only 0.97% of cases were without intraoperative extrauterine disease [83].



More recent studies have shown that ovarian preservation does not worsen prognosis [84]. These data are reassuring when making treatment decisions for fertility preservation, but there remains a paucity of data on long-term outcomes of ovarian preservation from an oncologic standpoint and those must be further studied so that clinicians can make more informed decisions regarding the risks and benefits of ovarian preservation.





4. Evaluation


The presentation of women with EC has been outlined previously, and it is apparent that the indication for evaluation is not straightforward. It is well known that transvaginal sonography showing endometrial stripe greater than or equal to 4 mm in postmenopausal women warrants further workup, but what is the appropriate indication for workup in premenopausal women? One study recommended that women younger than 45 years old with chronic excess estrogen exposure, failed medical management, and persistent abnormal uterine bleeding should undergo endometrial sampling [76]. Another study suggested that women 35 years and older with recurrent anovulation, women under 35 years with risk factors for EC, and those unresponsive to medical therapy should undergo endometrial biopsy [72]. Ultimately, young women with abnormal uterine bleeding and risk factors such as nulliparity, PCOS, diabetes, and high BMI should be referred to a licensed provider for endometrial biopsy [2].



The evaluation and workup for EC are not benign, and it is not cost-effective to evaluate every patient with abnormal uterine bleeding (AUB) given that the diagnostic yield is very low and such a small percentage of premenopausal women are diagnosed with EC [76]. Experts have attempted to create endometrial thickness guidelines for pre-menopausal women, but this proves difficult due to significant variation in normal menstruation. Studies have suggested ranges from 4 mm to 16 mm, which makes diagnostic accuracy very low [87,88,89]. Endometrial biopsy using pipelle vs. dilation and curettage are both acceptable as first-line evaluation.



The UK NICE guidelines recommend endometrial biopsy at the time of hysteroscopic evaluation for women with persistent intermenstrual, irregular, or heavy menstrual bleeding who are obese or have PCOS, women taking tamoxifen, or for women whose treatment for HMB has been unsuccessful [90]. They do not recommend endometrial biopsy (EMB) without hysteroscopic evaluation and do not specify the length of medical management that qualifies the patient as failed. Ultimately, there are no well-defined guidelines for calculating a patient’s overall risk and it is currently up to clinical judgment without specific parameters. Further research should be conducted to inform the development of evidence-based screening guidelines.



With the diagnosis of endometrial cancer, molecular classification provides vital prognostic information that may inform patients and providers about expected disease behavior and oncologic outcomes. The Cancer Genome Atlas (TCGA) identified four distinct molecular classifications for endometrial cancer [91]. Micro RNAs, or miRNAs or miRs, are single-stranded, non-coding RNAs that modulate gene expression. miRs have been shown to impact the cell cycle through the regulation of metabolic pathways and can influence both oncogenic and tumor-suppressive activity. It has been proposed that we may use miRs as a promising biomarker for the detection and diagnosis of endometrial cancer. And, depending on the miR identified, one may also be able to determine the biologic behavior and prognosis of a particular cancer, which may play a significant role when thoroughly counseling a patient who desires future fertility about therapeutic options for their newly diagnosed endometrial cancer [92].Much more research needs to be conducted to identify biomarkers that will best assist in the diagnosis of endometrial cancer, as well as provide prognostic information that may guide conversations between patients and their providers with respect to the best treatment for their cancers and the safety and likelihood of preserving fertility.




5. Prognosis


Fortunately, young women with EC tend to present with an early stage and favorable histologic subtype. The majority of endometrial cancers diagnosed in premenopausal women are Type I, which is associated with a hyperestrogenic state, factors as outlined above [2,7]. High BMI correlates with low tumor grade, endometrioid histology, and early stage of presentation [77]. According to Fadhlaoui et al. (2010), 70% of endometrial adenocarcinomas are Stage I and 90% are Grade 1 [4]. Studies report that the frequency of early-stage Grade 1 tumors reaches up to 90% in the premenopausal population [6,58] A majority of EC cases in premenopausal women are in the early stage, but Gitsch et al. (1995) reported 29% of premenopausal cases were Stage III and IV [27]. Similarly to the post-menopausal group, the FIGO stage, grade, histological type, and degree of myometrial invasion are associated with a worse prognosis [41].



A study by Tran et al. (2000) found that the presence of myometrial invasion was more than 50% lower in young women (24%) when compared to women >45 years old (49%) [93]. This study also noted that for the most part, young patients had an equivalent distribution of pathologic features compared to postmenopausal women. There was a statistically significant progression-free survival in the premenopausal group as well; only 1.5% developed recurrence within 1 year compared to 6% in the postmenopausal group. In the premenopausal group, the risk of recurrence in 3 yo was 3% vs. postmenopausal of 10%; and the 5-year recurrence rate remained unchanged, while it increased to 12% in the postmenopausal group [27]. Lee et al. (2007) reported only a 2.4% risk of recurrence [83]. Overall, the average 5-year survival for young women with EC is approximately 93% [31,82].



A retrospective single-center study by Biler et al. (2017) studied 40 women <40 yo with surgically treated EC [41]. The average age of diagnosis was 38 years old, 85% of tumors were early stage, 67.5% were low-grade, and 97.5% were endometrioid; 72.5% displayed <50% myometrial invasion. These numbers are similar to other studies [84]. Notably, CA 125 level >35 was the only statistically significant prognostic factor for both shorter progression-free survival and overall survival.



Type II EC patients are more likely to be non-white and have lower BMI, a postmenopausal status, a history of other malignancy, and higher gravidity and parity than those with Type I cancers [66]. Type II, nonendometrioid endometrial cancers, are much more frequent in young women with Lynch syndrome when compared to those without, though Lynch syndrome usually presents with Type I cancers [67,77]. Undifferentiated and dedifferentiated carcinomas are often associated with Lynch syndrome or other sporadic mismatch repair abnormalities [77].



In the rare cases when patients present with SEOC, age plays an important role in prognosis. Premenopausal patients younger than 50 yo have been found to have a 94.1% 5-year survival rate and decreased risk of recurrence compared to postmenopausal women, who have a 53.7% 5-year survival rate [94].



In a cross-sectional study by Evans-Metcalf et al., (1998) it was found that women <45 years old were more likely to have a low-grade disease (65% vs. 38%), more likely to have synchronous ovarian malignancy (11% vs. 2%), and be nulliparous, and that overall survival was no different between women <45 yo when compared to those >45 yo. Women <45 yo had a higher median weight and were twice as likely to be nulliparous than women >45 yo. There was no statistically significant difference in personal or first-degree relatives affected by breast, colon, or endometrial malignancies. Interestingly, this study found that the prevalence of Stage I disease was not significantly different between pre- and postmenopausal women, and the occurrence of endometrioid, adenosquamous, serous, and clear cell tumors was equal. In women <45 yo, the disease was more likely to be confined to the endometrium (Stage Ia) compared to women >45 yo.




6. Conclusions


There is evidence that the incidence of EC in the premenopausal population continues to rise. The aforementioned literature supports the etiology of this increase, but evidence-based recommendations for screening young women for EC still do not exist. The most commonly reported risk factors are obesity, nulliparity, longer duration of menses (earlier age at menarche or late age of menopause), a history of anovulatory cycles, PCOS, diabetes mellitus, and/or unopposed estrogen therapy. Many of the studies demonstrated that BMI remained directly correlated with increased EC risk when correcting for other comorbid conditions, but hyperestrogenic conditions such as PCOS and Type II diabetes mellitus seem to compound that risk when also present.



There are gaps in the current literature and limitations to the outlined studies. While there are several case reports on adolescent females, very few data exist regarding EC in this population [57]. With the rise of the obesity epidemic in the pediatric population, it is imperative to recognize adolescent females who are at an increased risk of developing estrogen-driven EC earlier in life. Interventions in this population may prevent the continued rise in EC incidence. Some of the larger cohort studies did not stratify patients based on menopausal status, which is why it is important to analyze more accurately the unique risk factors present in premenopausal women and how they change throughout the lifespan.



EC is the leading cause of gynecologic cancers in the US and other developed nations, but there is a paucity of data in developing and underdeveloped nations [38]. This limits the generalizability of many studies, given the differences in lifestyle, genetic factors, access to healthcare, and the availability of cancer treatment among many others. Additionally, much of the population data are not disaggregated into ethnicity, which is crucial to a deeper understanding of the environmental and epigenetic risk factors. Additionally, a disparity in the funding of EC research was made apparent by Katcher et al. (2024) [95]. Using the SEER database to determine the burden of disease in women’s cancers and the National Cancer Institute (NCI) website for research funding, they demonstrated that uterine cancer had the lowest funding despite the rising incidence. These inequities observed in cancer funding are significantly affecting vulnerable populations. Large efforts should be made to advocate for increased funding for uterine cancers so that we can provide equitable care.



Providers should consider the factors outlined in this review when deciding which reproductive-aged patients should be evaluated for EC. It is important for clinicians to consider all patient factors that confer a higher risk of EC. These risk factors include BMI, the age of menarche lower than 12 years, the age of menopause greater than 46.5 years, PCO and PCOS, nulliparity and a number of FTPs, concurrent genetic predispositions, and family history. We encourage the community to pursue large prospective cohort studies that disaggregate data based on race and ethnicity as well as premenopausal status so that we can continue to better understand the increasing incidence of EC in premenopausal women.



This review has aimed to outline the current literature regarding the development of endometrial cancer in premenopausal women. Overall, the population of premenopausal women with endometrial cancer is small, though incidence continues to rise, making further study with broader population studies and more robust longitudinal data imperative for a better understanding of the complex interplay of factors influencing EC development and to inform evidence-based guidelines for approach to evaluation in this population.







Author Contributions


E.B. was responsible for writing—original draft preparation and revisions; J.A.D. was responsible for writing—review, editing, and supervision. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



SEER*Explorer: An Interactive Website for SEER Cancer Statistics. Available online: https://seer.cancer.gov/statistics-network/explorer/ (accessed on 16 November 2023).

	



Abdol Manap, N.; Ng, B.K.; Phon, S.E.; Abdul Karim, A.K.; Lim, P.S.; Fadhil, M. Endometrial Cancer in Pre-Menopausal Women and Younger: Risk Factors and Outcome. Int. J. Environ. Res. Public Health 2022, 19, 9059. [Google Scholar] [CrossRef] [PubMed]

	



Benshushan, A. Endometrial adenocarcinoma in young patients: Evaluation and fertility-preserving treatment. Eur. J. Obstet. Gynecol. Reprod. Biol. 2004, 117, 132–137. [Google Scholar] [CrossRef] [PubMed]

	



Fadhlaoui, A.; Ben Hassouna, J.; Khrouf, M.; Zhioua, F.; Chaker, A. Endometrial Adenocarcinoma in a 27-Year-Old Woman. Clin. Med. Insights Case Rep. 2010, 3, 31–39. [Google Scholar] [CrossRef] [PubMed]

	



Gerli, S.; Spanò, F.; Di Renzo, G.C. Endometrial carcinoma in women 40-year-old or younger: A case report and literature review. Eur. Rev. Med. Pharmacol. Sci. 2014, 18, 1973–1978. [Google Scholar]

	



Hoffman, B.L.; Schorge, J.O.; Halvorson, L.M.; Hamid, C.A.; Corton, M.M.; Schaffer, J.I. Endometrial Cancer. In Williams Gynecology, 4th ed.; McGraw-Hill Education: New York, NY, USA, 2020. [Google Scholar]

	



Lachance, J.A.; Everett, E.N.; Greer, B.; Mandel, L.; Swisher, E.; Tamimi, H.; Goff, B. The effect of age on clinical/pathologic features, surgical morbidity, and outcome in patients with endometrial cancer. Gynecol. Oncol. 2006, 101, 470–475. [Google Scholar] [CrossRef] [PubMed]

	



Ota, T.; Yoshida, M.; Kimura, M.; Kinoshita, K. Clinicopathologic study of uterine endometrial carcinoma in young women aged 40 years and younger. Int. J. Gynecol. Cancer 2005, 15, 657–662. [Google Scholar] [CrossRef]

	



Soliman, P.T.; Oh, J.C.; Schmeler, K.M.; Sun, C.C.; Slomovitz, B.M.; Gershenson, D.M.; Burke, T.W.; Lu, K.H. Risk Factors for Young Premenopausal Women with Endometrial Cancer. Obstet. Gynecol. 2005, 105, 575. [Google Scholar] [CrossRef] [PubMed]

	



Wan-Nor-Asyikeen, W.A.; Siti-Azrin, A.H.; Jalil, N.A.C.; Othman, N.H.; Zain, A.A.M. Endometrial Cancer in Hospital Universiti Sains Malaysia. Asian Pac. J. Cancer Prev. APJCP 2016, 17, 2867–2870. [Google Scholar] [PubMed]

	



Ramchandran, V.; Liao, C.; Palkowski, T.; Johnson, C.; Salani, R.; Kapp, D.; Chan, J. Increase in uterine cancer incidence among Black patients in the United States: A United States Cancer Statistics Study of nearly 95,000 patients from 2001 to 2019. In Proceedings of the Society of Gynecologic Oncology National Meeting, San Diego, CA, USA, 16–18 March 2024. [Google Scholar]

	



Giampaolino, P.; Cafasso, V.; Boccia, D.; Ascione, M.; Mercorio, A.; Viciglione, F.; Palumbo, M.; Serafino, P.; Buonfantino, C.; De Angelis, M.C.; et al. Fertility-Sparing Approach in Patients with Endometrioid Endometrial Cancer Grade 2 Stage IA (FIGO): A Qualitative Systematic Review. BioMed Res. Int. 2022, 2022, 4070368. [Google Scholar] [CrossRef]

	



Ruiz, M.P.; Huang, Y.; Hou, J.Y.; Tergas, A.I.; Burke, W.M.; Ananth, C.V.; Neugut, A.I.; Hershman, D.L.; Wright, J.D. All-cause mortality in young women with endometrial cancer receiving progesterone therapy. Am. J. Obstet. Gynecol. 2017, 217, 669.e1–669.e13. [Google Scholar] [CrossRef]

	



Cancer of the Endometrium—Cancer Stat Facts. SEER. Available online: https://seer.cancer.gov/statfacts/html/corp.html (accessed on 6 January 2024).

	



Seiawan, V.; Yang, H.; Pike, M.; McCann, S.; Yu, H.; Xiang, Y.; Wolk, A.; Wentzensen, N.; Weiss, N.; Webb, P.; et al. Type I and II Endometrial Cancers: Have They Different Risk Factors? J. Clin. Oncol. 2013, 31, 2607–2618. [Google Scholar] [CrossRef] [PubMed]

	



Kaaks, R.; Lukanova, A.; Kurzer, M.S. Obesity, endogenous hormones, and endometrial cancer risk: A synthetic review. Cancer Epidemiol. Biomark. Prev. 2002, 11, 1531–1543. [Google Scholar]

	



Key, T.J.; Pike, M.C. The dose-effect relationship between ‘unopposed’ oestrogens and endometrial mitotic rate: Its central role in explaining and predicting endometrial cancer risk. Br. J. Cancer 1988, 57, 205–212. [Google Scholar] [CrossRef] [PubMed]

	



Gong, T.; Wang, Y.; Ma, X. Age at menarche and endometrial cancer risk: A dose-response meta-analysis of prospective studies. Sci. Rep. 2015, 5, 14051. [Google Scholar] [CrossRef] [PubMed]

	



Allen, N.E.; Key, T.J.; Dossus, L.; Rinaldi, S.; Cust, A.; Lukanova, A.; Peeters, P.H.; Onland-Moret, N.C.; Lahmann, P.H.; Berrino, F.; et al. Endogenous sex hormones and endometrial cancer risk in women in the European Prospective Investigation into Cancer and Nutrition (EPIC). Endocr. Relat. Cancer 2008, 15, 485–497. [Google Scholar] [CrossRef] [PubMed]

	



Bergström, A.; Pisani, P.; Tenet, V.; Wolk, A.; Adami, H.O. Overweight as an avoidable cause of cancer in Europe. Int. J. Cancer 2001, 91, 421–430. [Google Scholar] [CrossRef] [PubMed]

	



Calle, E.E.; Kaaks, R. Overweight, obesity and cancer: Epidemiological evidence and proposed mechanisms. Nat. Rev. Cancer 2004, 4, 579–591. [Google Scholar] [CrossRef] [PubMed]

	



Gunter, M.J.; Hoover, D.R.; Yu, H.; Wassertheil-Smoller, S.; Manson, J.E.; Li, J.; Harris, T.G.; Rohan, T.E.; Xue, X.; Ho, G.Y.F.; et al. A prospective evaluation of insulin and insulin-like growth factor-I as risk factors for endometrial cancer. Cancer Epidemiol. Biomark. Prev. 2008, 17, 921–929. [Google Scholar] [CrossRef] [PubMed]

	



Aune, D.; Navarro Rosenblatt, D.A.; Chan, D.S.M.; Vingeliene, S.; Abar, L.; Vieira, A.R.; Greenwood, D.C.; Bandera, E.V.; Norat, T. Anthropometric factors and endometrial cancer risk: A systematic review and dose-response meta-analysis of prospective studies. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2015, 26, 1635–1648. [Google Scholar] [CrossRef] [PubMed]

	



Crosbie, E.J.; Roberts, C.; Qian, W.; Swart, A.M.; Kitchener, H.C.; Renehan, A.G. Body mass index does not influence post-treatment survival in early-stage endometrial cancer: Results from the MRC ASTEC trial. Eur. J. Cancer 2012, 48, 853–864. [Google Scholar] [CrossRef]

	



Nevadunsky, N.S.; Van Arsdale, A.; Strickler, H.D.; Moadel, A.; Kaur, G.; Levitt, J.; Girda, E.; Goldfinger, M.; Goldberg, G.L.; Einstein, M.H. Obesity and age at diagnosis of endometrial cancer. Obstet. Gynecol. 2014, 124 Pt 1, 300–306. [Google Scholar] [CrossRef] [PubMed]

	



Schouten, L.J.; Goldbohm, R.A.; van den Brandt, P.A. Anthropometry, physical activity, and endometrial cancer risk: Results from the Netherlands Cohort Study. J. Natl. Cancer Inst. 2004, 96, 1635–1638. [Google Scholar] [CrossRef] [PubMed]

	



Gitsch, G.; Hanzal, E.; Jensen, D.; Hacker, N. Endometrial cancer in premenopausal women 45 years and younger. Obstet. Gynecol. 1995, 85, 504–508. [Google Scholar] [CrossRef] [PubMed]

	



Reeves, G.K.; Pirie, K.; Beral, V.; Green, J.; Spencer, E.; Bull, D. Cancer incidence and mortality in relation to body mass index in the Million Women Study: Cohort study. BMJ (Clin. Res. Ed.) 2007, 335, 1134. [Google Scholar] [CrossRef] [PubMed]

	



Renehan, A.G.; Tyson, M.; Egger, M.; Heller, R.F.; Zwahlen, M. Body-mass index and incidence of cancer: A systematic review and meta-analysis of prospective observational studies. Lancet 2008, 371, 569–578. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, J.; Hu, Y.; Zhao, Y.; Chen, D.; Fang, T.; Ding, M. Risk factors of endometrial cancer in patients with endometrial hyperplasia: Implication for clinical treatments. BMC Women’s Health 2021, 21, 312. [Google Scholar] [CrossRef] [PubMed]

	



Pellerin, G.P.; Finan, M.A. Endometrial cancer in women 45 years of age or younger: A clinicopathological analysis. Am. J. Obstet. Gynecol. 2005, 193, 1640–1644. [Google Scholar] [CrossRef] [PubMed]

	



Nagamani, M.; Stuart, C.A. Specific binding and growth-promoting activity of insulin in endometrial cancer cells in culture. Am. J. Obstet. Gynecol. 1998, 179, 6–12. [Google Scholar] [CrossRef] [PubMed]

	



Hoffman, B.L.; Schorge, J.O.; Halvorson, L.M.; Hamid, C.A.; Corton, M.M. (Eds.) Chapter 18: Polycystic Ovarian Syndrome and Hyperandrogenism. In Williams Gynecology, 4th ed.; McGraw Hill: New York, NY, USA, 2020. [Google Scholar]

	



Yu, H.; Rohan, T. Role of the insulin-like growth factor family in cancer development and progression. J. Natl. Cancer Inst. 2000, 92, 1472–1489. [Google Scholar] [CrossRef]

	



Dossus, L.; Allen, N.; Kaaks, R.; Bakken, K.; Lund, E.; Tjonnel, A.; Olsen, A.; Overvad, K.; Clavel-Chapelon, F.; Fournier, A.; et al. Reproductive risk factors and endometrial cancer: The European Prospective Investigation into Cancer and Nutrition. Int. J. Cancer 2009, 127, 442–451. [Google Scholar] [CrossRef]

	



Grady, D.; Gebretsadik, T.; Kerlikowske, K.; Ernster, V.; Petitti, D. Hormone replacement therapy and endometrial cancer risk: A meta-analysis. Obstet. Gynecol. 1995, 85, 304–313. [Google Scholar] [CrossRef]

	



Wu, Y.; Sun, W.; Liu, H.; Zhang, D. Age at Menopause and Risk of Developing Endometrial Cancer: A Meta-Analysis. BioMed Res. Int. 2019, 2019, 8584130. [Google Scholar] [CrossRef]

	



Andarieh, M.G.; Delavar, M.A.; Moslemi, D.; Esmaeilzadeh, S. Risk Factors for Endometrial Cancer: Results from a Hospital-Based Case-Control Study. Asian Pac. J. Cancer Prev. APJCP 2016, 17, 4791–4796. [Google Scholar] [CrossRef]

	



Yang, H.P.; Cook, L.S.; Weiderpass, E.; Adami, H.; Anderson, K.E.; Cai, H.; Cerhan, J.R.; Clendenen, T.V.; Felix, A.S.; Friedenreich, C.M.; et al. Infertility and incident endometrial cancer risk: A pooled analysis from the epidemiology of endometrial cancer consortium (E2C2). Br. J. Cancer 2015, 112, 925–933. [Google Scholar] [CrossRef] [PubMed]

	



Zhu, D.; Chung, H.; Pandeya, N.; Dobson, A.; Kuk, D.; Crawford, S.; Gold, E.; Avis, N.; Giles, G.; Bruinsma, F.; et al. Body mass index and age at natural menopause: An international pooled analysis of 11 prospective studies. Eur. J. Epidemiol. 2018, 33, 699–710. [Google Scholar] [CrossRef] [PubMed]

	



Biler, A.; Solmaz, U.; Erkilinc, S.; Gokcu, M.; Bagci, M.; Temel, O.; Karadeniz, T.; Sanci, M. Analysis of endometrial carcinoma in young women at a high-volume cancer center. Int. J. Surg. 2017, 44, 185–190. [Google Scholar] [CrossRef]

	



Hinkula, M.; Pukkala, E.; Kyyrönen, P.; Kauppila, A. Grand multiparity and incidence of endometrial cancer: A population-based study in Finland. Int. J. Cancer 2002, 98, 912–915. [Google Scholar] [CrossRef] [PubMed]

	



Mogren, I.; Stenlund, H.; Högberg, U. Long-term impact of reproductive factors on the risk of cervical, endometrial, ovarian and breast cancer. Acta Oncol. 2001, 40, 849–854. [Google Scholar] [CrossRef]

	



Wernli, K.J.; Ray, R.M.; Gao, D.L.; De Roos, A.J.; Checkoway, H.; Thomas, D.B. Menstrual and reproductive factors in relation to risk of endometrial cancer in Chinese women. Cancer Causes Control 2006, 17, 949–955. [Google Scholar] [CrossRef]

	



Evans-Metcalf, E.R.; Brooks, S.E.; Reale, F.R.; Baker, S.P. Profile of women 45 years of age and younger with endometrial cancer. Obstet. Gynecol. 1998, 91, 349–354. [Google Scholar] [CrossRef]

	



Wang, L.; Li, J.; Shi, Z. Association between Breastfeeding and Endometrial Cancer Risk: Evidence from a Systematic Review and Meta-Analysis. Nutrients 2015, 7, 5697–5711. [Google Scholar] [CrossRef]

	



Katagiri, R.; Iwasaki, M.; Abe, S.K.; Islam, M.R.; Rahman, M.S.; Saito, E.; Merritt, M.A.; Choi, J.-Y.; Shin, A.; Sawada, N.; et al. Reproductive Factors and Endometrial Cancer Risk among Women. JAMA Netw. Open 2023, 6, e2332296. [Google Scholar] [CrossRef] [PubMed]

	



Barry, J.A.; Azizia, M.M.; Hardiman, P.J. Risk of endometrial, ovarian and breast cancer in women with polycystic ovary syndrome: A systematic review and meta-analysis. Hum. Reprod. Update 2014, 20, 748–758. [Google Scholar] [CrossRef] [PubMed]

	



Chittenden, B.G.; Fullerton, G.; Maheshwari, A.; Bhattacharya, S. Polycystic ovary syndrome and the risk of gynaecological cancer: A systematic review. Reprod. Biomed. Online 2009, 19, 398–405. [Google Scholar] [CrossRef] [PubMed]

	



Pillay, O.C.; Te Fong, L.F.W.; Crow, J.C.; Benjamin, E.; Mould, T.; Atiomo, W.; Menon, P.A.; Leonard, A.J.; Hardiman, P. The association between polycystic ovaries and endometrial cancer. Hum. Reprod. 2006, 21, 924–929. [Google Scholar] [CrossRef] [PubMed]

	



Speert, H. Carcinoma of the endometrium in young women. Surg. Gynecol. Obstet. 1949, 88, 332–336. [Google Scholar] [PubMed]

	



Haoula, Z.; Salman, M.; Atiomo, W. Evaluating the association between endometrial cancer and polycystic ovary syndrome. Hum. Reprod. 2012, 27, 1327–1331. [Google Scholar] [CrossRef] [PubMed]

	



Wild, S.; Pierpoint, T.; Jacobs, H.; McKeigue, P. Long-term consequences of polycystic ovary syndrome: Results of a 31-year follow-up study. Hum. Fertil. 2000, 3, 101–105. [Google Scholar] [CrossRef] [PubMed]

	



Lukanova, A.; Lundin, E.; Micheli, A.; Arslan, A.; Ferrari, P.; Rinaldi, S.; Krogh, V.; Lenner, P.; Shore, R.E.; Biessy, C.; et al. Circulating levels of sex steroid hormones and risk of endometrial cancer in postmenopausal women. Int. J. Cancer 2004, 108, 425–432. [Google Scholar] [CrossRef]

	



Iatrakis, G.; Zervoudis, S.; Saviolakis, A.; Troulos, M.; Antoniou, E.; Sarantaki, A.; Lykeridou, K.; Kourounis, G. Women younger than 50 years with endometrial cancer. Eur. J. Gynaecol. Oncol. 2006, 27, 399–400. [Google Scholar]

	



Gallup, D.G.; Stock, R.J. Adenocarcinoma of the endometrium in women 40 years of age or younger. Obstet. Gynecol. 1984, 64, 417–420. [Google Scholar] [PubMed]

	



Kim, S.M.; Shin, S.J.; Bae, J.G.; Kwon, K.Y.; Rhee, J.H. Endometrial adenocarcinoma in a 13-year-old girl. Obstet. Gynecol. Sci. 2016, 59, 152–156. [Google Scholar] [CrossRef] [PubMed]

	



Farhi, D.C.; Nosanchuk, J.; Silverberg, S.G. Endometrial adenocarcinoma in women under 25 years of age. Obstet. Gynecol. 1986, 68, 741–745. [Google Scholar] [CrossRef] [PubMed]

	



Li, Y.; Zheng, Q.; Sun, D.; Cui, X.; Chen, S.; Bulbul, A.; Liu, S.; Yan, Q. Dehydroepiandrosterone stimulates inflammation and impairs ovarian functions of polycystic ovary syndrome. J. Cell. Physiol. 2019, 234, 7435–7447. [Google Scholar] [CrossRef]

	



Morin-Papunen, L.; Rautio, K.; Ruokonen, A.; Hedberg, P.; Puukka, M.; Tapanainen, J.S. Metformin reduces serum C-reactive protein levels in women with polycystic ovary syndrome. J. Clin. Endocrinol. Metab. 2003, 88, 4649–4654. [Google Scholar] [CrossRef]

	



Ali, D.; Shah, M.; Ali, A.; Malik, M.O.; Rehman, F.; Badshah, H.; Ehtesham, E.; Vitale, S.G. Treatment with Metformin and Combination of Metformin Plus Pioglitazone on Serum Levels of IL-6 and IL-8 in Polycystic Ovary Syndrome: A Randomized Clinical Trial. Horm. Metab. Res. 2019, 51, 714–722. [Google Scholar] [CrossRef]

	



Kokts-Porietis, R.L.; Elmrayed, S.; Brenner, D.R.; Friedenreich, C.M. Obesity and mortality among endometrial cancer survivors: A systematic review and meta-analysis. Obes. Rev. Off. J. Int. Assoc. Study Obes. 2021, 22, e13337. [Google Scholar] [CrossRef]

	



Graff, S.K.; Mario, F.M.; Ziegelmann, P.; Spritzer, P.M. Effects of orlistat vs. metformin on weight loss-related clinical variables in women with PCOS: Systematic review and meta-analysis. Int. J. Clin. Pract. 2016, 70, 450–461. [Google Scholar] [CrossRef]

	



Sassin, A.; Sangi-Haghpeykar, H.; Aagaard, K.; Detti, L. Effects of Metformin alone vs. Metformin and Tirzepatide on weight loss in patients with Polycystic Ovarian Syndrome (PCOS) [Abstract]. Fertil. Steril. 2023, 120, e222. [Google Scholar] [CrossRef]

	



Chan, M.F.; Dowsett, M.; Folkerd, E.; Wareham, N.; Luben, R.; Welch, A.; Bingham, S.; Khaw, K.T. Past oral contraceptive and hormone therapy use and endogenous hormone concentrations in postmenopausal women. Menopause 2008, 15, 332–339. [Google Scholar] [CrossRef]

	



Feinberg, J.; Albright, B.; Black, J.; Lu, L.; Passarelli, R.; Gysler, S.; Whicker, M.; Altwerger, G.; Menderes, G.; Hui, P.; et al. Ten-Year Comparison Study of Type 1 and 2 Endometrial Cancers: Risk Factors and Outcomes. Gynecol. Obstet. Investig. 2019, 84, 290–297. [Google Scholar] [CrossRef]

	



Meyer, L.A.; Broaddus, R.R.; Lu, K.H. Endometrial cancer and Lynch syndrome: Clinical and pathologic considerations. Cancer Control 2009, 16, 14–22. [Google Scholar] [CrossRef] [PubMed]

	



Boks, D.E.S.; Trujillo, A.P.; Voogd, A.C.; Morreau, H.; Kenter, G.G.; Vasen, H.F.A. Survival analysis of endometrial carcinoma associated with hereditary nonpolyposis colorectal cancer. Int. J. Cancer 2002, 102, 198–200. [Google Scholar] [CrossRef] [PubMed]

	



Garber, J.E.; Offit, K. Hereditary cancer predisposition syndromes. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2005, 23, 276–292. [Google Scholar] [CrossRef] [PubMed]

	



Lancaster, J.M.; Powell, C.B.; Kauff, N.D.; Cass, I.; Chen, L.; Lu, K.H.; Mutch, D.G.; Berchuck, A.; Karlan, B.Y.; Herzog, T.J. Society of Gynecologic Oncologists Education Committee statement on risk assessment for inherited gynecologic cancer predispositions. Gynecol. Oncol. 2007, 107, 159–162. [Google Scholar] [CrossRef] [PubMed]

	



Wright, J.D.; Buck, A.M.; Shah, M.; Burke, W.M.; Schiff, P.B.; Herzog, T.J. Safety of ovarian preservation in premenopausal women with endometrial cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2009, 27, 1214–1219. [Google Scholar] [CrossRef] [PubMed]

	



Sweet, M.G.; Schmidt-Dalton, T.A.; Weiss, P.M.; Madsen, K.P. Evaluation and management of abnormal uterine bleeding in premenopausal women. Am. Fam. Physician 2012, 85, 35–43. [Google Scholar] [PubMed]

	



Davis, E.; Sparzak, P.B. Abnormal Uterine Bleeding. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023. [Google Scholar]

	



Grubman, J.; Bling, D.; Beer, H.; Mehra, S.; Tian, P.; Kakwan, H.; Miller, E.; Pruszynski, J.; Kiszka, A. Endometrial pathology among premenopausal patients seeking emergency care for abnormal uterine bleeding: High risk of endometrial malignancy and premalignancy [Abstract]. In Proceedings of the Society of Gynecologic Oncology National Meeting, San Diego, CA, USA, 16–18 March 2024. [Google Scholar]

	



Trimble, C.L.; Kauderer, J.; Zaino, R.; Silverberg, S.; Lim, P.C.; Burke, J.J.; Alberts, D.; Curtin, J. Concurrent endometrial carcinoma in women with a biopsy diagnosis of atypical endometrial hyperplasia: A Gynecologic Oncology Group study. Cancer 2006, 106, 812–819. [Google Scholar] [CrossRef] [PubMed]

	



Pennant, M.E.; Mehta, R.; Moody, P.; Hackett, G.; Prentice, A.; Sharp, S.J.; Lakshman, R. Premenopausal abnormal uterine bleeding and risk of endometrial cancer. BJOG Int. J. Obstet. Gynaecol. 2017, 124, 404–411. [Google Scholar] [CrossRef]

	



Garg, K.; Soslow, R.A. Endometrial carcinoma in women aged 40 years and younger. Arch. Pathol. Lab. Med. 2014, 138, 335–342. [Google Scholar] [CrossRef]

	



Walsh, C.; Holschneider, C.; Hoang, Y.; Tieu, K.; Karlan, B.; Cass, I. Coexisting ovarian malignancy in young women with endometrial cancer. Obstet Gynecol. 2005, 106, 693–699. [Google Scholar] [CrossRef] [PubMed]

	



Gan, W.; Bian, C. The research progress on synchronous endometrial and ovarian carcinoma. Front. Oncol. 2023, 13, 1291602. [Google Scholar] [CrossRef] [PubMed]

	



Soliman, P.T.; Slomovitz, B.M.; Broaddus, R.R.; Sun, C.C.; Oh, J.C.; Eifel, P.J.; Gershenson, D.M.; Lu, K.H. Synchronous primary cancers of the endometrium and ovary: A single institution review of 84 cases. Gynecol. Oncol. 2004, 94, 456–462. [Google Scholar] [CrossRef] [PubMed]

	



Zheng, W.; Parkash, V. Atlas of Tumor Pathology: Tumors of the Ovary, Maldeveloped Gonads, Fallopian Tube, and Broad Ligament, 3rd series, fascicle 23. Am. J. Surg. Pathol. 2002, 26, 277–278. [Google Scholar] [CrossRef]

	



Yang, L.; Zhang, L.; Huang, Q.; Liu, C.; Qi, L.; Li, L.; Qu, T.; Wang, Y.; Liu, S.; Meng, B.; et al. Combination of Scoring Criteria and Whole Exome Sequencing Analysis of Synchronous Endometrial and Ovarian Carcinomas. Int. J. Gynecol. Cancer Off. J. Int. Gynecol. Cancer Soc. 2018, 28, 704–712. [Google Scholar] [CrossRef] [PubMed]

	



Lee, N.K.; Cheung, M.K.; Shin, J.Y.; Husain, A.; Teng, N.N.; Berek, J.S.; Kapp, D.S.; Osann, K.; Chan, J.K. Prognostic factors for uterine cancer in reproductive-aged women. Obstet. Gynecol. 2007, 109, 655–662. [Google Scholar] [CrossRef] [PubMed]

	



Sun, C.; Chen, G.; Yang, Z.; Jiang, J.; Yang, X.; Li, N.; Zhou, B.; Zhu, T.; Wei, J.; Weng, D.; et al. Safety of ovarian preservation in young patients with early-stage endometrial cancer: A retrospective study and meta-analysis. Fertil. Steril. 2013, 100, 782–787. [Google Scholar] [CrossRef] [PubMed]

	



Garg, K.; Shih, K.; Barakat, R.; Zhou, Q.; Iasonos, A.; Soslow, R.A. Endometrial carcinomas in women aged 40 years and younger: Tumors associated with loss of DNA mismatch repair proteins comprise a distinct clinicopathologic subset. Am. J. Surg. Pathol. 2009, 33, 1869–1877. [Google Scholar] [CrossRef] [PubMed]

	



Fujiwara, K.; Ohishi, Y.; Koike, H.; Sawada, S.; Moriya, T.; Kohno, I. Clinical implications of metastases to the ovary. Gynecol. Oncol. 1995, 59, 124–128. [Google Scholar] [CrossRef]

	



Breitkopf, D.M.; Frederickson, R.A.; Snyder, R.R. Detection of benign endometrial masses by endometrial stripe measurement in premenopausal women. Obstet. Gynecol. 2004, 104, 120–125. [Google Scholar] [CrossRef]

	



Goldstein, S.R.; Zeltser, I.; Horan, C.K.; Snyder, J.R.; Schwartz, L.B. Ultrasonography-based triage for perimenopausal patients with abnormal uterine bleeding. Am. J. Obstet. Gynecol. 1997, 177, 102–108. [Google Scholar] [CrossRef] [PubMed]

	



Shi, A.A.; Lee, S.I. Radiological reasoning: Algorithmic workup of abnormal vaginal bleeding with endovaginal sonography and sonohysterography. AJR Am. J. Roentgenol. 2008, 191 (Suppl. S6), 68. [Google Scholar] [CrossRef] [PubMed]

	



Heavy Menstrual Bleeding: Assessment and Management; National Institute for Health and Care Excellence (NICE): London, UK, 2021.

	



Levine, D. The Cancer Genome Atlas Research Network. Integrated genomic characterization of endometrial carcinoma. Nature 2013, 497, 67–73. [Google Scholar] [CrossRef] [PubMed]

	



Piergentili, R.; Gullo, G.; Bas