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Objective: Patients with endometrial cancer (EC) combined with metabolic syndrome (MetS) have a worse prognosis than those without MetS. This study aimed to investigate whether partial metabolic disorder significantly influenced early-stage endometrioid EC (EEC) survival and searched for a more efficient method to evaluate metabolic status.

Methods: This is a nationwide, multicenter cohort study that included 998 patients with primary early-stage EEC from 2001 to 2018. Patients were divided into different metabolic groups based on the diagnostic criteria of the Chinese Medical Association (CDC). The progression-free survival (PFS) time was compared between various metabolic status. Meanwhile, we established an EC Prognostic-Related Metabolic Score (ECPRM Score) to explore the association of the severity of metabolic status and early-stage EEC PFS. A nomogram was established for predicting PFS, which was externally validated in a testing set that includes 296 patients.

Results: A partial metabolic disorder, as well as MetS, was an independent risk factor of poor survival of patients with early-stage EEC [hazard ratio (HR) = 7.6, 95% CI = 1.01–57.5, p < 0.05]. A high ECPRM Score was associated with lower PFS (HR = 2.1, 95% CI = 1.05–4.0, p < 0.001). The nomogram, in which the ECPRM Score contributed most to the prognosis, exhibited excellent discrimination of survival supported by the internal and external validations. In addition, the calibration curve supports its robust predicting ability.

Conclusion: Even though they do not meet the criteria of MetS, partial metabolic disorders were also associated with adverse outcomes in early-stage EEC. The ECPRM Score is beneficial for clinicians to evaluate the severity of metabolic abnormalities and guide patients to ameliorate the poor prognosis of metabolic disorders.
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INTRODUCTION

Endometrial cancer (EC) is the sixth most common malignancy in women worldwide (1) and the most common gynecologic malignancy in the United States (2). In China, the incidence of EC is also increasing rapidly, and the age of onset is becoming younger (3). A metabolic disorder, one of the most important comorbidities of EC, significantly shortens the survival time of patients with EC (4).

Metabolic syndrome (MetS) is a complex disorder that is considered a worldwide epidemic in western countries and China (5). There is a strong association between EC and MetS. Mounting studies revealed that women with MetS are estimated to have a higher EC risk when compared to those without MetS (6–11). MetS not only increases the prevalence of EC but also results in poor prognosis. Kokts-Porietis et al. identified that MetS, in particular central adiposity, was associated with worse overall and disease-free survival in EC among 540 survivors in Canada (12). Nevertheless, few studies with a large sample size in the Asia-Pacific population have confirmed the relationship between MetS and EC prognosis.

Although MetS contains many components and clinical implications, there are still no universally accepted or clearly defined diagnostic criteria (5). In 2001, the National Cholesterol Education Program published the Adult Treatment Panel III that includes a set of criteria that included waist circumference, blood lipids, blood pressure, and fasting blood glucose (BG) (13), which is the basis of the 2005 International Diabetes Federation (IDF) criteria that introduced abdominal obesity as a prerequisite of the diagnosis of MetS (14). A recent Italian study showed that obesity negatively influenced the preoperative and postoperative tumor grading concordance, leading to a lower pathological diagnostic accuracy, and is adverse for EC survival (15). However, the epidemiological characteristics of MetS vary with region, lifestyle pattern, and socioeconomic status. According to the Chinese Medical Association (CDC) criterion of MetS, body mass index (BMI), hyperglycemia, hypertension, and dyslipidemia are the four main components of MetS in the Asian population. The dichotomous nature of these criteria makes it difficult to measure the severity of metabolic abnormalities since a high-risk state exists among the four main components (16, 17).

Moreover, MetS has been criticized for not providing additional risk information beyond its individual components (18–20). Meanwhile, partial metabolic abnormalities, which have not yet reached the diagnostic criteria for MetS, existed in a significant number of patients with EC. However, few studies have concentrated on the impacts of partial metabolic disorders on the prognosis of these patients with EC. Therefore, we attempted to establish a continuous metabolic disorder score to evaluate the associations between metabolic disorder and prognosis in EC.

Endometrioid endometrial carcinomas (EECs) constitute approximately 85% of newly diagnosed cases (21). Simultaneously, the symptoms appear early in the course of EC, which explains why most patients have early-stage disease at presentation (22). Accordingly, patients with early-stage EEC were the majority in EC. In this study, we conducted a nationwide retrospective study that included 998 early-stage EEC patients, aiming at the Asia-Pacific population, to explore the relationship between MetS or partial metabolic disorders and survival. We demonstrated that partial metabolic disorders and MetS were both associated with adverse clinical outcomes. Moreover, we put forward a novel method to calculate EC Prognosis-Related Metabolic Score (ECPRM Score) and validated its remarkable ability to predict early-stage EEC survival in an external testing set.



MATERIALS AND METHODS


Study Design and Data Collection

We retrospectively collected clinicopathological data from patients with early-stage EEC in 13 hospitals around China from 2001 to 2018 for the training set (trainset, n = 998). We involved patients were with complete medical records and follow-up information. Patients who received radiotherapy or chemotherapy before surgery or with other malignant tumors were excluded. For the testing set (testset), 296 patients with early-stage EEC from another hospital were enrolled. They also possessed complete clinicopathological data and follow-up information. This study was approved by the Institutional Review Boards of all included hospitals.

Sociodemographic data that included age (<50, ≥50) and family history (no, yes) were gathered from the electronic medical record. Disease-related data, such as pathologic grade [low grade (G1 and 2), high grade (G3 and 4)] and lymph-vascular space invasion (LVSI; no, yes), were collected in postoperative pathological reports. The endpoint index was progression-free survival (PFS) time, which was defined as the time from the date of the primary surgery to the date of the last follow-up or recurrence.



Diagnostic Criteria of Metabolic Syndrome

The MetS was defined according to the recommendations of the Diabetes Society of the CDC (23): (1) overweight and/or obese: BMI ≥25 kg/m2, (2) hyperglycemia: fasting postprandial BG ≥6.1 mmol/L, (3) hypertension: systolic/diastolic blood pressure (SBP/DBP) ≥140/90 mmHg, (4) dyslipidemia: triglycerides ≥1.7 mmol/L, and/or high-density lipoprotein cholesterol (HDL) <1.0 mmol/L (women). The diagnosis of MetS was based on the existence of at least three abnormal findings out of the four mentioned above.

Each participant included in the study was grouped into one of the three categories: (1) patients who were free of metabolic disorder [free metabolic disorder in patients (FMDPs)], (2) patients with one or two metabolic disorders [partial metabolic disorder in patients (PMDPs)], (3) with three or four metabolic abnormal findings [metabolic syndrome in patients (MetSPs)].



Endometrial Cancer Prognostic-Related Metabolic Score

We calculated the ECPRM Score using a method of confirmatory factor analyses (24, 25). We included five identified MetS components: BMI, SBP, HDL, triglycerides, and BG in the ECPRM Score. According to the CDC guidelines above, BMI, which is a more suitable indicator of MetS in the Asia-Pacific population, was used to define overweight and obesity. For the trainset (n = 998), triglycerides were log-transformed, the inverse of HDL was used, and all variables were standardized (mean = 0, SD = 1) over the entire sample. Then, a one-factor model formed based on all confirmatory factor analyses was performed by the “lavaan” R package. The factor loadings from the five MetS components were determined and used to generate equations for computing a MetS severity score. The resulting score has a standard normal distribution that operates as a “z score,” which we named ECPRM Score (Supplementary Table 1). Since all variables contributing to the scores were standardized (mean = 0), we categorized the patients with ECPRM Score > 0 as the high score group and those with ECPRM Score ≤ 0 as the low score group.



Statistical Analysis

All statistical analyses were performed using R version 3.6.31 and its appropriate packages. A two-sided p < 0.05 was considered statistically significant. For baseline data analysis in the trainset, we applied the chi-square test to compare categorical variables in FMDP, PMDP, and MetSP groups. The ANOVA analysis was applied to compare the scores of the three groups. Kaplan–Meier survival analysis was conducted to explore the difference in PFS in three groups, and the p was used to identify significant differences between groups. The multivariate Cox proportional hazard models and the Schoenfeld residuals test were conducted to, respectively, evaluate the hazard ratios (HRs) and proportional hazard assumptions of the clinicopathological variables and metabolic groups or score groups. The PFS possibilities of 5 and 7 years were quantified according to the nomogram based on the multivariate Cox regression analysis that includes score groups. The concordance index (C-index) and a calibration curve were used to measure discriminative capacity. For testset, ECPRM Score was calculated according to the formula derived from the trainset. The Kaplan–Meier survival analysis was conducted to explore the difference between the high-score group and low-score group. Multivariate Cox regression analyses were also employed as above. We conducted a predictive model that includes risk score group using a nomogram in the trainset and validated in the testset.




RESULTS


Demographics and Clinical Characteristics

In total, 998 patients with primary early-stage EEC who underwent hysterectomy were retrospectively analyzed in the trainset. The patients were partitioned into FMDP, PMDP, and MetSP groups according to the CDC (see section “Materials and Methods”). In total, 339 patients (34.0%) were diagnosed as MetS (MetSP). Notably, 530 (53.1%) patients were present as partial metabolic abnormality (PMDP), while only 129 patients (12.9%) had no metabolic disorder (FMDP). This shows that most patients with early-stage EEC are in the state of PMDP, so it is essential to survey the prognostic features of these populations.

The characteristics of the included patients are listed in Table 1. A total of 826 (82.8%) patients were diagnosed with low grade (G1 and G2), while 172 (17.2%) were with high grade (G3 and G4). The patients over 50 years old accounted for 74.3%. The majority of patients were without a family history (84.4%). Only a small proportion of patients had LVSI (6.8%).


TABLE 1. Characteristics of free metabolic disorder in patients (FMDP), partial metabolic disorder in patients (PMDP), metabolic syndrome in patients (MetSP) patients in the training set (n = 998).

[image: Table 1]


Partial Metabolic Disorder in Patient Was an Independent Risk Factor in Predicting Early-Stage Endometrioid Endometrial Carcinoma Prognosis

We explored the impact of metabolic disorders on PFS of early-stage EEC patients using the Kaplan–Meier survival analysis. Significant differences were found between the three groups, and pairwise comparisons also showed noteworthy differences. The FMDP group had the best prognosis, followed by the PMDP group and then the MetSP group (p = 0.004 (PMDP/FMDP), p < 0.001 (MetSP/FMDP), p = 0.002 (MetSP/PMDP), Figure 1). Therefore, patients with PMDP and MetS were significantly associated with worse PFS than FMDP. It is noteworthy that PMDP accounted for the majority of early-stage EEC. To further investigate whether PMDP was an independent factor for adverse survival, we conducted multivariate Cox regression analysis among pathologic grade, age group, family history, LVSI, and metabolic group. To our surprise, after adjusting the other clinicopathological variables, PMDP was still an independent risk factors for poor prognosis (HR = 7.6, 95% CI = 1.01–57.5, p < 0.05, Figure 2A). Further, a nomogram was built based on the multivariate Cox regression analysis above, indicating the robust predicting ability of metabolic disorder with the greatest contribution (Figure 2B).
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FIGURE 1. The Kaplan–Meier survival analysis showed significant differences between the three groups [p < 0.001 (Total)] and pairwise comparisons {p = 0.004 [partial metabolic disorder patients (PMDP)/free metabolic disorder in patients (FMDPs)], p < 0.001 [metabolic syndrome in patients (MetSP)/FMDP], p = 0.002 [metabolic syndrome in patients (MetSPs)/PMDP]} also showed noteworthy differences in EC. The MetSP group had the best progression-free survival (PFS), followed by PMDP group and then the FMDP group.



[image: image]

FIGURE 2. Partial metabolic disorder patient (PMDP) was an independent risk factor in predicting early-stage EEC prognosis. (A) A forest plot of the multivariate Cox regression analysis showed PMDPs and metabolic syndrome in patients (MetSPs) were significantly associated with shorter PFS. (B) A nomogram was built by integrating pathologic grade, age group, family history, lymph-vascular space invasion (LVSI), and metabolic group and indicated the robust predicting ability of the metabolic group.




Endometrial Cancer Prognostic-Related Metabolic Score Possessed the Remarkable Ability in Predicting Progression-Free Survival in Early-Stage Endometrioid Endometrial Carcinoma

In the above section, we have recognized that patients in the PMDP group, who did not meet the diagnostic criteria of MetS, were also associated with worse survival than the FMDP group, which indicates that the diagnostic criteria of MetS could not completely reflect the influence of metabolic disorder on the prognosis of early-stage EEC. In light of this, we further tried to establish a continuous ECPRM Score to precisely evaluate the severity of the metabolic disorder in patients with EC by confirmatory factor analysis. We calculated the ECPRM Score according to the formula based on the five identified MetS components: BMI, SBP, HDL, triglycerides, and BG (see section “Materials and Methods”). The ECPRM Score was highest in the MetSP group, followed by the PMDP and the FMDP groups, elucidating that the ECPRM Score was susceptible to metabolic status (Supplementary Figure 1).

Since all variables contributing to the scores were standardized (mean = 0), we defined the patients with ECPRM Score > 0 as the high score group and those with ECPRM Score ≤ 0 as the low score group. The Kaplan–Meier curve showed that patients in the high score group survived significantly longer than the low score group (Figure 3A). Through the multivariable Cox regression analysis after the correction for other clinicopathological variables, the high ECPRM Score remains an independent risk factor for poor prognosis (HR = 2.1, 95% CI = 1.05–4.0, p < 0.05, Figure 3B). To establish a more user-friendly model for predicting the survival outcomes, we combined pathologic grade, age group, family history, LVSI, and ECPRM Score group to conduct a nomogram based on the multivariable Cox regression analysis. Similarly, the nomogram revealed that a high ECPRM Score significantly contributed to the early-stage EEC prognosis (Figure 3C). Then, to evaluate our nomogram’s ability to predict PFS in patients with early-stage EEC, we conducted a calibration plot for our model. A C-index of 0.73 was achieved, and the favorable agreements were shown between the actual and the estimated probability of PFS in 5 and 7 years (Figure 3D).


[image: image]

FIGURE 3. Endometrial Cancer Prognostic-Related Metabolic (ECPRM) Score possessed the remarkable ability in predicting PFS in early-stage EEC. (A) The Kaplan-Meier survival analysis revealed the strong association between high ECPRM Score and shorter PFS in the trainset. (B) A forest plot of the multivariate Cox regression analysis showed that the high ECPRM Score was significantly associated with shorter PFS in the trainset. (C) A nomogram was built by integrating pathologic grade, age group, family history, LVSI, and score group, indicating the robust predicting ability of a high ECPRM Score. (D) A calibration plot for the nomogram was conducted based on the trainset, and the favorable agreements were shown between the actual and estimated probability of PFS in 5 and 7 years.




The Predictive Value of the Endometrial Cancer Prognostic-Related Metabolic Score Was Validated in an External Cohort

The external validation was performed in the testset (n = 296). All patients obtained the ECPRM Score in terms of the computing formula (Supplementary Table 1). Patients with ECPRM Score > 0 were classified as high score groups and those with ECPRM Score ≤ 0 were low score groups. The PFS possibility of the high score group was distinguishingly shorter than that of the low score group (Figure 4A). The multivariable Cox regression analysis exhibited a remarkable association between the high score group and poor prognosis (Figure 4B). When applied to the original model, the testset produced a C-index of 0.7, confirming the satisfactory accuracy in predicting the PFS possibility of the nomogram of external validation.
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FIGURE 4. The predictive value of Endometrial Cancer Prognostic-Related Metabolic (ECPRM) Score was validated in an external cohort. (A) Kaplan-Meier survival analysis revealed the strong association between high ECPRM Score and shorter PFS in the testset. (B) Forest plot of multivariate Cox regression analysis showed high ECPRM Score was significantly associated with shorter PFS in the testset.





DISCUSSION

In the current study, we identified that partial metabolic disorder and MetS both significantly influenced early-stage EEC prognosis. As expected, a worse prognosis was observed in the MetSP group when compared with the FMDP and PMDP groups. Unexpectedly, the PFS of the PMDP group was longer than the MetSP group and shorter than the FMDP group, and the severer of metabolic abnormalities, the shorter the PFS. PMDP and MetSP were both independent risk factors for poor survival in early-stage EEC. It is noteworthy that the PMDP, which accounted for the majority of our dataset, was not accurate since it was a qualitative concept rather than a quantitative one (20). Nevertheless, controversy existed over various sets of MetS and partial metabolic disorder criteria (26–29). The different degrees of partial metabolic disorder determined different prognoses (30).

Therefore, to evaluate the quantitative connection between metabolic disorder and survival, we demonstrate a novel scoring approach of metabolic abnormalities status that could effectively predict early-stage EEC prognosis. The ECPRM Score was based on accurate indexes from laboratory tests without considering subjective items, such as self-descriptive previous history. Every patient owned an exact ECPRM Score representing their metabolic status. Compared to simple classification based on FMDP/PMDP/MetSP, the ECPRM Score, which characterized metabolic status more correctly and standardized, was beneficial to investigate the association between the metabolic status and prognosis of patients with early-stage EEC. In our dataset, the Kaplan–Meier curve showed that the ECPRM Score was significantly associated with worse PFS. After eliminating the effect of pathologic grade, age group, family history, and LVSI, the ECPRM Score group was still identified as a significant prognostic factor.

To our knowledge, this investigation is the first study using the CDC’s recommended diagnostic criteria of MetS to explore its association with survival outcomes in early-stage EEC. Our findings are generally consistent with prior literature using other criteria that observed the association of worse prognosis with MetS among patients with EC (12, 31, 32). Kokts-Porietis et al. used the country- and sex-specific waist circumference criteria of MetS (33) (presence of ≥three of the following components: waist circumference ≥88 cm, fasting BG levels ≥100 mg/dl, blood triglycerides ≥150 mg/dl, HDL cholesterol <50 mg/dl, or self-reported hypertension and/or hypertension medication use) to assess the association with overall and disease-free survival of EC in North Americans (12). The authors noted that patients with EC with high waist circumference had 2.12 (95% CI = 1.8–3.8) times the hazard of overall survival time when compared to those with low waist circumference (12). However, waist circumference is not a routinely useful indicator of MetS in the Asia-Pacific population. As we know, the appearance of metabolic disorders varied from races (24). Asia-Pacific adults were more susceptible to overall obesity and fat distribution on metabolic risk factors than the other racial/ethnic population (34). Furthermore, this was the reason that we brought BMI instead of waist circumference into our study. A study based on the 2010 China Non-communicable Disease Surveillance providing the latest estimate of the national prevalence of MetS in Asia used the lower cutoff points for abdominal obesity according to the International Obesity Task Force criteria for the Asian-Pacific population (35). The BMI in the Asia-Pacific population is significantly lower than those in the white population. Thus, we utilized the diagnostic criteria of CDC, putting BMI at a vital position instead of waist circumference to define MetS in a Chinese context. In light of this, the conclusion has strong generalizability in the Asia-Pacific population. We confirmed that the MetS status shortens the survival time and partial metabolic disorder is also associated with adverse clinical outcomes of patients with early-stage EEC.

Since the impact of partial metabolic disorder on PFS, we considered it necessary to develop a new quantitative method of evaluating the metabolic status, which is more effective in forecasting early-stage EEC prognosis. The principle of the ECPRM Score is confirmatory factor analysis, as described previously (24, 25). In the trainset, the high score was an independent risk factor for poor survival. We conducted a nomogram containing pathologic grade, age group, family history, LVSI, and score group and demonstrated that high score contributes most to the adverse prognosis. The model was internally validated by the C-index (0.73) and the calibration curves were 5 and 7 years. Meanwhile, the testset also revealed a strong association between the high score and the shorter PFS. The C-index (0.7) confirmed the efficiency of the nomogram. To our knowledge, this investigation is the first study to use a method of continuous score to describe the severity of metabolic status and explore its association with early-stage EEC survival outcomes.

This study has several key strengths. First, we identified that the partial metabolic disorder also influenced significantly on PFS and MetS. Subsequently, we exploited a novel score system to quantitate metabolic status accurately. This is the first study to employ the ECPRM Score to evaluate the impact of metabolic status on the early-stage EEC prognosis. Second, the epidemiological characteristics of MetS vary greatly with region, lifestyle pattern, and socioeconomic status, and the manifestation of metabolic abnormality is quite different between Asia-Pacific and the western population. The relationship between metabolic abnormalities and EC prognosis has rarely been reported in the Asia-Pacific population. This investigation included patients from 14 medical centers around China. Therefore, it is more than necessary to adopt the diagnostic criteria of MetS that is suitable for the Asia-Pacific population. Finally, it is vital that early intervention should be applied among PMDP with high risk since the influence of partial metabolic disorder on early-stage EEC survival was significant, same as MetS.

So that, through our ECPRM Score, we identified the high-risk patients, who did not meet the diagnostic criteria for MetS, but the metabolic disorders of whom also had an impact on the prognosis of the early-stage EEC. There is a limitation to the current study. Timely surgical treatment is the most important factor influencing the early-stage EEC prognosis (36–39). However, all patients received radical operation in the study. Thus, we could not investigate the impact of surgery on the early-stage EEC survival. The importance of surgery should be emphasized.



CONCLUSION

Our study confirmed that MetS, as a vital complication, was significantly related to shorter PFS of patients with early-stage EEC. Meanwhile, we put forward the concept that partial metabolic disorder was also significantly associated with early-stage EEC prognosis. We utilized the ECPRM Score to evaluate the metabolic status and explore its prognostic value of early-stage EEC survival for the first time. This study is helpful for clinicians to reasonably evaluate the metabolic status of patients with early-stage EEC and prolong the survival by intervening the metabolic status.
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