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Introduction

Endometrial cancer is the most common gynecologic malignancy in the western world, and in parallel to aging demographics, the incidence of endometrial cancer has also been increasing; the average age of diagnosis is approximately 68 years old (1-4). The standard of care for endometrial cancer remains controversial but mostly includes comprehensive surgical staging as recommended by the International Federation of Gynecology and Obstetrics (FIGO) (5). This standard of care can involve complex procedures such as pelvic and para-aortic lymphadenectomy and omentectomy, particularly for high-risk endometrial cancer (6-10). High-risk endometrial cancer, as defined by ESMO-ESGO-ESTRO guidelines (6), includes grade 3 adenocarcinoma with myometrial invasion of >50%, carcinosarcoma, uterine clear-cell carcinoma, and uterine serous carcinoma, accounts for a disproportionately high rate of cancer-specific mortality (11). More high-risk endometrial cancer and more advanced endometrial cancer was observed in elderly patients compared with their younger counterparts (12) and could explain the worse prognosis of endometrial cancer in elderly patients. The PORTEC III study and others evaluated adjuvant radiotherapy plus chemotherapy and showed higher survival rates for women who received adjuvant treatment (13)(14)(15). Despite the benefit of adjuvant therapy on survival for high-risk endometrial cancer, older patients receive an inferior level of care with poorer outcomes (7,16,17). This substandard treatment secondary to advanced age alone could also be a major driver in decreased survival in the oldest individuals with endometrial cancer.

The objective of this study is to examine the patterns of care and survival for elderly with high-risk endometrial cancer while adjusting for variables traditionally identified as associated with poor prognosis.
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Materials and methods

• Patients

We conducted a case-control study from a retrospective data collection of patients with endometrial cancer who received primary surgical treatment between January 2001 and December 2013. The data were obtained from eight institutions in France who maintained endometrial cancer databases (Tours, Tenon, Dijon, Rennes, Lille, Reims, Creteil, Poissy, Jean Verdier Tertiary Hospitals) and from the Senti-Endo trial (18). The research protocol was approved by the Institutional Review Board of the College National des Gynécologues et Obstétriciens Français (CNGOF) in 2014.

The patients were divided into two cohorts: women < 70 years old and women 70 years old, designated young and elderly patients, respectively. In the elderly cohort, inclusion criteria were women with high-risk endometrial cancer (i.e. high-risk stage I EC and more advanced stage) on final histologic examination. High-risk endometrial cancer was defined using ESMO/ESTRO/ESGO criteria (19). Each elderly patient with high-risk endometrial cancer was matched with one control patient with high-risk endometrial cancer in the young cohort and matched on lymphovascular space involvement (LVSI) for stage I and endometrioid type I endometrial cancer (20,21).

• Data collection

All patients had undergone a preoperative endometrial biopsy and underwent preoperative abdominopelvic magnetic resonance imaging (MRI) unless contraindicated. Demographic and clinical data were collected. We also collected the final pathological analysis: histological subtype, grade and stage based on the International Federation of Gynaecology and Obstetrics (FIGO) (2009) (22). Operative data surgical approach, nodal staging and adjuvant therapy were documented.

• Histology

Lymph nodes were considered positive when there were macro-and/or micrometastases.

Macrometastases were defined as a single focus of metastatic disease per LN, measuring more than 2 mm. Micrometastases were defined as a single focus of metastatic disease per LN, measuring between 0.2 and 2 mm. A tumor is considered to have lymphovascular space involvement (LVSI) when tumor 19). High-risk endometrial cancer was defined by stage FIGO IB grade 3, and by extension, stage II histological type 1 as well as all type 2 tumors of any stage.

• Treatment and follow-up

Women underwent primary surgical treatment including at least total hysterectomy with bilateral salpingo-oophorectomy, with or without nodal staging (pelvic ± paraaortic lymphadenectomy) according to the current guidelines (23) and the discretion of the surgeon. According to French guidelines, pelvic and para-aortic lymph node surgical staging is required for high-risk groups.

Adjuvant therapy was administered on an individual basis at the discretion of a multidisciplinary committee based on the French guidelines and included vaginal brachytherapy (VBT) and/or external beam radiotherapy (EBRT) and/or chemotherapy (CT) and clinical follow-up (15). Clinical follow-up consisted of physical examinations and the use of imaging techniques according to the findings. Follow-up visits were conducted every 3 months for the first 2 years, every 6 months for the following 3 years, and once a year thereafter.

• Recurrence events and outcome measures
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The main outcomes measures were the date of recurrence, date of death and date of cancer-related death. Disease recurrence was diagnosed by biopsy or imaging studies and defined as a relapse without differentiating between their local or distant nature. The secondary outcomes measures were surgical staging, in compliance with French national guidelines (23), and surgical route (minimally invasive surgery, laparotomy and vaginal surgery).

• Statistical analysis

Descriptive parameters were expressed as the mean (± Standard Deviation [SD]) and median [range] when indicated. Frequencies were presented as percentages. We compared the demographics and medical characteristics of patients in the two cohorts using Chi-square or Fisher's exact tests as appropriate. For continuous variables, we used t-tests. Overall survival time was calculated in months from the date of surgery to death (related or unrelated to cancer) or the date of last follow-up for the surviving patient. Cancer-specific survival (CSS) was calculated as the time from the date of surgery to cancer-related death, and disease-free survival (DFS) was calculated as time from the date of surgery to cancer recurrence. The Kaplan-Meier method was used to estimate the survival distribution.

Survival was compared with log-rank test. Effects were expressed as hazard ratios (HRs) with 95% confidence intervals as appropriate. Cox proportional hazard models included established prognostic factors: pathological type, adjuvant therapies, and nodal status. A p-value of <0.05 was considered statistically significant. Data were managed in an Excel database (Microsoft, Redmond, WA, USA) and analyzed using R 3.0.2 software, which is available online.
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Results

• Characteristics of the study population

During the study period, 1227 women with endometrial cancer were documented as having received primary surgical treatment. According to the two age groups, 747 (61%) women were <70 years old, and 480 (39%) were 70 years old. From each group, 273/747 (36.5%) and 220/480 (45.8%) women were in the high-risk group (p=0.001). After matching on LVSI, there were 198 patients in each age group, i.e., 396 patients in the study population (figure 1).

The median age of the young patient cohort was 60 years (range 31-69 years), and their median BMI was 29.4 kg/m 2 (range 16.6-50.7). The median age of the elderly patient cohort was 77 years (range 70-98 years), and their median BMI was 27.4 kg/m 2 (range 14.0-41.3). The demographic and clinicopathological characteristics of the entire cohort by age group are reported in Table 1. The rate of comorbidities, such as high blood pressure, was significantly higher in the elderly group (p <0.001).

• Tumor characteristics

The tumor characteristics are reported in Table 2. There were no significant differences between young and elderly patients concerning tumor size, myometrial invasion, histological type, grade, histological type, FIGO stage or known node involvement. Thus, as expected, known prognosis factors were similar in both groups.

• Surgical characteristics and adjuvant treatment Surgical procedures are described in Table 3. Concerning the surgical approach, elderly women had significantly more hysterectomies with bilateral salpingo-oophorectomy by laparotomy (91/198, 46%), whereas young women had more laparoscopy surgeries (107/198, 54%) (p=0.002). The rate of pelvic lymphadenectomy was 96% (190/198) and 76% (150/198) for young and elderly patients, respectively (p <0.001). Notably, when pelvic lymphadenectomy was performed, the mean number of removed nodes was not significantly different. Young patients were more likely to undergo sentinel lymph node procedures compared to the elderly, with 34% (67/198) vs 20% (39/198), (p=0.006), respectively.
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The adjuvant treatments are reported in table 3. No adjuvant treatment was performed in 16.8% (33/198) of elderly and 8% (15/198) of young patients (p=0.005). Radiotherapy and vaginal brachytherapy was performed in 46.9% (93/198) of elderly and 34.4% (69/198) of young patients (p=0.014). Notably, 56 patients, 48 elderly and 8 young, had no pelvic lymphadenectomy. Among elderly patients with no pelvic lymphadenectomy, 40% (19/48) had radiotherapy alone, and 58% (28/48) had radiation and/or chemotherapy. Among young patients with no pelvic lymphadenectomy, 37.5% (3/8) had radiotherapy alone and 62.5% (5/8) had radiation and/or chemotherapy. Among elderly patients with pelvic lymphadenectomy (150 patients), 49% (74/150) had radiotherapy alone, and 73% (110/150) had radiation and/or chemotherapy. Among young patients with pelvic lymphadenectomy, 34.7% (66/190) had radiotherapy alone, and 81.5% (115/190) had radiation and/or chemotherapy. In elderly patients, patients with no lymphadenectomy had adjuvant treatment (chemotherapy and/or radiotherapy) in only 58% (28/48) of cases, while patients with lymphadenectomy had adjuvant treatment in 73% (110/150) of cases (p=0.07).

• Survival results

The mean follow-up of the entire study population was 31.2 (± 27.4) months. In the entire population, the 3-years DFS and OS were 64.1% (95% CI, 58.6-70.2) and 68.9% (95% CI, 63.6-74.6), respectively. In the overall population, recurrences were observed in 123 of the 396 women (31%).

The median and mean time of recurrence was 18.93 [0.1-154.2] and 27.63 (±26.98) months, respectively. The survival curves are shown in figure 2. The cancer-specific survival was significantly lower in the elderly (p=0.008) (figure 2c). The three-year DFS, CSS and OS rates decreased significantly in the elderly in the univariate analysis (table S1), and the three-year DFS decreased significantly in the elderly in multivariate analysis (table 4).
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Discussion

In the present study, after matching patients with high-risk endometrial cancer for known prognostis factors, we found that DFS and CSS were significantly lower in elderly patients when compared with their younger counterparts. Moreover, we found that the elderly had significantly fewer lymphadenectomies and adjuvant treatments compared with younger counterparts. Finally, we found that lymphadenectomy was correlated with lower DFS, CSS and OS in multivariate analysis. This substandard treatment secondary to advanced age alone is a major driver in decreased survival among the oldest individuals with high-risk endometrial cancer.

The PORTEC 1 trial showed that women over the age of 60 were threefold more likely to have a locoregional recurrence following radical surgery compared to younger patients (HR 3.90 p = 0.0017) (13). No data that deal with only high-risk EC and age exist in literature (except Rauh-hain study (33), but mix high-risk EC and advanced stage EC). Elderly patients with endometrial cancer had lower rates of surgical staging, often with lymphadenectomy omitted (1,16,24). The role of lymphadenectomy still represents a subject of passionate debates within the scientific community (25-28). Todo Y. et al. demonstrated that the combination of pelvic and para-aortic lymphadenectomy can significantly improve survival in patients with high-risk endometrial cancer (29). Although only highrisk endometrial cancer was included, the present study showed a low rate of para-aortic lymphadenectomy, particularly in the in elderly (35% vs 11%). This low rate could be due to the data collection period and changes in staging modalities (FIGO classification) and in the indications for nodal staging and adjuvant therapies that occurred during the data collection period. The lower rate of lymph node dissection in the elderly patients could have been due to a discrepancy between pre-and postoperative risk group assessment. Lastly, there was a primary difference in the Todo patient population. In the Todo Y et al. study, overall patients were younger with mean age of 56.2 (±9.2) years compared to a young patient cohort mean age of 59.6 (± 6.8) years and an elderly cohort mean age of 76.9 (± 5. Minimally invasive surgery is offered less in older patients, and this is likely due to the reluctance to performe minimally invasive surgery on the elderly due to possible contraindications to laparoscopy (31). Nevertheless, recent data demonstrated that minimally invasive surgical treatment of endometrial cancer, robotically assisted or not, is feasible and safe in elderly patients and is superior to open surgery in terms of peri-operative procedure results, independent of age (12,32).

In the present study, the elderly were significantly less likely to receive chemotherapy compared with young patients (33). Similar to surgery, balancing benefits against the risks of adjuvant endometrial cancer treatment in older patient populations is challenging. Although medical comorbidities may preclude its use in some patients, the cause for the lower rate of chemotherapy utilization in older patients is unclear. The decision of whether or not to perform chemotherapy is not based on rational and reproduced evaluation criteria in the present study (34).

As opposed to a study by , the present work found a higher rate of radiotherapy in elderly patients. This point was in accordance with the breadth of literature reporting that radiotherapy increases survival and is generally well tolerated in elderly patients (13,35). Some limitations in the present analysis must be considered when interpreting the data. A common concern with observational data is the potential for selection bias, in which unobserved dimensions of health status, such as performance status, may determine treatment and independently affect survival, as we described above. Indeed, the number of comorbidities was significantly higher in elderly patients. Similarly, elderly patients with no lymphadenectomy received adjuvant treatment less often when compared with elderly patients with lymphadenectomy (p=0.07), leading to the conclusion that at least subjectively evaluated health status is likely considered by the physician when determining patient care. The high burden of medical comorbidities, financial and geographic barriers to care, and patient preferences may influence treatment and survival (36). Nevertheless, similar to other studies, no objective evaluation was used to tailor surgical staging or adjuvant treatment. Additionally, no attempt was made to replace numerical age by criteria evaluating life expectancy; most studies define
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the cutoff for elderly women at the age of 70 (37-43). One of the strengths of our investigations is that a notable number patients included had high-risk endometrial cancer, paired by prognosis factors in both elderly and young cohorts. Finally, the primary strength of this study is the use of cancer-specific mortality as opposed to all-cause mortality.

Conclusion

Elderly women with endometrial cancer often had the most aggressive histologic types and yet were treated with less lymphadenectomy and less chemotherapy than their younger counterparts. This finding may partly explain the increase in mortality from endometrial cancer with increasing age.

These findings support the development of abbreviated geriatric assessments to risk stratify older patients into those who are likely to suffer from excess toxicity and those who are not. Specific guidelines to manage elderly and very elderly patients with endometrial cancer are needed to improve their prognosis.
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  within a space clearly lined by endothelial cells on a hematoxylin and eosin (H&E)stained tumor tissue section (21).Type 1 tumors consisted of endometrioid adenocarcinomas and mixed tumors with a mucinous, villoglandular or tubular component in addition to the endometrioid component. For these tumors, histological grade was defined by the percentage of the undifferentiated component: grade 3 corresponded to an undifferentiated component more than 50% (23).Type 2 tumors were those with at least one serous, clear cell or carcinosarcoma component. All women were classified according to the FIGO 2009 classification (22) after final pathological analysis. The tumors were classified into recurrence risk groups as defined by the European Society for Medical Oncology (ESMO) / European Society of Gynaecological Oncology (ESGO) / European Society for Radiotherapy and Oncology (ESTRO) guidelines (

  3) years in the present study. This fact indicates that elderly patients were not included in theTodo Y et al. study (29). Although sentinel lymph node biopsy is less used in the elderly in the present study, this technical detail could lead to optimal lymph node evaluation without pelvic andM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPTpara-aortic lymphadenectomy, and thus could be very useful in high-risk endometrial cancer, especially in elderly(18,30).

  Figure 1: Flow chart

Table 1 :

 1 Patient characteristics

		Age < 70 years	Age 70 years	P value
	Characteristics	n (%)	n (%)	
		N = 198	N= 198	
	Age (years), mean (±SD)	59.6 (± 6.8)	76.9 (± 5.3)	< 0.001
	BMI (kg/m2), mean (±SD)	29.4 (± 8.1)	27.4 (± 5.8)	0.007
	Parity			
	-0	25 (13%)	16 (8%)	0.300
	-1	37 (19%)	30 (15%)	
	-2	91 (46%)	101 (51%)	
	-NC	45 (22%)	51 (26%)	
	Menopause			
	-Yes	166 (84%)	198 (100%)	< 0.001
	-No	19 (10%)	0	
	-NC	13 (6%)	0	
	Arterial hypertension			
	-Yes	58 (29%)	93 (47%)	< 0.001
	-No	105 (53%)	66 (33%)	
	-NC	35 (18%)	39 (20%)	
	Diabetes			
	-Yes	26 (13%)	34 (17%)	0.500
	-No	151 (76%)	146 (74%)	
	-NC	21 (11%)	18 (9%)	
	Menopausal hormone therapy			
	-Yes	27 (14%)	29 (15%)	0.240
	-No	113 (57%)	97 (49%)	
	-NC	58 (29%)	72 (36%)	
	Breast cancer antecedent			
	-Yes	14 (7%)	21 (11%)	0.420
	-No	122 (62%)	121 (61%)	
	-NC	62 (31%)	56 (28%)	
	Comorbidity			
	0	73 (37%)	41 (21%)	< 0.001
	1	50 (25%)	86 (43%)	
	2	23 (12%)	31 (16%)	
	NC	52 (26%)	40 (20%)	

Table 2 :

 2 Tumor characteristics

		Age < 70 years	Age 70 years	P
	Charactéristics	n (%)	n (%)	value
		N = 198	N= 198	
	Tumour size			
	-< 3.5 cm	49 (25%)	33 (17%)	0.090
	-3.5 cm	87 (44%)	88 (44%)	
	-NC	62 (31%)	77 (39%)	
	Myometrial invasion			
	-< 50%	60 (30%)	47 (24%)	0.069
	-50%	113 (57%)	135 (68%)	
	-NC	25 (13%)	16 (8%)	
	Histology			
	-Endometrioid	109 (55%)	97 (49%)	0.530
	-Serous	30 (15%)	35 (17%)	
	-Clear cells	25 (13%)	24 (12%)	
	-Other *	33 (17%)	42 (22%)	
	-NC	1	0	
	Histological type			
	-Type 1	119 (60%)	106 (54%)	0.170
	-Type 2	79 (40%)	92 (46%)	
	-NC	0	0	
	Histological grade			
	-1	31 (16%)	28 (14%)	0.785
	-2	45 (23%)	43 (22%)	
	-3	118 (60%)	125 (63%)	
	-NC	4 (1%)	2 (1%)	
	Lymphovascular space involvement			
	-Yes	118 (60%)	118 (60%)	1
	-No	80 (40%)	80 (40%)	
	-NC	0	0	
	Pelvic lymph node metastasis			
	-Yes	43 (22%)	33 (17%)	0.889
	-No	147 (74%)	117 (59%)	
	-NC	8 (4%)	48 (24%)	
	Para-aortic lymph node metastasis			
	-Yes	17 (9%)	7 (4%)	0.581
	-No	52 (26%)	15 (8%)	
	-NC	129 (65%)	176 (88%)	
	FIGO stage			
	-I	61 (31%)	67 (34%)	0.519
	-II-III	137 (69%)	131 (66%)	
	-IV	0	0	

Table 3 :

 3 Surgical characteristics and adjuvant treatment

		Age < 70 years	Age 70 years	P
	Charactéristics	n (%)	n (%)	value
		N = 198	N= 198	
	Surgical approach:			
	-Laparoscopy	107 (54%)	79 (40%)	0.002
	-Laparotomy	72 (36%)	91 (46%)	
	-Vaginal approach	1	11 (6%)	
	-NC	18 (9%)	17 (8%)	
	Sentinel lymph node			
	-Yes	67 (34%)	39 (20%)	0.006
	-No	97 (49%)	117 (59%)	
	-NC	34 (17%)	42 (21%)	
	Pelvic lymphadenectomy			
	-Yes	190 (96%)	150 (76%)	< 0.001
	-No	8 (4%)	48 (24%)	
	Para-aortic lymphadenectomy			
	-Yes	69 (35%)	21 (11%)	< 0.001
	-No	129 (65%)	177 (89%)	
	Nb. pelvic node, mean (± SD)	13.0 (± 6.8)	11.0 (± 6.9)	0.068
	Nb. para-aortic node, mean (± SD)	13.6 (± 8.9)	11.3 (± 8.4)	0.275
	No adjuvant treatment	15 (8%)	33 (16.8%)	0.005
	External beam radiotherapy and	69 (34.4%)	93 (46.9%)	0.014
	other			
	Chemotherapy and other	91 (46%)	45 (22.7%)	< 0.001
	Vaginal brachytherapy	23 (11.6%)	27 (13.6%)	0.545
	NC: Not communicated; SD: Standard Deviation		

Table 4 :

 4 Three-year disease-free survival, cancer-specific survival and overall survival rates (multivariate analysis)

		Disease-free		Cancer-specific		Overall
		survival	P	survival	P	survival	P
		HR (95% CI)		HR (95% CI)		HR (95% CI)
	Age					
	-70 years (ref)	1		1		1
	-< 70 years	1.57 (1.04-2.39) 0.031 1.41 (0.68-2.90) 0.351 1.36 (0.90-2.06)	0.137
	Treatment adjuvant					
	Adjuvant treatment					
	-No (ref)	1		1		1
	-Yes	2.68 (1.04-6.91) 0.040 1.51 (0.32-6.97) 0.593 2.79 (1.22-6.39)	0.014
	External beam					
	radiotherapy					
	-No (ref)	1		1		1
	-Yes	2.89 (1.30-6.45) 0.009 1.85 (0.52-6.52) 0.335 2.05 (0.98-4.26)	0.053
	Chemotherapy					
	-No (ref)	1		1		1
	-Yes	3.63 (1.58-8.34) 0.002	2.7 (0.74-9.8)	0.130 2.80 (1.33-5.90)	0.006
	Pelvic lymphadenectomy					
	-No (ref)	1		1		1
	-Yes	1.87 (1.07-3.28) 0.028	3.15 (1.34-7.3) 0.008 3.17 (1.82-5.53)	< 0.001
	Paraaortic					
	lymphadenectomy					
	-No (ref)	1		1		1
	-Yes	1.54 (0.84-2.83) 0.156 2.39 (0.68-8.44) 0.173 0.86 (0.50-1.48)	0.603
	Lymph node pelvic					
	metastasis					
	-Yes (ref)	1		1		1
	-No	1.48 (0.89-2.46) 0.122 1.89 (0.81-4.44) 0.139 1.75 (1.05-2.90)	0.028
	HR:					

Hazard Ratio; CI: confidence interval; and ref: reference