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Purpose: To describe the temporal trend of endometrial burden in postmenopausal women aged 55 years and above worldwide from
1990 to 2021, evaluate the age cohort effect, explore its influencing factors, and predict the disease burden in the next 15 years.
Patients and Methods: Using Joinpoint regression, data from the 2021 Global Burden of Disease Study were assessed for changes
in endometrial cancer incidence rate, morbidity, and mortality in postmenopausal women aged 55 years and above. Age period cohort
analysis helped estimate age, period, and cohort effects. The Das Gupta method helped analyze effects of different factors on
endometrial cancer incidence and mortality among postmenopausal patients. ARIMA helped predict the endometrial cancer disease
burden in postmenopausal women from 2022 to 2036.

Results: In 2021, globally, there were 360253 (326,176-388545) cases and 84630 (75,523-93215) deaths among postmenopausal
patients with endometrial cancer. During 1990-2021, the global endometrial cancer incidence in postmenopausal women gradually
increased, while the mortality rate gradually decreased. Changes in disease incidence and mortality rates are mainly due to population
growth and epidemiological changes, with little influence of age. The risk of endometrial cancer in postmenopausal women gradually
increased with age, using age, period, and cohort average as the reference groups. The mortality rate decreased gradually decreased in
2019 and continued to rise thereafter. It is expected that by 2036, the incidence of endometrial cancer in postmenopausal women aged
55 years and above will increase by 6.5%, and the mortality rate will decrease by 8.0%.

Conclusion: The number of patients with postmenopausal endometrial cancer aged 55 years and above is still increasing, and it is
necessary to establish a comprehensive screening and treatment mechanism to ensure prolongation of patient lifespan.
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Introduction

Endometrial cancer is a common gynecological cancer in women, causing over 2% of cancer-related deaths worldwide.'
Studies suggest that genetic factors, obesity, lifestyle, and some diseases are related to the incidence of endometrial cancer.*
The structure of the endometrium changes with fluctuations in estrogen and progesterone levels. Multiple pregnancies, early
onset menarche, and menopause may lead to individual differences in estrogen exposure, resulting in different directions of
endometrial cancer occurrence.* Endometrial cancer is more common in perimenopausal and postmenopausal women.* The
median age at diagnosis of most patients with endometrial cancer is 67 years.” The clinical manifestations and characteristics
of endometrial cancer in the vast majority of pre-and postmenopausal women differ, with different pathological stages and
subtypes.® In postmenopausal patients, abnormal vaginal bleeding and imaging findings indicating endometrial thickening can
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aid in earlier diagnosis and treatment compared to younger individuals. However, the incidence rate of non-estrogen-related
endometrial cancer in young patients is higher than that in postmenopausal patients, which leads to better prognosis in
postmenopausal patients after standard treatment. It is undeniable that aging can lead to a decline in physiological functions
and an increase in the incidence of age-related diseases. Due to advanced age at diagnosis and more aggressive tumor features,
doctors may adopt fewer or less aggressive treatment methods, whether surgical or systemic.’

With the advancement of medical technology, there have been significant changes in the screening and treatment of
endometrial cancer, which have led to earlier detection and treatment, resulting in better patient prognosis. In a study of all
age groups, the incidence and prevalence rate of endometrial cancer gradually increased from 1990 to 2017, and the mortality rate
and disability life adjustment years decreased by more than 1% per year.® However, research is lacking on endometrial cancer in
postmenopausal women. The GBD database is commonly used for analyzing the incidence and mortality of different diseases.’

This study used the latest GBD data to describe the global incidence rate and mortality of postmenopausal patients
with endometrial cancer from 1980 to 2021, summarized the changes in endometrial cancer screening and treatment, and
predicted the disease burden over the next 15 years.

Patients and Methods

Data Source and Screening
The GBD study is currently the largest database available for estimating the prevalence and health burden of diseases,
injuries, or risk factors. This is a comprehensive database that records the incidence and prevalence rates of > 300
diseases and injuries in 204 countries and regions. The conclusions obtained can be used for policy formulation, service
planning, and further research. GBD quantifies the years of healthy life lost due to disease or injury through disability-
adjusted life years (DALYs). The DALYs is a composite of years lived with disability and does not represent the sum of
non-lethal burden and years of life with death.'”

We obtained data from GBD 2021 (https://vizhub.healthdata.org/gbd-results/). The disease was designated as Uterine
cancer. Generally the age at menopause in women is between 42 and 52 years.'' As the GBD database does not include

relevant data on menopause, we included women over 55 years old in our study population, with age options including
“S5+years” and the age range of 55 years and above to achieve our research objectives.

We obtained the annual incidence rate, age-standardized incidence rate, prevalence of cases, age-standardized
prevalence rate, DALYSs, age-standardized DALY rate, corresponding percentage changes, and corresponding 95%
uncertainty intervals (Uls) by region and country from 1990 to 2019.

Statistical Analysis

We compared the incidence, prevalence, mortality, and DALYs of postmenopausal women with endometrial cancer
between 1990 and 2021. The incidence rate, change rule, and trend turning point of morbidity and mortality were
estimated using joinpoint regression.'?

Using the Das Gupta method for decomposition analysis, we analyzed the impact of population age structure,
population growth, and epidemiological trends on the disease burden of endometrial cancer in individuals aged 55 and
above."> An age-period-cohort model was used to test the impact of age, period, and cohort on health outcomes.'* When
assessing the trend of the incidence rate by age, period, and cohort, this study used common classification criteria, and the
age group and observation period were all 5 years apart. To include as many observation periods as possible to determine
the long-term trend in the incidence rate, six time periods from 1990 to 2019 were selected. The study began in 1992 and

data were analyzed using statistical software developed by the NIH (https://analysistools. cancer. gov/apc/).

Autoregressive integrated moving average model (ARIMA) was employed for practical sequence analysis. Auto.
arima() function was used to select the best optimization model based on Akaike information criteria, and the Ljung
Box test was used to check whether the residual sequence was white noise. A Q-Q plot, autocorrelation function, and
partial autocorrelation function was used to check the normality of the residual distribution. In this study, we used the
R4.4.1 as the statistical software, ggplot2/reshape2/dplyr package for line and graph analysis and the forecast/gpubr/
ggplot2/stats package for ARIMA model establishment and validation. Statistical significance was set at P < 0.05.
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Results

We used data from 1990 to 2021 for our analysis. In the past 30 years, the number of cases of endometrial cancer in
patients aged 55 years and above worldwide has increased from 141173 (95% CI: 131743-148151) to 360253 (95% CI:
326176-388,545), more than doubling. The incidence rate per 100000 has increased from 39.22 (95% CI: 36.6—41.16) in
1990 to 45.81 (95% CI: 41.47-49.4) in 2021. However, the number of deaths per 100000 postmenopausal patients due to
endometrial cancer decreased by 1.82, and DALY's and Years of Life Loss also gradually decreased (Table 1).

Figures 1 and 2 show the incidence rate, morbidity, mortality and DALY of patients aged 55+ in grade 1990 and
2021. From the incidence results, the peak incidence of endometrial cancer in postmenopausal women in 1990 and 2021
was between 60—64 years, and the number of cases decreased with age thereafter. According to the death data for 1990
and 2021, patients aged 65—69 had the highest number of deaths. In 2021, the number of deaths among patients aged
60—65 was lower than that among patients aged 70-75, while in 1990, the number of deaths among patients aged 60—65
was higher. The DALYs were similar for patients aged 60—65 and 65—69 in 2021, whereas in 1990, the DALYs of
patients aged 60—65 were higher than those of patients aged 65-69.

In terms of incidence rate, the incidence rate of patients aged 75-79 years was the highest in 1990, followed by
patients aged 65—69 years, and the incidence rate of patients aged 70—74 years was the highest in 2021. The incidence
rate in the two groups of patients gradually increased after 55 years of age, with the highest incidence in patients aged
60—-64, and then gradually decreased. The mortality rate had gradually increased. The DALYs were extended to 70—74
years in 2021 compared to 65-69 years in 1990.

We analyzed the global incidence, morbidity, and mortality rates of postmenopausal endometrial cancer between 1990
and 2021, as shown in Figure 3. From 1990 to 2021, the global incidence rate and prevalence rate of endometrial cancer
among patients over 55 years of age increased. The incidence rate increased significantly in 1990-1994 (APC=0.78,
P<0.05) and 2004-2015 (APC=0.51, P<0.05), and the prevalence rate increased significantly between 1990-1994
(APC=0.68, P<0.05), 2001-2005 (APC=1.50, P<0.05), and 2009-2018 (APC=1.37, P<0.05). The mortality rate showed
a decreasing trend from 1990 to 2014 (P<0.05), with a slight increase in 2014 and 2018 (APC=0.82, P<0.05), and has
continued to decline in recent years (APC=—0.71).

As shown in Figure 4, over the past 30 years, the global incidence of disecases among patients aged 55 years and
above has significantly increased, with population growth accounting for 72.74% for the increase in deaths, changes in
epidemiological characteristics accounting for 27.13%, and population aging accounting for only 1.3%. In terms of
mortality rate, epidemiological changes accelerated patient deaths, accounting for 42.71% of deaths. Population growth
had a positive impact on mortality rate reduction, accounting for 140.54%, whereas population aging had little impact on
mortality rate, accounting for only 1.17%.

Figures 5 and 6 show the effects of age cohort on the incidence and mortality rates of endometrial cancer in
individuals aged 55 years and older. The results indicated that the incidence rate in patients over 55 years old gradually
increased with age (P=0.00), reaching its highest point between 75-80 years old (Rate=2162.36492141.625-2183.303),

Table | Worldwide Prevalence, Incidence Rate, Mortality, YLLs, YLDs, and DALY of Endometrial Cancer Among Women Over 55
years of Age in 1990 and 2021

Cases in the Age Group of
55 and Above in 1990
(Number)

Rate per 100000 People
Aged 55 and Above in
1990

Cases in the age Group of 55
and Above in 2021
(Number)

Rate Per 100000 People
Aged 55 and Above in
2021

Prevalence | 933396 (878566, 974040) 259.32 (244.09, 270.61) 2520955 (2295892, 2697219) 320.54 (291.92, 342.95)
Incidence | 141173 (131743, 148151) 39.22 (36.6, 41.16) 360253 (326176, 388545) 4581 (41.47, 49.4)
Deaths 45276 (40910, 48510) 12.58 (11.37, 13.48) 84630 (75523,93215) 10.76 (9.6,11. 85)
DALYs 1049016 (950111, 1129775) 291.44 (263.96, 313.88) 1936376 (1735390, 2129562) 24621 (220.66, 270.78)
YLDs 68495 (50484, 90275) 19.03 (14.03, 25.08) 176769 (128879, 235268) 22.48 (16.39, 29. 91)
YLLs 980522 (888428, 1049910) 272.41 (246.83, 291.69) 1759608 (1578633, 1941994) 223.74 (200.72, 246.93)
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Figure | Shows the incidence (rate), prevalence (rate), mortality (rate), and Disability Adjusted Life Years (DALYs) of endometrial cancer patients aged 55+years and above
in 2021, categorized by age.(A) Incidence number in different age group (B) Prevalence number in different age group (C) Mortality number in different age group
(D) DALYs in different age groups (E) Incidence rate in different age group (F) Prevalence rate in different age group (G) Mortality rate in different age group (H) DALYs in
different age groups.
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Figure 2 Shows the incidence (rate), prevalence (rate), mortality (rate), and Disability Adjusted Life Years (DALYs) of endometrial cancer patients aged 55+years and above
in 1990, categorized by age.(A) Incidence number in different age group (B) Prevalence number in different age group (C) Mortality number in different age group (D)
DALYs in different age groups (E) Incidence rate in different age group F Prevalence rate in different age group (G) Mortality rate in different age group (H) DALYs in
different age groups.

and then gradually decreased (Figure 5A). From 2000 to 2005, a significant difference was noted in the incidence rate
(P=0.00), showing a clear upward trend over time (Figure 5B).

Figure 5C shows the relationship between the incidence rate and birth cohort, using the 1927 birth cohort as 1, we
calculated the relative incidence rate of other birth years (P=0.00). The results indicated that the incidence rate
significantly increased with birth age. The change in the incidence rate in the same age group compared to the
previous year is shown in Figure 5D. The overall growth rate of patients in all age groups was 0.437, and the incidence
rate in all age groups was > 0. This suggests that as the annual incidence rate of each age group increases, the growth of
the incidence rate slows down before the age of 80 (the lowest is 0.167,0.098—0.236), and then gradually increases.
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Figure 4 The role of three factors (aging, population and epidemiology) driving the change of incidence rate and mortality between 1990 and 2021 (A) incidence rate (B)
mortality.

The mortality rate gradually increased with age (P=0.00, Figure 6A). The mortality rate of endometrial cancer
patients over 55 years of age gradually decreased after 1992, with the lowest rate in 2014 (0.943, 0.932-0.955).
Conversely, the mortality rate began to rise again in 2019 (0.967, 0.955-0.98) (Figure 6B). Similarly, using the 2027
birth cohort as 1, the results indicated a significant decrease in the mortality rate with age at birth (P=0.00, Figure 6C).
Compared with the mortality rate of the previous year, the mortality rate of each age group has been decreasing annually,
but the decline rate gradually decreased with increasing age. The mortality rate of patients aged > 95 years showed
almost no change (P=0.017, Figure 6D).

The ARIMA model was used to quantitatively describe the trends in the incidence and mortality rates of
postmenopausal endometrial cancer over the next 15 years (Figure 7). The disease rate optimization model was
selected as (0,1,0), and after filtering with the Auto ARIMA() function, the AIC value was 25.21, and the residual
distribution followed a normal distribution (P=0.438, Figure Supporting files SP1). The Q-Q and PACF plots are
presented in Figure Supporting files SP2 and SP3, respectively. Ljung Box test confirmed that the residual error of the
model was white noise (y 2=6.8779, P=0.7369), and the incidence rate would rise to 48.99 per 100000 people in 2036,
an increase of 6.5% compared with 2021. The optimization model for mortality rate was selected as (1,1,0), and after
filtering with the Auto ARIMA() function, the AIC value was —64.79, and the residual distribution followed a normal
distribution (P=0.343, Figure Supporting files SP4). The Q-Q and PACF plots are presented in Figure Supporting files
SP5 and SP6. The Ljung Box test confirmed that the residual of the model is white noise (y, 2=4.4679, P=0.9238), and
the mortality rate will decrease to 9.96/100000 in 2036, a 8.0% decrease compared to 2021.
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Figure 5 (A) Age effect of longitudinal age curve incidence rate (B) Period relative rate incidence rate (C) Queue relative rate incidence rate (D) Change in incidence rate

compared with the previous year.

Discussion

In this study, we analyzed the trend of endometrial cancer in postmenopausal women worldwide from 1990 to 2021. Over
the past 30 years, the incidence of endometrial cancer in postmenopausal women has increased 2.55 times from 141173
cases in 1990 to 360253 cases in 2021, but remains consistent with the 2019 data (n=361970). The number of deaths
increased from 45276 in 1990 to 84630, but the overall mortality rate showed a downward trend. This is consistent with
research results for all patients with endometrial cancer.® Zhang et al showed that in 195 countries/territories, more than
two-thirds of the countries/territories had an upward trend in the incidence and prevalence rates, while more than half of
these countries/territories had a downward trend in mortality and DALY.

According to our statistics, the rate of increase in endometrial cancer in postmenopausal individuals in the 20th
century was significantly lower than that in the 21st century. Since 2010, the incidence rate of endometrial cancer in
postmenopausal individuals has gradually increased. The screening method for endometrial cancer is closely related to
the number of patients diagnosed. Initially, transvaginal ultrasound was considered the preferred imaging technique for
first-line examination of abnormal uterine bleeding caused by endometrial abnormalities.'> Many studies have evaluated
its role in postmenopausal endometrial cancer screening,'®!” but it is not as reliable as a single screening method. Some
studies have shown that the ability to diagnose endometrial lesions solely based on cervical dilation and endometrial
scraping is limited.'"® In 1965, Marleschki introduced the earliest hysteroscopy.'” In the 1990s, hysteroscopy was
promoted as a method for evaluating uterine lesions and its diagnostic role in postmenopausal individuals with abnormal
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uterine bleeding becoming well-recognized. Traditional cervical dilation and endometrial scraping were gradually
replaced,”® and hysteroscopic-guided curettage was considered the gold standard for the diagnosis of abnormal uterine
bleeding. Other methods, such as endometrial biopsy after saline infusion with contrast agents, have been gradually
applied for the diagnosis of endometrial cancer.?’*? In our age group cohort analysis, a later birth cohort among the
postmenopausal individuals with endometrial cancer corresponded to a higher incidence rate, which may be attributed to
the popularity of these medical detection methods.

The decrease in the mortality rate of patients with endometrial cancer is mainly related to improvements in
endometrial cancer treatment, including the development of radiotherapy, changes in surgical scope, and the development
of chemotherapy drugs. The initial treatment for endometrial cancer mainly involves surgery and radiation therapy.
Although radiation therapy reduces the vaginal recurrence rate of endometrial cancer, it does not lower the overall
recurrence rate or improve patient survival. Since 1980, researchers have attempted to use adjuvant chemotherapy as an
adjunct or alternative to radiation therapy. Randomized trials conducted by O’Brien et al*> and Morrow et al** showed no
difference in survival rates between patients who received pelvic radiotherapy and those who received chemotherapy
combined with radiotherapy. Research on the use of a combination of chemotherapy and cytotoxic drugs as an alternative
to radiotherapy and radiochemotherapy has begun. However, chemotherapy remains ineffective for recurrent and late-
stage endometrial cancer.”> Experiments are also being conducted using different chemotherapeutic drugs and combina-
tions of radiotherapy and chemotherapy. Paclitaxel, carboplatin, cisplatin, and doxorubicin have been shown to be
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Figure 7 Predicted trends in the incidence and mortality rates of endometrial cancer in patients aged 55 and above over the next |5 years (2021-2036). The red line
represents the true trend of incidence and mortality rates, while the dashed line represents the predicted trend. (A) Incidence (B) Mortality.

effective in extending the survival time of patients with advanced endometrial cancer.”® Since 2010, chemotherapy has
gradually become the first-line treatment for advanced endometrial cancer. Doxorubicin, platinum drugs, and paclitaxel
have been widely used to treat stage III-IV endometrial cancer, and Phase II trials have been successful.?” Scholars have
proposed the concept of “sandwich” treatment after surgery, which includes initial chemotherapy as soon as possible,
followed by radiotherapy, and finally consolidation radiotherapy.”® Geller et al enrolled 23 ITA-IVB stage patients who
received “sandwich” radiotherapy and chemotherapy after surgical treatment. Among all patients, five died or relapsed
within 5 years. The estimated 3-year and 5-year progression-free survival rates were 80.4% and 73.7%, respectively. The
overall survival rates at 3 and 5 years were 88.2% and 79.3%, respectively. This study demonstrated the feasibility of the
sandwich method.”® Compared with patients receiving chemotherapy+radiotherapy or radiotherapy+chemotherapy, the
“sandwich” regimen improved their 3-year survival rate and disease-free survival rate.>” The development of tissue gene
sequencing is also ongoing, and research suggests that there are a large number of immunophenotypic mutations in POLE
mutants and MSI-unstable endometrial cancer, which enhance antitumor immune infiltration.*® This suggests that drugs
targeting the immune checkpoints can be applied to specific gene types of endometrial cancer. In clinical trials, PD-1/PD-
L1 inhibitors have been used in patients with advanced endometrial cancer, showing good safety and antitumor effects.’’
In 2014, according to The Cancer Genome Atlas for endometrioid and serous cancers, molecular subtyping features of
endometrial cancer were proposed and included in the FIGO staging guidelines in 2022, which will affect disease staging
and subsequent treatment.

The surgical treatment plan was continuously optimized. In 1980, the Mayo Clinic advocated vaginal endometrial
resection because less than 20% of patients had larger metastases, while other scholars mentioned the importance of
comprehensive exploration. Peritoneal cytology examinations, pelvic and para-aortic lymph node examinations, and
other suspicious site biopsies were added to the standard surgical procedure; however, these results were not linked to
subsequent treatment options.>> In 1987, owing to the recognition of endometrial risk factors (tumor grade, depth of
muscle infiltration, involvement of lymphatic/vascular spaces, involvement of cervix/adnexa, peritoneal cytology testing,
and lymph node status), preoperative staging evaluation of patients using magnetic resonance imaging and ultrasound
was considered the standard procedure.**** Standard staging surgery for early endometrial cancer has also been
established, and standard treatment methods for different surgical stages have been developed.*>* Postoperative
supplementary radiotherapy is considered the primary supplementary treatment method, and lymph node metastasis is
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considered a criterion for expanding the scope of radiotherapy. However, there is no established method or scope of
standard radiotherapy.?*** Radiotherapy is also used to treat local recurrences, especially vaginal fornix recurrences.*’ In
the first postoperative radiotherapy (PORTEC) experiment for endometrial cancer, 89% of patients with isolated
recurrence who received pelvic radiotherapy and vaginal brachytherapy achieved complete remission, with 3-year and
5-year survival rates of 73% and 65%, respectively. However, patients with pelvic or distant metastases had poor
prognosis.*' More randomized controlled studies comparing radiotherapy and chemotherapy have also been conducted,
mainly comparing the disease-free survival rate and survival period between patients undergoing radiotherapy/radio-
chemotherapy/chemotherapy at different stages.****

The issue of lymph node dissection is still ongoing in 21st century. According to data from the SEER database, lymph
node dissection can improve the 5-year survival rate of all patients with endometrial cancer.*>*® The FIGO recommends
systematic pelvic lymph node dissection and para-aortic lymph node dissection for patients to clarify patient staging, but
there is still controversy over whether lymph node dissection can benefit stage I patients, based on randomized controlled
studies. Compared to type I endometrial cancer, new surgical procedures are available for type II endometrial cancer. Due
to the high incidence of long-term complications, such as lymphedema after lymph node dissection, which can reach
6-23%, the NCCN included sentinel lymph node biopsy in the treatment guidelines for endometrial cancer in 2014.°° In
approximately 85% of patients, the extent of disease metastasis can be identified through sentinel lymph node dissection,
thereby avoiding excessive damage to the nonmetastatic lymph nodes.

The detection of disease prevalence and trend prediction are important for disease prevention and control. According
to the ARIMA model, it is estimated that by 2036, the incidence rate of postmenopausal endometrial cancer will rise to
48.99 per 100000 people. In recent 5 years, endometrial cancer has become the fifth most common disease among
women.*” As the incidence rates of obesity,*® diabetes,*” and hypertension® increase, the number of patients with
endometrial cancer will also increase. It is necessary to establish a screening strategy that covers a wide range of people,
screens the elderly and high-risk groups, and further reduces the mortality rate of endometrial cancer.

Conclusion

From 1990 to 2021, the incidence rate and prevalence rate of endometrial cancer in postmenopausal individuals have
shown an overall upward trend in the past 30 years, but the mortality rate has declined. The main reason for this result is
an increase in the population, rather than changes in epidemiological factors or aging. The development of detection and
treatment methods has significantly impacted the discovery and prognosis of endometrial cancer. Moreover, the incidence
rate and mortality of postmenopausal endometrial cancer will continue the previous trend in the future.

Abbreviation

ARIMA, Auto regressive Integrated Moving Average Model; ASDR, Age Standardized Death Rate; ASIR, Age-
Standardized Incidence Rate; ASPR, age standardized prevalence rate; DALY, Disability Adjusted Life Years; GBD,
Global Burden of Disease; NCCN, National Comprehensive Cancer Network; UI, uncertainty interval, YLL, Years of
Life Lost; YLDS, Years Lived with Disability.
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