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Age‑specific trend and birth cohort 
effect on different histologic types 
of uterine corpus cancers
Yi‑Jou Tai 1,2, Chun‑Ju Chiang 3,4, Ying‑Cheng Chiang 1, Chia‑Ying Wu 1,2,5, Wen‑Chung Lee 3,4 & 
Wen‑Fang Cheng 1,2,6*

To evaluate the uterine corpus cancer incidence rates, age-specific trends, and birth cohort patterns 
by different histologic types. We conducted a retrospective cohort study of uterine cancer patients 
(n = 28,769) of all ages from the National Cancer Registry of Taiwan between 1998 and 2017. We 
estimated the incidence trends, average annual percent changes (AAPCs), and cancer-specific survival 
(CSS) rate for the two main subtypes (endometrioid and nonendometrioid) of uterine cancer in Taiwan. 
During the study period, uterine corpus cancer incidence rates increased over time from 5.3 to 15.21 
per 100,000 women. Incidence trends for endometrioid carcinoma increased in all age groups (positive 
AAPCs > 5% for each age group), and the rise was steeper among women aged 50 years and younger. 
For nonendometrioid carcinomas, incidence rates increased among women over 50 years. The CSS 
rate improved among women with stage I (hazard ratio [HR] 0.63, 95% confidence interval [CI] 
0.49–0.81) and stage III (HR 0.72, 95% CI 0.58–0.90) endometrioid carcinomas after 2013 compared 
with those during 2009–2012. However, the CSS rate remained unchanged for nonendometrioid 
carcinomas. Age, diagnostic period, stage and histologic types were significant factors associated 
with the 5-year CSS rate. We found that the incidences of both endometrioid and nonendometrioid 
carcinomas continued to increase among contemporary birth cohorts. Etiologic research is needed to 
explain the causes of these trends.

Uterine corpus (hereafter referred to as uterine) cancer is the most common gynecologic malignancy in the U.S. 
and other Western countries1. The incidence of uterine cancer has increased in both consecutive generations 
and over time. The largest increases were observed in South Africa and several Asian countries2. In Taiwan, 
in 2010, uterine cancer surpassed cervical cancer as the most common gynecologic malignancy, and in 2017, 
approximately 2700 women were newly diagnosed3. In addition, the incidence of uterine cancer doubled in the 
last decade, and it increased by approximately fourfold over a 20-year period with a continuously rising trend4,5. 
The rise in the incidence of uterine cancer was attributable to the rise in obesity, based on the association between 
excess body weight and uterine cancer shown in epidemiological cohort studies6,7. The prevalence of obesity 
has increased substantially across all population groups worldwide8–10. However, the prevalence of overweight 
and obesity was modest in Taiwan, and the upward trend in obesity rates has apparently leveled off in recent 
years11–13. Lin et al. reported a remarkable finding that the greatest increases in breast and uterine cancer rates 
occurred among young Taiwanese women, with a uniquely high rate of breast cancer among younger Taiwanese 
women14. These findings prompted us to investigate the current incidences and evaluate the birth cohort effect 
on uterine cancers in Taiwan.

More than 90% of uterine cancer is of endometrial origin, and other types of uterine cancer, such as uterine 
sarcoma, are much less common. Beyond the conventional diagnosis, there are two distinct types of endome-
trial cancer based on histology and molecular features. In this study, we analyzed and classified endometrial 
cancer subtypes into endometrioid (type I) and nonendometrioid (type II) carcinomas. Type I endometrial 
cancer is a typical endometrioid type that accounts for 80–90% of all sporadic endometrial cancers, and these 
cancers are primarily associated with excess unopposed estrogen exposure. This type includes well to moderately 
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differentiated carcinomas, and the prognosis is good. Type II endometrial cancer accounts for 10–20% of all 
endometrial cancers, independent of estrogen exposure. They are usually poorly differentiated and nonendo-
metrioid carcinoma including serous and clear cell carcinomas. Common risk factors for endometrioid carci-
noma include nulliparity, obesity, delayed menopause, endometrial hyperplasia, polycystic ovarian syndrome, 
and chronic anovulation15. In contrast, the epidemiology and biology of nonendometrioid carcinoma are not 
well characterized. Similar to endometrioid carcinoma, the incidence of nonendometrioid carcinoma has also 
increased based on data from the Surveillance, Epidemiology, and End Results (SEER) program database in the 
US. However, the cause of the increase remains unclear16. Age-specific and birth cohort patterns are important 
etiologic clues but have not been recently examined for nonendometrioid carcinoma. Therefore, it is necessary 
to identify the epidemiology of nonendometrioid carcinoma.

In the present retrospective population-based study, we investigated the incidences associated with different 
histologic types of uterine cancer and estimated the annual percent change in trend analysis. In addition, we 
assessed the effect of different factors on survival.

Methods
Study design and data source.  We conducted a retrospective cohort study of uterine cancer patients 
of all ages from the National Cancer Registry of Taiwan between 1998 and 2017. The Taiwan Cancer Regis-
try (TCR) is a nationwide population-based cancer registry established in 1979 by the Ministry of Health and 
Welfare17,18. With the enactment of the Cancer Control Act in 2003, the data quality and completeness (approxi-
mately 98%) of the TCR database have been improved and continuously maintained. Thus, the TCR is one of the 
highest-quality cancer registries in the world19. The diagnosis of primary cancer of the uterus was based on the 
International Classification of Diseases for Oncology, third edition (ICD-O-3: C54.0–C54.3, C54.8–C54.9) and 
classified by histological codes. The histologic subtypes of uterine carcinomas included endometrioid adenocar-
cinoma (codes 81403, 82603, 82623, 82633, 83233, 83803, 83823, 83833, 83843, and 85703), nonendometrioid 
adenocarcinoma (codes 83103, 84413, 84603, 84613, 84,803, 84813, 85603, 89503, 89513, and 89803), uterine 
sarcoma (codes 87143, 88003, 88023, 88053, 88513, 88903, 88,913, 88963, 89203, 89303, 89313, 89333, 89353, 
and 90403), and other carcinomas (80003, 80103, 80133, 80203, 80303, 80333, 80413, 80503, 80703, 80713, 
80723, 82463, 82553, 83813, 85743, 88013, 89003, 89013, 89633, 91003, 91043, and 91053)20. The population 
data for women in Taiwan between 1998 and 2017 were extracted from the National Household Registration 
Census Database provided by the Department of Statistics of the Ministry of the Interior. All causes of death in 
Taiwan were abstracted from the National Death Registration Database provided by the Ministry of Health and 
Welfare. The Ninth and Tenth Revisions of the International Classification of Diseases (ICD) were used to record 
the cause of death before and after 2008, respectively. Uterine cancer death (ICD‐9 code: 182; ICD‐10 code: C54) 
was considered the cancer-specific cause in this study.

Cancer staging information for uterine cancer was collected in the TCR database after 2009. The stages were 
assigned according to the TNM staging system determined by the American Joint Committee on Cancer21. The 
final stage assignment was based on the best available information on the stage of the disease. Thus, when preop-
erative therapy was not performed, we used the pathologic stage, and when neoadjuvant therapy was performed 
first, we used the clinical stage.

Statistical analyses.  The incidence rates of uterine cancers were calculated from 1998 to 2017 for the total, 
different histological subtypes, and three age groups (< 50, 50–59, ≥ 60 years). All rates were presented per 100 
000 women and age-adjusted to the 2000 world standard population for trend analysis to minimize the effect 
of changes in age distributions over time. Trends in age-specific incidences of uterine cancer were estimated in 
5-year age groups for the calendar year (1998–2002, 2003–2007, 2008–2012, 2013–2017), histological subtypes, 
and birth cohorts (1933–1937 to 1983–1987 for 11 birth cohorts).

To quantify the incidence trends, we first evaluated the annual percent change (APC) with a joinpoint regres-
sion analysis (Joinpoint Regression Program, version 4.7, February 2019; National Cancer Institute, Bethesda, 
MD). Then, we calculated the average APC (AAPC) and confidence intervals (CIs). We calculated AAPCs for 
the two main subtypes (endometrioid and nonendometrioid) across all ages, for the three age groups (< 50, 
50–59, ≥ 60 years), and for each age group. Because there were only 12 patients under the age of 25, the AAPC 
for each age group was merely represented by those over the age of 25. The best fitting trend lines where the rate 
changed significantly were used for Monte Carlo permutation tests. The 95% CI of the AAPC excluding zero was 
considered statistically significant (P < 0.05).

All uterine cancer patients with stage data were followed through individual data using their unique personal 
identity number linked to the Death Registration Database until December 31, 2018. According to cancer stage 
and two time periods of diagnosis (2009–2012 and 2013–2017), Kaplan‒Meier analysis was used to evaluate the 
cancer-specific survival (CSS) rate of women with uterine endometrioid and nonendometrioid carcinomas. A 
multivariable Cox proportional hazards regression model was used to identify covariates that were significantly 
associated with the CSS rate, including age, diagnostic period, stage, and histological subtypes. Hazard ratios 
(HRs) and associated 95% confidence intervals (CIs) were calculated in the multivariable models. Two-sided 
statistical significance was defined as P < 0.05. All analyses were performed with SAS software version 9.4 (SAS 
Institute, Inc., Cary, NC, USA).

Ethics approval.  The Research Ethics Committee of National Taiwan University Hospital approved this 
study (202007069RINA). Informed consent was waived by National Taiwan University Hospital Research Ethics 
Committee. This study was conducted in accordance with the Declaration of Helsinki and its later amendments.
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Results
Age‑adjusted uterine cancer incidences over time for various histologic types.  We identified 
28,769 women diagnosed with uterine cancer over a 20-year period in Taiwan from 1998 to 2017 (Table 1). 
Among all uterine cancers, endometrioid carcinoma comprised 72.8–79.7%, nonendometrioid carcinoma com-
prised 9.4–11.3%, and uterine sarcoma comprised 6.8–10.5%. The median age at diagnosis was older among 
patients with nonendometrioid carcinoma than among those with endometrioid carcinoma or sarcoma. The age-
adjusted incidence rates of all uterine cancers increased threefold from 1998 to 2017 (5.3/100,000 in 1998 and 
15.2/100,000 in 2017) (Fig. 1A). A parallel increase in the incidence of endometrioid carcinoma (3.97/100,000 

Table 1.   Distribution of histologic types and age at diagnosis for 28,769 women with uterine corpus cancer 
from 1998 to 2017 in Taiwan.

Histologic type

Year of diagnosis

1998–2002 (n = 3229) 2003–2007 (n = 5154) 2008–2012 (n = 8434) 2013–2017 (n = 11,952)

Cases (%)

Endometrioid 2350 (72.8) 3859 (74.9) 6733 (79.8) 9521 (79.7)

Nonendometrioid 305 (9.4) 552 (10.7) 831 (9.9) 1356 (11.3)

Sarcoma 339 (10.5) 526 (10.2) 635 (7.5) 816 (6.8)

Others 235 (7.3) 217 (4.2) 235 (2.8) 259 (2.2)

Age at diagnosis, median (range, years)

Endometrioid 52 (22–90) 52 (18–93) 54 (21–94) 55 (19–96)

Nonendometrioid 57 (24–90) 59 (25–93) 58 (24–96) 61 (27–93)

Sarcoma 46 (22–80) 46 (16–84) 49 (18–87) 51 (17–90)

Others 52 (19–90) 52 (19–94) 55 (14–97) 60 (13–102)

Figure 1.   Trends in the incidences of uterine corpus cancer in Taiwan during 1998–2017. (A) Age-adjusted 
incidence of uterine corpus cancers, stratified by histologic type. Age-specific incidence of (B) endometrioid 
carcinoma, (C) nonendometrioid carcinoma, and (D) uterine sarcoma, grouped by calendar year.
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in 1998, 12.3/100,000 in 2017) accounted for the overall upward trend in all uterine cancers. Notably, the age-
adjusted incidence rates of nonendometrioid carcinoma showed a fourfold increase (0.42/100,000 in 1998 to 
1.63/100,000 in 2017). In contrast, although the incidence of uterine sarcoma also increased, it remained rela-
tively low (0.58/100,000 in 1998 and 0.99/100,000 in 2017).

We depicted the age-specific incidence rates of uterine cancers during the four different time periods. The 
peak incidences of endometrioid carcinoma consistently occurred in the 55- to 59-year age group, but the slopes 
became steeper between 1998 and 2002 and between 2013 and 2017 (Fig. 1B). The age-specific incidence rates of 
nonendometrioid carcinoma also increased in all time periods (Fig. 1C). In contrast to the narrow, bell-shaped 
pattern observed for the incidences of endometrioid carcinoma, the peak incidences of nonendometrioid car-
cinoma varied between the 60- and 80-year age groups in the different time periods. The incidence of nonen-
dometrioid carcinomas increased, and the steepest slope also occurred in the most recent period (2013–2017). 
The age-specific incidence rate of uterine sarcoma increased, and the peaks occurred at ages 45–54 in all four 
time periods (Fig. 1D). Again, the steepest slope was observed from 2013 to 2017.

We used AAPCs to quantify temporal trends of endometrioid and nonendometrioid carcinomas for patients 
of different age groups from 1998 to 2017 (Supplementary Figs. 1, 2). The incidence of endometrioid carcinoma 
always showed positive AAPCs > 5% for each age group, whereas the incidence of nonendometrioid carcinoma 
showed significant increases in AAPCs among women aged 50 and older. The incidence rates for endometrial 
cancer in Taiwan were highest among postmenopausal women. We further evaluated the age-adjusted incidences 
of both endometrioid and nonendometrioid carcinomas in three age groups (< 50, 50–59, and ≥ 60 years) (Fig. 2). 
Positive AAPCs for endometrioid carcinomas were significant in the < 50, 50–59, and ≥ 60 years age groups, 
where the AAPCs were 7.1% (95% CI 6.6–7.6), 6.0% (95% CI 5.1–6.8), and 6.7% (95% CI 6.0–7.5), respectively 
(Fig. 2A). Similarly, positive AAPCs for nonendometrioid carcinomas were 3.4% (95% CI 1.3–5.5), 5.8% (95% 
CI 4.0–7.5) and 7.8% (95% CI 6.5–9.2), respectively (Fig. 2B).

The age‑specific incidences of endometrioid and nonendometrioid carcinomas were the 
steepest in young birth cohorts.  The trends of age-specific incidences of uterine endometrioid carci-
noma, grouped by birth cohort, are shown in Fig. 3A. The age-specific rates began to rise among women born 
after 1950. The age-specific rates increased rapidly for cohorts born in the 1960s, and the later birth cohorts 
showed parallel slopes over time. The age-specific incidences of nonendometrioid carcinoma showed trends 
similar to those observed for endometrioid carcinoma. The age-specific incidences of nonendometrioid car-
cinoma rose among women born after 1940. The slopes of the incidence curves were similar in the later birth 
cohorts (Fig. 3B).

Different stage distributions for endometrioid and nonendometrioid carcinoma.  The stage dis-
tributions were similar among groups with different years of diagnosis, regardless of histologic type. Early-stage 
disease (stages I/II) accounted for 80–85% of endometrioid carcinomas in all years of diagnosis (Fig. 4A). In con-
trast, early-stage disease (stages I/II) accounted for only 50% of nonendometrioid carcinomas. Approximately 
30% and 20% of patients presented with stages III and IV disease, respectively (Fig. 4B).

Factors associated with survival in endometrioid and nonendometrioid carcinoma.  A sig-
nificant difference in the 5-year CSS rates for endometrioid carcinoma was observed between the two periods 
(Fig. 4C). The CSS rates of stage I patients improved from 96.7 to 97.9% (HR 0.63, 95% CI 0.49–0.81, P = 0.0004). 
The CSS rates of stage III patients also improved from 76.3 to 83.1% (HR 0.72, 95% CI 0.58–0.90, P = 0.0039). 

Figure 2.   Incidence rates of endometrial cancer in Taiwan between 1998 and 2017. Age-adjusted incidences 
of (A) endometrioid and (B) nonendometrioid carcinoma in the 3 age groups. Trends are summarized by the 
annual percentage change estimate (95% CI). (*) Significantly different than zero at P < 0.05.
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Figure 3.   Birth cohort effects on incidence trends of endometrial cancer over time. Age-specific incidence of 
(A) endometrioid carcinoma and (B) nonendometrioid carcinoma, grouped by birth cohort.

Figure 4.   Survival and stage at diagnosis of patients with endometrial cancer in Taiwan. The stages at diagnosis 
of patients with (A) endometrioid and (B) nonendometrioid carcinoma between 2009 and 2017. Comparison 
of 5-year cancer-specific survival rates for the two periods for patients with (C) endometrioid and (D) 
nonendometrioid carcinomas by stage. *P < 0.05.
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The 5-year CSS rates of nonendometrioid carcinoma in each stage were lower than those of endometrioid carci-
noma (Fig. 4D). We did not observe any significant difference in the CSS rates of all stages for nonendometrioid 
carcinoma patients in the two periods (60.7% vs. 63.8%, HR 0.92, 95% CI 0.78–1.08, P = 0.31). In addition, we 
analyzed the influences of clinical factors on the 5-year CSS rates in a multivariable analysis (Table 2). After 
adjusting for other variables, older age at diagnosis was associated with a shorter CSS (HR 1.34, 95% CI 1.03–
1.77 for ages 50–59; HR 1.79, 95% CI 1.37–2.38 for ages 60–69; and HR 2.67, 95% CI 2.03–3.57 for ages 70 and 
older). Women diagnosed in 2013–2017 had significantly higher CSS rates than those diagnosed in 2009–2012 
(HR 0.79, 95% CI 0.71–0.87). The CSS rates were lower among patients with stage IV disease (HR 29.55, 95% 
CI 25.74–33.9) and nonendometrioid carcinoma (HR 2.39, 95% CI 2.14–2.66) than among those with stage I 
disease and those with endometrioid carcinoma. The risk of nonendometrioid carcinoma was reduced (univari-
able: HR 6.18, multivariable: HR 2. 39) after adjusting for age, diagnostic period and stage. Stage was the main 
determinant of CSS in nonendometrioid carcinoma.

Discussion
The present cohort study showed that the age-adjusted incidence rates of uterine cancer increased swiftly from 
5.3 to 15.2 per 100,000 women between 1998 and 2017. Endometrioid carcinoma accounted for the majority of 
uterine cancers, and thus, its incidence rates reflected those of all uterine cancers. However, the incidence rates 
of nonendometrioid carcinoma and uterine sarcoma also increased during the 20-year period. The age-specific 
incidence of endometrioid carcinoma peaked at 55–60 years of age. In contrast, the incidence rates of nonen-
dometrioid carcinoma continued to increase with age and then plateaued after 60 years of age. Meanwhile, the 
percentage changes in the incidence of nonendometrioid carcinoma continued to rise with age, particularly 
among women over 60 years old.

We found that the incidence of endometrioid carcinoma has increased rapidly over the past 20 years, and the 
trend has continued without reaching a plateau to date. This fast-rising trend was not observed in other Western 
or Asian countries22,23. Trends in the incidence of uterine cancer have also varied with histologic type in other 
populations16,24. Endometrioid carcinoma is estrogen dependent, and obesity is a key driver of temporal trends in 
its incidence. The prevalence of overweight and obesity is increasing worldwide, but the rates vary by country25,26. 
This variation suggested that different risk profiles and protective factors might be found in different countries27. 
The Nutrition and Health survey conducted in Taiwan (NAHSIT) showed that the location of residence, educa-
tional level, and physical activity were correlated with obesity11. Three waves of NAHSIT data analyses showed 
that the percentages of individuals classified as overweight increased from 1993–1996 to 2005–2008 but stabi-
lized between 2005–2008 and 2013. In contrast, over the same time periods, sharp increases were observed in 
the prevalence of both obesity (11.8%, 17.9%, and 22.1%, respectively) and morbid obesity (0.4%, 0.6%, and 
1.4%, respectively) in our country28. Rubeis et al. and Song et al. found that overweight in early adulthood was 
associated with an increased lifetime risk of cancers, including uterine cancer29,30. The prevalence of overweight 
and obesity also increased among children and adolescents in Taiwan12. Moreover, the increasing trends in the 
prevalence of uterine cancer over the study period were more noticeable among younger women than among 
older women. Previous studies also reported that the most recent birth cohorts showed the greatest increases in 
the incidences of uterine cancer, particularly endometrioid carcinoma31,32, which was similar to our findings.

Table 2.   Univariable and multivariable analysis of 5-year cancer-specific survival (CSS) rates for endometrial 
cancer patients in Taiwan, 2009–2017. HR hazard ratio, CI confidence interval.

Characteristics n 5-year CSS rate (%)

Univariable Multivariable

HR 95% CI P HR 95% CI P

Age (years)

< 40 1304 95.3 1.00 Ref 1.00 Ref

40–49 3145 94.8 1.10 0.82–1.50 0.537 0.84 0.63–1.15 0.264

50–59 6475 90.2 2.12 1.63–2.80 < 0.0001 1.34 1.03–1.77 0.036

60–69 3423 85.3 3.21 2.47–4.26 < 0.0001 1.79 1.37–2.38 < 0.0001

> 70 1524 75.6 5.77 4.40–7.70 < 0.0001 2.67 2.03–3.57 < 0.0001

Diagnostic period

2009–2012 5672 88.0 1.00 Ref 1.00 Ref

2013–2017 10,199 90.1 0.83 0.75–0.92 0.0004 0.79 0.71–0.87 < 0.0001

Stage

I 11,678 96.6 1.00 Ref 1.00 Ref

II 963 89.9 3.18 2.50–4.00 < 0.0001 2.94 2.31–3.70 < 0.0001

III 2207 73.2 9.51 8.31–10.89 < 0.0001 7.95 6.93–9.13 < 0.0001

IV 1023 32.4 40.57 35.54–46.4 < 0.0001 29.55 25.74–33.9 < 0.0001

Histologic type

Endometrioid 14,063 92.5 1.00 Ref 1.00 Ref

Nonendometrioid 1808 62.4 6.18 5.58–6.84 < 0.0001 2.39 2.14–2.66 < 0.0001
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The measurement methods and classifications of obesity have varied widely. The prevalence of obesity among 
women was 19.3% in our country during 2013–2016, when obesity was defined as a body mass index (BMI) 
≥ 27 kg/m214. However, when obesity was defined in terms of the percentage of body fat (≥ 30% body fat for 
women), the prevalence of obesity increased greatly from 40.2 to 80.8% over the past decade (NAHSIT 1993–1996 
to NAHSIT 2005–2008)33,34. It has been suggested that the percentage and distribution of body fat could be more 
closely related to obesity-related disorders than BMI in Asian populations35–37. Abdominal obesity (visceral 
adiposity) is of particular concern in Taiwan, as endometrial cancer is closely associated with obesity.

Women under 50 years of age had the largest upward trend, with 7.1% (95% CI 6.6–7.6) per year for the age-
adjusted incidence rate of endometrioid carcinoma. Of note, we observed the highest level of increase among 
young women aged 30–34 (8.5%, 95% CI 6.9–10.0) (Supplementary Fig. 1). In addition to obesity, changes in 
other hormonal risk factors should be explored. Potential explanations for the increasing incidence of uterine 
cancer might be the declining birth rates and a change in parity among Taiwanese women over time. In Taiwan, 
the average age of women at first delivery increased from 28.8 years in 2008 to 30.9 years in 201838. The risk 
of uterine cancer decreased with increasing parity39. However, the association between the timing of delivery 
(mother’s age at first and last births) and the risk of uterine cancer was inconclusive40–42.

We found that the incidence of nonendometrioid carcinoma also increased significantly. Similarly, in the US, 
the rates of nonendometrioid cancers rose over time, and the most profound increases were observed among 
African American women16,43,44. Serous carcinoma comprises the majority of nonendometrioid carcinomas, 
which mainly arise from the loss of p53 function during its molecular pathogenesis15. Although obesity was the 
most common causative factor addressed in studies on the increasing incidence of uterine cancer, it remains 
unknown whether obesity contributed to the increasing incidence of histologic types other than endometrioid 
carcinoma. Early diagnosis of nonendometrioid carcinoma had a minimal impact on the incidence because the 
distribution of disease stages among women diagnosed with nonendometrioid carcinoma remained constant 
in this study. The distributions of disease stages, grouped according to age at diagnosis, were similar between 
endometrioid and nonendometrioid carcinomas in this study (data not shown). Other factors that might influ-
ence the increasing incidence of uterine cancer should be further explored, rather than focusing solely on obesity.

Younger women and women with early-stage uterine endometrioid carcinoma had better survival rates than 
their counterparts. Stage was still the strongest predictor of survival even after adjusting for age, diagnostic 
period, and subtype. Women with nonendometrioid carcinomas had lower CSS rates than those with endome-
trioid carcinomas. However, the two subtypes differed by age and stage at diagnosis, and after adjustment for 
covariates, the risk of nonendometrioid versus endometrioid carcinoma was reduced. The diagnostic period 
was also identified as a prognostic factor in this study. Survival improvements could be attributed to more effec-
tive and tailored treatments. For example, a potential benefit might have been conferred by the incorporation 
of adjuvant chemotherapy over the past decade for patients in advanced stages and women in early stages with 
high-risk features. Survival might have also been improved by changes in the management of uterine cancer by 
specialists, such as gynecologic oncologists, in Taiwan and other countries45.

The main strength of our study is in the nationally comprehensive analysis of trends in uterine cancer inci-
dence and survival by histologic types. Moreover, we provided age-specific and birth cohort patterns over a 
20-year span. To avoid potential bias due to incomplete cancer registry data prior to the enactment of the Cancer 
Control Act, we compared age-adjusted incidence rates for uterine cancer and nasopharyngeal cancer among 
women over the same period. The findings showed that this potential bias is small (Supplementary Fig. 3). This 
study also had some limitations. First, it is a retrospective registry-based study. Consequently, we did not have 
information on factors that could contribute to the development of uterine cancer, such as BMI, hormonal 
therapy use, and reproductive history, including parity, pregnancy duration, and the timing and number of births. 
Another limitation worth noting is that the incidence rate for uterine corpus cancer was uncorrected for hys-
terectomy. Failure to adjust for hysterectomy prevalence might underestimate the disease burden. For example, 
the AAPC was reduced from 1 to 0.5% among US women after correction according to SEER 18 (2000–2015)16. 
Hysterectomy prevalence rates vary considerably across countries and ethnicities. The hysterectomy rate is lower 
in Taiwan, which had a rate of approximately 2.68–3.03 hysterectomies per 1000 women from 1996 to 200146. 
The total number of hysterectomies in Taiwan remained relatively stable after 2010. We expect that there will be a 
small decline in the AAPC after correction for hysterectomy, but considering the substantially high AAPC (over 
6%) in Taiwan, the corrected incidences and growing trends of endometrioid or nonendometrioid carcinoma 
are still concerning. Our study was also limited by the absence of a central pathology review, and we could only 
categorize uterine cancers into four groups (endometrioid, nonendometrioid, sarcoma, and others). Finally, we 
did not assess the prevalence of overweight and obesity or their association with uterine cancer in this study.

Conclusion
The incidences of uterine cancers increased significantly, irrespective of histologic type. Age-specific incidences 
continuously increased over time in cohorts born after 1950. The incidence of endometrioid carcinoma consist-
ently increased in successively younger birth cohorts, and substantial changes in trend were observed among 
women under the age of 50. These findings underscore the need for etiologic research to clarify the causes of these 
trends. As increases in aggressive nonendometrioid carcinoma are substantial, guidelines on screening initiation 
should be considered. New strategies can be implemented to stop the obesity epidemic and increase awareness of 
the risks and symptoms of uterine cancer through educational campaigns to reduce morbidities from this disease.

Data availability
The data that support the findings of this study are available from the corresponding author upon request.



8

Vol:.(1234567890)

Scientific Reports |         (2023) 13:1019  | https://doi.org/10.1038/s41598-022-21669-4

www.nature.com/scientificreports/

Received: 26 October 2021; Accepted: 29 September 2022

References
	 1.	 Sung, H. et al. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 

countries. CA Cancer J. Clin. 71(3), 209–249 (2021).
	 2.	 Lortet-Tieulent, J. et al. International patterns and trends in endometrial cancer incidence, 1978–2013. J. Natl. Cancer Inst. 110(4), 

354–361 (2018).
	 3.	 Taiwan Cancer Registry. Incidence and mortality rates for the top 10 cancer among females in Taiwan. 2017. https://​www.​hpa.​gov.​

tw/​Pages/​Detail.​aspx?​nodeid=​269&​pid=​12235. Accessed July 5, 2021.
	 4.	 Lai, J. C. Y. et al. Incidence and lifetime risk of uterine corpus cancer in Taiwanese women from 1991 to 2010. Taiwan J. Obstet. 

Gynecol. 56(1), 68–72 (2017).
	 5.	 Huang, C. Y. et al. Nationwide surveillance in uterine cancer: survival analysis and the importance of birth cohort: 30-year popula-

tion based registry in Taiwan. PLoS ONE 7(12), e51372 (2012).
	 6.	 Setiawan, V. W. et al. Type I and II endometrial cancers: Have they different risk factors?. J. Clin. Oncol. 31(20), 2607–2618 (2013).
	 7.	 Aune, D. et al. Anthropometric factors and endometrial cancer risk: A systematic review and dose-response meta-analysis of 

prospective studies. Ann. Oncol. 26(8), 1635–1648 (2015).
	 8.	 NCD Risk Factor Collaboration. Trends in adult body-mass index in 200 countries from 1975 to 2014: A pooled analysis of 1698 

population-based measurement studies with 19·2 million participants. Lancet 387(10026), 1377–1396 (2016).
	 9.	 Lauby-Secretan, B. et al. Body fatness and cancer—Viewpoint of the IARC working group. N. Engl. J. Med. 375(8), 794–798 (2016).
	10.	 Sung, H. et al. Global patterns in excess body weight and the associated cancer burden. CA Cancer J. Clin. 69(2), 88–112 (2019).
	11.	 Lin, Y. C. et al. Prevalence of overweight and obesity and its associated factors: Findings from national nutrition and health survey 

in Taiwan, 1993–1996. Prev. Med. 37(3), 233–241 (2003).
	12.	 Chen, L. J. et al. Obesity, fitness and health in Taiwanese children and adolescents. Eur. J. Clin. Nutr. 60(12), 1367–1375 (2006).
	13.	 Nutrition and Health Survey in Taiwan (NAHSIT), 2013–2016. https://​www.​hpa.​gov.​tw/​Cms/​File/​Attach/​6201/​File_​12811.​pdf. 

Accessed July 2021.
	14.	 Lin, C. H. et al. The emerging epidemic of estrogen-related cancers in young women in a developing Asian country. Int. J. Cancer. 

130(11), 2629–2637 (2012).
	15.	 Amant, F. et al. Endometrial cancer. Lancet 366(9484), 491–505 (2005).
	16.	 Clarke, M. A. et al. Hysterectomy-corrected uterine corpus cancer incidence trends and differences in relative survival reveal racial 

disparities and rising rates of nonendometrioid cancers. J. Clin. Oncol. 37(22), 1895–1908 (2019).
	17.	 Chiang, C. J. et al. Quality assessment and improvement of nationwide cancer registration system in Taiwan: A review. Jpn. J. Clin. 

Oncol. 45(3), 291–296 (2015).
	18.	 Chiang, C. J., Wang, Y. W. & Lee, W. C. Taiwan’s Nationwide Cancer Registry System of 40 years: Past, present, and future. J. Formos. 

Med. Assoc. 118(5), 856–858 (2019).
	19.	 Allemani, C. et al. Global surveillance of trends in cancer survival 2000–14 (CONCORD-3): Analysis of individual records for 37 

513 025 patients diagnosed with one of 18 cancers from 322 population-based registries in 71 countries. Lancet 391, 1023–1075 
(2018).

	20.	 Tavassoeli, F. A. & Devilee, P. World Health Organization Classification of Tumours. Pathology and Genetics of Tumours of the Breast 
and Female Genital Organs (IARC Press, 2003).

	21.	 Edge, S. B. et al. AJCC Cancer Staging Manual 7th edn. (Springer, 2010).
	22.	 Henley, S. J. et al. Uterine cancer incidence and mortality-United States, 1999–2016. MMWR Morb. Mortal. Wkly. Rep. 67(48), 

1333–1338 (2018).
	23.	 CI5plus: Cancer Incidence in Five Continents Annual Dataset. https://​ci5.​iarc.​fr/​CI5pl​us/​Defau​lt.​aspx. Accessed 28 July 2022.
	24.	 Evans, T. et al. Differential trends in the rising incidence of endometrial cancer by type: Data from a UK population-based registry 

from 1994 to 2006. Br. J. Cancer 104(9), 1505–1510 (2011).
	25.	 NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass index in 200 countries from 1975 to 2014: A pooled 

analysis of 1698 population-based measurement studies with 19.2 million participants. Lancet 387(10026), 1377–1396 (2016).
	26.	 Prevalence of obesity among adults, BMI ≥ 30, age-standardized Estimates by country. (World Health Organization, 2017). https://​

apps.​who.​int/​gho/​data/​view.​main.​REGIO​N2480A?​lang=​en. Accessed July 2021
	27.	 Simons, E. et al. Foreign-vs US-born Asians and the association of type I uterine cancer. Am. J. Obstet. Gynecol. 212(1), 43.e1–6 

(2015).
	28.	 Chang, H. C. et al. Morbid obesity in Taiwan: Prevalence, trends, associated social demographics, and lifestyle factors. PLoS ONE 

12(2), e0169577 (2017).
	29.	 De Rubeis, V. et al. Trajectories of body mass index, from adolescence to older adulthood, and pancreatic cancer risk; a population-

based case-control study in Ontario, Canada. Cancer Causes Control 30(9), 955–966 (2019).
	30.	 Song, M. et al. Trajectory of body shape across the lifespan and cancer risk. Int. J. Cancer 138(10), 2383–2395 (2016).
	31.	 Sung, H. et al. Emerging cancer trends among young adults in the USA: Analysis of a population-based cancer registry. Lancet 

Public Health. 4(3), e137–e147 (2019).
	32.	 Zhang, S. et al. Global, regional, and national burden of endometrial cancer, 1990–2017: Results from the global burden of disease 

study, 2017. Front. Oncol. 19(9), 1440 (2019).
	33.	 Pan, W. H. et al. Nutrition and Health Survey in Taiwan (NAHSIT) 1993–1996: Design, contents, and operations. Nutr. Sci. J. 24, 

1–10 (1999) (in Chinese).
	34.	 Tu, S. H. et al. Design and sample characteristics of the 2005–2008 Nutrition and Health Survey in Taiwan. Asia Pac. J. Clin. Nutr. 

20(2), 225–237 (2011).
	35.	 WHO Expert Consultation. Appropriate body-mass index for Asian populations and its implications for policy and intervention 

strategies. Lancet 363(9403), 157–163 (2004).
	36.	 Dong, Y. et al. Visceral adiposity index performed better than traditional adiposity indicators in predicting unhealthy metabolic 

phenotype among Chinese children and adolescents. Sci. Rep. 11(1), 23850 (2021).
	37.	 Li, Y. et al. Changes in the prevalence of obesity and hypertension and demographic risk factor profiles in China over 10 years: 

Two national cross-sectional surveys. Lancet Reg. Health West Pac. 31(15), 100227 (2021).
	38.	 Household registration statistics: Live births by live-birth order and age of mother. https://​www.​ris.​gov.​tw/​app/​en/​3910. Accessed 

July 3, 2022.
	39.	 Wu, Q. J. et al. Parity and endometrial cancer risk: A meta-analysis of epidemiological studies. Sci. Rep. 16(5), 14243 (2015).
	40.	 Pfeiffer, R. M. et al. Timing of births and endometrial cancer risk in Swedish women. Cancer Causes Control 20(8), 1441–1449 

(2009).
	41.	 Pocobelli, G. et al. Pregnancy history and risk of endometrial cancer. Epidemiology 22(5), 638–645 (2011).
	42.	 Husby, A., Wohlfahrt, J. & Melbye, M. Pregnancy duration and endometrial cancer risk: Nationwide cohort study. BMJ 14(366), 

l4693 (2019).

https://www.hpa.gov.tw/Pages/Detail.aspx?nodeid=269&pid=12235
https://www.hpa.gov.tw/Pages/Detail.aspx?nodeid=269&pid=12235
https://www.hpa.gov.tw/Cms/File/Attach/6201/File_12811.pdf
https://ci5.iarc.fr/CI5plus/Default.aspx
https://apps.who.int/gho/data/view.main.REGION2480A?lang=en
https://apps.who.int/gho/data/view.main.REGION2480A?lang=en
https://www.ris.gov.tw/app/en/3910


9

Vol.:(0123456789)

Scientific Reports |         (2023) 13:1019  | https://doi.org/10.1038/s41598-022-21669-4

www.nature.com/scientificreports/

	43.	 Sud, S. et al. Clinical characteristics associated with racial disparities in endometrial cancer outcomes: A surveillance, epidemiol-
ogy and end results analysis. Gynecol. Oncol. 148(2), 349–356 (2018).

	44.	 Mukerji, B. et al. Racial disparities in young women with endometrial cancer. Gynecol. Oncol. 148(3), 527–534 (2018).
	45.	 Chan, J. K. et al. Influence of gynecologic oncologists on the survival of patients with endometrial cancer. J. Clin. Oncol. 29(7), 

832–838 (2011).
	46.	 Wu, M. P. et al. Trends in various types of surgery for hysterectomy and distribution by patient age, surgeon age, and hospital 

accreditation: 10-year population-based study in Taiwan. J. MinimInvasive Gynecol. 17, 612e9 (2010).

Acknowledgements
The authors express their sincere thanks to the staff at the Taiwan Cancer Registry for their technical assistance 
and for providing the data.

Author contributions
Conceptualization: Y.T. and Y.C.Data curation: Y.T. and Y.C. and C.W.Formal analysis: Y.T. and C.C.Funding 
acquisition: W.L. and W.C.Supervision: W.L. and W.CWriting - original draft: Y.TWriting - review & editing: 
C.C. and W.C.

Funding
This work was supported by the Health Promotion Administration, Ministry of Health and Welfare [A1091115]. 
The content of this research may not represent the opinion of the Health Promotion Administration, Ministry 
of Health and Welfare. The funders had no role in the study design, data collection and analysis, decision to 
publish, or preparation of the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​21669-4.

Correspondence and requests for materials should be addressed to W.-F.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-022-21669-4
https://doi.org/10.1038/s41598-022-21669-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Age-specific trend and birth cohort effect on different histologic types of uterine corpus cancers
	Methods
	Study design and data source. 
	Statistical analyses. 
	Ethics approval. 

	Results
	Age-adjusted uterine cancer incidences over time for various histologic types. 
	The age-specific incidences of endometrioid and nonendometrioid carcinomas were the steepest in young birth cohorts. 
	Different stage distributions for endometrioid and nonendometrioid carcinoma. 
	Factors associated with survival in endometrioid and nonendometrioid carcinoma. 

	Discussion
	Conclusion
	References
	Acknowledgements


