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Abstract
Purpose This analysis describes the impact of hysterectomy on incidence rates and trends in endometrioid endometrial 
cancer in the United States among women of reproductive age.
Methods Hysterectomy prevalence for states containing Surveillance, Epidemiology, and End Results (SEER) registry was 
estimated using data from the Behavioral Risk Factor Surveillance System (BRFSS) between 1992 and 2010. The population 
was adjusted for age, race, and calendar year strata. Age-adjusted incidence rates and trends of endometrial cancer among 
women age 20–49 corrected for hysterectomy were estimated.
Results Hysterectomy prevalence varied by age, race, and ethnicity. Increasing incidence trends were observed, and were 
attenuated after correcting for hysterectomy. Among all women, the incidence was increasing 1.6% annually (95% CI 0.9, 
2.3) and this increase was no longer significant after correction for hysterectomy (+ 0.7; 95% CI − 0.1, 1.5). Stage at diagnosis 
was similar with and without correction for hysterectomy. The largest increase in incidence over time was among Hispanic 
women; even after correction for hysterectomy, incidence was increasing (1.8%; 95% CI 0.2, 3.4) annually.
Conclusion Overall, endometrioid endometrial cancer incidence rates in the US remain stable among women of reproduc-
tive age. Routine reporting of endometrial cancer incidence does not accurately measure incidence among racial and ethnic 
minorities.
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Introduction

Hysterectomy is one of the most frequently performed 
surgical procedures among women of reproductive age in 
the United States, second only to cesarean delivery. The 
majority of hysterectomies are performed for benign indi-
cations [1–3]. Approximately 428,523 hysterectomies for 
benign, non-obstetrical indications were performed yearly 
in the United States between 1998 and 2011 [4]. Recently, 
however, hysterectomy rates have been declining—a 39% 
decrease occurred from 2000 to 2014 (from 631 to 385 per 
100 000) [5]. This decline corresponds to concerns about 
overuse of hysterectomy and increased use of alternatives 
to surgery as primary management of the conditions such 
as menorrhagia and pelvic pain [6]. These include hormonal 
management, operative hysteroscopy, endometrial ablation, 
uterine artery embolization, and use of the levonorgestrel 
intrauterine device (IUD). An inadvertent consequence of 
these trends towards conservative surgical management of 

 * Sarah M. Temkin 
 sarah.temkin@vcuhealth.org

1 Division of Gynecologic Oncology, Virginia Commonwealth 
University, Richmond, VA, USA

2 Cancer Therapy Evaluation Program, National Cancer 
Institute, National Institutes of Health, Bethesda, MD, USA

3 Division of Cancer Control & Population Sciences, National 
Cancer Institute, National Institutes of Health, Bethesda, 
MD, USA

4 Division of Cancer Prevention, National Cancer Institute, 
National Institutes of Health, Bethesda, MD, USA

5 Department of Obstetrics and Gynecology, Virginia 
Commonwealth University, 1250 E Marshall Street, Main 
Hospital, Rm 8-206, Richmond, VA 23298, USA

http://orcid.org/0000-0002-6472-2745
http://crossmark.crossref.org/dialog/?doi=10.1007/s10552-018-1018-z&domain=pdf


428 Cancer Causes & Control (2018) 29:427–433

1 3

the female genital tract may be an apparent increase in the 
incidence of gynecologic malignancies specifically cancers 
of the uterine corpus [7].

Over 61,030 women in the US are expected to be diag-
nosed with cancers of the uterine corpus in 2017, making 
it the most common gynecologic malignancy [8]. Incidence 
rates for endometrial cancer have climbed over the last dec-
ade, and the increase is projected to continue [8–11]. Women 
who have undergone a hysterectomy are no longer at risk 
for endometrial cancer, and failure to remove them from the 
denominator of the population at risk results in underestima-
tion of rates [12–15]. Additionally, because hysterectomy 
frequency varies across racial and ethnic groups, correcting 
incidence rates for hysterectomy can markedly change the 
rates within underrepresented populations [12–14, 16–21]. 
In an analysis based on SEER data from 1992 to 2008 for 
women age 50 and older, correction of the denominator 
resulted in a 73% increase in incidence rate among white 
women and a 90% increase among Black women [22].

Previously, publications have assessed the impact of hys-
terectomy on incidence of endometrial cancer in the popu-
lation as a whole, but the impact of hysterectomy correc-
tion on younger women has not previously been described. 
Endometrial cancer is generally thought of as a disease of 
postmenopausal women; however, 15% of women with this 
disease will be diagnosed during their reproductive years 
[12, 23]. A characteristic clinical profile is associated with 
younger patients with endometrial carcinoma typically. Most 
patients have an identifiable source of excess estrogen and 
endometrioid histologic subtypes are overwhelmingly more 
common [24–28]. Obesity is part of the distinct clinical pro-
file of the young patient with endometrial cancer with a 1.59 
increase in the relative risk of endometrial cancer per 5 kg/
m2 increase in BMI [24, 28]. Over half of women under age 
50 with endometrial cancer have been reported as obese at 
diagnosis [24, 25, 27]. Recognition of the obesity epidemic 
and delayed childbearing in the US has led to concerns of an 
increasing incidence of endometrial cancer among younger 
women [29]. We therefore evaluated rates of endometrioid 
endometrial cancer among women < 50 years of age in the 
US corrected for hysterectomy prevalence.

Materials and methods

Cancer incidence data for non-Hispanic (NH) white, NH 
black, and Hispanic women were obtained from 12 of the 
National Cancer Institute’s Surveillance, Epidemiology, and 
End Results (SEER) registries. These registries cover about 
13% of the US population and include the following state 
and regional cancer registries: Atlanta, Connecticut, Detroit, 
Hawaii, Iowa, New Mexico, Utah, San Francisco-Oakland, 
Seattle-Puget Sound, Los Angeles, San Jose-Monterey, 

and rural Georgia. Population-based data for non-Hispanic 
white, non-Hispanic black, and Hispanic women aged 20 
to 49 diagnosed from 1992 to 2010 with cancer occurring 
in the corpus uterus (C54) and uterus (not otherwise speci-
fied) (C55) as defined by or converted to the World Health 
Organization International Classification of Disease for 
Oncology, 3rd edition (ICD-O-3), were identified. Asian/
Pacific Islander or Alaskan Native/American Indian women 
were not included because of sparse data in the SEER regis-
try in women under age 50.

The case definition was further refined to only include 
women with endometrioid endometrial cancer including 
non-specific adenocarcinoma. Endometrioid endometrial 
cancer represents the majority of endometrial cancer, par-
ticularly in women under 50 years of age and includes the 
following ICD-O-3 codes: Endometrioid adenocarcinoma, 
NOS (8380), adenocarcinoma, NOS (8140), mixed cell 
adenocarcinoma (8323), adenocarcinoma with squamous 
metaplasia (8570), adenosquamous carcinoma (8560), other 
(8050, 8141, 8143, 8210–8211, 8260–8263, 8340, 8381, 
8440, 8470–8471, 8480–8481, 8490, 8550, 8571–8573), 
and non-specific adenocarcinoma (8010, 8020).

Other uterine cancers, such as sarcomas, clear cell or 
serous adenocarcinomas, and carcinosarcomas, have differ-
ent biologic behavior and incidence trends. These histologi-
cal subtypes are rare in young women and were excluded 
from this analysis because there were not sufficient data to 
analyze them separately.

FIGO stage was derived using the two different staging 
systems used by SEER registries during the study period. 
Cases diagnosed between 1992 and 2003 were staged using 
SEER Extent of Disease, 3rd edition, and cases diagnosed 
between 2004 and 2010 were staged using the Collaborative 
Stage Data Collection System [30]. The tumor extension 
codes from each system were harmonized and converted to 
a FIGO stage that was consistent over time (“Appendix”).

Incidence rates were estimated using SEER*Stat strati-
fied by age (20–29, 30–34, 35–39, 40–44, 45–49), race (NH 
white, NH black, and Hispanic), and by 3-year calendar year 
intervals (1992–1994, 1995–1997, …, 2007–2010) [31]. All 
rates are the number of new cases per 100,0000 women. 
Since the 2000 US standard population is reported in 5-year 
age groups, incidence rates for the 20–29 age group were 
age-adjusted. Age-specific rates were reported for all other 
age groups. Rates reported by stage for ages 20–49 com-
bined were age-adjusted.

Weighted estimates of hysterectomy prevalence were 
obtained from the Behavioral Risk Factor Surveillance Study 
(BRFSS) conducted by the Centers for Disease Control and 
Prevention [32]. The BRFSS is a cross-sectional state-spe-
cific telephone survey administered to adults 18 years and 
older living in households. We used BRFSS data from the 
states that contributed cancer incidence data (California, 
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Connecticut, Georgia, Hawaii, Iowa, Michigan, New Mex-
ico, Utah, Washington) in order for hysterectomy prevalence 
to represent the same geographic area as the cancer regis-
tries. BRFSS obtained information on hysterectomy in these 
states each year from 1992 to 2000 and then every other 
year. Data were not available for the state of Hawaii in 2004, 
and so this year was excluded from the analysis. Hysterec-
tomy estimates were stratified by the same race/ethnicity, 
age, and calendar year intervals as the incidence rates. One 
caveat is that since BRFSS data were not collected every 
year, some 3-year intervals only use 1 or 2 years of survey 
data. For example, the hysterectomy prevalence estimate for 
2004–2006 only contains survey data collected in 2006 since 
that was the only year available.

Smoothed hysterectomy prevalence was estimated using 
a logistic regression model with coefficients for age, year, 
and their interaction and weighted using the BRFSS weights. 
Separate models were estimated for each race/ethnicity 
group. The age and year-specific prevalence was estimated 
from the model and used to correct the SEER population-
at-risk by subtracting the number of women who reported 
hysterectomy for each race/ethnicity group. The rates for 
the most recent 5-year period, 2006–2010, were calculated 
before and after correction to the population.

Trends in endometrial cancer for women age < 50 were 
estimated using the Joinpoint regression software with no 
joinpoints allowed in the model [33]. Without joinpoints, 
the software fits a linear-weighted least squares regression 
model to the log-transformed incidence rates. The trends 
were summarized by the annual percent change (APC) based 
on the fitted trend.

Results

The prevalence of hysterectomy among women younger 
than age 50 is shown by race and age in Fig. 1. Hyster-
ectomy prevalence increased with age and specifically 
among women over age 40. Prevalence among women 
younger than 40 years was generally low, < 10% in all 
race/ethnic groups. The prevalence of hysterectomy in 
women aged 45–49 years was 50% for NH black women, 
28% of NH white women, and 22% of Hispanic women.

9,219 of 11,217 (82.1%) women under age 50 were 
diagnosed with endometrioid endometrial cancer dur-
ing the study period and were included in this analysis. 
The excluded cancers included 1334 (12.9%) sarcomas, 
400 (3.6%) serous and clear cell cancers, and 264 (2.3%) 
unclassified malignancies. These histologic subtypes were 
excluded because of their distinct etiologies, risk factors, 
and incidence patterns compared to endometrioid cancers 
[22]. Incidence rates of included cancers by age at diag-
nosis and race/ethnicity for the most recent 5-year period, 
2006–2010, are shown in Table 1. The incidence rate was 
lowest for women aged 20–29: 0.4 for NH white women, 
0.7 for NH Black women, and 1.5 for Hispanic women; the 
corrected and uncorrected for hysterectomy incidence rates 
are similar as the prevalence of hysterectomy is low in this 
age group. The incidence rates in each racial and ethnic 
group beyond age 29 increased with age, as did the dif-
ference between uncorrected and corrected rates. Among 
women aged 40–49, NH Black women have the lowest 
rates even after correction for hysterectomy. The corrected 
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Fig. 1  Hysterectomy prevalence among women under age 50 in states with a SEER-13 registry by age and race/ethnicity, 1992–2010
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rate of endometrial cancer among NH Black women aged 
45–49 was 12.7 compared to 29.1 among NH White 
women and 22.4 among Hispanic women. The majority 
of women under 50, over 87%, were diagnosed with local 
(Stage I/II) disease (Table 2). The 5-year incidence rate, 
corrected and uncorrected, increased with age for women 
of all stages. The largest difference between corrected and 

uncorrected rates is among women aged 45–49 with early-
stage disease (17.5 vs. 22.7, respectively).

Both corrected and uncorrected trends in age-adjusted 
incidence rates for endometrioid endometrial cancer among 
women under age 50 are depicted in Fig.  2. Increasing 
uncorrected incidence trends were observed among NH 
Black and Hispanic women (Table 3). However, correction 
for hysterectomy attenuated the incidence trends especially 
among NH Black women. Specifically, the overall annual 
percent change in incidence among NH Black women was 
4.1% annually (95% CI 1.3, 6.9) but this increase was no 
longer statistically significant after correction for hyster-
ectomy (1.1; 95% CI − 1.6, 3.9). Even after correction for 
hysterectomy, the incidence rate among Hispanic women 
remained statistically significantly increasing 1.8% annually 
(95% CI 0.2, 3.4). The incidence rate was stable among NH 
White women both before and after correction for hysterec-
tomy. When corrected for hysterectomy, the increasing inci-
dence trend among women with both Stage I/II disease and 
Stage III/IV disease was no longer statistically significant.

Discussion

Our results demonstrate that for women younger than 
50 years of age, reporting incidence rates of endometrial 
cancer without hysterectomy adjustment underestimates the 
true burden of disease. Additionally, incidence rates of endo-
metrial cancer that are not corrected for hysterectomy distort 
patterns among racial and ethnic groups [12, 14, 15, 22].

Racial and ethnic variation in endometrial cancer inci-
dence are well described—incidence of disease is lower 
among Black women but overall survival is consistently 
reported as worse [14, 16, 22]. Because rates of hysterec-
tomy are higher among black women, correcting for hyster-
ectomy reduces the disparity in incidence between White 
and Black women [22]. In fact, when incidence rates cor-
rected for hysterectomy among women of all ages and all 
histologic subtypes are evaluated, the incidence among 
Black women equals or surpasses that of White women [12, 
22].

Consistent with previous reports, correction for hyster-
ectomy prevalence in our study modified racial patterns in 
endometrial cancer incidence. However, Black women of 
reproductive age had consistently lower corrected rates of 
endometrial cancer than White and Hispanic women, and 
these rates changed less over time. This finding was coun-
terintuitive and differed from previous reports looking at 
all uterine cancers as endometrial carcinoma risk factors, 
obesity, and diabetes are more prevalent among black than 
among white non-Hispanic women, regardless of hyster-
ectomy status [14, 34]. The reason for this difference in 
rates between Black and White women may relate to other 

Table 1  5-year incidence rates by race and age for women under age 
50 with endometrioid endometrial cancer diagnosed from 2006 to 
2010

Rates are per 100,000 women
a Rates are age-adjusted to the 2000 US Standard Population

Count Uncorrected for 
hysterectomy

Corrected for 
hysterectomy

Rate 95% CI Rate 95% CI

Non-Hispanic White
 20–49  yearsa 1,813 7.8 (7.4, 8.1) 9.3 (8.6, 9.7)
 20–29 years 26 0.4 (0.2, 0.5) 0.4 (0.2, 0.5)
 30–34 years 89 2.7 (2.2, 3.4) 2.8 (2.3, 3.5)
 35–39 years 241 6.8 (5.9, 7.7) 7.3 (6.4, 8.3)
 40–44 years 465 11.9 (10.8, 13.0) 13.7 (12.5, 15.0)
 45–49 years 992 22.6 (21.2, 24.1) 29.1 (27.3, 31.0)

Non-Hispanic Black
 20–49  yearsa 219 4.4 (3.8, 5.0) 5.3 (4.6, 6.0)
 20–29 years 11 0.7 (0.3, 1.2) 0.7 (0.3, 1.2)
 30–34 years 24 2.9 (1.9, 4.4) 3.0 (1.9, 4.5)
 35–39 years 40 4.5 (3.2, 6.2) 4.8 (3.5, 6.6)
 40–44 years 64 7.3 (5.6, 9.3) 8.5 (6.6, 10.9)
 45–49 years 80 9.2 (7.3, 11.4) 12.7 (10.1, 15.8)

Hispanic
 20–49  yearsa 690 7.7 (7.1, 8.3) 8.9 (8.3, 9.6)
 20–29 years 57 1.5 (1.1, 1.9) 1.5 (1.1, 2.0)
 30–34 years 80 4.4 (3.5, 5.4) 4.5 (3.6, 5.6)
 35–39 years 121 6.9 (5.8, 8.3) 7.4 (6.1, 8.8)
 40–44 years 192 12.4 (10.7, 14.2) 14.3 (12.4, 16.5)
 45–49 years 240 17.7 (15.5, 20.1) 22.4 (19.6, 25.4)

Table 2  5-year incidence rates by FIGO stage for women under age 
50 with endometrioid endometrial cancer diagnosed from 2006 to 
2010

Rates are per 100,000 women

FIGO stage Count Uncorrected for 
hysterectomy

Corrected for 
hysterectomy

Rate 95% CI Rate 95% CI

I/II 2,389 6.5 (6.2, 6.7) 7.7 (7.4, 8.0)
III/IV 246 0.65 (0.6, 0.8) 0.8 (0.7, 0.9)
Unknown 87 0.24 (0.2, 0.3) 0.8 (0.7, 0.9)



431Cancer Causes & Control (2018) 29:427–433 

1 3

population level disparities related to access to specialized 
care for the diagnosis to be made. Additional differences 
between racial and ethnic groups may impact the motiva-
tion of young women to seek care for irregular bleeding or 
heavy menses, the most common presenting symptom of this 
disease among reproductive aged women.

Increasing rates of endometrial cancer among Hispanic 
women remained significant after correction for hysterec-
tomy in this analysis. An increasing incidence of endome-
trial cancer patients of Hispanic origin in the US has been 
previously described [35]. The uncorrected incidence rate 
among Hispanic women in the US increased by 2.3% per 
year for women aged younger than 50 years between 2000 
and 2012 [36]. Demographic characteristics of the diverse 
group of Americans classified as Hispanic within the SEER 
registry may differ from non-Hispanic women. Low educa-
tion and socioeconomic levels are known to affect access to 
care. Medical comorbidities that alter uterine cancer risk 
including diabetes, metabolic syndrome, and obesity are 
more common among Hispanic women than other racial and 

ethnic groups. Diabetes incidence and prevalence has leveled 
off nationally, but continues to increase among Hispanics 
[37]. The prevalence of metabolic syndrome in Hispanic 
Americans is estimated at 38.6% [38]. Forty-six percent of 
Hispanic women are estimated to be obese compared to 35% 
of non-Hispanic women in the United States [39].

Several limitations of our study should be considered. 
First, the BRFSS is limited to those with working telephones, 
and the median response rate for the states in our study has 
been declining from 67% in 1992 (range 57.4–80.7%) to 55% 
in 2010 (range 43–65%) [40, 41]. Lower response rates have 
been associated with the underrepresentation of racial and 
ethnic minorities [42]. Although self-reports of hysterec-
tomy in BRFSS are fairly accurate, hysterectomy rates from 
self-report may be less accurate in non-native English or 
lower English proficiency populations [43]. Also, state-level 
hysterectomy prevalence was used for the metropolitan areas 
in SEER. If the hysterectomy rates for the state were not 
representative of the SEER catchment area, there may have 
been an over- or underestimate of the corrected population. 

Fig. 2  Incidence rates and trends of endometrioid endometrial cancer among women under age 50 corrected and uncorrected for hysterectomy, 
1992–2010

Table 3  Trends in endometrioid 
endometrial cancer incidence 
among women under age 50 
from 1992 to 2010

APC annual percent change
a Indicated statistically significant APC at 0.05

Uncorrected Corrected

Years APC 95% CI Years APC 95% CI

Race
 NH White 1992–2010 1.1 (0, 2.3) 1992–2010 0.2 (− 1.1, 1.5)
 NH Black 1992–2010 4.1a (1.3, 6.9) 1992–2010 1.1 (− 1.6, 3.9)
 Hispanic 1992–2010 2.6a (1.1, 4.2) 1992–2010 1.8a (0.2, 3.4)

FIGO stage
 I/II 1992–2010 1.4a (0.4, 2.4) 1992–2010 0.3 (− 0.9, 1.5)
 III/IV 1992–2010 2.5a (0.5, 4.6) 1992–2010 1.4 (− 0.5, 3.3)
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Pathology review for confirmation of the diagnosis and his-
tology was not possible. Finally, rates and trends corrected 
for hysterectomy could not be calculated for Asian/Pacific 
Islander or Alaskan Native/American Indian women because 
of sparse data in both the BRFSS and SEER data in women 
under age 50.

Large datasets, such SEER data, are valuable tools that 
allow an understanding of variation in cancer outcomes 
among subpopulations and have been used to expose health-
related disparities. However, population level narratives 
may also inadvertently propagate stereotypes by reinforc-
ing differences between racial and ethnic groups. Although 
rates of medical comorbidities and biologic variation may 
impact differences in cancer outcomes among underserved 
and minority populations, the contribution of structural rac-
ism and implicit bias to health disparities is recently being 
acknowledged [44, 45]. The lack of correction for hysterec-
tomy rates is an example of a structural bias in our reporting 
systems as the impact on White incidents rates is small, but 
the impact on Black women is much larger. A 40% Black-
White mortality gap in endometrial cancer can be attributed 
to unequal surgical treatment and stage distribution [46]. An 
accurate accounting of the role of modifiable social deter-
minants of health may uncover opportunities to reduce or 
prevent health systems level inequities which might be oth-
erwise inaccurately ascribed to innate differences between 
individuals.

Correction for hysterectomy allows for more accurate 
reporting of incidence rates of endometrial cancer even 
among young women and among racial and ethnic groups. In 
conclusion, despite an obesity epidemic, corrected incidence 
rates of endometrial cancer in women aged < 50 years old 
appear to be stable over time among the US population as a 
whole, but increasing among Hispanic women.
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Appendix

FIGO stage Extent of 
disease 
(1992–
1997)

Extent of 
disease 
(1998–
2003)

Collabora-
tive stage 
(2004–
2009)

Collaborative 
stage (2010)

Stage 0 0 0 0

FIGO stage Extent of 
disease 
(1992–
1997)

Extent of 
disease 
(1998–
2003)

Collabora-
tive stage 
(2004–
2009)

Collaborative 
stage (2010)

Stage 1 10–15, 
20–25, 
30–35

10–14 100, 110, 
115, 120, 
123, 125, 
130, 133, 
135, 140, 
160, 180, 
400

100, 110, 
114, 120, 
123, 
125–126, 
130, 135, 
140, 145, 
160, 180, 
400

Stage 2 40, 50 40, 50–52 500, 510, 
520, 523, 
525, 540, 
545, 550

500, 520, 
523, 525, 
540

Stage 3 60 60–61, 
64–66

600, 610, 
635, 640, 
645, 650, 
660, 663, 
670, 680, 
688, 692

545, 550, 
605, 630, 
635, 640, 
655, 660, 
662, 665, 
680

Stage 4 70, 80, 85 70, 80, 85 700, 705, 
715, 800, 
810, 820

682, 688, 
693–694, 
696, 708, 
710, 715, 
800, 810, 
820
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