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Abstract

Purpose Endometrial cancer (EC) exhibits striking racial

disparities with higher mortality in Blacks compared to

Whites. The mortality-to-incidence ratio (MIR) provides a

population-based measure of survival which accounts for

incidence. The objective of this study was to map EC MIRs

by race for eight health regions within South Carolina (SC)

and chart EC incidence by race and grade across the four

cancer stages.

Methods Cancer incidence and mortality data were

obtained from the SC Community Access Network

(SCAN), the online data query system provided by the SC

Department of Health and Environmental Control (DHEC).

The underlying data for SCAN were generated from the SC

Central Cancer Registry and SC DHEC Vital Records and

used to construct MIRs. ArcGIS 10.1 was used to map EC

MIRs by race for eight health regions within SC. Four

categories of MIR were derived using the national MIR for

EC among Whites as the reference category.

Results Blacks had higher levels of poorly differentiated

tumors across all stages and higher incidence and mortality

rates. In all eight health regions, Blacks were in the highest

MIR category. By contrast, the MIRs for Whites were more

evenly represented over the four categories.

Conclusions The MIR proved useful for identifying dis-

parities in EC incidence and mortality among Black and

White women in SC. Cancer surveillance programs may

use the MIR to monitor disparities across racial/ethnic

groups and geographic regions going forward. MIRs have

the potential to serve as an indicator of the long-term

success of cancer surveillance programs.

Keywords Endometrial neoplasms � Health status

disparities � Minority health � Mortality � Incidence �
Uterine neoplasms

Introduction

Endometrial cancer (EC) is the most common gynecologi-

cal cancer and the fourth most common cancer among

women in the USA, with an estimated 54,870 cases

expected in 2015 [1]. Nationally, there is a 30 % lower

incidence among Blacks, relative to their White counter-

parts [1–3]. However, Black women who are diagnosed

with EC are 2.5 times more likely to die (mortality rate

80 % higher) than their White counterparts [1–3]. These

disparities may be partly due to advanced stage at diagnosis,

increased comorbidities, inequalities in treatment, higher

likelihood of poorly differentiated tumors, racial disparities

in expression of the HER-2 oncogene, and mutations in the

TP53 tumor suppressor genes among Blacks [2, 4–11].
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The mortality-to-incidence ratio (MIR) represents a

unique way to quantify racial cancer disparities [12, 13].

The MIR is an important indicator that offers additional

information beyond what incidence, and mortality rates

alone can offer [12]. Few studies have used the MIR to

compare cancer rates [12, 14–16]. Wagner et al. [13]

described racial cancer disparities and their potential geo-

graphic determinants by calculating, comparing and map-

ping MIRs throughout the state of Georgia (GA, USA) and

found that Blacks in GA had more fatal cancers than

Whites for all cancer sites evaluated. Sunkara et al. [17]

demonstrated a strong linear relationship between the col-

orectal cancer MIR and health system ranking across

countries evaluated.

Some previous studies on racial disparities in EC

between Blacks and Whites focused on differences by

histologic grade, and they found that part of the observed

disparity between Blacks and Whites in EC may be

explained by the differences in tumor grade and stage of

EC [18–20]. Sabatino et al. [19] found that Blacks had the

lowest rate of low-grade and early-stage (i.e., localized)

epithelial EC and the highest rates of high-grade and late-

stage (i.e., regional/distant) EC. Similarly, Oliver et al. [20]

reported that Blacks were more likely to present with non-

localized EC (31.8 vs. 24.5 % p = 0.02) and to have

poorly differentiated tumors (20.5 vs. 15.0 %, p\ 0.01)

than Whites, while Alagkiozidis et al. [21] found high

incidence of poorly differentiated tumors and late-stage/

advanced-stage tumors among Blacks with EC. Higher

grade also is strongly associated with histologic type of EC,

and this is more common among Black women [22]. The

objective of this study, therefore, was to (1) describe the

EC disparities in South Carolina (SC) among Blacks and

Whites using several indicators of incidence and mortality,

including the MIRs by race for eight health regions within

SC and (2) chart EC incidence by race and grade across the

four cancer stages.

Materials and methods

Data for this study were obtained from SC Central Cancer

Registry (SCCCR) which is located in the SC Department

of Health and Environmental Control (DHEC) Office of

Public Health Statistics and Information Services. Aggre-

gate data for the age-adjusted mortality and incidence rates

were obtained from the SC DHEC. Data on corpus uterus

cancer were used as a proxy for endometrial cancer. In

computing the incidence and mortality rates for EC cancer,

the third edition International Classification of Disease

(ICD) codes were used: isthmus uteri (C54.0), endome-

trium (C54.1), myometrium (C54.2), fundus uteri (C54.3),

and overlapping lesion of corpus uteri (C54.8). All possible

histopathologic types for EC were included in the calcu-

lation of rates with the exception of malignant mesothe-

lioma, Kaposi sarcoma, and lymphomas (Surveillance,

Epidemiology and End Results Program codes 9050-9055,

9140, 9590-9992).

All incident cancer cases are required by law to be

reported to SCCCR, a resource established with funding

from an award from the National Program of Cancer

Registries (NPCR) since 1994. Enabling legislation from

the SC General Assembly was enacted in 1996. Data are

collected by SCCCR on all cancers, both in situ and

invasive, from hospitals, pathology laboratories, free-

standing treatment centers, and physician offices. The only

exceptions are in situ forms of cervical cancer and invasive

form of basal and squamous cell skin cancers of non-

genital sites. The US standard population in 2000 was

provided by the National Cancer Institute (NCI) for age

adjustment.

The SCCCR from which we derived the data for this

analysis has a history of receiving the highest/gold rating

for data completeness ([94 %), timeliness, and data qual-

ity from the North American Association of Central Cancer

Registries and NPCR. SCCCR is a member of the CDC

National Interstate Data Exchange System (N-IDEAS)

such that any member state may share resident incident

cases with others to ensure completeness of incident cancer

data. Additionally, there is geo-coding of all cancer cases

and all cancer deaths in the state of SC. Histologic grade

were not available on all pathology reports from the source

medical records. If that information is not available, grade

is coded to unknown. However, the analyses for this paper

use aggregate (i.e., mortality and incidence rates), rather

than individual-level data on EC cases.

Mortality data obtained from SC DHEC Vital Registry

are based on information from death certificates of resi-

dents in SC. The classification of the underlying cause of

death is according to ICD-10, and cause of death was

restricted to endometrial cancer. There are interjurisdic-

tional exchange agreements in place between SC and other

states to capture out-of-state deaths of SC residents. The

SCCCR obtains cancer mortality data annually from the

Division of Vital Registry and Biostatistics for linkage

purposes.

For mapping of EC MIRs, we compared MIRs across

the eight DHEC health regions, which SC DHEC defined

for the purpose of planning environmental and health

programs. This study focused specifically on mapping EC

MIRs for these eight DHEC health regions by race (Black

vs. White). In situ cancers were excluded given the low

probability of cancer-related death. In order to create the

MIRs, the age-adjusted incidence and mortality rates were

first calculated using incidence data from 1998 to 2009 in

the SCCCR and mortality data from 1998 to 2009 in the
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DHEC Vital Registry. A sensitivity analysis previously

described by Sunkara and Hebert [23] examined the effect

of moving across different ‘‘denominator years’’ to vary

with the alignment of the average incidence-to-mortality

time interval. The sensitivity analysis used all combina-

tions of sex and race for cancers involving all anatomic

sites, including EC. It was shown that the lines describing

the MIR remained parallel with rates observed generally

stable over time across eight different 5-year periods

beginning in 1996. This was computed using incidence

data from the SCCCR [23].

The MIR analysis and tumor stage by grade

chart (Figs. 1, 3) consisted of all EC from 1998 to 2009

(12 years) in the DHEC Registry. The information was

extracted using the SC Community Assessment Network

(SCAN). MIRs were stratified by race, specifically Blacks

versus Whites. There were too few Hispanic EC cases in

the state of SC to provide stable estimates. There were a

total number of 5,594 incident cases of EC. Blacks and

Whites make up 5,515 (98.59 %) of these incident cases,

while all other races only make up 79 (1.41 %) of cases.

Therefore, we did not include Hispanic EC incidence and

mortality data in these analyses.

As a ratio with the mortality rate in the numerator and

the incidence rate in the denominator, the MIR takes on

values ranging from 0 to 1. Values closer to zero indicate

more indolent while those closer to one indicate more

aggressive cancers. All new cases of EC reported over the

12-year period from 1998 to 2009 were included in these

analyses. Mortality was restricted to those whose cause of

death was EC from 1998 to 2009 (12 years). The MIR

which has been shown to be highly insensitive to time-

discordant incidence and mortality [23] does not take into

account follow-up time and is not equivalent to Cox pro-

portional hazards-type survival analysis which is a truly

multivariate technique that accounts for follow-up time.

Similarly, we cannot account for competing risk in this

statistic other than the underlying mechanics of the statistic

which only counts deaths where EC is the cause of death;

deaths for other causes of death are not included in the

numerator. Over the 12-year study period, there were 4,035

new cases among Whites and 1,480 among Blacks.

In order to compare racial differences in EC MIR in

eight SC DHEC health regions, we defined four categories

of EC MIR. Firstly, we computed the MIR for Whites

nationally [24] (i.e., for the USA as a whole from the

United States Cancer Statistics at the Center for Disease

Control and Prevention) as a reference. The upper limit for

Category 1 is the reference; the upper limit of Category 2 is

10 % higher than the reference; the upper limit of Category

3 is 20 % higher than the reference; and Category 4 con-

sists of MIR[ 20 % higher than the reference. This

method of categorization and analysis was previously used

by Hebert et al. [12]. The defined categories of each DHEC

health region were mapped by race using ArcGIS version

10.1 (ESRI, Redlands, CA). It should be noted, however,

that the independent incidence and mortality chart (not

involved in computing MIR) are based on data aggregated

over 5 years (2005–2009; Figs. 2, 4).

Results

Across all eight DHEC health regions, MIRs were in the

fourth (highest) category for Blacks, while the Whites were

more evenly divided over the four categories (Fig. 1).

Fig. 1 Racial disparities in mortality-to-incidence ratio (MIR) of endometrial cancer (EC) for Blacks and Whites in South Carolina. DHEC:

Department of Health and Environmental Control; MIR was calculated with age-adjusted incidence and mortality rate per 100,000 population
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Blacks were more likely to present with a poorly dif-

ferentiated tumor while Whites were more likely to have a

well-differentiated tumor. Similarly, Blacks also were

more likely to have a regional or distant (metastatic) tumor

while Whites were more likely to have localized tumors

(Fig. 2).

When stratified by tumor stage, Blacks had higher levels

of poorly differentiated tumor across all stages. This is

particularly prominent in stages III and IV where Blacks

have strikingly higher levels of poorly differentiated

tumors (Fig. 3).

The incidence and mortality rates were consistently

higher among Blacks over the 5-year period from 2005 to

2009 (Fig. 4).

Table 1 shows the computed MIRs for Blacks and

Whites across the eight DHEC regions. Table 1 also shows

that the lowest MIR for both Black and White women was

in Region 6 while the highest MIR for the two groups was

in Region 7. Although the other regions did not have

exactly the same pattern, the pattern appears fairly similar.

For the state of SC overall, the MIR for Blacks was 2.3

times higher than that of their White counterparts. The

most marked racial difference was seen in Region 6 where

the MIR among Black women was 3.1 times higher than

that of White women.

The proportions of those with localized, regional, and

distant EC were 22.09, 34.73, and 41.81 %, respectively

(p value\0.001; Tables 2, 3).

Fig. 2 Age-adjusted endometrial cancer incidence rates (2005–2009)

in South Carolina by race, cancer stage and cancer grade. a

Endometrial cancer incidence rates in South Carolina by race and

cancer stage. b Endometrial cancer incidence rates in South Carolina

by race and cancer grade. Rate is per 100,000 population

Fig. 3 Age-adjusted endometrial cancer incidence rates (1998–2009)

in South Carolina by race and grade. a Age-adjusted endometrial

cancer incidence rate in South Carolina by race and grade for Stage II

(local) cancer. b Age-adjusted endometrial cancer incidence rate in

South Carolina by race and grade for Stage III (regional) cancer.

c Age-adjusted endometrial cancer incidence rate in South Carolina

by race and grade for Stage IV (distant) cancer. Rate is per 100,000

population
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Fig. 4 Age-adjusted

endometrial cancer incidence

and mortality rates (2005–2009)

in South Carolina by race and

year. a Age-adjusted

endometrial cancer incidence

rate in South Carolina by year.

b Age-adjusted endometrial

cancer mortality rate in South

Carolina by year. Rate is per

100,000 population

Table 1 Endometrial cancer: mortality, incidence, and mortality-to-incidence ratio (MIR) (1998–2009) in South Carolina by race and health

region

Whites Blacks

Mortalitya Incidencea MIR MIR categoryb Mortalitya Incidencea MIR MIR categoryb

Health region

1 1.9 19.0 0.100 4 3.5 17.9 0.196 4

2 2.1 20.2 0.104 4 4.4 22.3 0.197 4

3 1.4 18.9 0.074 2 4.4 22.3 0.197 4

4 1.3 17.8 0.073 2 4.9 22.6 0.217 4

5 1.8 19.7 0.091 4 4.2 20.8 0.202 4

6 1.1 19.2 0.057 1 3.9 22.1 0.176 4

7 2.0 17.9 0.111 4 4.4 20.0 0.220 4

8 1.6 20.0 0.080 3 4.5 22.5 0.200 4

All regions 1.7 19.1 0.089 4 4.4 21.1 0.209 4

a Rate is per 100,000 population
b Category 1: MIR\ 0.072; Category 2: 0.073–0.079; Category 3: 0.080–0.086; Category 4: MIR C 0.087
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When histopathologic subtypes were examined, higher

proportions of Blacks had complex, mixed, and stromal

neoplasms (57.71 %) and epithelial neoplasms (53.73 %)

while other forms had higher proportions among the

Whites.

Discussion

This study found that both incidence and mortality of EC

were higher among Blacks than Whites in SC; a pattern

which is different from what has been found in the previous

literatures where incidence is usually higher among Whites

and mortality is higher among Blacks [1, 2, 4]. We con-

firmed well-documented interracial differences in cancer

incidence and mortality which has previously been

observed for other cancers, but not EC, in SC [25–32]. This

study also showed racial differences in the histologic

subtypes of EC which has been shown to be important for

monitoring aggressive tumors among Black women [33].

This study also described racial disparities in MIR from EC

by calculating, comparing, and mapping MIRs throughout

the eight DHEC regions in SC. The potential utility of MIR

for cancer surveillance programs in monitoring disparities

across racial/ethnic groups and geographic regions going

forward is substantial, as shown by our study’s examina-

tion of MIRs for EC incidence and mortality by race and

region.

The higher incidence of EC found in Blacks compared

with Whites is not consistent with findings from previous

studies. One reason that has been proposed for lower

incidence of EC among Blacks includes failure to correct

for hysterectomy prevalence among Blacks which may

lead to underestimation of EC risk [4]. Hysterectomies

have been shown to be three times higher in women who

live in the South, which may result in underestimation of

EC risk [4, 34–36]. After hysterectomy was corrected for

by Siegel et al. [34], incidence rate of EC doubled among

Black women in SC and three other states in the South.

Given that we did not adjust for hysterectomies because it

was not possible to do so, the increased incidence of EC

among Blacks in our sample may still be an underestimate

of the disease burden among Blacks because of the higher

prevalence of hysterectomy among Blacks in the South [4,

35, 36].

Our finding that Black women had higher levels of

poorly differentiated tumor across all stages (particularly

Table 2 Endometrial cancer: stage by race of incident cases of

endometrial in South Carolina (1998–2009)

Racea Total

White (%) Black (%)

Local 2,928 (77.91) 830 (22.09) 3,758 (68.14)

Regional 671 (65.27) 357 (34.73) 1,028 (18.64)

Distant 270 (58.19) 194 (41.81) 464 (8.41)

Unknown 166 (62.64) 99 (37.36) 265 (4.81)

Total 4,035 (73.16) 1,480 (26.84) 5,515 (100.00)

X2 = 143.72 p value B 0.0001

a There were a total number of 5,594 incident cases of endometrial

cancers. Blacks and Whites made up 5,515 (98.59 %) while all other

races made up 79 (1.41 %) of all cases

Table 3 Histologic subtype by

race of incident cases of

endometrial cancer in South

Carolina (1998–2009)

Racea Total

White (%) Black (%)

Adenomas, adenocarcinomas [8140–8339] 3,347 (78.83) 899 (21.17) 4266 (76.99)

Complex mixed and stromal neoplasms [8930–8999] 203 (42.29) 277 (57.71) 480 (8.70)

Cystic, mucinous, serous neoplasms [8440–8499] 263 (55.37) 212 (44.63) 475 (8.61)

Complex epithelial neoplasms [8560–8579] 62 (84.93) 11 (15.07) 73 (1.32)

Epithelial neoplasms [8010–8049] 31 (46.27) 36 (53.73) 67 (1.21)

Neoplasms [8000–8009] 34 (61.82)21 21 (38.18) 55 (1.00)

Squamous cell neoplasia [8050–8089] 31 (59.62) 21 (40.38) 52 (0.94)

Othersb 64 (95.52) 3 (4.48) 67 (1.21)

X2 = 434.33 p value B 0.0001

a There were a total number of 5,594 incident cases of endometrial cancers. Blacks and Whites made up

5,515 (98.59 %) while all other races made up 79 (1.41 %) of all cases
b Others consist of histologic subtypes where suppression rules have been applied because of low counts in

the cells. The histologic subtypes are soft tissue tumors; sarcomas [8800–8929]; myomatous neoplasms

[8890–8929]; trophoblastic neoplasms [9100–9109]; and osseous and chondromatous neoplasms

[9180–9249]
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prominent in stage III and stage IV EC cases; Fig. 3)

probably explains the higher EC mortality among Blacks

compared to Whites which is consistent with findings from

other studies [1–3]. Many reasons have been hypothesized

as being responsible for the higher level of EC mortality

among Blacks compared to Whites. One reason is later

stage at diagnosis as mentioned above [1]. Low socioeco-

nomic status which is more prevalent among Blacks gen-

erally also has been shown to be a risk factor for higher

mortality among Black women compared with White

women [2, 8]. Higher prevalence of obesity among Black

women also may explain some of the increased mortality

[2, 11, 36]. Although several studies have found an asso-

ciation between obesity and EC, this association observed

by Cote et al. was stronger with estrogen-dependent type I

tumors. There is, however, a high prevalence of non-

estrogen-dependent type II tumors of the type typically

found among morbidly obese Black women [22]. Cote

et al. also found that while hypertension was higher among

Blacks compared to Whites, survival analysis did not show

a difference between Blacks and Whites among EC sur-

vivors [22]. Physical inactivity which also is known to be

more prevalent among Black women has been shown to be

an independent risk factor for endometrial cancer [37–45]

although some studies did not find physical activity to be

associated with EC [38, 39]. Inequality in treatment was

shown as another possible factor responsible for higher

mortality in Black women with EC [2, 6, 46]. Some

researchers found that compared to White women with EC,

a higher percentage of Black women with EC did not

receive any cancer-directed treatment [2, 6].

Using the MIR as a surveillance tool stresses the point

that SC exhibits more extreme interracial differences in

cancer incidence, mortality and MIR than other states or

the nation [25–32] and specifically the MIR helped to

highlight regions where this disparity is highest. For

example, Regions 6 and 4 have the highest MIR disparity

where the MIR of Blacks is 3.1 and 3.0 times higher than

that of Whites, respectively. Regions 6 and 4 represent the

‘‘Pee Dee’’ region which is known for its lower socioeco-

nomic status, rurality, and being medically underserved

[12]. Additionally, in four of the 12 counties in the ‘‘Pee

Dee’’ regions (Dillon, Lee, Marlboro, and Williamsburg),

percentage of adults that report a BMI of 30 or more was

greater than 40 % [47]. Similarly, percentage of adults

aged 20 and over reporting no leisure-time physical activity

was greater than 30 % in seven counties (Chesterfield,

Darlington, Dillon, Lee, Marion, Marlboro, and Sumter)

out the 12 counties in the ‘‘Pee Dee’’ region [47]. Addi-

tional information on Blacks versus Whites disparity

between the prevalence of obesity and physical inactivity

levels at County/Regional level might help to explain the

racial disparities in EC MIR in the future. Urban centers

with major hospital systems such as Charleston (Region 7),

Columbia (Region 3), Greenville and Spartanburg (Region

2) may be responsible for the relatively smaller MIR dis-

parities seen in Regions 2 and 7.

The MIR serves as a population-based approximation of

fatality (1/survival) given incidence by stabilizing the

incidence and mortality differences across cancer sites and

racial groups [12, 13]. Various survival studies have shown

that Black women have poorer EC survival than White

women [2, 22, 48–54]. To our knowledge, however, there

is no specific report on racial differences in EC survival in

SC. In this respect, our computed MIR thus serves as a

proxy for EC survival in SC which shows the same racial

patterns as observed in the survival studies carried out in

other US states [2, 22, 48–55].

The strength of this study is that it combined data over

12 years to compute the MIR making estimates more

stable. Migration of EC patients in and out of SC was also

mitigated in this study because of the interjurisdictional

exchange agreements between SC and other states to cap-

ture out-of-state deaths of SC residents. Also, this is a

population-based study of the entire population of EC

patients whereby incidence and mortality data represented

[94 % of all EC cases. Thus, the study is virtually devoid

of selection bias, a common problem associated with such

studies. Additionally, the MIR is relatively cheap and easy

to compute from existing relatively complete data. It can be

used as a surrogate measure for a more expensive and time-

consuming survival studies. A drawback, however, is that

there is no way to compute censoring and loss to follow up.

It also was not possible to adjust for covariates such as

treatment, comorbidities, or individual socioeconomic

status in the analysis. Another weakness is that the rela-

tionship between the numerator (mortality) and the

denominator (incidence) may not be direct because persons

diagnosed of EC may not die of EC and persons who die

after the diagnosis of EC survive for varying length of time

which could not be accounted for by the MIR. Data on

regionally specific prevalence of obesity and physical

activity levels which are major risk factors for EC though

available were not specified by race.

In conclusion, we were able to demonstrate racial dis-

parities in EC incidence and mortality in SC with higher

levels of both factors in Black women compared with

White women. The MIR proved useful for identifying

disparities in EC’s incidence and mortality among Black

and White women in SC. We also showed regional dif-

ferences in the computed MIR which may reflect some

underlying environmental, demographic, and structural risk

factors that warrant future studies. MIRs have the potential

as an indicator of the long-term success of cancer

surveillance programs. Cancer surveillance programs

should use the MIR to monitor disparities across racial/

Cancer Causes Control (2016) 27:503–511 509
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ethnic groups and geographic regions going forward. The

mapping of the MIR can aid in identifying specific loca-

tions that require timely, focused, additional attention in

terms of resource allocation, future epidemiological stud-

ies, and interventions to reduce disease burden. Future

studies can focus on assessment of environmental expo-

sures at individual levels as it relates to racial disparities.
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