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Background: Ovarian cancer contributes significantly to the morbidity and

mortality rates for women worldwide. As observed with other types of cancer,

health disparities disproportionately affect ovarian cancer incidence rates and

outcomes, especially in African American and older women. However, the trends

in ovarian cancer mortality rates up until 2023 with regard to various

demographic identifiers have not been fully elucidated, which this study aims

to rectify.

Methods:Mortality trends due to malignant neoplasms of the ovary in individuals

25 and older in the US from 1999 to 2023 were analyzed using the Centers for

Disease Control Wide Ranging Online Data for Epidemiological Research (CDC

WONDER) database. Trends in age-adjusted mortality rate (AAMR) were analyzed

on the basis of race, 10-year age-group, region and urban/rural designation.

Results: Between 1999 and 2023, the AAMR related to malignant neoplasms of

the ovary fell from 14.62 in 1999 to 9.52 in 2023. All races analyzed saw a

decrease in overall mortality related to malignant neoplasms of the ovary, with

the largest decrease being observed in White patients (AAPC: -1.78). Regionally,

the Northeast (AAPC: -1.95), Midwest (AAPC: -1.99), South (AAPC: -1.72), and

West (AAPC: -1.73) regions of the United States (US) all saw reduced ovarian

neoplasm mortality rates. Similarly, rates also decreased in urban (AAPC: -1.83)

and rural (AAPC: -1.75) localities, as well as in each ten-year age category

analyzed, with the largest decrease seen in the 55–64 years old category

(AAPC: -2.15). States such as Delaware, South Carolina, and Idaho experienced

some of the largest decreases in AAMR, whereas the District of Columbia saw an

increase in AAMR during this period.

Conclusions:Over the last twenty-years, mortality rates for malignant neoplasms

of the ovary have declined, with the largest decreases being seen in White

patients, those residing in the Midwest, urban locality, and women between 55–

64 years olds. While mortality rates have declined, health disparities still continue

to negatively affect ovarian cancer outcomes, and more research is needed to

improve accessibility, availability, and affordability of care for patients.
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Introduction

Ovarian cancer is a significant cause of morbidity and mortality

for women worldwide. Amongst women with cancer, ovarian

cancer ranks fifth in terms of mortality - in fact, ovarian cancer

may be the deadliest of all gynecological cancers in women (1).

Early detection of ovarian cancer remains an important prognostic

factor; however, initial symptoms of ovarian cancer are often non-

specific, if they are even present at all (back pain, abdominal pain,

fatigue, etc.). Thus, early detection of this disease state is difficult.

Additionally, routine screening for ovarian cancer is not currently

recommended unless the patient has a genetic predisposition or

family history of the disease (2).

Like many other cancer subtypes, health disparities appear to

impact the incidence of ovarian cancer amongst various racial

groups. For example, African American women at all stages of

the disease appear to be impacted to a greater extent compared to

non-Hispanic White women (3). In fact, African American patients

were 17-18% less likely to survive a diagnosis of ovarian cancer

compared to White patients (4). Some researchers, such as

Chornokur, attribute these disparities to unequal access to care

and a lack of standardized treatment regiments (2012). Thus, the

purpose of this study is to further analyze trends in ovarian cancer

mortality rates from 1999 to 2023 with regards to various

demographic identifiers to add to existing efforts to improve the

diagnosis, treatment, and outcomes for ovarian cancer

patients overall.
Methods

Data collection

Mortality trends due to malignant neoplasms of the ovary in

individuals 25 and older in the US from 1999 to 2023 were analyzed

using the Centers for Disease Control Wide Ranging Online Data

for Epidemiological Research (CDC WONDER) database, a

publicly available database containing information relevant for

public health analysis. Adults aged 25 and over were included in

the study, as younger age groups did not have sufficient or reliable

ovarian neoplasm-related mortality data. Data was extracted from

the CDCWONDER database using the International Classifications

of Disease (ICD), 10th revision code C56. Stratification was

performed by race, 10-year age-group, region and urban/rural

designation. Race was analyzed by separating Hispanic from

Non-Hispanic ethnic categories, whereby Non-Hispanic racial

categories included American Indian, Asian or Pacific Islander,

White, and Black or African American. Regions, as defined by the

Census Bureau classification, included South, West, Midwest and

Northeast. Data from any group or stratification that was marked

unreliable by the CDC WONDER database, indicating that there

was an insufficient amount of deaths in that subgroup to perform

proper analysis, were excluded from final results of this study.

The Institutional Review Board (IRB) approval was not

required for this study. This study was conducted in compliance
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with the ethical standards of the responsible institution on human

subjects as well as with the Helsinki Declaration.
Data analysis

Age-adjusted mortality rates (AAMRs) were calculated to

account for differences in age distribution across populations,

enabling accurate comparisons. Furthermore, AAMR were

standardized to the 2000 U.S. standard population (5). Mortality

trends over the study period were analyzed using the Joinpoint

Regression Program (version 5.4.0.0) developed by the National

Cancer Institute (6). This tool applied segmented regression

modeling to the AAMRs to identify changes in trend, estimating

Annual Percent Changes (APCs) and Average Annual Percent

Changes (AAPCs). APCs and AAPCs, and their corresponding

95% confidence intervals were calculated for each segment using the

Monte Carlo permutation method, which determines the optimal

number and location of joinpoints. Statistical significance was

assessed using two-sided t-tests, with a threshold of p <0.05 (7).

The number of joinpoints utilized for each analysis was selected by

the program, utilizing the best-fit model approach. Missing data was

excluded from analysis to ensure the most accurate and reliable

results. Any data that was deemed insufficient or unreliable by the

CDCWONDER database was also excluded. Statistically significant

values are indicated with an asterisk in all reported tables

and figures.
Results

Overall

Between 1999 and 2023, the age-adjusted mortality rate

(AAMR) related to malignant neoplasms of the ovary fell from

14.62 in 1999 to 9.52 in 2023, highlighting a 1.80% decrease in the

Average Annual Percent Change (AAPC) during this period.

AAMR initially increased from 1999 to 2003 (APC: 0.30, 95%

CI: -0.62 to 1.76), then decreased from 2003 to 2023 (APC: -1.80,

95% CI: -2.32 to -2.13) (Figure 1, Supplementary Figure 1).
Race stratified

Between 1999 and 2023, American Indian or Alaska

Native (AAPC: -1.19, 95% CI: -2.41 to 0.25), Asian or Pacific

Islander (AAPC: -0.75, 95% CI: -1.04 to -0.39), Black or

African American (AAPC: -1.37, 95% CI: -1.79 to -1.00), White

(AAPC: -1.78, 95% CI: -1.89 to -1.65), and Hispanic (AAPC: -1.23,

95% CI: -1.44 to -1.00) patients all saw a decrease in overall

mortality related to malignant neoplasms of the ovary.

For the majority of the study period, White patients experienced

a higher AAMR compared to the other races analyzed. Between

1999 and 2003, White patients’ AAMR increased from 15.47 in

1999 to 15.61 in 2003 (APC: 0.53, 95% CI: -0.51 to 2.22) and
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subsequently decreased from 15.61 in 2003 to 10.08 in 2023 (APC:

-2.24, 95% CI: -2.36 to -2.14). Between 1999 and 2002, Black or

African American patients’ AAMR increased from 12.45 in 1999 to

12.76 in 2002 (APC: 1.23, 95% CI: -1.55 to 6.82), which then

decreased to 8.73 in 2023 (APC: -1.73, 95% CI: -3.74 to -1.53).

American Indian or Alaska Native patients’ AAMR decreased from

8.43 in 1999 to 7.31 in 2023 (APC: -1.19, 95% CI: -2.41 to 0.25).

Asian or Pacific Islander patients’ AAMR also decreased from 8.16

in 1999 to 6.98 in 2023 (APC: -0.75, 95% CI: -1.04 to -0.39).

Hispanic patients’ AAMR decreased from 9.26 in 1999 to 7.87 in

2023 (APC: -1.23, 95% CI: -1.44 to -1.00) (Figure 2, Supplementary

Figure 2, Supplementary Table 1).
Region stratified

Between 1999 and 2023, the Northeast (AAPC: -1.95, 95% CI:

-2.11 to -1.76), Midwest (AAPC: -1.99, 95% CI: -2.18 to -1.75), South

(AAPC: -1.72, 95% CI: -1.88 to -1.53), and West (AAPC: -1.73, 95%

CI: -1.95 to -1.49) regions of the United States (US) all saw decreases

in overall malignant neoplasm of the ovary-related mortality.

Between 1999 and 2002, patients in the Northeast region saw an

increase in AAMR, from 15.31 in 1999 to 15.58 in 2002 (APC: 1.11,

95% CI: -0.83 to 4.48), which then decreased to 9.75 in 2023 (APC:

-2.38, 95% CI: -2.55 to -2.25). Between 1999 and 2005, Midwest

patients saw a decrease in AAMR, from 14.94 in 1999 to 14.57 in

2005 (APC: -0.41, 95% CI: -1.35 to 1.59). From 2005 to 2023,

Midwest patients’ AAMR decreased further, from 14.57 in 2005 to

9.13 in 2023 (APC: -2.51, 95% CI: -2.81 to -2.31). Between 1999 and

2004, patients in the South saw a decrease in AAMR, from 13.94 in

1999 to 13.90 in 2004 (APC: -0.15, 95% CI: -1.16 to 2.29). Between
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2004 to 2023, patients in the South saw a further decrease in AAMR,

to 9.28 in 2023 (APC: -2.13, 95% CI: -2.33 to -1.99). Between 1999

and 2003, patients in the West saw an increase in AAMR, from 14.89

in 1999 to 15.11 in 2003 (APC: 0.04, 95% CI: -1.57 to 3.94). AAMR in

the West then decreased to 10.00 in 2023 (APC: -2.08, 95% CI: -2.42

to -1.93) (Figure 3, Supplementary Table 2, Supplementary Figure 3).
Urban-rural stratification

From 1999 to 2020, both urban (AAPC: -1.83, 95% CI: -1.94 to

-1.68) and rural (AAPC: -1.75, 95% CI: -1.75 to -1.32) localities saw

a decrease in overall ovarian neoplasm-related mortality.

Between 1999 and 2003, patients in urban settings saw an

increase in AAMR, from 14.73 in 1999 to 14.75 in 2003 (APC:

0.27, 95% CI: -0.69 to 1.79). From 2003 to 2020, urban localities saw

a subsequent decrease in AAMR, from 14.75in 2003 to 10.07 in

2020 (APC: -2.32, 95% CI: -2.45 to -2.20). Between 1999 and 2004,

patients in rural areas saw an increase in AAMR, from 14.25 in 1999

to 14.69 in 2004 (APC: 0.51, 95% CI: -0.57 to 2.56), which then

decreased to 10.40 in 2020 (APC: -2.20, 95% CI: -2.48 to -1.99)

(Figure 4, Supplementary Table 3, Supplementary Figure 4).
Ten-year age stratification

From 1999 to 2023, each ten-year age category analyzed saw a

decrease in overall ovarian neoplasm-related mortality: 25–34 years

old (AAPC: -0.33, 95% CI: -1.31 to 0.54); 35–44 years old (AAPC:

-1.96, 95% CI: -2.24 to -1.71); 45–54 years old (AAPC: -2.09, 95%

CI: -2.29 to -1.91); 55–64 years old (AAPC: -2.15, 95% CI: -2.39 to
FIGURE 1

Overall AAMRs of ovarian cancer.
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-1.89); 65–74 years old (AAPC: -2.05; 95% CI: -2.17 to -1.89); 75–84

years old (AAPC: -1.59; 95% CI: -1.76 to -1.34); 85+ years old

(AAPC: -1.03, 95% CI: -1.34 to -0.75).

Between 1999 and 2013, patients 25–34 years old saw a decrease

in AAMR, starting at 0.42 in 1999 decreasing to 0.32 in 2013 (APC:

-1.76, 95% CI: -9.41 to -0.39), which then increased to 0.46 in 2023

(APC: 1.71, 95% CI: -0.39 to 11.00).

Between 1999 and 2023, patients aged 35–44 saw a decrease in

AAMR, from 2.34 deaths per 100,000 people in 1999 to 1.48 in 2023

(APC: -1.96, 95% CI: -2.24 to -1.71). Patients aged 45–54 also saw

an overall decrease in AAMR, from 8.73 in 1999 to 5.44 in 2023

(APC: -2.09, 95% CI: -2.29 to -1.91).

Patients aged 55–64 saw an overall decreasing trend in AAMR,

from 20.88 in 1999 to 12.63 in 2023 (APC: -2.15, 95% CI: -2.39 to

-1.89). Between 1999 and 2004, patients aged 65–74 saw an increase

in AAMR, from 38.42 in 1999 to 38.71 in 2004 (APC: 0.27, 95% CI:

-0.69 to 1.77), which then decreased to 23.07 in 2023 (APC: -2.65,

95% CI: -2.81 to -2.51).

Patients aged 75–84 saw an initial increase in AAMR, from 57.39 in

1999 to 60.52 in 2002 (APC: 1.74, 95% CI: -0.42 to 5.99). This AAMR

then decreased to 38.59 in 2023 (APC: -2.05, 95% CI: -2.24 to -1.92).
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Between 1999 and 2007, patients aged 85+ saw an increase in

AAMR, from 59.34 deaths per 100,000 people in 1999 to 67.09 in

2007 (APC: 1.01, 95% CI: 0.11 to 2.16). This AAMR then decreased

to 45.05 in 2020 (APC: -2.81, 95% CI: -4.12 to -2.40) and

subsequently increased to 48.99 in 2023 (APC: 1.41, 95% CI: -1.90

to 5.73) (Figure 5, Supplementary Table 4, Supplementary Figure 5).
State level stratification

From 1999 to 2023, states such as Delaware, South Carolina,

and Idaho experienced some of the larger decreases in AAMR

amongst states. For instance, in Delaware, their AAMR decreased

from 18.01 deaths per 100,000 people in 1999 to 9.83 in 2023. South

Carolina’s AAMR decreased from 14.32 deaths per 100,000 people

in 1999 to 8.22 in 2023. Idaho’s AAMR decreased from 17.90 deaths

per 100,000 people in 1999 to 9.03 in 2023.

On the other hand, in the District of Columbia, AAMR

increased from 16.20 deaths per 100,000 people in 1999 to 16.25

in 2023. From 2000 to 2023, the District of Columbia’s AAMR

increased from 12.16 deaths per 100,000 people in 2000 to 16.25 in
FIGURE 2

AAMRs of ovarian cancer by race.
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FIGURE 3

AAMRs of ovarian cancer by region.
FIGURE 4

AAMRs of ovarian cancer: urban vs. rural.
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2023. In the year 2020, the District of Columbia’s AAMR fell to 7.92

deaths per 100,000 people before increasing up to 16.25 in 2023

(Supplementary Figures 6-9, Supplementary Table 5). Changes in

AAMR in each state throughout the study period can be found in

Supplementary Table 6.
Discussion

This study identified several key epidemiological trends and

disparities in ovarian cancer mortality from 1999 to 2023, as

previous studies have not captured the entirety of this time period

in their data. First, racial differences in ovarian cancer mortality

persist, but trends are complex. American Indian and Alaskan Native

patients demonstrated a highly inconsistent, nonlinear trajectory

while others demonstrated a steady decline in mortality. Second,

substantial variability was observed at the state level despite a lack of

variability in urban/rural results. While some states saw consistent

and substantial decreases in age-adjusted mortality rates, others saw

inconsistent improvement or even increased rates. Both urban and

rural areas experienced declining mortality, although rural regions

had higher levels of inconsistency. Lastly, mortality declined most

sharply in middle-aged adults, particularly those aged 45-64, while

women aged over 85 showed a recent increase in mortality rates due

to ovarian cancer. It is interesting to note that the global burden of

ovarian cancers increased from 1990 to 2021, with a positive

correlation seen between cancer rates and the sociodemographic

index (8). This underscores the complexity of ovarian cancer’s

burden, both domestically and abroad, and highlights the

importance of further research on this topic to improve overall

ovarian cancer incidence and outcomes.

While prior studies have consistently reported racial disparities

in ovarian cancer – particularly poorer survival and lower treatment

rates among black women– our analysis tells a complex story.
Frontiers in Oncology 06
In terms of absolute mortality, Black or African American patients

did not have disproportionately higher AAMRs as compared to

other racial groups. In fact, their AAMRs were consistently lower

than those of White patients and showed a consistent decline from

12.45 in 1999 to 8.73 in 2023. However, this trend should not be

interpreted as evidence that disparities have been eliminated. Prior

literature highlights that black women develop cancer at a younger

age, have significantly lower 5 year mortality rates, and were less

likely to receive guideline-recommended care (9–11) These

disparities may not fully manifest in population-level mortality

data but still remain critical to understanding inequities in ovarian

cancer outcomes. Future studies are needed to assess whether the

mortality improvements seen in Black and African American

patients reflect genuine improvement in care or if there are

confounding factors that are affecting these results.

American Indian and Alaskan native patients, however,

demonstrated highly erratic and inconsistent trends. Notably, in

2015, this group had the highest AAMR of any racial group, only to

fall to the second lowest in 2018. This inconsistency may reflect

broader structural inequities, such as limited access to and

availability of care but it also raises concerns about data quality.

American Indian and Alaskan Native patients are known to be

misclassified as other races, which may result in unrecognized

disease burden and unstable trend reporting (12, 13). Research

highlights the need for investment in healthcare resources for this

population, as American Indian and Alaskan Native populations

face poorer cancer outcomes and inadequate screenings (14) The

instability in mortality trends among American Indian and Alaskan

Native patients underscores the need for sustained investment in

healthcare infrastructure within these communities. Programs such

as the “walking forward program” currently deployed in South

Dakota, show promise in decreasing stage-at-presentation and

increasing treatment options available for American Indian and

Alaskan Native patients (15).
FIGURE 5

Crude mortality rates of 10-year age groups.
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It has been established that older patients (e.g., 70+) tend to be

diagnosed with ovarian neoplasms at later stages of disease and likely

have worse outcomes compared to younger patients (16). Our analysis

seems to capture a similar picture when looking at ten-year age

stratification with regards to AAMR. For instance, between 1999 and

2013, the AAMR of patients between 25–35 years old had declined,

which then increased until 2023. However, we see a much higher

AAMR in patients between 55–64 years old. While it is promising that

each ten-year age category analyzed saw a decrease in overall ovarian

neoplasm-related mortality, likely due to overall improvements in

diagnostic and screening modalities and available treatment options,

much more work and research need to be done to identify more

effective diagnostic and treatment modalities to significantly reduce

ovarian neoplasm mortality rates among older populations.

Geographic variability further complicates the national picture.

While certain states, such as the District of Columbia, experienced

increases in ovarian cancer mortality, other states, such as South

Dakota, experienced steady declines in AAMRs throughout the

study period. Notably, there was no apparent relationship between

population distribution and mortality rates. This lack of correlation

is further supported by the urban/rural analysis, which revealed

consistent declines in AAMRs in both geographic settings (Rural

and Urban). While certain states like Montana, New Hampshire,

District of Columbia, Rhode Island, and West Virginia showed

overall decreases in mortality from 1999 to 2023, they have recently

started to display an increase in AAMRs. The District of Columbia

displays the most drastic change, as their AAMR has more than

doubled from 2020 to 2023. One possible explanation for this jump

in AAMR is the COVID-19 pandemic. It has been previously

established that overall cancer screenings and primary care visits

declined during the COVID-19 pandemic (17, 18). Which means

ovarian cancers that may have been detected and treated sooner

without the pandemic were caught later and at a more aggressive

stage – thus leading to increased mortality rates. However, further

research is necessary to ascertain why only select states across the

country with little association were directly affected by the increase

in AAMR. It may be possible that certain healthcare policies before,

during, and after this time period are influencing individual

states’ statistics.
Limitations

CDC WONDER, while offering useful public health data, may

have some limitations. This study examined long term trends

(1999-2023); thus it is important to recognize the fact that ICD

coding or population standard changes over time could have

influenced the comparability. For instance, while age, race, and

geography certainly contribute to the social determinants of health

that affect patient outcomes, many other factors that can impact

population health are not adequately quantified by this database.

For example, it is challenging to elucidate the impact of the COVID-

19 pandemic on mortality rates, which could skew aspects of our

analysis. Because the AAMRs calculated in this study utilize the US

Census Bureau population estimates as denominators, some trends
Frontiers in Oncology 07
in AAMR could also be impacted by unavoidable variations in

population counts. Additionally, barriers in access, affordability,

and availability of care may not be adequately explained by

geographic regions or race, which could be another potential

limitation of our study.
Conclusion

In conclusion, overall mortality rates due to ovarian neoplasms

have decreased between 1999 and 2023. The results of this study,

while only descriptive and hypothesis-driven rather than inferential,

appear to highlight recent improvements in ovarian cancer

mortality rates with regards to various demographic identifiers

such as race, age, and geographic location. One possible

explanation for this could be improvements in health disparities

due to more robust public health efforts to address them. However,

there are still many disparities that exist for patients of different age,

race, and geographic groups that warrant further investigation in

order to advance healthcare toward a more equitable future.
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