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ABSTRACT

Objective: This nationwide cohort study aimed to evaluate the cause-specific mortality 
(probability of death by ovarian cancer, probability of death by other causes) under the 
competing risks of death in women with ovarian cancer.
Methods: The Korea Central Cancer Registry was searched to identify women with primary 
ovarian cancer diagnosed between 2006 and 2016. Epithelial ovarian cancer cases were 
identified using the International Classification of Diseases for Oncology 3rd edition. We 
estimated the cause-specific mortality according to age (<65 years, ≥65 years), stage (local, 
regional, and distant), and histology (serous, mucinous, endometrioid, clear cell, and others) 
under the competing risks framework; moreover, cumulative incidences were estimated.
Results: We included 21,446 cases. Cause-specific mortality continuously increased 
throughout 10 year follow-up. Compared with women aged <65 years, ovarian cancer-specific 
mortality (5-year, 28.9% vs. 61.9%; 10-year, 39.0% vs. 68.6%, p<0.001) and other cause 
mortality (5-year, 1.7% vs. 4.8%; 10-year, 2.8% vs. 8.2%, p<0.001) increased in women 
aged ≥65 years. This trend was consistent across all the stages and histological types. There 
was a substantial increase in competing risks from 1.1% in women aged <65 years to 8.0% 
in women aged ≥65 years in patients with early-stage (p<0.001) non-serous ovarian cancer 
(p<0.001).
Conclusion: Older age at diagnosis is associated with increasing ovarian cancer-specific 
mortality and competing risks. Given the substantial effect of competing risks on elderly 
patients, there is a need for assessment tools to balance the beneficial and harmful effects to 
provide optimal treatment.
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INTRODUCTION

Worldwide, there are 313,959 new cases of ovarian cancer; moreover, in 2020, the estimated 
number of deaths was 207,252 [1]. This represents approximately 3% of all diagnosed 
cancer cases and makes it the eighth most prevalent cancer among women. In Korea, there 
were 2,898 new cases of ovarian cancer in 2018, which made it the third most common 
gynecological cancer and age-standardized incidence rate and mortality rate in 2018 was 
7.1 and 2.4, respectively [2]. Although ovarian cancer is not common, it is considered 
the most fatal gynecologic cancer. Ovarian cancer symptoms are generally vague, with 
the initial diagnosis in most patients being in the advanced stage. This results in a worse 
prognosis and the need for more complex treatment. Nonetheless, over the decades, 
there have been improved survival rates among patients with ovarian cancer attributable 
to maximal cytoreductive surgery with platinum-based cytotoxic chemotherapy, which is 
the standard treatment for ovarian cancer. With the improved survival rate and increased 
number of ovarian cancer survivors, there has been increased interest in competing risks 
from other mortality causes as well as ovarian cancer mortality. The competing risks from 
other mortality causes are the probability of death due to causes other than ovarian cancer. 
Comorbidities, treatment-related morbidities, frailty and old age are often related to 
non-cancer competing mortalities in cancer patients, leading to the increased interest in 
competing risks from other mortality causes, particularly in the elderly.

Ovarian cancer mainly develops in older women. According to the 2019 Surveillance, 
Epidemiology, and End Results (SEER) Cancer Statistics Review, the median age at diagnosis 
of ovarian cancer in the United States is 63 years [3]. Although the risk of developing ovarian 
cancer increases with age, there is a concomitant increase in the risk of developing other 
comorbidities. When evaluating cancer-specific mortality, it is important to consider that the 
mortality risk from causes other than the specific cancer type is generally much higher in older 
women than in younger women. This can be explained by competing risk, which is defined 
as “an event whose occurrence precludes the occurrence of the primary event of interest” [4]. 
Selective reporting without considering the competing mortality risk from other causes can 
result in biased conclusions. Moreover, information regarding the competing risk of death is 
particularly relevant when selecting treatment strategies for older patients with ovarian cancer 
to balance overtreatment and undertreatment. Given the recent emphasis on this concept, there 
are increasing studies on the competing risk for survival (or mortality) in patients with several 
types of solid cancer [5-10]. However, there have been no studies on this topic in patients with 
ovarian cancer [11]. Recently, a survival prediction nomogram in primary fallopian tube cancer 
patients using SEER database considering competing risk has been reported, but the study did 
not include cohort with ovarian cancer and did not report competing risk according to age [12]. 
Therefore, this study aimed to evaluate the cancer-specific mortality rate (probability of death 
by ovarian cancer) and competing risk of death (probability of death by other causes) in women 
with ovarian cancer stratified according to age, cancer stage, and histological type.
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Synopsis
This nationwide cohort study analyzed 21,446 women with primary ovarian cancer to 
evaluate survival and cause-specific competing mortality. Older age was associated with 
increasing both ovarian cancer-specific mortality and competing risks. Increased awareness 
of competing mortality is required for the optimal treatment decisions in the elderly.
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MATERIALS AND METHODS

1. Dataset
We obtained data from the Korea Central Cancer Registry (KCCR). The KCCR is a 
nationwide, population-based cancer registry that covers the entire South Korean 
population, collects information on approximately 98% of cancer cases in Korea, and 
publishes annual cancer statistics [13]. The completeness of the cancer incidence data for 
2016 was estimated as 98.2% based on the method proposed by Ajiki et al. [14]. Detailed 
information regarding the KCCR is provided elsewhere [15,16]. Patients diagnosed with 
ovarian cancer from January 1, 2006, to December 31, 2016, were included and followed up 
until December 31, 2017. We only included cases of epithelial ovarian cancer and excluded all 
cases of non-epithelial ovarian cancer. Primary ovarian cancer (C56) was defined following 
the International Classification of Diseases for Oncology 3rd edition. Moreover, tumors of 
the peritoneum (C48.1) and other unspecified female genital organs (C57) were included. We 
excluded sex cord stromal tumors (ICD-O-3 Mcode=8590) and germ cell tumors (ICD-O-3 
Mcode=9050-9055, 9060, 9070-9071, 9082, 9100). The mortality cases were registered 
with the cause of death following the International Classification of Diseases, 10th edition 
(ICD-10). KCCR data are linked to the mortality statistics provided by Statistics Korea, which 
collects data regarding mortality, including the cause of death, and annually reports the 
official cause of death statistics. For this study, we utilized available underlying cause of death 
information from the data.

2. Variables and statistical analyses
The KCCR provides individual patient-level data. Therefore, we extracted accurate 
clinicodemographic variables, including age at diagnosis, date of diagnosis, histological type, 
stage, date of death, and cause of death. Age at diagnosis was classified into two categories (<65 
years and ≥65 years), because most studies and guidelines suggest the age of 65 as the threshold 
to define the geriatric patients [17,18] Histological types were classified as serous, mucinous, 
endometrioid, clear, and others. Staging information was based on the SEER summary staging 
[19], which categorizes cancer spread from its origin (localized, regional, and distant). All-
cause survival was estimated and compared using the Kaplan–Meier method and log-rank test, 
respectively. Relative survival, which is defined as a ratio of the observed survival rate among 
women with cancer to the expected survival rate among age- and sex-matched individuals in 
the general population, was estimated using the Ederer II method [20] and compared using the 
log-rank type test [21,22]. Cause-specific mortality was defined as death resulting from ovarian 
cancer. In the analyses, death resulting from causes other than ovarian cancer was considered 
as a competing risk. The cumulative incidence function (CIF) was used to estimate the cause-
specific probability of death under the competing risks framework [23], with CIF comparisons 
being performed using Gray's test [24]. The effect of age at diagnosis on cause-specific 
mortality was assessed in patients with serous histology. All statistical tests were two-sided. 
Statistical significance was set at an alpha level of 0.05. Statistical analyses were performed 
using Statistics Analysis Systems 9.4 (SAS Institute Inc, Cary, NC, USA).

3. Ethics approval
The study protocol was approved by the institutional review board of the National Cancer 
Center (NCC2016-0041). This study used secondary de-identified data.
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RESULTS

1. Characteristics of the study population
This study included 21,446 women; average age was 54.1 (standard deviation=15.5). Among 
study population, 15,946 (74.4%) and 5,500 (25.7%) were aged <65 years and ≥65 years at 
diagnosis, respectively. Table 1 shows the baseline characteristics. Serous histology (43.3%) 
was the most common cancer type, followed by mucinous (10.8%), clear cell (8.3%), and 
endometrioid (7.0%). Distant disease (45.4%) was the most common finding at diagnosis. 
Patient characteristics for the age groups subdivided more precisely (≤34, 35–49, 50–64, 
65–79, ≥80) were provided in Table S1.

2. All-cause survival, cause-specific competing risks mortality according to 
age group and stage

All-cause survival decreased from 60.2% at 5 years after diagnosis to 49.3% at 10 years after 
diagnosis (Fig. 1A). The 5-year all-cause survival was significantly lower in women aged ≥65 
years (33.4%) than in women aged <65 years (69.4%) (p<0.001, log-rank test) (Fi.g 1B). Table 2  
shows the 5-year and 10-year all-cause survival and cause-specific mortality according to age, 
stage, and histology. The cause-specific mortality rate continued to increase at 10 follow-up 
years. Specifically, the 5-year cause-specific mortality was lower in women aged <65 years 
(28.9%) than in women aged ≥65 years (61.9%) (p<0.001). Moreover, the 10-year ovarian cancer 
mortality was lower in women aged <65 years (39.0%) than in women aged ≥65 years (68.6%) 
(p<0.001). Further, the 5-year and 10-year other-cause competing mortality risks were lower in 
women aged <65 years (1.7% and 2.8%, respectively) than in women aged ≥65 years (4.8% and 
8.2%, respectively; p<0.001) (Fig. 2).
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Table 1. Patients' characteristics of women with epithelial ovarian cancer, Korea Central Cancer Registry 2006–2016
Variables Values
Age at diagnosis (yr) 54.1±15.5*

<65 15,946 (74.4*)
≥65 5,500 (25.7*)

Stage
Localized 6,006 (28*)
Regional 3,723 (17.4*)
Distant 9,743 (45.4*)
Unknown 1,855 (9*)

Histology
Serous 9,284 (43.3*)
Endometrioid 1,509 (7.0*)
Clear 1,784 (8.3*)
Mucinous 2,310 (10.8*)
Others 6,559 (30.6*)

Alive 12,999 (60.6*)
Death 8,447 (39.4*)

Ovarian cancer death 7,863 (36.7*)
Non-ovarian cancer death 227 (1.1*)
Other causes death 357 (1.7*)

Heart diseases (I20-I51) 65 (18.2†)
Intentional self-harm (X60-X84)† 52 (14.6†)
Cerebrovascular diseases (I60-I69)† 49 (13.7†)
Diabetes mellitus (E10-E14)† 15 (4.2†)
Diseases of liver (K70-K76) 14 (3.9†)
Pneumonia (J12-J18) 12 (3.4†)
Other non-cancer causes 191 (53.5†)

Values are presented as number (%) or mean±standard deviation.
*Percentage of total patients (n=21,446); †Percentage of other causes death (n=357).
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Fig. 1. Observed survival of patients with epithelial ovarian cancer, Korea Central Cancer Registry 2006–2016. 
(A) All ages, (B) By age group

Table 2. Survival and competing risks probability of death by ovarian cancer and other-causes, Korea Central Cancer Registry 2006–2016
Characteristics All cause survival* (95% CI) Probability of death (95% CI)

Ovarian cancer† Other causes†

5-year 10-year p-value‡ 5-year 10-year p-value§ 5-year 10-year p-value§

Total 60.2 (59.5–61.0) 49.3 (48.4–50.3) 37.3 (36.6–38.0) 46.6 (45.7–47.4) 2.4 (2.2–2.7) 4.1 (3.7–4.5)
Age at diagnosis <0.001 <0.001 <0.001

<65 69.4 (68.6–70.2) 58.2 (57.2–59.3) 28.9 (28.1–29.7) 39.0 (38.0–40.0) 1.7 (1.5–1.9) 2.8 (2.4–3.1)
≥65 33.4 (32.0–34.8) 23.2 (21.6–24.8) 61.9 (60.4–63.3) 68.6 (67.1–70.2) 4.8 (4.2–5.4) 8.2 (7.1–9.3)

Histology <0.001 <0.001 <0.001
Serous 57.3 (56.1–58.5) 40.0 (38.4–41.5) 41.1 (39.9–42.3) 57.0 (55.4–58.5) 1.6 (1.3–1.9) 3.0 (2.5–3.7)
Endometrioid 80.9 (78.5–83.0) 71.0 (67.6–74.1) 17.3 (15.2–19.5) 25.2 (22.2–28.3) 1.8 (1.2–2.7) 3.8 (2.6–5.4)
Clear 75.6 (73.3–77.7) 71.2 (68.4–73.8) 23.6 (21.4–25.8) 27.0 (24.5–29.6) 0.9 (0.5–1.5) 1.8 (1.0–3.0)
Mucinous 75.9 (74.0–77.8) 69.2 (66.7–71.5) 21.8 (20.0–23.6) 26.1 (24–28.3) 2.3 (1.7–3.1) 4.7 (3.5–6.1)

Stage <0.001 <0.001 <0.001
Localized 88.2 (87.3–89.1) 82.5 (81.2–83.8) 9.8 (9.0–10.6) 12.9 (11.8–14.0) 2.0 (1.6–2.4) 4.6 (3.8–5.5)
Regional 72.2 (70.5–73.7) 61.5 (59.2–63.7) 25.8 (24.3–27.4) 35.3 (33.2–37.4) 2.0 (1.5–2.5) 3.2 (2.5–4.2)
Distant 39.6 (38.5–40.7) 24.4 (23.1–25.7) 58.0 (56.9–59.1) 72.1 (70.7–73.4) 2.4 (2.1–2.7) 3.5 (3.0–4.1)

CI, confidence interval.
*All cause survival was estimated by Kaplan-Meier estimator; †Probability of death under competing risks was estimated based on Surveillance, Epidemiology, 
and End Results cause-specific death classification variable and by Cumulative Incidence Competing Risk Methods; ‡Log-rank test; §Gray's test.
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Among all groups according to stage, compared with women aged <65 years, women aged 
≥65 years showed a significantly higher 5-year cause-specific mortality of ovarian cancer 
(25.0% vs. 7.1% for localized, p<0.001; 47.7% vs. 20.4% for regional, p<0.001; 68.9% vs. 
50.4% for distant, p<0.001, Gray's test) and 5-year other cause mortality (7.1% vs 1.1% for 
localized, p<0.001; 5.5% vs. 1.1% for regional, p<0.001; 3.1% vs 2.0% for distant; p<0.001, 
Gray's test) (Table 3). We provided all cause-survival, probability of death from ovarian cancer 
and other causes by the age groups (≤34, 35–49, 50–64, 65–79, ≥80) in Table S2 (which is an 
expansion of Table 3 to the more precise age groups).

3. Cause-specific competing risks mortality according to histology
Among all groups according to histology, compared with women aged <65 years, women 
aged ≥65 years showed a significantly higher 5-year cause-specific mortality of ovarian cancer 
(serous: 57.9% vs. 35.2%, p<0.001; mucinous: 38.2% vs 18.8%, p<0.001; endometrioid: 
30.2% vs. 15.1%, p<0.001; clear cell: 34.9% vs 22.8%, p=0.001) and 5-year other cause 
mortality (serous: 3.2% vs. 1.3%, p<0.001; mucinous: 6.2% vs. 1.5%, p<0.001; endometrioid: 
7.0% vs. 0.9%, p<0.001; clear cell: 3.8% vs. 0.7%, p<0.001) (Table 3). This trend was 
consistent after adjustment for the general life expectancy of each age group (relative 
survival) (Table S3).

Table S4 shows additional age-grouped analyses stratified according to serous and non-
serous histology and stage. Compared with women aged <65 years, women aged ≥65 years 
showed the most significant increase in the competing risk in the group with local stage non-
serous ovarian cancer (8.0% vs. 1.0%, p<0.001), with this increase being less prominent in 
the group with distant stage serous ovarian cancer (2.1% vs. 1.4%, p=0.010).
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Table 3. Survival and competing risks probability of death by ovarian cancer and other causes according to age group, Korea Central Cancer Registry 2006–2016
Characteristics All cause survival* (95% CI) Probability of death† (95% CI)

By ovarian cancer By other causes
5-year 10-year p-value‡ 5-year 10-year p-value§ 5-year 10-year p-value§

Age <65
Stage <0.001 <0.001 <0.001

Localized 91.8 (90.9–92.6) 87.4 (86.0–88.6) 7.1 (6.3–7.9) 10.0 (8.9–11.1) 1.1 (0.8–1.5) 2.6 (2.0–3.4)
Regional 78.5 (76.8–80.2) 68.1 (65.6–70.5) 20.4 (18.7–22.0) 30.1 (27.7–32.5) 1.1 (0.7–1.6) 1.8 (1.2–2.6)
Distant 47.7 (46.3–49.0) 30.0 (28.3–31.6) 50.4 (49.0–51.7) 67.1 (65.4–68.7) 2.0 (1.6–2.3) 3.0 (2.4–3.6)

Histology <0.001 <0.001 <0.001
Serous 63.4 (62.1–64.7) 45.3 (43.5–47.0) 35.2 (33.9–36.5) 52.4 (50.6–54.1) 1.3 (1.1–1.7) 2.4 (1.9–3.0)
Endometrioid 84.1 (81.7–86.1) 75.1 (71.6–78.2) 15.1 (13.0–17.3) 22.8 (19.7–26.0) 0.9 (0.5–1.6) 2.1 (1.2–3.4)
Clear 76.6 (74.3–78.8) 72.3 (69.4–75.0) 22.8 (20.6–25) 26.2 (23.6–28.9) 0.7 (0.3–1.3) 1.5 (0.7–2.8)
Mucinous 79.7 (77.6–81.5) 74.3 (71.7–76.6) 18.8 (17–20.7) 22.8 (20.6–25.1) 1.5 (1.0–2.3) 2.9 (1.9–4.3)

Age ≥65
Stage <0.001 <0.001 <0.001

Localized 67.8 (64.4–71.0) 55.0 (50.3–59.4) 25.0 (22.1–28.1) 29.2 (25.8–32.6) 7.1 (5.4–9.1) 15.8 (12.3–19.8)
Regional 46.9 (42.9–50.8) 35.3 (30.6–40.0) 47.7 (43.7–51.5) 55.9 (51.2–60.3) 5.5 (3.8–7.5) 8.9 (6.3–12.0)
Distant 21.8 (20.1–23.5) 11.8 (9.9–13.9) 68.9 (67.0–70.6) 82.7 (80.7–84.4) 3.1 (2.5–3.8) 4.2 (3.4–5.2)

Histology <0.001 <0.001 <0.001
Serous 38.9 (36.5–41.3) 24.6 (21.7–27.6) 57.9 (55.5–60.3) 68.8 (66.0–71.5) 3.2 (2.4–4.1) 6.6 (4.9–8.7)
Endometrioid 62.8 (55.1–69.6) 49.8 (40.7–58.4) 30.2 (23.5–37.1) 36.7 (29.2–44.3) 7.0 (3.8–11.5) 13.4 (7.5–21.0)
Clear 61.4 (50.4–70.6) 49.3 (36.8–60.7) 34.9 (25.1–44.8) 45.2 (32.9–56.8) 3.8 (1.2–8.8) 5.4 (1.9–11.8)
Mucinous 55.6 (49.9–60.9) 42.6 (35.7–49.3) 38.2 (32.9–43.5) 44.3 (38.2–50.1) 6.2 (3.8–9.4) 13.2 (8.5–18.8)

p-values from Log-rank test and Gray's test comparing age groups (Age <65 vs. Age ≥ 5) were less than 0.0001 except histology type clear (Log-rank test p=0.001, 
Gray's test of ovarian cancer death probability p=0.001).
CI, confidence interval.
*All cause survival was estimated by Kaplan-Meier estimator; †Probability of death under competing risks was estimated based on SEER cause-specific death 
classification variable and by Cumulative Incidence Competing Risk Methods; ‡Log-rank test; §Gray's test.



DISCUSSION

This nationwide population-based cohort study on 21,446 women with ovarian cancer 
showed a continuous increase in the cause-specific mortality at 10 follow-up years. Women 
aged ≥65 years at diagnosis showed an increase in cause-specific and other-cause mortality. 
The effect of increasing age at diagnosis on observed survival was consistent across the 
stages and histologies. Specifically, there was a more prominent effect size in endometrioid 
and mucinous histologies as well as the localized stage. Our results indicate the need for 
developing assessment tools for predicting both ovarian cancer-specific mortality and 
competing risk to balance the harms and benefits of standard treatment.

Well-designed clinical trials yield crucial reference-standard findings regarding the relative 
effect size in etiologic research. However, they are limited in terms of the inclusion criteria and 
exclusion of older or comorbid patients, who comprise a substantial proportion in real-world 
clinical practice [25]. Moreover, few studies have reported disease-related endpoints and 
performed competing risk analyses for appropriate estimation of cause-specific mortality. 
A recent systematic review of geriatric oncology trials reported that only 15 (36.6%) out of 
41 trials used disease-related endpoints to account for death from other causes; moreover, 
only one study employed statistical analysis addressing competing risks [11]. Contrastingly, 
large population-based cohort studies are much more representative of the real-world clinical 
practice given that they include patients generally excluded from clinical trials. In addition to 
these characteristics, this nationwide population-based cohort study ensured completeness 
of mortality data, including the mortality cause. Therefore, it is suitable to estimate cause-
specific mortality (or survival) while accounting for competing risk.

In this study, analysis using the CIF method revealed that the 5-year other causes (competing 
risk) mortality in women aged ≥65 years was 4.8%. This is lower than the values reported 
for patients with breast cancer (4.9% and 14.6% for patients aged 65–74 years and ≥75 
years, respectively) in a previous Dutch study [26]; however, it was still non-negligible in 
the analysis of cause-specific mortality. Furthermore, the 5-year competing risk increased 
by 7% in patients with endometroid and mucinous histologies. Additionally, this value 
increased to 7.1% in women aged ≥65 years with localized stage tumors with a relatively 
good prognosis while the 10-year other causes mortality increased to 15.8%. Similar to most 
solid cancers, there is an increased risk of developing ovarian cancer in elderly women, who 
also are at a high risk of comorbid diseases, which results in an increased competing risk. 
When estimating the cause-specific failure in patients with cancer, there is a need to use an 
appropriate statistical method that addresses competing risks to yield unskewed results. The 
Kaplan–Meier method is commonly used to assess the probability of failure in time-to-event 
data [27]. However, it censors patients who experienced competing events and generally 
leads to an overestimation of the absolute risk of the event of interest in case of existing 
competing risks. Contrastingly, the CIF assumes that patients with competing events are no 
longer at risk of the event of interest and provides appropriate estimates for the cumulative 
probability of cause-specific failure in the presence of competing risk [23,28]. Therefore, 
researchers should consider estimating the CIF under the competing risks framework.

The competing risk would be prominent in indolent cancer types, which involve a low 
probability of death from cancer. Additionally, it should be highlighted in populations with 
numerous concomitant diseases or older age where competing events are more frequent [6]. 
In this study, there was a substantial increase in competing risks in patients aged ≥65 years 
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with non-serous ovarian cancer. This might be explained by that non-serous histology such 
as mucinous or endometrioid is associated with long-term survival because they are typically 
also low-grade and low stage [29,30]. Moreover, for the advanced stage, the competing 
risks of patients ≥65 years and <65 years were similarly low (5-year CIF: 3.1% vs. 2.0%). This 
suggests that in older patients, the disease course of the advanced stage is not indolent and 
the cause-specific mortality is not outweighed by other-cause mortality. Similar to other 
metastatic diseases with a high probability of death from cancer itself, the issue of competing 
risk is not significantly involved in older populations with advanced-stage ovarian cancer.

In this study, older women had a higher ovarian cancer-specific mortality than younger 
women across the stages and histologies. This trend remained even after adjustment for 
the general life expectancy of each age group. These findings are consistent with those 
of a recently published cohort study using the SEER database on 49,932 women with 
ovarian cancer diagnosed from 1975 to 2011. In this previous study, survival decreased with 
increasing age across all stages; further, there was a more pronounced decrease in relative 
survival among women with advanced-stage tumors [31]. It remains unclear why older 
patients are at a higher risk of ovarian cancer mortality; however, there are several possible 
explanations. First, older women are more likely to be in advanced stages at diagnosis 
with adverse tumor biology [32]. Second, older women receive less definitive treatment, 
including the combination of surgery and chemotherapy, due to geriatric health conditions 
[33]. Third, there is scarce data regarding the tolerability and efficacy of emerging target 
therapy and immunotherapy in the elderly population, which impedes the provision of 
specific recommendations [34]. Based on the result from our study, the competing risk varies 
from individual to individual according to clinicopathologic characteristics including age, 
stage and histology. If the individual competing risk is expected to be low, same aggressive 
treatment strategy as in the younger patients including definitive and novel therapy should 
be considered in elderly patients. Therefore, to improve survival outcomes in older patients, 
future studies should develop a geriatric assessment tool for identifying elderly patients who 
could benefit from optimal treatment.

A strength of this nationwide population-based study is the inclusion of a large number 
of women with ovarian cancer and the availability of information regarding the cause of 
mortality. However, this study has several important limitations. First, there was limited 
clinical information, including weight, genetic tests for BRCA mutations, and postoperative 
residual tumor status. Although this did not considerably affect our analysis, this is an 
intrinsic limitation of using cohort data in the cancer registry database, KCCR. Moreover, 
we did not perform multivariable analysis with adjustment of relevant covariates to estimate 
the effect of prognostic factors for cause-specific mortality and remained as a future study. 
Second, there might have been misclassification of the cause of death based on death 
certificates, which might have led to the underestimation of non-cancer deaths. However, 
we used cause-of-death information from Statistics Korea, where the official causes of death 
statistics are annually reported in South Korea [35]. Further, we applied the SEER cause-
specific death classification algorithm for enhanced accuracy [36].

In conclusion, this nationwide population-based study compromises 21,446 women with 
ovarian cancer and the availability of information regarding the cause of mortality. Our 
findings showed that older age at diagnosis is associated with increasing cause-specific 
mortality and competing risks across the stages and histologies. Although there will be 
several limitations, this highlights that clinicians need to better understand biological 
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differences in tumors of older patients and develop better decision aids to discriminate 
those patients with prominent competing risk. Given the substantial effect of competing risk 
on older patients, there is a need for geriatric assessment tools for predicting both ovarian 
cancer-specific mortality and other cause mortality. These tools can be used to identify 
subgroups who could benefit from optimal treatment that balances the harms and benefits, 
and consequently improves survival in older patients.
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