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ABSTRACT

Objective: To estimate the impacts of nonovarian cancer-specific death (non-OCSD) and ovarian cancer-
specific death (OCSD) on early-stage patients, and to determine which statistical method yielded survival
results most similar to real-world situations. Methods: Data of patients with early-stage epithelial ovarian
cancer from 1988 to 2015 registered in the Surveillance, Epidemiology, and End Results database were ana-
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lyzed. The primary outcome events of epithelial ovarian cancer were OCSD, non-OCSD, or alive. Incidences
of non-OCSD and OCSD with different clinicopathological factors, cumulative incidences of non-OCSD and
OCSD, and overall survival impact of non-OCSD were analyzed. Results: A total of 1606 non-OCSD (8.9%)
and 3022 OCSDs (16.8%) were analyzed. Several independent features were associated with non-OCSD, in-
cluding age (>60 years), radiotherapy, and marital status. In patients with histology (eg, endometrioid or
mucinous), well-differentiated cells, stage I disease, or widowed marital status, as well as age older than
60, non-OCSD rates of all causes of death notably distorted overall survival, resulting in inaccurate and
biased interpretations. Conclusions: Overall survival was greatly influenced by non-OCSD in early epithelial
ovarian cancer. Future clinical trials should consider non-OCSD as a competing risk event, especially among
patients older than 60 years and those with well-differentiated cells, no chemotherapy, and widowed mar-
ital status.

© 2020 Elsevier Inc. All rights reserved.
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Background

Ovarian cancer is the fifth leading cause of cancer-related death among women and is the
most lethal gynecologic malignancy in the United States.! The latest cancer statistics show that
in 2019 approximately 22,530 women will be diagnosed, and 13,980 will die from this cancer.!
Epithelial ovarian cancer accounts for nearly 90% of all types of ovarian cancer; most women
diagnosed with ovarian cancer are in the advanced stage and have poor prognosis.? Less than
30% of patients are diagnosed in the early-stage, and their 5-year survival rate is significantly
higher.?

For epithelial ovarian carcinoma, surgery remains the cornerstone of treatment,* supple-
mented by chemotherapy and targeted therapy.” Overall survival (0S) is considered the most
critical and direct benefit indicator for all kinds of clinical studies.” However, inconsistencies in
observed OS in the existing literature have led to multiple controversies. Two large European
studies (ACTION and ICON1) previously demonstrated the vital value of adjuvant chemotherapy
in early-stage ovarian cancer.”>* Chemotherapy based on platinum could lead to an improvement
of OS and an absolute benefit in disease-free survival at 5 years. Nevertheless, the results of this
treatment in subgroups of women with early ovarian cancer according to the level of risk are
inconsistent. Previous studies'” reported that ICON1 showed no significant difference in OS be-
tween those who did and did not receive adjuvant chemotherapy among women at low (stage
IA, G1) and medium risk (stage IA, G2, and stage IB/IC G1). However, Chatterjee et al. found that
the association between chemotherapy and improved survival among intermediate-risk (stage
IA or IB, G2) patients remained significant.'’ Hence, the precise role of adjuvant therapy in sub-
groups of patients with early ovarian cancer is still controversial.'’-13

For most patients with solid tumors, causes of death apart from cancer become more com-
mon as the time from treatment to follow up increases. This phenomenon can be observed in
patients with pediatric cancer,' head and neck cancer,’” breast cancer '® and so on. Dinkel-
spiel et al.'” found that the probability of mortality due to ovarian cancer decreases with time,
and nonovarian cancer-specific death (non-OCSD) increases notably in all stage ovarian cancer
patients. OS based on all causes of death (ACD), which fails to consider the interference of non-
cancer deaths, may lead to huge biases between research results and facts. Moreover, the po-
tential factors that contribute to non-OCSD in early-stage patients are still undefined. Therefore,
competitive risk models were advocated to obtain reliable results that are similar to real-world
situations, and help physicians in designing more targeted studies and survival strategies for
treatment.'®:1 In this large-scale population-based study, the impacts of non-OCSD and ovarian
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cancer-specific death (OCSD) in early-stage patients were estimated through a comparison of Cox
regression model and competing risk model to identify a more suitable statistically approach for
obtaining more accurate survival results.

Methods
Inclusion and Exclusion Criteria

The data for this analysis was obtained from the surveillance, epidemiology, and end results
(SEER) database by the National Cancer Institute (reference number 14047-Nov2017). The study
was approved by the ethics committee of The Fifth Affiliated Hospital Sun Yat-sen University.
Patients diagnosed with ovarian cancer from January 1988 to December 2015 were identified
and collected using the SEER*Stat software. The year and age at diagnosis, sex, race recode, tu-
mor grade, histological type, American Joint Committee on Cancer (AJCC) stage, radiation sta-
tus, chemotherapy status, surgery status, cause of death, months of survival, sequence number,
first malignant primary indicator, and marital status at diagnosis were retrieved from the SEER
database. The specific inclusion criteria were as follows: (1) ovarian cancer site record of the
third revision of International Classification of Diseases for Oncology (ICD-0-3) was C56.9; (2)
histological type (ICD-O-3) limited to epithelial ovarian tumors based on the World Health Or-
ganization criteria, including serous, mucinous, endometrioid, clear-cell, and epithelial tumors
not otherwise specified; (3) AJCC stage (3rd edition or 7th edition) limited to stage I-II; 4) ovar-
ian cancer as the first primary cancer. The exclusion criteria were survival for less than 1 month
or cause of death recorded as not available or unspecified cause of death. Median follow-up was
67 months (interquartile range, 28-128).

Patient Characteristics

Age was categorized into youngest (<40 years), older (40-60 years), or oldest (>60 years).
Race was recorded as white, black, other, and unknown. Histology included serous, endometri-
oid, mucinous, clear-cell, and epithelial tumors not otherwise specified. The grade was recorded
as G1 (well-differentiated), G2 (moderately differentiated), G3 (poorly differentiated), G4 (undif-
ferentiated), and unknown. Surgery, chemotherapy, and radiotherapy were respectively classified
as yes (with administration) or no (without administration). The marital status was recorded as
married, single, divorced, widowed, and unknown. Cases were considered as OCSD if the cause
of death was reported as ovarian cancer. Non-OCSD causes included all malignant tumors with
the exception of ovarian cancer, cardiovascular diseases (disease of heart, hypertension without
heart disease, cerebrovascular diseases, atherosclerosis, aortic aneurysm, and dissection), other
chronic diseases (diabetes mellitus, Alzheimer’s disease, chronic obstructive pulmonary disease
and allied conditions, chronic liver disease and cirrhosis, nephritis, nephrotic syndrome, nephro-
sis etc.), and other deaths of specified causes (none of the above categories). All finally included
cases were regrouped according to the AJCC staging system (7th edition).

Statistical Analysis

The incidence rate between non-OCSD and variables was analyzed using binary logistic re-
gression. The Kaplan-Meier method was used to assess the 5-year and 10-year non-OCSD rates
and the cumulative incidence of ACD. The effect of non-OCSD on OS was evaluated by non-OCSD
to ACD ratio. The cumulative incidence of OCSD or non-OCSD was calculated using the Gray
test.?0 Specific causes of death were showed by stacked cumulative incidence function plots. Cox
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regression model was used to analyze the hazard ratio (HR) of risk factors for ACD and the sub-
distribution hazard ratio (SHR) of risk factors for cause-specific death was calculated using the
competing regression model.’! Both the Cox regression model and the competing model were
performed using STATA 15.0 software. All plots were developed by cmprsk and survival packages
in R software (R-3.5.3) (http://www.r-project.org). All statistical tests were 2-sided and P values
less than 0.05 were considered statistically significant.

Results
Characteristics of Patients

A total of 18,037 eligible patients with early-stage epithelial ovarian cancer were identified
between 1988 and 2015. The cohort included 13,263 stage I and 4774 stage II patients. Median
follow-up was 74 months (interquartile range, 3-136) for patients with stage I and 51 months
(interquartile range, 21-104) for patients with stage II. Overall, 1606 (8.9%) and 3022 (16.8%)
patients underwent non-OCSD and OCSD, respectively (74.3% of the cases were considered as
censored events). A censored event is data obtained during the observation that a death event
has not been observed. The median age was 55 (interquartile range, 47-66) years.

Association of Patients’ Clinicopathological Characteristics with Non-OCSD

Univariate binary logistic regression analysis indicated that non-OCSD was associated more
with age, endometrioid or mucinous histological type, well-differentiated tumor, stage I, the ad-
ministration of surgery, no chemotherapy, and widowed marital status. The association between
AJCC sub-stagings and non-OSCD is presented in Supplementary Table 1. The above variables
were mostly preserved in the multiple regression model, except for the mucinous histological
type. Alternatively, divorced marital status was had a higher association with non-OCSDs in the
multiple regression model. The results indicated that age, histology, pathological grade, AJCC
stage, surgery, chemotherapy, and marital status were the dominating independent prognostic
factors of non-OCSD (Table 1).

The other causes of death are listed and stratified by the therapy method (for more de-
tails see, Table 2). The leading causes of non-OCSDs were cardiovascular diseases. Other chronic
diseases and other deaths of specified causes were also common causes of non-OCSD. More
patients died of cardiovascular diseases and other chronic diseases in the no-radiotherapy or
no-chemotherapy subgroup vs the radiotherapy or chemotherapy subgroups. On the contrary,
most of the patients with surgery died from these 2 causes (Table 2). The detailed results of
treatment in AJCC sub-stagings are shown in Supplementary Table 2.

Cumulative Incidence of Non-OCSD With Clinicopathological Characteristics (Competing Model)

The Gray test showed that the cumulative incidence of non-OCSD was higher in the following
variables: oldest age (Fig 1a), with radiotherapy (Fig 1b), no chemotherapy (Fig 1c), and divorced
or widowed status (Fig 1d). The cumulative incidence of non-OCSD was higher in the no-surgery
group than in the surgery group before 200 months (Supplementary Fig 1d). The univariate anal-
ysis indicated that age, race, histology, surgery, radiotherapy, chemotherapy, and marital status
were associated with non-OCSD (Table 3). The multivariate analyses displayed that age, race, ra-
diotherapy, chemotherapy, and marital status were the most important independent predictors
of the cumulative incidence of non-OCSD (Table 3). Interestingly, there was no significant differ-
ence between stage | and stage Il in the cumulative incidence of non-OCSD (Fig 2a). Relative to
stage II, the cumulative incidence was higher at stage I with SHRs of 1.416 (95% CI, 1.249-1.607,
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Table 1

Associations patients’ clinicopathological characteristics with nonovarian cancer-specific death

Variables Total No. (%) Univariate analysis Multivariate analysis
(n=18,037) 0CSD (n=3022 [16.8%]) Non-OCSD (n— 1606 [8.9%]) OR (95% CI) P OR (95% CI) P
Age
<40 (Yongest) 2160 196 (9.1) 38 (1.8) 1 — 1 -
40-60 (Older) 9467 1332 (14.1) 379 (4.0) 1468 (1.018-2.116) 0.04 2.036 (1.375-3.014) <0.001
>60 (Oldest) 6410 1494 (23.3) 1189 (18.5) 4105 (2.876-5.858) <0.001 5.612 (3.791-8.308) <0.001
Race
Black 1057 248 (23.5) 116 (11.0) 1 - -
White 14,787 2503 (16.9) 1375 (9.3) 1.174 (0.933-1.478) 0.171 — -
Other 2084 269 (12.9) 114 (5.5) 0.906 (0.664-1.236) 0.534 - -
Unknown 109 2(18) 1(0.9) 1.069 (0.096-11.908) 0.957 - -
Histology
Serous 5236 1154 (22.0) 502 (9.6) 1 - 1 -
Endometrioid 4317 447 (104) 396 (9.2) 2.037 (1.716-2.417) <0.001 1.713 (1.409-2.082) <0.001
Mucinous 3009 281 (9.3) 312 (10.4) 2.552 (2.106-3.093) <0.001 1.658 (1.316-2.088) 0.537
Clear-cell 3611 563 (15.6) 204 (5.6) 0.833 (0.688-1.009) 0.061 0.933 (0.750-1.162) 0.283
Not otherwise specified 1864 577 (31.0) 192 (10.3) 0.765 (0.630-0.929) 0.007 0.883 (0.703-1.109) <0.001
Grade
Gl 3338 214 (6.4) 288 (8.6) 1 - 1 -
G2 4251 592 (13.9) 419 (9.9) 0.526 (0.423-0.653) <0.001 0.663 (0.518-0.848) 0.001
G3 4471 1096 (24.5) 384 (8.6) 0.260 (0.211-0.322) <0.001 0.463 (0.360-0.595) <0.001
G4 1869 366 (19.6) 96 (5.1) 0.195 (0.146-0.259) <0.001 0.412 (0.296-0.572) <0.001
Unknown 4108 754 (18.4) 419 (10.2) 0.413 (0.334-0.511) <0.001 0.726 (0.561-0.940) <0.001
AJCC stage
I 13,263 1561 (11.8) 1177 (8.9) 1 - 1 -
Il 4774 1461 (30.6) 429 (9.0) 0.389 (0.341-0.444) <0.001 0.525 (0.452-0.611) <0.001
Surgery
No 422 287 (68.0) 68 (16.1) 1 - 1 -
Yes 17,615 2735 (15.5) 1538 (8.7) 2.373 (1.809-3.114) <0.001 2.404 (1.710-3.378) <0.001
Radiotherapy
No 17,837 2944 (16.5) 1574 (8.8) 1 - - -
Yes 200 78 (39.0) 32 (16.0) 0.767 (0.506-1.163) 0.212 - -
Chemotherapy
No 8240 982 (11.9) 993 (12.1) 1 - 1
Yes 9797 2040 (20.8) 613 (6.3) 0.297 (0.262-0.337) <0.001 0.457 (0.397-0.527) <0.001
Marital status
Married 9685 1477 (15.3) 652 (6.7) 1 - 1 -
Single 4004 597 (14.9) 243 (6.1) 0.922 (0.774-1.099) 0.364 1.080 (0.885-1.320) 0.448
Divorced 1648 285 (17.3) 154 (9.3) 1.224 (0.986-1.520) 0.067 1.284 (1.005-1.640) 0.046
Widowed 2016 562 (27.9) 507 (25.1) 2.044 (1.757-2.378) <0.001 1.338 (1.119-1.601) 0.001
Unknown 684 101 (14.8) 50 (7.3) 1.121 (0.789-1.593) 0.522 1.198 (0.809-1.773) 0.368
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Notes: The univariate and multivariate analyses were conducted with the binary logistic regression model.
Abbreviations: Cl, confidence interval; G1, well differentiated; G2, moderately differentiated; G3, Poorly differentiated; G4, undifferentiated.; Non-OCSD, Nonovarian cancer specific
death; OCSD, ovarian cancer-specific death; OR, odds ratio.



Table 2
Detailed causes of death

Total, No. (%)

Administration of

Administration of

Administration of surgery, No.

radiotherapy, No. (%) chemotherapy, No. (%) (%)

Without With Without With Without With
Alive 13,409 (74.3) 13,319 90 (45.0) 6265 7144 67 (15.9) 13,342

(74.7) (76.0) (72.9) (75.7)
0CSD 3022 (16.8) 2944 78 (39.0) 982 (11.9) 2040 287 2735

(16.5) (20.8) (68.0) (15.5)
Non-OCSD 1606 (8.9) 1574 (8.8) 32 (16.0) 993 (12.1) 613 (6.3) 68 (16.1) 1538

(8.7)

Other cancers 78 (0.4) 76 (0.4) 2 (1.0) 42 (0.5) 36 (0.4) 15 (3.6) 63 (0.4)
Cardiovascular diseases 646 (3.6) 635 (3.6) 11 (5.5) 419 (5.1) 227 (2.3) 18 (4.3) 628 (3.6)
Other chronic diseases 488 (2.7) 476 (2.7) 12 (6.0) 292 (3.5) 196 (2.0) 24 (5.7) 464 (2.6)
Other deaths of specified causes 394 (2.2) 387 (2.2) 7 (3.5) 240 (2.9) 154 (1.6) 11 (2.6) 383 (2.2)

Abbreviations: Non-OCSD, Nonovarian cancer specific death; OCSD, ovarian cancer-specific death.
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Fig. 1. Effects of age, radiotherapy, chemotherapy, and marital status on non-OCSD and OCSD according to the Gray
method. (a) The youngest patients with epithelial ovarian cancer (<40 years) were used as the reference; the oldest pa-
tients (>60 years) and the older patients (40-60 years) had more non-OCSDs with SHRs of 13.610 (95% CI, 9.860-18.785)
and 2.551 (95% CI, 1.828-3.559), respectively (P < 0.001), and also had more OCSDs, with SHRs of 2.920 (95% CI, 2.517-
3.388) and 1.623 (95% CI, 1.398-1.884), respectively (P < 0.001). (b) The administration of radiotherapy corresponded to
a risk of more non-OCSD (SHR, 1.455; 95% CI, 1.039-2.038; P=0.029) and more OCSD (SHR, 2.440; 95 %CI, 1.940-3.069; P
< 0.001). (c) With the administration of chemotherapy, the risk of non-OCSD was lower (SHR, 0.569; 95% CI, 0.515-0.629;
P < 0.001), but the risk of OCSD was higher (SHR, 1.992; 95%Cl, 1.844-2.151; P < 0.001). (d) Divorced and widowed pa-
tients had more non-OCSDs with SHRs of 1.478 (95% CI, 1.242-1.760) and 4.027 (95% CI, 3.592-4.515), respectively (P <
0.001). Divorced and widowed patients had more OCSDs with SHRs of 1.172 (95% CI, 1.033-1.330; P=0.014) and 1.940
(95% CI, 1.758-2.143; P < 0.001), respectively. Married patients were used as the reference. OCSD, ovarian cancer-specific
death; non-OCSD, nonovarian cancer-specific death; CI, confidence interval; SHR, subdistribution hazard ratio.

P < 0.001) in the oldest subgroup (Fig 2b). See Table 3 and Supplementary Figure 1 for the plots
and other detailed variables related to the cumulative incidence of non-OCSD.

Comparison of Cox Regression Model and Competing Risk Model

Cox regression model presented that the oldest subgroup had a more adverse outcome than
the youngest one that used as the reference and the odds ratio (OR) of ACD was 5.443(95% CI,
4.760-6.224) for the oldest one. The cumulative incidence of ACD for 3 age groups is presented
in Figure 2d. The AJCC stage of ACD for stage Il patients (vs stage I patients) was 2.402(95%
Cl, 2.265-2.548), and there was a much higher risk of ACD for stage Il patients vs the stage I
patients based on the Kaplan-Meier curves (Fig 2c). Univariate and multivariate analyses for ACD
were calculated by Cox regression model, and other detailed data are shown in Supplementary
Table 3, and Supplementary Figures 1-3.

However, outcomes from the competing model were noteworthy. The risk of oldest subgroup
increased significantly for non-OCSD compared with the youngest one 13.610 (95% CI, 9.860-
18.785), and the risk of OCSD (vs youngest) was 2.920 (95% CI, 2.517-3.388). The cumulative
incidence curves of non-OCSD, according to the Gray test, crossed closely for stage I and stage II
(Fig 2a), while 2 lines clearly separated after adjustment of age (Fig 2b). The SHR of non-OCSD
(vs stage I) was 1.051 (95% Cl, 0.941-1.174, P=0.376) without adjustments, whereas the SHR after
adjustments for age was 1.416 (95% CI, 1.249-1.607, P < 0.001). Moreover, the chemotherapy
group had a lower non-OCSD rate (SHR, 0.569; 95% CI, 0.515-0.629, P < 0.001) but a higher



8 D. Dai, T. Deng and B. Wang et al./Current Problems in Cancer 45 (2021) 100621

Table 3

Nonovarian cancer specific death in univariate and multivariate analyses: a competing risk regression model

Variables Univariate analysis Multivariate analysis
SHR (95% CI) P SHR (95% CI) P
Age (year)
<40 (Yongest) 1 - 1 -
40-60 (Older) 2.551 (1.828-3.559) <0.001 3.003 (2.137-4.218) <0.001
>60 (Oldest) 13.610 (9.860-18.785) <0.001 13.762 (9.844-19.239) <0.001
Race
Black 1 - 1 -
White 0.864 (0.714-1.044) 0.131 0.861 (0.715-1.038) 0.118
Other 0.528 (0.408-0.684) <0.001 0.689 (0.533-0.892) 0.005
Unknown 0.119 (0.016-0.862) 0.035 0.144 (0.019-1.068) 0.058
Histology
Serous 1 — — -
Endometrioid 0.948 (0.832-1.081) 0.426 - -
Mucinous 1.035 (0.890-1.190) 0.634 - -
Clear-cell 0.658 (0.560-0.773) <0.001 - —
Not otherwise specified 1.033 (0.874-1.222) 0.701 — -
Grade
G1 1 — - —
G2 1.129 (0.973-1.310) 0.110 - —
G3 1.074 (0.923-1.250) 0.359 — -
G4 0.825 (0.655-1.038) 0.100 — —
Unknown 1.162 (1.000-1.349) 0.049 - -
AJCC stage
I 1 — 1 -
1l 1.051 (0.941-1.174) 0.376
Surgery
No 1 — 1 -
Yes 0.516 (0.398-0.669) <0.001 1.010 (0.759-1.345) 0.945
Radiotherapy
No 1 — 1 —
Yes 1.455 (1.039-2.038) 0.029 1.539 (1.107-2.139) 0.010
Chemotherapy
No 1 - 1 —
Yes 0.569 (0.515-0.629) <0.001 0.603 (0.545-0.667) <0.001
Marital status
Married 1 — 1 —
Single 0.957 (0.826-1.108) 0.552 1.283 (1.107-1.487) 0.001
Divorced 1.478 (1.242-1.760) <0.001 1.298 (1.090-1.545) 0.003
Widowed 4.027 (3.592-4.515) <0.001 1.883 (1.670-2.122) <0.001
Unknown 1.315 (0.985-1.756) 0.063 1.241 (0.934-1.649) 0.137

Notes:The univariate and multivariate analyses were performed with the Gray method and the Fine-Gray proportional
hazards model.

Abbreviations:AJCC, American Joint Committee on Cancer; CI, confidence interval; G1, well differentiated; G2, moderately
differentiated; G3, Poorly differentiated; G4, undifferentiated; SHR, subdistribution hazard ratio.

OCSD rate (SHR, 1.992; 95% CI, 1.844-2.151, P < 0.001) than the no-chemotherapy group. Other
detailed results of OCSD for the competing risk model are shown in Supplementary Table 4.

Impact of Non-OCSD on OS

A Kaplan-Meier failure function was used to analyze the 5-year and 10-year probabilities of
non-0CSD and ACD (Table 4). The ratio of non-OCSDs to ACD was higher than 0.5 for patients in
the oldest subgroup, as well as for patients with well-differentiated tumor cells, no chemother-
apy, and widowed status. Whereas, the ratio was lower than 0.3 for patients with stage Il and
poorly differentiated tumors (Table 4).



D. Dai, T. Deng and B. Wang et al./Current Problems in Cancer 45 (2021) 100621 9

a b
2 =
- : : — 1+OCSD - T — 1+0CSD
“:‘3 w | AJCC in all patients = hoch ﬂé - AJCC in oldest subgroup = o
5 I+Non-0CSD 3 S I+Non-OCSD
o I11Non OCSD =N I1+Non-OCSD
£ S £ S
o o e
E £z
= =
=5 3 A
g ° g o
32 32
r T T T T T T 1 r T T T T T T 1
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Time (Months) Time(Months)
¢ d
= =)
— . o — — Youngest+ALL cause of death
8 » | AJCC — THALL causc of death S oo | ABE  OuertALL cause of death
§ S — I+ALL cause of death S Oldest+ALL cause of death
'S o 2 o
g o .o
o > <
23 £ 3
s o E g
g2 R °
83 =
T T T T T T T 1
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Time (Months) Time(Months)

Fig. 2. Influences of the clinical staging on non-OCSD and OCSD according to the Gray method and influences of the
clinical staging and age on all causes of death according to the Kaplan-Meier method. (a) The cumulative incidence
function of non-OCSD was not related to the clinical staging (SHR, 1.051; 95% CI, 0.941-1.174; P=0.376), but was related
to a higher number of OCSDs (SHR, 3.014; 95% CI, 2.807-3.236; P < 0.001). (b) Patients with stage II ovarian cancer
had fewer non-OCSDs (SHR, 0.706; 95% CI, 0.622-0.801; P < 0.001) than stage I patients in the subgroup with the
oldest patients, but more OCSDs (SHR, 2.681; 95% CI, 2.422-2.968; P < 0.001). (c) The hazard ratio (based on the Cox
regression model) of all causes of death for the AJCC staging (with stage I as the reference) was 2.402 (95% Cl, 2.265-
2.548), and the 2 curves of all causes of death (based on the Kaplan-Meier method) for stage I and stage II patients
were clearly separated. (d) The curves based on the Kaplan-Meier method showed that the eldest patients had the most
deaths than the other groups. The hazard ratio (based on the Cox regression model) of all causes of death was 1.877
(95% CI, 1.637-2.152) for elderly patients (with younger patients as the reference). OCSD, ovarian cancer-specific death;
non-0OCSD, nonovarian cancer-specific death; CI, confidence interval; SHR, subdistribution hazard ratio; AJCC, American
Joint Committee on Cancer.

The stacked cumulative incidence function plots presented the risk of cause-specific death.
For the oldest subgroup (Fig 3a), endometrioid ovarian cancer patients (Fig 3b) and patients with
stage 1 (Fig 3e), the risk of non-OCSD exceeded OCSD at approximately 175 months. Likewise,
the 2 curves crossed at about 150 months for the mucinous subgroup (Fig 3c) and widowed
patients (Fig 3f). For the well-differentiated subgroup, the risk of non-OCSD exceeded OCSD at
100 months (Fig 3d).

Discussion
Principal Findings

This study demonstrates that nonspecific death is a predominant confounding factor in the
calculation of OS, so non-OCSD is of great significance to the prognosis assessment of patients
with early epithelial ovarian cancer. According to the competing risk model, the outcome of the
0S could reflect the impact of the observed disease itself. However, the use of the 0S-based
Kaplan-Meier method would result in biased outcomes, and under- or over-estimate the effica-
cies of treatment approaches determined by ACD as the primary observation ending of survival
rates. This has triggered many controversial issues related to survival, which in turn negatively
affect clinical decision-making.

This was the large-scale study focusing on risk factors of non-OCSD on OS, comparing sur-
vival analyses, and comparing competing risk analyses for early-stage epithelial ovarian cancer.
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Table 4
Impact of non-OCSD on all causes of death
Variables No. Non-OCSD  ACD at 5 Non-OCSD/ Non-OCSD  ACD at 10 Non-OCSD/
at 5y (%) y (%) ACDat5y at10y (%) vy (%) ACD at 10y
Total 18,037 4.78 19.24 0.25 10.56 30.18 0.35
Age
<40 (Yongest) 2160  0.81 8.47 0.10 1.80 12.82 0.14
40-60 (Older) 9467 223 1411 0.16 442 21.97 0.20
>60 (Oldest) 6410 10.32 30.46 0.34 24.53 48.36 0.51
Race
Black 1057 701 27.39 0.26 13.32 39.58 0.34
White 14,787 4.93 19.37 0.25 11.03 30.66 0.36
Other 2084  2.68 14.70 0.18 6.16 22.47 0.27
Unknown 109 1.52 3.18 0.48 1.52 5.55 0.27
Histology
Serous 5236  5.37 2319 0.23 11.70 38.12 0.31
Endometrioid 4317 456 12.36 0.37 10.83 23.10 0.47
Mucinous 3009 434 12.81 0.34 10.80 21.60 0.50
Clear-cell 3611 3.22 18.42 0.17 7.02 26.42 0.27
Not otherwise specified 1864 7.42 35.65 0.21 12.45 44.37 0.28
Grade
G1 3338 355 8.83 0.40 9.28 16.48 0.56
G2 4251 4.54 15.35 0.30 10.49 26.66 0.39
G3 4471 493 25.39 0.19 11.59 40.61 0.29
G4 1869 418 2493 0.17 9.81 37.80 0.26
Unknown 4108 6.15 22.76 0.27 11.04 31.00 0.36
AJCC stage
I 13,263 4.14 14.13 0.29 9.83 23.59 0.42
Il 4774  6.75 3348 0.20 12.95 48.57 0.27
Surgery
No 422 30.73 86.17 0.36 38.92 89.02 0.44
Yes 17615 4.44 17.61 0.25 10.22 28.74 0.36
Radiotherapy
No 17,837 4.76 19.00 0.25 10.51 29.88 0.35
Yes 200 6.93 39.25 0.18 15.37 53.28 0.29
Chemotherapy
No 8240  6.07 16.08 0.38 12.74 25.57 0.50
Yes 9797  3.63 22.10 0.16 8.39 34.40 0.24
Marital status
Married 9685  3.21 15.80 0.20 7.28 25.87 0.28
Single 4004 3.70 17.49 0.21 715 25.41 0.28
Divorced 1648  4.78 19.75 0.24 12.08 31.98 0.38
Widowed 2016 14.95 38.36 0.39 32.86 56.60 0.58
Unknown 684 4.97 18.35 0.27 11.05 29.25 0.38

Notes: The univariate and multivariate analyses were conducted with the binary logistic regression model.
Abbreviations:Cl, confidence interval; G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; G4,
undifferentiated; Non-OCSD, Nonovarian cancer specific death; OCSD, ovarian cancer-specific death; OR, odds ratio.

Our results showed that the impact of confounding causes of death could be balanced using
a competing risk regression model, which could help to obtain results more similar to those of
the real world and to solve some of the controversies caused by differences in survival outcomes.
The risk factors of nonspecific death, which have not been sufficiently investigated by previous
studies, should receive more attention in future follow-up research on high-risk populations.

Results of the Study in the Context of Previous Research

At present, a multitude of clinical studies still use ACD as the primary observation endpoint
of 0S, and evaluation criteria is based on whether the difference of OS is significant.?>-*> Some
researchers have questioned whether the OS calculated by ACD could be used to correctly in-
terpret real results.'5:26:27 Therefore, the impact of other causes of death on the entire survival
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Fig. 3. Stacked cumulative incidence plots. (a) For the oldest subgroup, the non-OCSD and OCSD curves crossed at ap-
proximately 175 months. (b) For patients with endometrioid ovarian cancer, the risk of non-OCSD increased rapidly after
almost 175 months. (c) For the mucinous subgroup, the non-OCSD curve exceeded the OCSD at 150 months, and the
2 curves clearly separated. (d) For the well-differentiated subgroup, the risk of OCSD was exceeded by the risk of non-
OCSD at the beginning of follow-up. (E) In stage I, the non-OCSD and OCSD curves crossed at approximately 200 months.
(F) For widowed patients, the risk of non-OCSD surpassed the OCSD at approximately 150 months. OCSD, ovarian cancer-
specific death; non-OCSD, nonovarian cancer-specific death.

spectrum should not be underestimated. Previous literature implied that cardiovascular mortal-
ity and other chronic diseases cannot be ignored, as they contribute to a significant number of
deaths in women with early-stage ovarian cancer !7; our study revealed a similar situation.
Another major issue is the impact of effect of nonspecific death on OS of patients undergoing
adjuvant chemotherapy. The ICON?7 trial previously reported 28 that the addition of bevacizumab
to standard chemotherapy could improve progression-free survival in patients with advanced
ovarian cancer, whereas the whole population analysis failed to show an improvement in 0S.2°
It is noteworthy that in subgroup analyses, an OS benefit was observed in high-risk patients, but
not in non-high-risk patients. The reason that the benefit of progression-free survival cannot be
translated into an improvement of OS is not clear. Moreover, another study found that in high-
risk patients (stage IC/IIA and grade 2 or 3), the administration of 6 cycles paclitaxel/carboplatin
chemotherapy was associated with a significantly lower relapse rate vs 4 cycles of chemother-
apy; this benefit was only observed after 2 years (3% vs 18%; P=0.013), and vanished at 5 years
(23% vs 25%; P=0.797).30 Nevertheless, in this study, significantly increment of non-OCSD was
observed in patients with well-differentiated tumors and stage I patients over time; this change
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was more significant in the oldest subgroup. That is, the mortality risks of non-high-risk patients
from other causes were found to outweigh the risk from ovarian cancer. This indicates that OS
may be diluted by non-OCSD and may partly explain why there was no statistical difference in
OS for the above studies.

In addition, our study also showed that non-OCSD was more significantly associated with no
chemotherapy, cardiovascular diseases in particular, and other chronic diseases. This is consis-
tent with a previous study, which reported that patients with early-stage ovarian cancer with
adequate surgical staging might not need adjuvant chemotherapy.?! Meanwhile, early-stage tu-
mors typically respond well to treatment, and some histological subtypes have greater than 90%
5-year survival rates.>> Deaths from other causes would be more frequent than ovarian cancer
for patients with stage I tumors 7 years after diagnosis, and patients with stage II tumors 10
years after diagnosis.”” This may be related to the phenomenon of nonchemotherapy patients
having more non-OCSD.

Interestingly, in the current study, marital status was also one of the primary influence factors
for non-OCSD; this is a factor that has frequently been ignored in previous research. A previous
SEER study reported that married patients were less likely to die after being diagnosed with
cancer, based on an identification of 1,260,898 patients with the top ten 10 causes of cancer-
related deaths.>> However, the association of non-OCSD with clinicopathological factors did not
to be confirmed by further analysis in the abovementioned studies.

In this study, the independent prognostic factors of OS in the Cox regression model were not
associated with chemotherapy. However, the competing risk model yielded completely differ-
ent results, showing that chemotherapy was an independent prognostic factor of OS regardless
of non-OCSD or OCSD. This contradictory result is useful for understanding why the benefits
of disease-free survival could not be translated into OS benefits in the aforementioned studies.
More importantly, variations of OS results from the clinical studies could directly lead to changes
in clinical practice, which has great impacts on the effectiveness of treatment. Thus, a competing
risk model should preferably be applied rather than a Cox regression model.

Clinical Implications

For early epithelial ovarian cancer, non-OCSD events are non-negligible competing risks. In
particular, prospective clinical studies should require long-term follow-up that pays more at-
tention to the impact of non-OCSD in real-world outcomes. Our study results imply that the
survival curves of the observation object may not be statistically different due to the confound-
ing of non-OSCD. Without an adequate sample size or follow-up time, such curves will be more
notably affected by the cumulative incidence of non-OCSD than that of OCSD. OS will be in-
evitably impaired by non-OCSD. The fact that the absolute risk of ACD could be overestimated
has been confirmed in a variety of tumors, including breast cancer,'® malignant brain tumor,**
lung cancer,® and head and neck cancer.'®

Previous studies indicated that the leading cause of death for patients with early-stage ovar-
ian cancer would dramatically change 7 years after diagnosis.!” Ward et al.® also found that
endometrial cancer was the most prevalent cause of death during the first 5 years, after which
the predominant cause of death was cardiovascular mortality. Therefore, our study indicated that
the competing risk estimate might be better able to present the real-world situation of deaths
caused by ovarian cancer in the analysis of OCSD. Additionally, the risk factors identified in this
study as related to non-OCSD highlight the need for researchers to more closely observe ovarian
cancer populations during follow-up.

Strengths and Limitations

The strengths of the study were the large sample size, which was systematically analyzed to
determine non-OCSD risk factors, and the comparison of Cox survival analysis and competing
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risk models for OS calculations. The significant finding of the study is that the risk of non-OCSD
gradually exceeds the risk of OCSD over time. The ratios of non-OCSD to ACD among different
risk factors at 5 and 10 years were also shown for patients with early-stage ovarian cancer.
Moreover, this study provides reasonable explanations for the phenomenon of the absence of
statistical differences in OS.

There are several potential limitations of this study. First, there was some degree of misclas-
sification for the death certificate data and algorithms used to determine the cause of death,
resulting in biases to some extent.3’-3° However, the potential biases were minimized as far as
possible by using large sample size and verifying the specific cause of death. Second, the values
of some factors in the SEER database were missing; hence, statistical efficiency may be par-
tially impaired. For example, the detailed records of treatment methods, such as chemotherapy,
were missing from the SEER database; analysis of this incomplete data would likely result in de-
creased reliability of the findings. Third, these results to patients who did not receive chemother-
apy (biologically low risk or better sub-staging) may not be appropriate. Finally, because of the
small number of patients with early ovarian cancer, prognostic factors in sub-staging were not
analyzed to ensure statistical efficacy.

Conclusions

At present, ACD remains the primary indicator used for calculating OS in many clinical
studies. However, incorrect and biased interpretation yielded by Cox regression models might
mislead clinicians in the treatment decision process. In the present study, our comprehensive
analysis of non-OCSD distribution among patients concerning clinicopathologic factors found
that the impacts of non-OCSD on OS were predominant in many specific situations. In future
clinical trials, the application of competing risk models is recommended, especially for patients
with factors that place them at high risk for non-OCSD.

Supplementary materials

Supplementary material associated with this article can be found, in the online version, at
doi:10.1016/j.currproblcancer.2020.100621.
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