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Objective: The objective of this research was to determine the age cut-off for worse prognosis and investigate age-related
differentially expressed genes (DEGs) in patients with advanced ovarian serous cystadenocarcinoma (AOSC).

Methods: In this research, we included a cohort of 20,846 patients diagnosed with AOSC, along with RNA-seq data from 374
patients in publicly available databases. Then we used the X-tile software to determine the age cut-off and stratified the patients into
young and old groups. We utilized propensity score matching (PSM) to balance baseline between the young and old groups.
Furthermore, we conducted an enrichment analysis of DEGs between the two age groups using Kyoto Encyclopedia of Genes and
Genomes (KEGQG) pathways and gene ontology (GO) to identify dysregulated pathways. To evaluate the potential prognostic value of
the DEGs, we performed survival analysis, such as Kaplan-Meier analysis and Log rank test.

Results: We stratified the patients into young group (n=16,336) and old group (n=4510) based on the cut-off age of 73 years by X-tile
software. Age over 73 years was identified as an independent risk factor for overall survival (OS) and cancer-specific survival (CSS). Next,
we identified 436 DEGs and found that the neurotrophin signaling pathway and translation factor activity were associated with prognosis
outcomes. Among the top 10 hub genes (RELA, NFKBIA, TRAF6, IRAK2, TAB3, AKTI, TBP, EIF2S2, MAPK10, and SUPT3H), RELA,
TAB3, AKTI, TBP, and SUPT3H were found to be significantly associated with poor prognosis in old patients with AOSC.

Conclusion: Our study determined 73 years as the cutoff value for age in patients with AOSC. RELA, TAB3, AKTI, TBP, and
SUPT3H were identified as age-related DEGs that could contribute to the poor prognosis of older patients with AOSC.
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Introduction

Ovarian cancer is prevalent and remains a common gynecological malignancy worldwide. Although ovarian cancer has
a lower incidence than cervical cancer, according to the latest research, it has the highest mortality rate of gynecological
malignancies with 5%.' Meanwhile, ovarian cancer is comprised of a range of malignant tumors, which are heterogeneous in
etiology, molecular biology, and other characteristics, including epithelial ovarian cancer, sex cord-stromal ovarian cancer,
germ cell ovarian cancer and other type of ovarian cancer.” Epithelial ovarian cancer represents the predominant form of
ovarian cancer, accounting for more than 90% of all cases and ovarian serous cystadenocarcinoma accounts for more than half
of epithelial ovarian cancer which means that ovarian serous cystadenocarcinoma is the most commonly occurring subtype
among all types of ovarian cancer.” However, most ovarian serous cystadenocarcinomas are advanced tumors at the time of

initial diagnosis, due to the absence of typical clinical signs and symptoms and specific diagnostic methods, and the prognosis
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of patients with the advanced ovarian serous cystadenocarcinoma (AOSC) is poor.* The factor age is a crucial prognostic
factor in numerous types of solid cancer.”’ Meanwhile, one of the widely recognized risk factors for the prognose of ovarian
cancer is age, and the probability of developing ovarian cancer varies according to age.® It is regrettable that the optimal age
threshold is still missing for distinguishing old patients from young patients in AOSC, heretofore.

Real world study (RWS) is a method of using real world data to investigate clinical problems, such as etiology,
diagnosis and prognosis, which is becoming an indispensable research method in the field of medical research.'® For
RWS, Lorenzi et al indicated that the first-line use of osimertinib revealed both efficacy and safety in the treatment of
advanced non-small cell lung cancer with EGFR mutation.'" The team of Hung obtained the scientific discovery that
patients with ovarian cancer had the better prognosis by using bevacizumab.'? Therefore, it is important to conduct real-
world studies on ovarian serous cystadenocarcinomas in order to get a better understand of this disease.

The Surveillance, Epidemiology, and End Results (SEER) database has emerged as one of the most comprehensive
publicly available databases, including the huge amount of American clinical information such as incidence, treatment
and prognosis, from which global researchers can obtain tremendous useful message to conduct clinical research for free.
The Cancer Genome Atlas (TCGA) is a highly fruitful and abundant initiative in the field of cancer genomics, providing
a vast repository of genomic data on more than ten thousand individuals encompassing diverse types of cancers.'> Ma
et al revealed that the expression of key genes varies between young patients (under 50 years old) and old patients (over
50 years old) those who diagnosed with ovarian serous cystadenocarcinoma.'* One fly in the ointment is that the study
did not testify to the sufficient reason that why 50 years old was chosen as the age threshold for AOSC.

In this study, we obtained clinical information of patients with AOSC from the SEER database to determine the optimal
age threshold for worse prognosis of AOSC. Meanwhile, we acquired the information of RNA-seq for patients with AOSC
form the TCGA, in order to explore the age-related differentially expressed genes (DEGs) and involved pathway.

Methods
Study Population Data from the SEER Database

We were granted access to the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) database (user
name: 11,322-Nov2021) and obtain the clinical information for patients with ovarian serous cystadenocarcinoma. The data we
have downloaded include the patients’ ID, survival time, vital status recode, age record, race record, marital status at diagnosis,
SEER cause-specific death classification, the Site recode ICD-O-3 / WHO 2008 (International Classification of Diseases for
Oncology, 3rd edition), AJCC (Asia Joint Conference on Computing) stage grope, T stage, N stage, M stage, grade, laterality,
surgery record, chemotherapy recode, radiation record, CS site-specific factor 1 (CA125). In this study, we defined the overall
survival (OS) as the length of time from the diagnosis of the disease to either the time of death or the date of the last follow-up
assessment. Meanwhile, the cancer-specific survival (CSS) was defined as the length of time from cancer diagnosis to the time of
death, with the specific cause of death being attributable to the cancer.

This study categorizes surgical procedures into three types: fertility-sparing surgery (FSS), radical surgery (RS), and
other operations. The SEER database codes for FSS are 17, 27, 36, 51, and 56. Likewise, the SEER database codes for
RS include 25, 26, 28, 35, 37, 50, 52, 55, 57, 70, 71, 72, 73, and 74.

Inclusion and Exclusion Criteria

To ensure the validity and reliability of our study, we employed stringent criteria to select participants. Patients were included in
this study if they met the specified criteria listed below: (1) patients with ovarian cancer were diagnosed between 2004 and 2015;
(2) patients diagnosed with ovarian serous cystadenocarcinoma were confirmed through pathological analysis and defined using
the Site Recode ICD-O-3 (International Classification of Diseases for Oncology, 3rd edition) / WHO 2008 classification system;
(3) patients’ condition of the morphological codes was C56.9 (ovary); (4) patients’ morphological codes were: 8441/3 and 8460/3;
(5) patients with AOSC were in accordance with FIGO (Federation International of Gynecology and Obstetrics) stage III and I'V.
The following criteria were utilized to exclude participants in this study: (1) undetermined TNM stage or unable to be converted
into FIGO stage; (2) patients with FIGO stage I and II; (3) incomplete follow-up information; (4) survival time less than 1 month;
(5) unknown if surgery performed. The flowchart for screening patients was shown in Figure 1.
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Figure | Flowchart for screening patients.

Age Cut-off in Advanced Ovarian Serous Cystadenocarcinoma

In this investigation, our aim was to identify the significant cut-off value for the patients with AOSC using the
X-tile software. This software is a valuable resource for assessing biomarkers and optimizing outcome-based cut-
off values. It provides a comprehensive assessment of different ways to divide a population based on low and high
levels of marker expression through the use of an “x-tile plot”. The X-tile software considers every possible count
within the retrieved ranges as critical values for grouping and calculates the y2 score and P value using that
number as a cut-off. X-tile plots were utilized to assess all potential age cutoff values and quantify the survival
rate corresponding to each value. Meanwhile, the Log rank test was performed to validate the results. The cut-off
value with the highest 2 score was selected as the most appropriate value.

RNA-Seq Analysis of Advanced Ovarian Serous Cystadenocarcinoma from the TCGA

Database
The RNA sequencing data (TPM format) and clinical data, from the TCGA database, pertaining to patients diagnosed with
ovarian serous cystadenocarcinoma were obtained. The study encompassed a total of 374 patients after excluding those with
duplicates and unknown survival time. To conduct the differential gene expression analysis the R software “limma” package
was used with a threshold of [Log FC| > 0 and adj.P < 0.05 to delineate the significant differentially expressed genes (DEGs)
between the young group and old group. Enrichment analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways and gene ontology (GO) was carried out using the R software “clusterProfiler” package.'”

The online database STRING (version 11.5, https://cn.string-db.org/) was utilized to encode the protein-protein

interaction network (PPI) of the DEGs. Visualization of the PPI network was performed through the Cytoscape software
(version 3.9.1, https://cytoscape.org/).'® Subsequently, the identification of hub genes within the PPI network was

analyzed concurrently utilizing the plug-in Cytohubba embedded within the Cytoscape software. Meanwhile, we utilized
the R software “survminer” package to investigate the prognostic significance of the hub genes.

Statistical Analysis
The X-tile’s optimal cut-off value was used to classify patients into two groups: young group and old group in this study.
We used the chi-square test to analyze categorical data. Meanwhile, we performed univariate and multivariate analyses
using COX Hazard Regression Analysis to evaluate the risk variables of patients with AOSC. For the multivariate Cox
hazard regression analysis, we employed the forward modeling approach with the stepwise regression method.

To mitigate the impact of confounding factors, variables exhibiting notable distributional differences between the
young and old group were incorporated into propensity score matching (PSM) analyses. We utilized a 1:1 nearest
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neighbor matching strategy with the caliper of 0.2. The distribution of baseline data was compared, and we analyzed the
factors influencing patient survival and prognosis using the Cox proportional hazard model. Subsequently, we stratified
the cases based on the relevant variables and the results were displayed in the forest plot. The Kaplan-Meier method was
used to generate survival curves, and the Log rank test was employed to evaluate hypotheses, subsequently.

We utilized several R libraries, including “regplot”, “survminer”, “Matchlt”, “forestploter”, “pheatmap”, and “dplyr”
to perform propensity score matching and analyze and visualize the data from the TCGA database. We conducted
statistical analyses using software programs such as SPSS software (version 19.0; IBM Corporation, St. Louis, Missouri,
USA) and R software (version 3.6.2; The R Project for Statistical Computing, TX, USA; http://www.r-project.org). The
P value <0.05 was regarded as statistically significant, and the 95% confidence interval was established in this research.

Result
73-Year-Old Was the Age Cut-off Value for Patients with Advanced Ovarian Serous

Cystadenocarcinoma

We obtained a total of 20,846 patients with AOSC, finally. The median age of these patients was 63 (interquartile range:
51-75), while the X-tile analysis determined that 73 was the optimal age cut-off value (Figure 2A—C). Next, we divided
the patients with AOSC into two groups based on the cut-off value: the young group (73 years or younger) and the old
group (over 73 years). Additionally, the young group included 16,336 (78.4%) patients and the old group included 4510
(21.6%) patients.

Prior to propensity score matching, significant differences in various clinical baseline data were found between the
young and old groups, including race, marital status, FIGO stage, grade, laterality, surgery, chemotherapy, and CA125
levels (P<0.001). There were no significant differences in radiotherapy characteristics between the young and old groups.
(P=0.058). After propensity score matching (caliper=0.2) based on the aforementioned variables, 4252 pairs (8504 cases)
of patients were matched between the two groups. The distribution of baseline data, including race, marital status, FIGO
stage, grade, laterality, surgery, chemotherapy, radiotherapy, CA125 level, and others, was not significantly different
between the young group and the old group (P > 0.05), indicating an effective matching result (Table 1).

Survival Analysis

The young group exhibited 1-year, 3-year, and 5-year OS rates of 88.9%, 59.7%, and 38.9%, respectively. However, the
old group exhibited 1-year, 3-year, and 5-year OS rates of 68.3%, 33.9% and 18.5%, respectively. The median survival
time for younger and older patients with AOSC were 46 months and 23 months. The OS of the old group was
significantly lower than that of the young group(P <0.001, Figure 3A). The results for the CSS rates were consistent
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Figure 2 X-Tile analysis of survival data from the SEER database. (A) The X-Tile plot displays red coloration of cut-points, indicating a negative correlation with survival,
while green coloration represents a positive correlation. The plot illustrates patient age divided at the mean age, and the optimal cut-point is highlighted by a black circle
located in the middle of the color bar. (B) The histogram of the entire cohort reveals that the optimal cut-off value of age at diagnosis is 73 years, based on cancer-specific
survival (CSS). The X-axis represents the age of patients, and the Y-axis represents the number of patients at each age. (C) The Kaplan-Meier survival curve is generated
based on these cut-off values.
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Table | Baseline Characteristics of Patients with Advanced Ovarian Serous Cystadenocarcinoma in the SEER Database, n(%)

Characteristics Before PSM After PSM
Total Young (<73y) Old (> 73y) P value Total Young (<73y) Old (> 73y) P value
All 20,846 16,336(78.4%) 4510(21.6%) 8504 4252(50.0%) 4252(50.0%)
Race <0.001 0.812
White 17,733(85.1%) 13,711(83.9%) 4022(89.2%) 7524(88.5%) 3754(88.3%) 3770(88.7%)
Black 1572(7.5%) 1314(8.0%) 258(5.7%) 517(6.1%) 260(6.1%) 257(6.0%)
Other 1541(7.4%) 1311(8.0%) 230(5.1%) 463(5.4%) 238(5.6%) 225(5.3%)
Marital <0.001 0.940
Single 3096(14.9%) 2769(17.0%) 327(7.3%) 652(7.7%) 325(7.6%) 327(7.7%)
Married 11,222(53.8%) 9460(57.9%) 1762(39.1%) 3540(41.6%) 1778(41.8%) 1762(41.4%)
Other 6528(31.3%) 4107(25.1%) 2421(53.7%) 4312(50.7%) 2149(50.5%) 2163(50.9%)
FIGO <0.001 0.259
1] 13449(64.5%) 10,677(65.4%) 2772(61.5%) 5443(64.0%) 2696(63.4%) 2747(64.6%)
v 7397(35.5%) 5659(34.6%) 1738(38.5%) 3061(36.0%) 1556(36.6%) 1505(35.4%)
Grade <0.001 0.283
| 426(2.0%) 371(2.3%) 55(1.2%) 90(1.1%) 36(0.8%) 54(1.3%)
1l 1802(8.6%) 1506(9.2%) 296(6.6%) 608(7.1%) 313(7.4%) 295(6.9%)
1l 8596(41.2%) 6929(42.4%) 1667(37.0%) 3311(38.9%) 1673(39.3%) 1638(38.5%)
v 5522(26.5%) 4485(27.5%) 1037(23.0%) 2013(23.7%) 990(23.3%) 1023(24.1%)
Unknown 4500(21.6%) 3045(18.6%) 1455(32.3%) 2482(29.2%) 1240(29.2%) 1242(29.2%)
Laterality <0.001 0.932
Unilateral 7029(33.7%) 5226(32.0%) 1803(40.0%) 3488(41.0%) 1752(41.2%) 1736(40.8%)
Bilateral 11,851(56.9%) 9971(61.0%) 1880(41.7%) 3752(44.1%) 1872(44.0%) 1880(44.2%)
Unknown 1966(9.4%) 1139(7.0%) 827(18.3%) 1264(14.9%) 628(14.8%) 636(15.0%)
Surgery <0.001 0.824
FSS 1297(6.2%) 907(5.6%) 390(8.6%) 731(8.6%) 368(8.7%) 363(8.5%)
RS 5653(27.1%) 4740(29.0%) 913(20.2%) 1847(21.7%) 934(22.0%) 913(21.5%)
Other 13,896(66.7%) 10,689(65.4%) 3207(71.1%) 5926(69.7%) 2950(69.4%) 2976(70.0%)
Chemotherapy <0.001 0.641
Yes 17,786(85.3%) 14,437(88.4%) 3349(74.3%) 6581(77.4%) 3300(77.6%) 3281(77.2%)
No/Unknown 3060(14.7%) 1899(11.6%) 1161(25.7%) 1923(22.6%) 952(22.4%) 971(22.8%)
Radiation 0.058 0.058
Yes 217(1.0%) 182(1.1%) 35(0.8%) 55(0.6%) 20(0.5%) 35(0.8%)
No/Unknown 20,629(99.0%) 16,154(98.9%) 4475(99.2%) 8449(99.4%) 4232(99.5%) 4217(99.2%)
CAI25 <0.001 0.381
Positive 16,504(79.2%) 13,065(80.0%) 3439(76.3%) 6566(77.2%) 3279(77.1%) 3287(77.3%)
Negative 624(3.0%) 474(2.9%) 150(3.3%) 276(3.2%) 128(3.0%) 148(3.5%)
Other 3718(17.8%) 2797(17.1%) 921(20.4%) 1662(19.5%) 845(19.9%) 817(19.2%)

Abbreviations: FSS, fertility-sparing surgery; RS, radical surgery.

anro(q

[e 39 Sueyz


https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

A Strata ~ young - old B Strata ~ young - old
1.00{ = 1.00 1
> 0.751 > 0.75 1
3 ]
© @
S S
G 0.50] oo-mmemeeeeeeee g TRy S 0.50 1
© ©
= =
c c
5 >
® 025 ® .25 -
p < 0.0001: p < 0.0001
0.00 ; 0.00
0 20 40 60 80 0 20 40 60 80
Time (Months) Time (Months)
C Strata young -~ old D Strata young —+ old
1.004 1 1.00
> 0.75 1 > 0.75 1
3 3
© ©
Q Qo
° [}
8 050 croeeeeeeeemeeeeesfg e TR S 0.50 1
© ©
= =
= c
> >
@ 025 ? .25
p < 0.0001 p < 0.0001
0.00 A ; 0.00
0 20 40 60 80 0 20 40 60 80
Time (Months) Time (Months)

Figure 3 Kaplan-Meier curves of overall survival (OS) and cancer-specific survival (CSS). Kaplan-Meier curves of OS (A) and CSS (B) before propensity score matching
(PSM), Kaplan-Meier curves of OS (C) and CSS (D) after PSM.

with the OS rates. The 1-year, 3-year and 5-year CSS rate were 89.7%, 61.8% and 41.5%, respectively, in the young
group. Nevertheless, in the old group, the 1-year, 3-year and S5-year CSS rate were 71.2%, 37.8% and 22.4%,
respectively. The median survival time were 49 months and 25 months for young and old group. The statistical analysis
indicated that patients in the young group with AOSC had a substantially improved prognosis than those who were in the
old group (P <0.001, Figure 3B). Meanwhile, we conducted the univariate and multivariate Cox hazard regression
analysis to investigate the prognostic factors for patients with AOSC. The univariate Cox hazard regression analysis
indicated that age, race, marital status, FIGO stage, grade, laterality, surgery, chemotherapy, radiation and CA125 level
could serve as the reliable biomarkers to predict the survival outcome of patients with AOSC. Then, the significant
variables were further included in the multivariate Cox hazard regression. The multivariate analysis found that age, race,
marital status, FIGO stage, grade, laterality, surgery, chemotherapy, radiation and CA125 level were potential predictors
for OS in patients (Table 2). As for the CSS rates, our research indicated that age, race, marital status, FIGO stage, grade,
laterality, surgery, chemotherapy, radiation and CA125 level were the independent prognostic factors for CSS in patients
with AOSC by using the univariate and multivariate Cox hazard regression analysis (Table 3).

During the course of our analysis, we detected considerable dissimilarities in the clinical characteristics between the
young group and old group, which included age, race, marital status, FIGO stage, grade, laterality, surgery, chemother-
apy, radiation and CA125 level. These differences have the potential to affect our analysis. Therefore, we utilized a 1:1
nearest neighbor matching method to balance the differences in basic clinical characteristics between the two groups and
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Table 2 The Cox Hazard Regression Analysis of Overall Survival

Characteristic Univariate Analysis Before PSM Multivariate Analysis Before PSM Univariate Analysis After PSM Multivariate Analysis After PSM
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age

Young (<73y) Reference Reference Reference Reference

Old (>73y) 1.979(1.908-2.052) <0.001 1.767(1.701-1.837) <0.001 1.624(1.548-1.703) <0.001 1.701(1.621-1.785) <0.001
Race

White Reference Reference Reference Reference

Black 1.180(1.113-1.252) <0.001 1179(1.111-1.251) <0.001 1.267(1.150-1.396) <0.001 1.152(1.045-1.270) 0.004

Other 0.890(0.836-0.947) <0.001 0.920(0.864-0.979) 0.009 0.944(0.849-1.049) 0.281 0.927(0.833-1.030) 0.901
Marital

Single Reference Reference Reference Reference

Married 0.963(0.918-1.009) 0.112 0.948(0.904-0.994) 0.028 0.777(0.708-0.852) <0.001 0.786(0.717-0.863) <0.001

Other 1.374(1.307-1.444) <0.001 1.166(1.108-1.227) <0.001 0.978(0.893—-1.071) 0.635 0.994(0.908-1.089) 0.353
FIGO

n Reference Reference Reference Reference

v 1.566(1.516-1.618) <0.001 1.452(1.405-1.500) <0.001 1.491(1.420-1.566) <0.001 1.400(1.332—-1.470) <0.001
Grade

| Reference Reference Reference Reference

Il 1.793(1.558-2.064) <0.001 1.739(1.511-2.002) <0.001 1.546(1.187-2.014) <0.001 1.757(1.348-2.291) <0.001

11l 2.016(1.766-2.301) <0.001 1.855(1.624-2.118) <0.001 1.599(1.243-2.057) <0.001 1.793(1.392-2.310) <0.001

v 1.894(1.657-2.165) <0.001 1.770(1.548-2.025) <0.001 1.509(1.171-1.946) <0.001 1.705(1.320-2.202) <0.001

Unknown 2.674(2.338-3.057) <0.001 2.010(1.756-2.301) <0.001 2.070(1.608-2.665) <0.001 2.034(1.576-2.625) <0.001
Laterality

Unilateral Reference Reference Reference Reference

Bilateral 1.013(0.978-1.049) 0.469 1.083(1.046—1.122) <0.001 1.118(1.062—1.178) <0.001 I.111(1.055-1.171) <0.001

Unknown 1.951(1.846-2.062) <0.001 1.547(1.459-1.641) <0.001 1.713(1.596-1.837) <0.001 1.486(1.379-1.602) <0.001
Surgery

FSS Reference Reference Reference Reference

RS 0.868(0.809-0.932) <0.001 0.968(0.901-1.039) 0.367 0.934(0.847-1.029) 0.165 0.930(0.843—-1.025) 0.142

Other 1.176(1.100-1.256) <0.001 1.227(1.147-1.312) <0.001 1.272(1.166—-1.388) <0.001 1.236(1.133-1.350) <0.001
Chemotherapy

Yes Reference Reference Reference Reference

No/Unknown 1.528(1.464-1.595) <0.001 1.499(1.435-1.566) <0.001 1.463(1.384-1.547) <0.001 1.603(1.514-1.696) <0.001
Radiation

Yes Reference Reference Reference

No/Unknown 0.820(0.709-0.948) 0.007 0.754(0.652-0.871) <0.001 0.841(0.632—-1.121) 0.238
CAI25

Positive Reference Reference Reference Reference

Negative 0.621(0.559-0.689) <0.001 0.646(0.582-0.717) <0.001 0.686(0.594-0.793) <0.001 0.707(0.611-0.816) <0.001

Other 1.009(0.969—1.052) 0.659 0.925(0.887-0.965) <0.001 0.988(0.931-1.049) 0.697 0.935(0.880-0.994) 0.030

Abbreviations: FSS, fertility-sparing surgery; RS, radical surgery.
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Table 3 The Cox Hazard Regression Analysis of Cancer-Specific Survival

Characteristic Univariate Analysis Before PSM Multivariate Analysis Before PSM Univariate Analysis After PSM Multivariate Analysis After PSM
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age

Young(<73y) Reference Reference Reference Reference

Old(>73y) 1.870(1.799-1.943) <0.001 1.681(1.614-1.751) <0.001 1.538(1.462-1.617) <0.001 1.608(1.528-1.691) <0.001
Race

White Reference Reference Reference Reference

Black 1.174(1.104-1.249) <0.001 1.174(1.103-1.249) <0.001 1.272(1.149-1.409) <0.001 1.161(1.047—1.286) 0.005

Other 0.882(0.826-0.941) <0.001 0.908(0.850-0.969) 0.004 0.915(0.817-1.025) 0.125 0.900(0.803—1.008) 0.068
Marital

Single Reference Reference Reference Reference

Married 0.975(0.928-1.024) 0.304 0.962(0.915-1.011) 0.122 0.804(0.729-0.888) 0.004 0.815(0.738-0.900) <0.001

Other 1.351(1.282-1.424) <0.001 1.163(1.103-1.227) <0.001 0.987(0.896—1.087) 0.786 1.006(0.913-1.109) 0.899
FIGO

n Reference Reference Reference Reference

v 1.582(1.530-1.637) <0.001 1.468(1.418-1.519) <0.001 1.517(1.441-1.597) <0.001 1.419(1.347-1.495) <0.001
Grade

| Reference Reference Reference Reference

Il 1.986(1.703-2.316) <0.001 1.916(1.642-2.234) <0.001 2.046(1.491-2.808) <0.001 2.274(1.655-3.124) <0.001

11l 2.219(1.919-2.566) <0.001 2.035(1.759-2.354) <0.001 2.086(1.537-2.830) <0.001 2.297(1.691-3.121) <0.001

v 2.093(1.807-2.424) <0.001 1.942(1.676-2.251) <0.001 1.994(1.466-2.710) <0.001 2.200(1.615-2.996) <0.001

Unknown 2.905(2.508-3.366) <0.001 2.186(1.885-2.536) <0.001 2.716(2.000-3.688) <0.001 2.603(1.912-3.542) <0.001
Laterality

Unilateral Reference Reference Reference Reference

Bilateral 1.043(1.005-1.081) 0.025 1.105(1.065—1.146) <0.001 1.160(1.098-1.226) <0.001 1.150(1.088-1.215) <0.001

Unknown 1.961(1.850-2.079) <0.001 1.566(1.472—1.666) <0.001 1.754(1.629-1.890) <0.001 1.510(1.395-1.634) <0.001
Surgery

FSS Reference Reference Reference Reference

RS 0.878(0.814-0.946) 0.001 0.967(0.897-1.043) 0.383 0.934(0.841-1.036) 0.196 0.928(0.836—1.031) 0.163

Other 1.206(1.124-1.293) <0.001 1.243(1.158-1.334) <0.001 1.323(1.206—-1.453) <0.001 1.275(1.161-1.401) <0.001
Chemotherapy

Yes Reference Reference Reference Reference

No/Unknown 1.471(1.405-1.539) <0.001 1.457(1.391-1.527) <0.001 1.419(1.338-1.506) <0.001 1.559(1.468—-1.657) <0.001
Radiation

Yes Reference Reference Reference

No/Unknown 0.819(0.704-0.953) 0.010 0.755(0.649-0.879) <0.001 0.838(0.619—1.136) 0.255
CAI25

Positive Reference Reference Reference Reference

Negative 0.613(0.550-0.684) <0.001 0.644(0.577-0.719) <0.001 0.673(0.577-0.784) <0.001 0.702(0.602-0.818) <0.001

Other 0.992(0.950-1.036) 0.728 0.918(0.878-0.959) <0.001 0.964(0.905—1.027) 0.257 0.921(0.863-0.982) 0.012

Abbreviations: FSS, fertility-sparing surgery; RS, radical surgery.
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created a fresh queue in which all covariates were balanced. After performing PSM, the median survival time of OS was
found to be 40 months in the young group and 24 months in the old group. In the young group, the 1-year, 3-year and
5-year OS rates were 84.3%, 53.1% and 33.9%, respectively. While in the old group, the 1-year, 3-year and 5-year OS
rates were 70.7%, 35.4% and 19.4%, respectively. After PSM, significant differences in CSS rates were observed for both
the two groups compared to the results before PSM. In the young group, the 1-year, 3-year, and 5-year CSS rates were
85.7%, 55.8%, and 36.9%, respectively. Similarly, in the old group, the 1-year, 3-year, and 5-year CSS rates were 73.5%,
39.3%, and 23.3%, respectively. The median survival time for CSS was found to be 43 months in the young group and 27
months in the old group. Our analysis revealed that patients with AOSC had better prognosis in terms of the OS and CSS
(P<0.001, Figure 3C and D). In the PSM cohort, both univariate and multivariate Cox hazard regression analyses
identified age, race, marital status, FIGO stage, grade, laterality, surgery, chemotherapy and CA125 level can serve as
significant predictors of survival outcome in patients with AOSC. However, the analysis revealed that radiation was not
considered as the significant prognostic factor for either OS (P =0.238, Table 2) and CSS (P =0.255, Table 3).

Subgroup Analysis

Next, we conducted a subgroup analysis in the PSM cohort that was founded on multiple factors, including race, marital
status, FIGO stage, grade, laterality, surgery, chemotherapy, radiation, and CA125 level, to investigate the prognosis of
patients with AOSC in the young group and the old group. The forest plot (Figure 4) demonstrated that in most
subgroups, patients in the young group had a better prognosis (P <0.001), except for the radiation subgroup (HR=1.69,
95% CI: 0.87-3.27, P=0.12).

Differential Expressed Genes and Prognosis Related Genes

After filtering for significant differential expression, we identified 436 DEGs between the young group and the old group
of patients with AOSC. Among these DEGs, 318 genes were upregulated and 118 genes were downregulated in the old
group (Figure 5A and B).

The KEGG analysis demonstrated DEGs were particularly enriched in several pivotal pathways, including the
neurotrophin signaling pathway, RIG-I-like receptor signaling pathway, apoptosis, chronic myeloid leukemia and TNF
signaling pathway (Figure 5C). Additionally, the results of GO analysis further elucidated the functional significance of
the DEGs were particularly enriched in odorant binding, translation initiation factor activity, translation factor activity
RNA binding and translation regulator activity nucleic acid binding (Figure 5D). To further scrutinize the relationship
between differentially expressed proteins, 436 DEGs mentioned were used to construct a PPI network, utilizing the
online database STRING, with a minimum required interaction score set to 0.7. Subsequently, we obtained the PPI
network diagram (Figure S5E) and employed the cytohubba plug-in within the Cytoscape software to explore the hub
genes in the PPI network. We identified RELA, NFKBIA, TRAF6, IRAK2, TAB3, AKTI, TBP, EIF2S2, MAPKI10, and
SUPT3H as the top 10 hub genes in the PPI network using the MMC method. Among these hub genes, the 4 hub genes
TBP, EIF2S2, MAPK10, and SUPT3H were upregulated, while the 6 hub genes RELA, NFKBIA, TRAF6, IRAK2, TAB3,
and AKT1 were downregulated in elderly patients with AOSC.

The analysis of the prognostic value of these 10 hub genes indicated a significant correlation existing between their
expression profiles of RELA, TAB3, AKTI, TBP, SUPT3H and the prognosis of patients with AOSC (Figure 6).
Specifically, elevated expression of AKT1 and SUPT3H was positively associated with better prognosis, whereas higher
expression levels of RELA, TAB3, and TBP were linked with poorer outcomes in individuals suffering from AOSC. These
findings underscore the potential utility of these hub genes as prognostic biomarkers for the clinical management and
treatment of ovarian cancer.

Discussion

Ovarian cancer is a malignant neoplasm with a poor prognosis, making it one of the most challenging tumors to manage
effectively.' Accurately determining the prognosis and risk stratification of patients with ovarian cancer according to their
age is crucial in selecting the most appropriate treatment plan and ultimately impacting treatment outcomes, especially
with an aging population. In this study, we included a large cohort of 20,846 patients with AOSC from the SEER
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Figure 4 The forest plot of subgroup analyses according to age (young vs old) of patients with advanced serous ovarian cystadenocarcinoma in the PSM cohort from the
SEER database.

database. Meanwhile, the patients were classified into the young and old group using the 73-year-old cut-off value.
Survival analysis results revealed the better prognosis for patients in the young group (below the age of 73) compared to
those in the old group, significantly. Furthermore, we analyzed the RNA sequencing data and clinical information of 374
patients with AOSC, which were downloaded from the TCGA database. Our analysis led to the identification of 436
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Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment of DEGs. (D) A bar chart of Gene Ontology (GO) analysis of DEGs. (E) The protein-protein interaction

network of DEGs.
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DEGs and signaling pathways that were significantly associated with the onset and progression of tumors. These results

shed new light on the importance of age in the prognosis of patients with AOSC and could have a significant impact on

improving the therapeutic strategies and clinical management of this disease.

https:

214

Dove!

International Journal of Women’s Health 2024:16


https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

The factor age was a crucial prognostic factor in various cancers, such as renal cell carcinoma,'” colorectal cancer'® and
gastric cancer.'” Our previous study had highlighted the significance of age in predicting the clinical outcomes of patients with
mucinous ovarian cancer.” Meanwhile, similar results had been obtained from other studies of ovarian cancer recently. For
instance, Ma et al proposed that 50-year-old could be used as the optimal cutoff value to distinguish between early-onset and
late-onset ovarian serous cystadenocarcinoma. Similarly, Liu et al demonstrated that age could be employed as a predictive
marker for OS in serous ovarian cancer.”” It was noteworthy to mention that elderly patients with advanced epithelial ovarian
cancer tend to have a worse prognosis than the younger patients in Zheng’s study.*' To the best of our knowledge, the optimal
cutoff value of age for AOSC patients had not been established in previous studies. Our research successfully bridged this gap
and identified 73-year-old as the optimal cutoff value for distinguishing between young and old groups in this particular
population. Furthermore, in the Cox hazard regression analysis and the subgroup analysis, the old group consistently
demonstrated worse prognosis compared to the young group across most subgroups in this study. However, in the radiation
subgroup, no significant difference in prognosis was observed between the two groups. It is plausible that the incomplete
information on radiotherapy for patients with AOSC in the SEER database contributed to this result.

In this investigation, we achieved a comparative analysis of RNA-seq data from young and old group patients with
advanced serous ovarian cystadenocarcinoma through which we successfully identified 436 DEGs. Notably, the KEGG
analysis revealed that the DEGs were significantly enriched in the neurotrophin signaling pathway. Neurotrophins and
their receptors have been extensively investigated in various human cancers, and evidence suggests that they can
contribute to the autocrine stimulation of cancer cell growth and dissemination.”” For instance, nerve growth factor,
a member of the neurotrophin family, can be released by cancer cells to drive tumor neurogenesis via the activation of its
receptors.”> Davidson et al reported that neurotrophins and their receptors were overexpressed in serous ovarian
carcinoma, consistent with our findings.?* Therefore, we speculated that the neurotrophin signaling pathway was affected
in patients with AOSC, resulting in poor prognosis. Based on the findings, we proposed that the neurotrophin signaling
pathway may be dysregulated in patients with AOSC, which could contribute to the poor prognosis associated with this
disease. Meanwhile, more investigations are required to completely elucidate the role of neurotrophin signaling pathway,
and to explore the potential clinical implications. According to the results of the GO analysis, these DEGs were
substantially enriched in a number of biological processes, including translation initiation factor activity, translation
factor activity RNA binding, and translation regulator activity nucleic acid binding. Translation activity is the process by
which genetic information flows from DNA to RNA. Transcription factors are known to play a crucial role in the
formation and progression of malignant tumors, through both transcription-dependent and transcription-independent
mechanisms.?>*® These findings highlight the potential significance of transcription factors in the development and
progression of AOSC, and underscore the importance of further research in this area.

We obtained 436 DEGs by comparing RNA-seq data from patients with AOSC in the young group and the old group.
Subsequently, the top 10 genes were then utilized for survival analysis. The expression of RELA, TAB3, AKTI, TBP, and
SUPT3H were related to the prognosis of the old patients with advanced serous ovarian cystadenocarcinoma. Previous
studies have shown that these genes play important functions in ovarian cancer-related pathways. RELA, an essential
component of the NF-«B signaling pathway, has been implicated in promoting chemoresistance, cancer stem cell
maintenance, metastasis, and immune escape in ovarian cancer.”” Meanwhile, T4B3 is an activating protein in the NF-
kB signaling pathway. Chen’s study demonstrated that 7483 knockdown in ovarian cancer cells significantly inhibited
their biological activity.”® Transcription factor IID (TFIID) has been implicated in regulating the growth of ovarian
cancer which is composed of TBP and a group of evolutionarily conserved proteins.”® Additionally, 4KT1, a core factor
of the PI3K/AKT signaling pathway, performs a crucial function in cell apoptosis regulation.>® Tian’s research has shown
that elevated expression of AKT promotes the progression of ovarian cancer.®' Despite its significance in the growth and
self-renewal of mouse embryonic stem cells, further research is necessary to determine the effect of SUPT3H on ovarian
cancer.>? Our research has demonstrated the significant correlation between the identified 5 hub genes and age-related
differential gene expression. The underlying reason for this observation is not entirely clear at this time. One possible
explanation is that aging is associated with a decline in immune function and increased inflammation, which could create
a more favorable environment for tumor growth and progression. Additionally, older patients may have accumulated
more genetic mutations or epigenetic alterations over time, leading to increased genomic instability and tumor
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heterogeneity.>® This finding holds promise for advancing clinical monitoring efforts in patients. Further investigations
are required to thoroughly investigate the clinical utility of these hub genes in the context of this malignancy.

Real-world studies have emerged as a critical area of inquiry in the medical and healthcare industries, representing an
indispensable component of modern medical research.** By leveraging information from electronic databases of diverse
patient populations, real-world studies enable investigators to collect large amounts of clinical information from
prospective or retrospective data, which hold significant potential for advancing our understanding of drug effectiveness
and safety, as well as disease occurrence and progression in real-world clinical settings.*>*® Therefore, real world studies
are rapidly becoming a valuable tool for clinical research, offering new insights into the complex interplay between
patient health outcomes, treatment regimens, and environmental factors. Moreover, in our research, in order to mitigate
potential confounding biases in our study, we employed PSM to balance the variables between the young and old groups.
This approach enhanced the comparability of the groups and strengthened the validity of our findings.

Several limitations must be acknowledged in this study. Firstly, the SEER and TCGA databases used in our study did
not provide complete clinical information, such as specific chemotherapy regimens, drugs and underlying diseases, which
may affect the validity of our results. Secondly, majority of the data was collected from western populations, and the
generalizability of our findings to Chinese patients requires further validation. Thirdly, our study utilized retrospective
data, and although the PSM method was implemented to mitigate potential biases, residual bias cannot be entirely ruled
out. Finally, the molecular mechanisms underlying the age-related DEGs were not explored further, and our future
research will aim to investigate the role of these DEGs in the pathogenesis of AOSC.

Despite the limitations of our study, we successfully determined that 73-year-old represents the optimal cut-off value
for differentiating the prognoses of patients with AOSC. Our findings offered a valuable reference for tailoring
individualized clinical treatment plans for patients with this challenging disease. Moreover, the identification of age-
related genes in our study shed new light on the molecular mechanisms underpinning AOSC pathogenesis and presented
a promising avenue for future research in this field.

Conclusions

To summarize, our study indicated that 73-year-old represented a reasonable cut-off value for AOSC patients, with the
old group exhibiting poorer prognoses compared to their younger counterparts. These findings served as a reminder for
clinicians to provide more attentive care and improved treatment to AOSC patients over 73 years old. Additionally, we
explored age-related differential genes for patients with AOSC. Increased expression levels of AKT! and SUPT3H were
positively associated with improved patient outcomes. In contrast, heightened expression levels of RELA, TAB3, and TBP
were linked with poorer clinical outcomes. However, their specific mechanisms require further investigation.
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