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Abstract

Age at diagnosis is a risk for the prognosis of most cancers, whether it works as a prognostic factor in ovarian cancer (OC)
remains unclear. Here, we found that age at diagnosis served as a reliable prognostic factor for OC based on the SEER (The
Surveillance, Epidemiology, and End Results) database and the survival data from our hospital during 2004-2015. Patients
over 65 years old have the lowest overall survival time. According to the coefficients from the Cox regression model, we cre-
ated age-dependent nomograms for overall survival rates in 3 years, 5 years, and 10 years. The calibration curve and C-statis-
tic values of the nomogram show the optimal consistency between predicted and observed probabilities for all deciles of
each age group. Furthermore, the nomogram could effectively distinguish the survival status of high, medium, and low-risk
subgroups, which is consistent with best to worst prognosis according to the nomogram risk score. Finally, we constructed
an age-based DNA methylation prognostic signature for OC. In conclusion, the developed and verified age-based DNA
methylation of nomograms could effectively predict the overall mortality of OC patients of different ages, which will assist

clinicians to develop more effective diagnostic strategies and evaluate prognosis.
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Introduction

Ovarian cancer (OC) is one of the most common
gynecological tumors and remains the most lethal cancer of
the female reproductive system. According to US statistics,
the incidence of OC accounts for 2.5% of all female malig-
nancies, but its deaths account for 5% of all tumors, ranking
fifth in female tumor deaths [1]. Whereas in developing
countries, the morbidity and mortality of OC rank third [2].
The 5-year survival rate of patients with advanced OC has
increased slowly in the past ten years and has not exceeded
40% [3]. Therefore, it is critical to identify the pathological
characteristics and prognostic factors of OC [4-7] and im-

prove its survival.

Age at diagnosis is one of the common risk factors
for most cancers, including OC, which peaks between the
ages of 50 and 80 years. Old women have much higher rates
of OC diagnosis and poorer clinical outcomes [8]. Aging is
associated with an increased prevalence of frailty, comor-
bidities, progressive decrease of organ function, as well as
adverse drug reactions due to decreasing therapeutic win-
dow and distribution volume [9]. Meanwhile, age creates a
unique molecular microenvironment for cancer cells, such
as metastasis, senescence, inflammation, and apoptosis.
However, clinical studies identified that the prognostic ef-
fect of age remains controversial [10-12], and the difference
in prognostic factors between old and young patients is not
evident. For instance, older patients (over 70 years) experi-
enced the same percentage of morbidity with no significant
difference in survival when compared with younger (under
70 years) women who were equally debulked [13]. One ma-
jor reason is they're missing out on the age threshold at the
diagnosis of OC [14].

Age-related degeneration of the epigenetic lands-
cape, including progressive loss of DNA methylation over
gene-poor genomic regions, which facilitates carcinogenesis
[15,16]. Several epidemiological studies have now explored
the associations between global hypomethylation and can-
cer risk, including cancer incidence, mortality and survival
[17-19]. Various cancers have been investigated, including
lung, breast, colorectal and pancreatic cancers [20]. Evi-
dence suggests that global hypomethylation represents a

“mitotic clock” that counts divisions in somatic cells and
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functions to restrain aging cells and limit malignant progres-
sion [21]. Therapies that modulate the pace of methylation
loss or eliminate hypomethylated cells could alleviate agin-

gassociated diseases or cancers.

The nomogram has been widely used to estimate
the risk probability of death or recurrence for each patient
based on the combination of independent prognostic fac-
tors to predict a specific endpoint. Up to date, few reports
of the nomogram were used to predict the overall survival
rate of patients with OC [22-25]. Therefore, our current
study aims to reveal the prognostic factors of OC from the
perspective of age stratification based on a large number of
population studies from the SEER database, and then con-
struct a comprehensive and practical age-dependent nomo-
gram for the prediction of the overall survival of OC pa-
tients. Furthermore, we compared the predictive ability of
the risk score of different risks for the age-subgroups and
provided a reference for predicting the survival status of
clinical OC patients. Finally, an age-based DNA methyla-

tion prognostic signature for OC was constructed.

Materials and Methods
Patient Selection

All data were collected from the US cancer statistic-
s-SEER database (https://seer.cancer.gov/). We retrospec-
tively analyzed patients with primary OC confirmed by his-
tology. All patients received surgical treatment, and other
cases diagnosed by autopsy report or death certificate were
excluded. Exclusion criteria include unknown information
such as race, tumor size, number of positive lymph nodes
(LNs), cause of death, diseases with unknown pathological
stage, histology, grade, and incomplete survival data. The
process of case selection was shown in Figure 1 and a total
of 7047 OC patients were included. We recorded the patien-
t's age at diagnosis, race, grade, laterality, metastasis, LN,
tumor size, nodes, and AJCC TNM stage for each partici-
pant.

We also collected 197 cases of OC patients con-
firmed by histology during the period from January 1, 2004
to December 31, 2015. We recorded the patient’s age at diag-
nosis, grade, laterality, the number of positive lymph nodes

and 5-year survival values were collected for each partici-
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pant.

Women diagnosed with ovarian cancer from 2004 to 2015
(N=24708)

Diagnosis made before death and histologically confirmed
(N=21130)

Patients with incomplete survival data were excluded
(N=17046)

Unknown and unrelated variables were excluded, including race, grade,
size, No. LNs, cause of death, and stage
(N=7047)

Figure 1: Screening flowchart for patients with ovarian cancer (OC)

Building a Nomogram

We used univariate and multivariate Cox regres-
sion analysis to determine whether the age at diagnosis
served as independent factors for predicting the OC pa-
tients. The Kaplan-Meier method was used to analyze the
survival curve and the Log-Rank test was versioned for sur-
vival factors statistical analysis [26]. Patients were then di-
vided into three groups according to age. Through the Cox
proportional hazards model, variables with significant differ-
ences were input into the multivariate analysis for three
groups. The independent prognostic factors determined by
multivariate analysis were used to construct a nomogram of
OS to predict the 3-year, 5-year, and 10-year OS of each
group of patients with OC [22,23].

Verification and Calibration of the Nomogram

To develop and validate the nomogram model, the
patients were randomly divided into training and validation
cohorts by applying the ‘createDataPartition’ function in
the package of ‘caret’ from R, version 3.6.1. We performed
1000 Bootstrap resampling on the nomogram for internal
verification of the training queue and external verification
through the verification queue. The C index (concordance
index, C-index) was used to evaluate the discriminative per-

formance of the nomogram [27], and measure the predic-
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tion accuracy of the model. We carried out the calibration
curve to evaluate the degree of calibration of the prediction
model, that is, the degree of consistency between the predict-

ed risk of the model and the actual risk.

Survival Rate Analysis Based on Nomogram Risk
Group Hierarchy

The risk score of the nomogram based on the Cox
proportional hazard regression model was calculated[28]
and ordered from highest to lowest in three age groups.
Three groups of high-, medium- and low-risk were deter-
mined and their critical scores were compared by the log-

rank test.

Construction an Age-Based DNA Methylation Prog-

nostic Signature

The level 3 DNA methylation (Methylation450k)
data and phenotype data of OC were downloaded from UC-
SC Xena. The B-difference was defined as the difference be-
tween mean { value of tumor and normal samples. Then,
the student t-test was performed and the p-value was adjust-
ed by Benjamini/Hochberg method. The significant differen-
tial methylation level of CpG sites were defined if they met
the following criteria of |B-difference| > 0.2 and a false dis-

covery rate (FDR) corrected p-value (Benjamini/Hochberg)
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< 0.05. The Spearman correlation analysis between age and
methylation level of CpG was performed. The Univariate
Cox proportional hazards regression model was performed
to identify the prognostic value. Furthermore, the least abso-
lute shrinkage and selection operator (LASSO) Cox regres-
sion model was performed by R package glmnet (version
4.1-2). The optimal tuning parameter \ was identified via 1-
SE (standard error) criterion. According to the risk scores
derived from the selected gene signature, a prognosis model

was developed.
Statistical Analysis

All statistical analyses were performed using R soft-
ware version 3.6.1 and SPSS software version 23.0. The "cm-
prsk” and "rms" modules in the R software package were
used to build models and develop nomograms [29]. Ka-
plan-Meier curves were utilized to show the impact of each
prognostic factor on survival outcomes. P value<0.05 was

considered statistically significant.

Results

Age at Diagnosis Served as a Reliable Prognostic Fac-
tor for OC

7047 cases of patients with OC have been included
in this cohort study from the SEER database, 2004-2015. To
study the role of age at diagnosis on the survival rates of
OC, we conducted out the univariate and multiple Cox anal-
ysis and found that age was the stable risk prognostic factor
for overall OC, when including grade, laterality, histology,
lymph nodes, surgery, tumor size, node, metastasis and
AJCC (Table 1). In addition, age was negatively associated
with five years prognosis of OC (Figure 2A). Then, we cata-
loged three groups according to the age of OC (Table SI).
Significant differences in survival rates were observed
among the patients of different ages (p< 0.001, Figure 2B).
Patients over 65 years old have the lowest survival time. The
Kaplan-Meier curves showed that aging provided effective

prognostic factors for the OC patients (p< 0.001, log-rank;
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Figure 2C). Interestingly, similar results were obtained in
OC patients who were collected from Shantou University
Cancer hospital in China (Table 2). It is clear that age at di-
agnosis is a stable risk prognostic factor for OC patients by
the univariate and multiple Cox analysis, as well as Ka-
plan-Meier assay (Figure 2D-F). Our observation indicated
that age at diagnosis served as a reliable prognostic factor
for OC.

Comparing the Prognostic Impact of Age-Depen-
dent

To identify the risk factors for survival rates in dif-
ferent age groups, the univariate and multivariate logistic re-
gression models were derived using the SEER patient data
set. As shown in Table S1-2 and Figure S1, the grade, histol-
ogy, and AJCC were statistically significant for the survival
rates of patients less than 55 years old. Likewise, grade, later-
ality, histology, surgery, LNs, CA125, and AJCC were signifi-
cant for the middle age patients’ survival. However, for the
survival of patients more than 65 years old, all variables
were significant except for the laterality, histology, LNs, and
node. The race was not found to be statistically significant

for all patients.
Construction of Nomogram

The resulting coefficients from the Cox regression
model were then used to create nomograms for the age-de-
pendent overall survival rates in 3 years, 5 years, and 10
years (Figure 3A-C). The factors of interest were considered
qualified prognostic factors only if they were significant in
both the univariate and multivariate analyses. Interestingly,
the higher magnitude odds ratio variables correlated with
the largest point allocation on each age nomograms. AJCC
was the strongest contributor, whereas grade and histology
contributed little to the prognosis of all groups. There were
different factors for patients more than 55 years old except
for surgery and CA125. For example, laterality and LNs ap-
pear the predictors for middle age, but tumor size for old pa-

tients, respectively.
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Figure 2: Age at diagnosis served as a reliable prognostic factor for ovarian cancer (OC). A-C, OC patients from the SEER database,

2004-2015. The correlation of age at diagnosis and the five years prognosis (A). The overall survival times (B) and the Kaplan-Meier curves

(C) among the patients with different age groups. D-F, OC patients from China hospital, 2004-2015. The correlation of age at diagnosis and

the five years prognosis (D). The overall survival times (E) and the Kaplan-Meier curves (F) among the patients with different age groups.
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Figure 3: Nomogram to predict the 3-year, 5-year, and 10-year survival probability of ovarian cancer (OC) patients with less than 55 (A),
55-65 (B), and more than 65 years old (C).

JScholar Publishers J Cancer Res Therap Oncol 2024 | Vol 12: 203



Table 1: Univariate and multivariate analysis of the survival factors for OC patients in the SEER database, 2004-2015.

Characteristics Univariate analysis Multivariate analysis
HR CI95 P Value HR CI95 P Value

Age 1.5 1.45-1.55 <0.001 1.35 1.3-1.393 <0.001
Race 0.92 0.88-0.96 <0.001 1.02 0.972-1.067 0.434
Grade 2.54 2.37-2.72 <0.001 1.39 1.285-1.494 <0.001
Laterality 1.88 1.77-1.98 <0.001 1.13 1.061-1.196 <0.001
Histology 0.88 0.86-0.89 <0.001 1.05 1.03-1.068 <0.001
Surgery 2.08 1.99-2.18 <0.001 1.2 1.135-1.26 <0.001
chemo 0.78 0.72-0.83 <0.001 141 1.308-1.51 <0.001
LNs 1.61 1.57-1.66 <0.001 1.07 1.013-1.124 0.014
Tumor size 0.86 0.83-0.9 <0.001 0.94 0.903-0.979 0.003
Node 2.82 2.66-2.98 <0.001 1.12 1.012-1.239 0.029
Metastasis 2.93 2.74-3.13 <0.001 0.77 0.703-0.846 <0.001
CA125 0.43 0.38-0.47 <0.001 0.78 0.698-0.863 <0.001
AJCC 2.04 1.98-2.1 <0.001 1.89 1.795-1.997 <0.001

HR: hazard ratio; CI95: 95% confidence interval; LNs: number of positive lymph nodes.

Table 2: Univariate and multivariate analysis of the survival factors for OC patients collected from China hospital

Characteristics Univariate analysis Multivariate analysis

HR CI95 P.Value HR CI95 P.Value
Age 2.39 1.71-3.36 <0.001 2.06 1.464-2.907 <0.001
Grade 5.28 2.85-9.78 <0.001 2.97 1.443-6.133 0.003
Laterality 3.21 1.93-5.33 <0.001 1.66 0.947-2.922 0.076
LNs 1.71 1.35-2.17 <0.001 1.35 1.011-1.801 0.042

HR: hazard ratio; CI95: 95% confidence interval; LNs: number of positive lymph nodes.

Calibration and Verification of Nomogram

To calibrate and verify the nomogram, we per-
formed 1000 Bootstrap resampling based on the training
queue and external verification. The calibration curve of the
nomogram shows that optimal consistency between predict-
ed and observed probabilities for all deciles of each age

group in 3, 5, and 10 years, indicating the appreciable relia-
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bility of the prognostic nomogram (Figure S3-4). C-statistic
values for both training and validation sets were calculated
and reported in Table 3. Interestingly, all the values of the
C-index were about 0.7. In particular, the C-index values of
less than 55 years old were about 0.75 in both the training
and testing cohorts. These results demonstrated that the no-
mograms had excellent discrimination for age-dependent

survival of OC patients.
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Table 3: C-index concordance index for both of training and validation sets among three groups

Group Training Validation

C-index SEM C-index SEM
<55 0.744861 0.009005 0.750366 0.009004
55~65 0.720112 0.009635 0.705735 0.010111
>=65 0.690095 0.009146 0.68785 0.008773

C-index: concordance index; SEM: Standard Error of Mean.

Prediction of the Survival Rate of the Nomogram

Risk Subgroups

Based on the Cox proportional hazard regression
model, we calculated the total OS nomogram score and di-

vided all patients in each group into three subgroups: low-

risk, intermediate-risk, and high-risk. As expected, the low-
risk subgroup had the best prognosis, while the high-risk
subgroup had the worst survival rate in both groups (Figure
4A-C). The results indicated that the nomogram could effec-
tively distinguish the survival status of high, medium, and

low-risk subgroups.
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Figure 4: Survival analysis of the risk group in ovarian cancer (OC) patients with less than 55 (A), 55-65 (B), and more than 65 years old (C).

Construction an Age-Based DNA Methylation Prog-

nostic Signature

Increasing evidence indicates that DNA methyla-
tion-based estimates of biologic age can predict important
age-related cancer incidence, mortality and survival [20,
30-32]. To construct an age-based DNA methylation prog-
nostic signature in OC, we accessed the DNA methylation
sequence data from TCGA database. Firstly, we also found
that age at diagnosis served as a reliable prognostic factor
for 569 cases of OC, age over 60 patients with a worse survi-
val outcome (Figure 5A). Notably, we identified 1840 CpG
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sites were significantly changed in OC comparing with nor-
mal control group: with 369 hypermethylatied and 1471 hy-
pomethylated CpG sites (cutoff difference>0.2, p<0.05, Fig-
ure 5B). 570 CpG sites were significantly related with the
outcomes and 25% of CpG sites were further closely corre-
lated with the age of diagnosis of OC (Figure 5C and D).
Moreover, we identified 12 CpG sites cross-linking with the
age of diagnosis and prognosis of OC by the univariate Cox
proportional hazards regression model (Figure 5E). Further-
more, the least absolute shrinkage and selection operator
(LASSO) Cox regression model were performed to con-

struct an age-based DNA methylation prognostic signature

J Cancer Res Therap Oncol 2024 | Vol 12: 203
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Figure 5: Construction an age-based DNA methylation prognostic signature. (A) The Kaplan-Meier survival plots of OC patients grouped
by the age at diagnosis. (B) The heatmap of methylation profile of the significant different CpG sites between OC tumor and normal group.
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minimum binomial deviance marked by the black dashed line. (H) The LASSO binomial model fitting process. Each curve represents a vari-
able.
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Discussion

Based on the poor prognosis of OC, establishing a
reliable survival prediction model could effectively guide
clinicians to accurately assess the patient's condition and
quickly provide targeted treatment plans in a personalized
way[25]. In this study, we found that age at diagnosis was
an independent risk factor for the prognosis of OC. The
age-dependent nomogram has been developed and validat-
ed to predict the 3-year, 5-year, and 10-year survival status

of patients with OC.

Epidemiological investigations have found that the
prognosis of OC may be related to factors such as age at di-
agnosis, marital status, elevated CA125, tumor differentia-
tion, invasion, lymph node removal, and distant metastasis
[33,34]. Consistent with previous studies, tumor grade and
lymph node involvement are the comment independent
risk factors for ovarian cancer in either group of young or
old. While race was a unique independent prognostic factor
only in the old group. In addition, we unexpectedly found
that the laterality of ovarian cancer was also an independent
risk factor for its survival, which conflicts with previous
studies [23]. The reason might relate to the criteria of selec-

tion and exclusion of cohort studies.

Interestingly, our nomogram model has shown
that the AJCC TNM stages were the most contributor to the
prognosis for all groups, while the number of lymph nodes
is most for the young patients. The reliability of our nomo-
gram was confirmed by the calibration chart, showing the
best agreement between the predicted and actual probabili-
ties of its 3-year, 5-year, and 10-year OS. Especially, the C in-
dex, as high as 0.732 in the three cohorts showed good dis-
crimination. Furthermore, the subgroups of in subgroups di-
vided by high, medium, and low through prognostic scores,
also show the significance of their treatment choices and
prognostic judgments. Therefore, the construct nomogram
model in our current study is stable and useful for prognos-

tic prediction in all subgroups of OC patients.

To bridge the aging and OC outcome, we con-
structed an age-based DNA methylation prognostic signa-
ture. Consistent with previous studies [16,35,36], our find-

ing indicated a potential mechanistic link between genomic
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instability, epigenetic age acceleration, and carcinogenesis.
Further work is needed to investigate nonlinear trends in
epigenetic age that are associated with cancer risk and mod-
eling epigenetic states that are associated with risk of can-
cer. Integrative analyses of methylation age along with ge-
nomic, transcriptomic, and proteomic data within an indivi-
dual prior to the development of cancer may ultimately be
used to develop predictive tools that could be used to guide

risk reduction strategies.

Since the SEER database accounts for approximate-
ly 28% of the U.S. population, the nomogram we developed
has a certain degree of versatility worldwide. The Nomo
model we constructed can not only provide a personalized
estimate of the prognosis of patients with OC but also could
be used by clinicians to make personalized treatment deci-
sions and survival assessments. Unavoidably, our research
has some limitations. First, because of lack the of detailed
variables in the SEER database, such as race, tumor size, che-
motherapy, and cause of death, we excluded about 15,000
cases of OC, and this might result in inevitable inherent bias-
es in our model. Secondly, due to the limitations of the
SEER database, some critical survival factors such as FIGO
staging, marital status, education, recurrence, radiotherapy
could not be studied, which could lower the stability and ef-
fectiveness of the nomogram. Third, all include patients
were collected from 2004 to 2015, medical changes may af-
fect the results. These strategies include chemotherapy,
neoadjuvant chemotherapy, and improvements in targeted
therapies. Fourth, it is necessary to validate the nomograms
in internal and external cohorts, as well as outside of the
SEER program. Therefore, further prospective studies based
on other cohorts and multi-center are needed to guarantee

the performance of our nomograms.

Conclusions

In summary, we constructed and validated nomo-
grams to predict survival outcomes for age-dependent OC
patients, based on a large-scale population from the SEER
database. This clinical nomogram could provide a visual-
ized estimation of risk for each prognostic factor and assist
clinicians in predicting the 3-, 5-, and 10-year OS for indivi-
dual OC patients. We also highlight and constructed an
age-based DNA methylation prognostic signature for OC.
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