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over half of all new cases are diagnosed in women over 
65 years of age, and approximately 60% of patients are 
over the age of 65 [2]. Due to a lack of effective screening 
strategies and the lack of early symptoms, more than 50% 
of patients are diagnosed with advanced ovarian cancer 
[1]. Compared to younger patients, older women often 
present with advanced disease stages and have poorer 
outcomes. More than 65% of women over 75 years old 
while 39% of women under 50 years old have distant 
cancer. Additionally, the 5-year survival rate among 
women over 50 is 16% and that among women under 50 
is 43% [3]. Most patients undergo comprehensive staging 

Introduction
Among women in the United States, ovarian cancer is 
the fifth most deadly malignancy, and predictions based 
on the national statistics suggest that there will be 19,710 
new cases and 13,270 deaths in 2023 [1]. Generally, ovar-
ian cancer is diagnosed in older women. Specifically, 

BMC Women's Health

*Correspondence:
Hong Zheng
zhhong306@hotmail.com
1Key laboratory of Carcinogenesis and Translational Research (Ministry 
of Education/Beijing), Department of Gynecologic Oncology, Peking 
University Cancer Hospital & Institute, Beijing 100142, China

Abstract
Background  Undertreatment of ovarian cancer is common among older women. We aimed to evaluate the 
treatment modalities offered to older patients and their impact on overall survival (OS).

Methods  The study identified 5,055 patients with high-grade serous ovarian cancer and 3584 patients with 
advanced stage (IIIC + IV) disease from the Surveillance, Epidemiology, and End Results (SEER) database from January 
1, 2010, to December 31, 2017. We performed comparisons of OS and ovarian cancer-specific survival (OCSS) across 
age groups using a Cox proportional hazards model.

Results  Very elderly patients (≥ 75 years old) received treatment with significantly less surgical complexity, such as 
no lymphadenectomy (59.7% vs. 48.6%; p < 0.001) and a lower rate of optimal debulking surgery (44.0% vs. 52.7%; 
p < 0.001), as well as lower rates of chemotherapy (78.2% vs. 89.4%; P<0.001) and standard treatment (70.6% vs. 85%; 
p < 0.001). High proportions of both very elderly and elderly patients received neoadjuvant chemotherapy (NACT), 
with no significant difference (38.7% vs. 36.2%; P = 0.212). Patients aged ≥ 75 years had significantly worse OS and 
OCSS.

Conclusion  With increasing age, the survival rate of women with ovarian cancer decreases significantly. Noticeably 
fewer ovarian cancer patients aged over 75 years receive standard treatments, and more very elderly patients are 
treated with NACT.
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surgery, primary debulking surgery (PDS) or neoadjuvant 
chemotherapy (NACT) and interval debulking surgery 
(IDS), followed by adjuvant chemotherapy [4]. During 
PDS or IDS, complete gross resection (CGR) or a residual 
disease extent ≤ 1  cm is optimal for improving survival 
but may be accompanied by increased surgical morbidity 
and require more extensive surgery [5]. As older patients 
are frailer and more prone to complications, this type 
of treatment remains controversial [6]. Physiological 
changes associated with aging, such as kidney and liver 
function declines, can affect drug metabolism and che-
motherapy effectiveness, increasing the risks of toxicities 
and other adverse effects [7]. Therefore, along with psy-
chological and practical factors, including inherent age 
bias, older women with ovarian cancer receive less inten-
sive treatment and experience earlier treatment discon-
tinuation than younger women [8]. In clinical trials, older 
patients with ovarian cancer have historically low enroll-
ment rates, which leaves a lack of data regarding their 
management [9]. However, as life expectancy increases, 
as the older population ages, ovarian cancer incidence 
is expected to rise. Consequently, oncologic manage-
ment in this population is a critical issue that needs to be 
addressed.

The aims of this study were to evaluate the manage-
ment of elderly (aged 65–74 years) and very elderly 
patients (aged ≥ 75 years) with high-grade serous epi-
thelial ovarian cancer (EOC), which is the histological 
subtype of over 70% of all ovarian cancers [10], and to 
investigate treatment patterns and survival disparities by 
age in the updated SEER database.

Methods
Data sources and variables
This retrospective population-based study used the Sur-
veillance, Epidemiology, and End Results (SEER) data-
base. The data of the target patients were extracted with 
SEER*Stat Version 8.4.0.1 (SEER ID: 11,296-Nov2021). 
Based on the November 2021 submission, the April 2022 
report contained population-based data from 17 cancer 
registries covering approximately 28% of the US popula-
tion from 1975 to 2019 and provided complete informa-
tion about patient demographics, tumor characteristics, 
diagnosis, treatment, and follow-up. Since the SEER 
database released public data, the present study did not 
require informed patient consent and was exempt from 
review by the Beijing Cancer Hospital ethics committee.

In the SEER database, data on sociodemographic and 
tumor characteristics were collected. Patients were 
divided into two cohorts: elderly women (aged 65–74 
years) and very elderly women (aged ≥ 75 years). Marital 
status was classified as one of three categories: married, 
single, or unknown. In the SEER dataset, the 7th edi-
tion AJCC staging results for OC were converted to the 

2014 staging of the International Federation of Gynecol-
ogy and Obstetrics (FIGO). Tumor size was divided into 
the following five categories based on maximum diam-
eter: ≤50 mm, 51–100 mm, 101–200 mm, > 200 mm and 
unknown. According to the number of LNs removed, 
we classified lymphadenectomy extent into four groups: 
0 LNs (non-LND), 1–9 LNs, 10–19 LNs, and ≥ 20 LNs. 
The type of residual disease was classified as optimal or 
suboptimal; optimal was defined as no or microscopic 
residual disease (0–1 cm), while suboptimal was defined 
as macroscopic residual disease (> 1 cm). The SEER data-
base provides information on whether chemotherapy was 
definitely performed; however, detailed information on 
regimen and cycle was unavailable.

The study outcomes were OS (overall survival) and 
OCSS (ovarian cancer specific survival) rates calculated 
from date of death, and date of cancer-related death. 
The survival time was measured in months, and OS was 
calculated from the date of diagnosis until death from 
all causes or until the last follow-up in November 2019. 
OCSS was calculated as the time from the date of diagno-
sis to cancer-related death.

Cohort selection
We selected patients with ovarian serous cancer between 
2010 and 2017 using the ICD-O-3 primary site code 
C56.9 (ovary) and morphology codes 8140/3, 8380/3, 
8441/3, 8460/3, and 8461/3. As recommended by the 
2014 WHO guidelines, we reclassified high-grade endo-
metrioid tumors (grades 3–4) as high-grade serous car-
cinomas [11]. Patients with no confirmed diagnosis by 
histology, a primary tumor other than ovarian serous 
carcinoma, a survival time less than one month or of 
unknown duration, aged less than 65 years, or with well-
differentiated (G1 and G2) disease were excluded from 
the study cohort (Online Supplemental Table 1).

Statistical analysis
Comparisons of clinical and demographic characteristics 
were performed using the chi-squared test. Independent 
predictors of OS were identified by Cox regression. All 
data were analyzed using IBM SPSS Statistics for Win-
dows/Macintosh, version 20 (IBM Corp, Armonk, NY, 
USA). Kaplan-Meier curves and log-rank tests were used 
to calculate OS rates. Kaplan–Meier survival curves were 
plotted using GraphPad Prism 7.0.0 (GraphPad Software, 
San Diego, CA, USA), and P values < 0.05 were consid-
ered statistically significant.

Results
Baseline demographic and clinicopathological 
characteristics
Between 2010 and 2017, 5055 patients met the inclusion 
criteria. The demographic and clinical characteristics of 
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the whole cohort according to age group are reported 
in Table  1. The distribution of the two age groups was 
as follows: 3190 women (63.1%) were aged 65–74 years, 
and 1865 women (36.9%) were aged 75 years or older. 
The majority of the patients were white, married and in 
an advanced FIGO stage (III + IV): 82.8% in the 65–74-
year group and 81.4% in the ≥ 75-year group. There were 
significant differences concerning the presence of lymph 
node metastasis, with 1583 (49.6%) of the elderly patients 
having undergone lymphadenectomy and 21.7% of the 
lymph nodes (LNs) being positive; however, only 714 
(38.3%) of the very elderly patients underwent the same 
procedure, with 17.9% of the LNs being positive. Che-
motherapy was administered to 89.4% (2851/3190) of the 

elderly patients and 78.2% (1458/1865) of the very elderly 
patients (P < 0.001).

Treatment characteristics of women with advanced-stage 
disease
The treatment characteristics of the 3584 patients with 
an advanced FIGO stage (IIIc and IV) are presented 
according to age group in Table  2. There were 2296 
women (64.1%) aged 65–74 years and 1288 women 
(35.9%) aged 75 years or older. There was no significant 
difference between the two cohorts regarding FIGO 
stage at diagnosis. The very elderly patients had signifi-
cantly lower rates of pelvic and para-aortic lymphade-
nectomies (38.1% for ≥ 75 years, 45.6% for 65–74 years) 
with fewer LNs removed among those who underwent 

Table 1  Clinical characteristics of women stratified by age, N (%)
Age group (Age at diag-
nosis, years)

p-
Value

Characteristics Total 
(n = 5055)

65–74 
(n = 3190)

≥ 75 
(n = 1865)

Marital status < 0.001
  Married
  Not married
  Unknown

2488(49.2)
2370(46.9)
197(3.9)

1750(54.9)
1315(41.2)
125(3.9)

738(39.6)
1055(56.5)
72(3.9)

Race/ethnicity 0.133
  White
  Black
  Asian or Pacific 
Islander
  American Native
  Unknown

4338(85.8)
322(6.4)
348(6.9)
31(0.6)
16(0.3)

2710(85.0)
218(6.8)
229(7.2)
20(0.6)
13(0.4)

1628(87.3)
104(5.6)
119(6.4)
11(0.6)
3(0.2)

Laterality < 0.001
  Unilateral
  Bilateral

2400 (47.5)
2655(52.5)

1443(45.2)
1747(54.8)

957(51.3)
908(48.7)

Stage < 0.001
  I
  II
  III
  IV
  Unknown

330(6.5)
455(9.0)
2691(53.2)
1469(29.1)
110(2.2)

222(7.0)
277(8.7)
1702(53.4)
939(29.4)
50(1.6)

108(5.8)
178(9.5)
989(53)
530(28.4)
60(3.2)

Ca-125 0.324
  Negative
  Positive
  Unknown

235(4.6)
3996(79.1)
824 (16.3)

150(4.7)
2539(79.6)
501(15.7)

85(4.6)
1457(78.1)
323(17.3)

Tumor size 0.003
  ≤50 mm
  51-100 mm
  101-200 mm
  >200 mm
  Unknown

1135(22.5)
1359(26.9)
1096(21.7)
123(2.4)
1342(26.5)

746(23.4)
880(27.6)
699(21.9)
76(2.4)
789(24.7)

389(20.9)
479(25.7)
397(21.3)
47(2.5)
553(29.7)

Lymph node status < 0.001
  Negative
  Positive
  No examined
  Unknown

1270(25.1)
1027(20.3)
2663(52.7)
95(1.9)

890(27.9)
693(21.7)
1549(48.6)
58(1.8)

380(20.4)
334(17.9)
1114(59.7)
37(2.0)

Chemotherapy < 0.001
  Yes
  No

4309(85.2)
746(14.8)

2851(89.4)
339(10.6)

1458(78.2)
407(21.8)

Table 2  Treatment details for women with advanced stage 
ovarian cancer stratified by age, N (%)

Age group (Age at 
diagnosis, years)

p-
Value

Characteristics Total 
(n = 3584)

65–74 
(n = 2296)

≥ 75 
(n = 1288)

Stage 0.921
  IIIC
  IV

2127(59.3)
1457(40.7)

1364(59.4)
932(40.6)

763(59.2)
525(40.8)

LND < 0.001
  Non-LN
  1–9 LNs
  10–19 LNs
  ≥ 20 LNs
  Unknown

1963(54.8)
841(23.5)
378(10.5)
318(8.9)
163(2.3)

1197(52.1)
555(24.2)
255(11.1)
236(10.3)
53(2.3)

766(59.5)
286(22.2)
123(9.5)
82(6.4)
31(2.4)

Surgery method < 0.001
  No surgery
  USO/BSO ± Hys
  USO/
  BSO&Ome ± Hys

363(10.1)
290(8.1)
587(16.4)

157(6.8)
172(7.5)
377(16.4)

206(16.0)
118(9.2)
210(16.3)

  Debulking
  Pelvic
  exenteration

2250(62.8)
94(2.6)

1519(66.2)
71(3.1)

731(56.8)
23(1.8)

Treatment type < 0.001
  Chemo + surgery
  Surgery
  Chemo
  No chemo
  or surgery

2860(79.8)
361(10.1)
261(7.3)
126(2.8)

1951(85.0)
188(8.2)
124(5.4)
33(1.4)

909(70.6)
173(13.4)
137(10.6)
69(5.4)

NACT 0.212
  No
  Yes

1801(63.0)
1059(37.0)

1244(63.8)
707(36.2)

557(61.3)
352(38.7)

Residual disease < 0.001
  PDS/Optimal
  IDS/ Optimal
  PDS/Suboptimal
  IDS/Suboptimal
  No surgery
  Unknown

1184(33.0)
592(16.5)
421(11.7)
237(6.7)
363(10.1)
787(22.0)

803(35.0)
407(17.7)
275(12.0)
151(6.6)
157(6.8)
503(21.9)

381(29.6)
185(14.4)
146(11.3)
86(6.7)
206(16.0)
284(22.0)

LNs, lymph nodes; LND, lymphadenectomy; USO, unilateral oophoro-
salpingectomy; BSO, bilateral oophoro-salpingectomy; Hys, hysterectomy; 
Ome, omentectomy; NACT: neoadjuvant-chemotherapy; PDS, primary 
debulking surgery; IDS, interval debulking surgery.
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lymphadenectomy (p < 0.001). A total of 2860 (79.8%) 
patients received standard treatment for advanced ovar-
ian cancer, defined as both chemotherapy and surgery, 
but fewer very elderly patients received the standard pro-
cedures (70.6% vs. 85% for the elderly patients, p < 0.001). 
There was a higher rate of optimal debulking surgery in 
the elderly group (52.7% among those aged 65–74 years 
and 44.0% among those aged ≥ 75 years, p < 0.001).

Multivariate survival analysis
We performed multivariate Cox regression among all of 
the included patients to identify prognostic factors. Age, 
marital status, race, laterality, stage, Ca-125 level, tumor 
size, lymphadenectomy status, and chemotherapy were 
all found to be related to overall survival (OS). Notably, 
increased age showed unfavorable effects on OS, hazard 

ratio (HR) for the very elderly group of 1.403 with the 
elderly group as the reference (Online Supplemental 
Fig.  1). We found a similar trend when we performed 
multivariate Cox regression among those with advanced 
disease (HR was 1.287). Stage IV disease, no lymphad-
enectomy, no surgery, neoadjuvant chemotherapy, no 
standard treatment and suboptimal cytoreductive sur-
gery were associated with a worse OS (Online Supple-
mental Fig. 2).

Survival results
The median follow-up time for OS was 44.4 months 
(range: 1–119 months) in all patients and 40.5 months 
(range: 1–119 months) in advanced-stage patients. The 
median OS was 32 months for the very elderly cohort 
and 48 months for the elderly cohort, and the ovarian 

Fig. 1  Overall survival and ovarian cancer (OC) specific survival by age group of all patients (A); Overall survival and ovarian cancer (OC) specific survival 
by age group of advanced stage patients (B). The number at risk in the weighted dataset is shown
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cancer-specific survival (OCSS) durations were 33 and 
49 months, respectively (Fig. 1A). Among the advanced-
stage patients, the median OS durations for the very 
elderly and elderly cohorts were 28 and 40 months, and 
the OCSS durations were 28 and 41 months, respectively 
(Fig. 1B).

The associations of treatment types and residual dis-
ease status with survival among those with advanced dis-
ease were further examined in sub cohorts (Figs.  2 and 
3). In terms of treatment type, chemotherapy and surgery 
were associated with improved OS, which resulted in the 
best median OS (41 months) (Fig. 2). As shown in Fig. 3, 
OS was evaluated according to residual disease status. 
In all advanced-stage patients, PDS with optimal resid-
ual disease led to the best survival outcomes. Among 
patients aged 75 or older, those who underwent IDS had 

improved survival, with a survival time of 35 months 
with optimal IDS and 28 months with suboptimal IDS; 
however, the survival time was 26 months with subopti-
mal PDS. This trend was not observed among the elderly 
patients.

Discussion
The present study provides useful insight into the treat-
ment of older women with high-grade serous EOC in 
the real world and highlights patients older than 75 years 
of age received significantly fewer standard treatments. 
Very elderly patients were found to receive less intensive 
surgery. Cytoreductive surgery rates and optimal cytore-
duction rates decrease with increasing age. Similarly, very 
elderly patients were less likely to receive chemotherapy 
than younger patients. As a result of the higher FIGO 

Fig. 2  Stratified survival analyses by treatment group. (A) Overall survival of all advanced stage patients. (B) Overall survival of the elderly group. (C) 
Overall survival of the very elderly group. Abbreviations: Che + Sur, chemotherapy + surgery; Che, chemotherapy; Sur, surgery
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stage and less optimal treatment, very elderly patients 
with ovarian cancer have a significantly worse progno-
sis. In our study, 36.2% of the patients aged 65–74 years 
received NACT, while 38.7% of the patients aged 75 years 
or older received NACT. For very elderly patients, the 
survival outcomes were similar between PDS and IDS.

As in prior studies, epithelial ovarian cancer patients 
with older age have a poorer prognosis [12, 13]. It appears 
that surgeons tend to perform less radical surgery on 
older patients with more comorbidities because they con-
sider them frailer. However, for patients with advanced 
EOC, cytoreductive surgery with no visible tumor has 
long been considered one of the most important prog-
nostic factors [14]. Bristow et al. established that a 10% 
increase in maximal cytoreductive surgery is linked to 
a 5.5% increase in the median survival period [15]. Our 
study showed the very elderly patients could benefit from 

complete cytoreductive surgery. Recent literature, how-
ever, due to the higher risk of postoperative morbidity 
and mortality, has discussed the ability and meaning of 
achieving optimal cytoreduction in older patients [16]. 
One study showed that the rate of perioperative death 
within 30 days was 8.2% among patients aged 65 years or 
older [17]. Additionally, another study found that com-
plication rates increased with age, from 17.1% among 
women aged 50 to 29.7% among women aged 70–79 and 
to 31.5% among women aged 80 or older (P < 0.05) [18].

High-grade EOC is highly sensitive to chemotherapy. 
Therefore, even if older patients find radical treatment 
difficult, chemotherapy is actively selected for curative 
purposes or symptom relief. Older patients often do not 
receive standard chemotherapy compared to younger 
patients because of multiple comorbidities, poor physical 
or cognitive performance, and the risk of mortality. It is 

Fig. 3  Stratified survival analyses by residual disease. (A) Overall survival of all advanced stage patients. (B) Overall survival of the elderly group. (C) Overall 
survival of the very elderly group. Abbreviations: PDS, primary debulking surgery and IDS, interval debulking surgery
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suggested that carboplatin monotherapy or weekly car-
boplatin in combination with paclitaxel may be consid-
ered as a viable alternative to the three-week regimen of 
carboplatin plus paclitaxel for older patients with ovarian 
cancer who are susceptible to adverse effects. However, 
according to the findings of the EWOC-1 trial, carbopla-
tin monotherapy exhibits lower efficacy compared to the 
weekly or three-week regimens, leading to significantly 
inferior survival outcomes in susceptible older patients. 
Consequently, the combination of carboplatin and pacli-
taxel remains the established standard treatment for 
older patients [19].

A prior study conducted by Taylor et al [20] showed 
that among the 9016 patients aged 66 years and older 
diagnosed with advanced ovarian cancer, the median 
OS was 10.0 months for those who received chemo-
therapy alone and 2.0 months for those who underwent 
surgery. But this trend appears only among the very 
elderly patients in our study. It may because patients who 
received chemotherapy alone were more vulnerable than 
those who could afford surgery, and postoperative mor-
tality has declined in recent years [21].

NACT, which is chemotherapy that is received prior 
to cytoreduction surgery, is becoming more common 
in both the United States and Europe, particularly for 
more vulnerable and older patients, because it is associ-
ated with fewer surgical complications. Based on a study 
of stage II-IV EOC patients, NACT was used by 31.8% 
of patients in 2007 and 19.7% of patients in 1991 [22]. 
A study of older patients (66 years or older) diagnosed 
between 2000 and 2013 with stage III-IV EOC found that 
the use of NACT increased from 16% in 2000 to 35.4% 
in 2013, there were no survival differences between 
NACT and PDS in patients with stage IV disease or for 
women aged greater than 80 [23]. As IDS after NACT 
was less invasive than PDS and led to the same survival 
outcomes among older patients, NACT is recommended 
for patients over 75 years old by the ASCO and Society of 
Gynecologic Oncology [24].

A patient’s chronological age is not an adequate surro-
gate marker, and multidimensional evaluations are essen-
tial to fully understand their overall health and tolerance. 
The Geriatric Assessment (GA) has been recommended 
by the American Society of Clinical Oncology for all 
patients who are 65 years old or above and are being 
considered for chemotherapy. An older adult’s medical, 
psychosocial, cognitive, and functional capabilities can 
be evaluated using the GA, which is a multidimensional, 
multidisciplinary tool. To obtain estimates of chemother-
apy toxicity risk, it is advised to use either the Cancer and 
Aging Research Group (CARG) or Chemotherapy Risk 
Assessment Scale for High-Age patients (CRASH) tools, 
while mortality prediction can be aided by the Geriat-
ric-8 or Vulnerable Elders Survey-13 [25].

This study had the advantage of analyzing data from 
a large sample, allowing for robust statistical analysis. 
Additionally, to avoid potential confounding effects, the 
statistical model considered treatment type when assess-
ing the impact of age on OS. A typical histology of high-
grade serous EOC was used in our cohort to identify 
factors associated with poor outcomes in older patients, 
and further analysis focused mainly on advanced-stage 
disease. This analysis included patients from SEER’s 
diverse treatment areas, potentially allowing for broader 
generalizations than a single-institution investigation on 
a smaller scale.

Nonetheless, this study has a few limitations. First, 
EOC management heavily relies on chemotherapy, yet 
the specifics regarding the regimen type, precision, and 
adverse effects were not accessible. Second, SEER did not 
provide more detailed information about tumor markers, 
molecular testing results, or genetic alterations, which 
are all important factors in determining a patient’s prog-
nosis. Recent NCCN guidelines have incorporated these 
tests into treatment algorithms. Third, ovarian cancer has 
a high recurrence rate, and it is very important to treat 
it properly after recurrence as well; however, recurrence 
information was not provided in the SEER database. 
Finally, we recognize that retrospective studies are sub-
ject to selection bias.

There is potential for further improvement in the care 
of older EOC patients based on the large number of older 
patients without standard treatment and the large sur-
vival gap. In fact, a recent study from the Netherlands 
looked at older women with advanced stage ovarian 
cancer and found that, the proportion of older patients 
receiving oncologic treatment has decreased over the 
past 12 years [21]. older patients may be at risk for under-
treatment. Many randomized clinical trials exclude older 
patients, despite the fact that ovarian cancer primar-
ily affects the older. Study design and recruitment are 
more challenging for older patients because they have 
low performance scores and comorbidities. As a result, 
evidence-based guidelines often focus on the outcomes 
of younger patients, while little is known about how to 
treat older patients optimally. There is a need for more 
substantial numbers of older patients in clinical rials, as 
well as prospective designs that specifically target this 
group of patients.

Conclusion
The survival of women with EOC strongly decreases 
with increasing age; noticeably fewer EOC patients aged 
over 75 years received standard treatment, and more 
very elderly patients were treated with NACT. To reduce 
treatment disparities, more knowledge is urgently needed 
to characterize and identify modifiable factors among 
older EOC patients.
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In a paper conducted by Walree et al. showed most 
older women did not receive guideline-adherent care and 
patient preference was the most common reason for this 
decision [26]. Gynecological oncologists should inform 
older patients about the increased rates of complications 
associated with surgery and chemotherapy. Advise older 
patients on ways to improve their health upon diagnosis 
and encourage integrated care with geriatrics and pal-
liative care. This approach aims to enhance the quality 
of life and prioritize the goals of care, considering the 
guarded prognosis of ovarian cancer in older patients.
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