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Abstract. Approximately 40% of all patients with ovarian 
cancer in Japan are aged ≥65 years. The aim of the present 
study was to evaluate the differences in prognosis and 
prognostic factors between elderly and younger patients 
with epithelial ovarian cancer. A total of 114 patients with 
International Federation of Gynecology and Obstetrics (FIGO) 
stage I‑IV ovarian cancer who were initiated on primary treat-
ment at the Osaka City University Hospital (Osaka, Japan) 
were included in this study. Patient characteristics, treatment 
outcome and prognosis were compared between elderly (aged 
≥65 years) and younger patients, and the prognostic factors 
associated with overall survival were evaluated by univariate 
and multivariate analyses. The most common histological 
type in younger patients was clear cell carcinoma (33.8%) vs. 
serous carcinoma in elderly patients (44.1%), with a significant 
difference in the distribution of histological type (P=0.006). 
Complete resection was achieved in 56.2% of younger patients 
compared with 32.4% of elderly patients (P=0.03). The rates 
of standard primary treatment were comparable (56.7% of 
younger vs. 50.0% of elderly patients). Overall and disease‑free 
survival did not differ significantly between the two groups. 
Multivariate analyses identified FIGO stage and standard 
primary therapy as prognostic factors in younger patients 
and performance status in elderly patients. Age was not an 
independent significant prognostic factor among patients with 
ovarian cancer. Therefore, performance status, rather than age, 
should be considered when selecting the optimal treatment for 
elderly patients based on objective assessment.

Introduction

Ovarian cancer has the highest mortality rate among gyneco-
logical tumors worldwide (1). The incidence of ovarian cancer 
in Japan has been increasing over the past 20 years, with an 
estimated ~10,400 new cases of ovarian cancer diagnosed 
and 4,800 ovarian cancer‑related deaths in 2017 (2). Epithelial 
ovarian cancer (EOC) is the most common histological 
type of ovarian cancer, and the standard primary treatment 
(SPT) is primary debulking surgery (PDS), followed by six 
cycles of combination chemotherapy with paclitaxel and a 
platinum‑containing drug, administered every 3 weeks (3‑5).

Approximately 40% of all patients with ovarian cancer in 
Japan are aged ≥65 years (2), and the rapidly aging population 
suggests that the number of elderly women requiring treatment 
for ovarian cancer is likely to increase. In general, elderly 
patients are likely to have multiple comorbidities, poor perfor-
mance status (PS), and require social and family support for 
their daily activities, which means that they may not be able 
to adapt to standard treatments. Elderly patients with ovarian 
cancer have thus been therapeutically undertreated compared 
with younger patients (6‑8). Elderly patients are also more 
likely to be excluded from clinical trials due to comorbidities, 
polypharmacy, poor functional status and fragility; therefore, 
evidence for suitable treatment strategies for elderly patients 
is lacking.

Previously reported prognostic factors for ovarian cancer 
include International Federation of Gynecology and Obstetrics 
(FIGO) stage, histological subtype and grade, volume of the 
residual tumor after surgical resection, PS and age (9). However, 
the prognostic effect of age remains controversial (10), and the 
difference in prognostic factors between elderly and younger 
patients is not evident.

The aim of the present study was to compare the survival 
of elderly and younger patients with EOC, and determine the 
differences in prognostic factors between the two groups.

Patients and methods

Inclusion criteria. This retrospective study included 
consecutive patients with epithelial ovarian, fallopian tubal or 
peritoneal cancers, who were initiated on primary treatment 
for ovarian cancer at our institution between January 2008 and 
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December 2011. All patients with stage I‑IV disease according 
to the FIGO staging classification were included, whereas all 
patients with borderline tumors were excluded.

Clinicopathological characteristics. Patient data were 
obtained from electronic medical charts at our institution and 
included demographic, surgical, pathological, therapeutic and 
survival information. The clinicopathological characteristics 
recorded included age at diagnosis, body mass index, PS, 
histological type, FIGO stage, nodal status, albumin, hemo-
globin and biomarker (CA‑125) levels, and the therapeutic 
characteristics included neoadjuvant chemotherapy, surgery, 
intraoperative blood loss, operative time, residual tumor, 
SPT, recurrence status and secondary debulking surgery. ‘No 
residual tumor’ was defined as the absence of any macro-
scopic residual tumor at the end of PDS. SPT was defined as 
completing at least six cycles of adjuvant chemotherapy after 
surgery, except for stage 1A and 1B patients; SPT in cases with 
stage 1A and 1B disease was defined as PDS without adjuvant 
chemotherapy. Adjuvant chemotherapy mainly involved six 
cycles of combination chemotherapy with paclitaxel and a 
platinum‑containing drug as the basic regimen, although this 
could vary depending on the patient's condition.

Overall survival (OS) was calculated as the time from the 
start of primary therapy to the date of death, and disease‑free 
survival (DFS) was calculated as the time from the start of 
primary therapy to the date of recurrence or death. Patients 
who remained alive were censored on the date of the last 
follow‑up.

Data collection. Study data were collected and managed using 
the Research Electronic Data Capture (REDCap) electronic 
tool hosted at Osaka City University Graduate School of 
Medicine (11). REDCap is a secure, web‑based application 
designed to support data capture for research studies.

Patient groups. The registered patients were divided into two 
groups: An elderly group aged ≥65 years and a younger group 
aged <65 years. Patient characteristics, treatment outcome and 
prognosis were compared between the two groups. Univariate 
and multivariate analyses were also performed to identify and 
compare prognostic factors in the overall study population, 
and in elderly and younger patients.

Statistical analysis. Median values were compared between the 
two age groups as appropriate using the Mann‑Whitney U test, 
and categorical variables were compared using the χ2 test. 
Kaplan‑Meier survival analyses were performed for OS and 
DFS, and the significance of differences between the groups 
was determined using the log‑rank test. A Cox proportional 
hazards model was used to calculate hazard ratios for OS and 
95% confidence intervals, adjusting for prognostic variables. 
A P‑value of <0.05 was considered to indicate statistically 
significant differences.

All statistical analyses were performed using EZR (Saitama 
Medical Centre, Jichi Medical University, Saitama, Japan), 
which is a graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria). More precisely, it is a 
modified version of R commander designed to add statistical 
functions frequently used in biostatistics (12).

Results 

Patient characteristics. A total of 114 patients aged 28‑84 years 
were included in this study, including 80 patients in the elderly 
group and 34 in the younger group. The patient characteristics 
are summarized in Table I. There was a significant difference 
in the distribution of histological types between the elderly and 
younger patients (P=0.006), with clear cell carcinoma being the 
most common histological type in younger patients (33.8%), vs. 
serous carcinoma in elderly patients (44.1%). More advanced 
cancers (stage III and V) were observed among elderly patients, 
whereas earlier‑stage cancers (stage I) were observed among 
younger patients, although there was no significant difference 
in stage distribution between the groups. However, there was 
a significant difference between the two groups in terms of 
residual tumor after PDS: 56.2% of younger patients had no 
residual tumor, compared with only 32.4% of elderly patients 
(P=0.03). There were no statistically significant differences 
between the two groups in terms of the other variables.

Survival comparison. There was no significant difference 
in OS between the elderly and younger groups (median OS, 
48 months vs. not reached, respectively; P=0.501, Fig. 1). The 
5‑year OS in elderly patients was 48.3% compared with 57.6% 
in younger patients. The median DFS was lower in elderly 
patients compared with that in younger patients, but the differ-
ence was not statistically significant (19.5 vs. 35.0 months, 
respectively; P=0.107, data not shown).

Uni‑ and multivariate analysis. The univariate Cox propor-
tional hazards model of OS for all patients identified PS, 
stage, residual tumor and SPT as significant prognostic factors 
(P<0.0001, P<0.0001, P<0.0001 and P=0.001, respectively), 
while stage and SPT were independent prognostic factors 
according to multivariate analysis (P=0.0006 and P<0.0001, 
respectively, Table II). In younger patients, PS, stage, residual 
tumor and SPT were significant prognostic factors in univariate 
analysis (P=0.02, P<0.0001, P<0.0001 and P=0.04, respec-
tively), whereas stage and SPT were independent prognostic 
factors in multivariate analysis, similar to the results for the 
overall study population (P=0.0007 and P=0.0006, respec-
tively, Table III). However, in elderly patients, only PS and SPT 
were found to be significant prognostic factors in univariate 
analysis (P=0.0006 and P<0.0001, respectively), and only PS 
was an independent prognostic factor in multivariate analysis 
(P=0.02, Table IV).

Elderly patients with a PS of 0 had a 5‑year OS rate of 
65.2%, which was comparable to that of younger patients. By 
contrast, the OS in elderly patients with a PS of 1 and 2 was 
very poor, with a 5‑year OS rate of 0%, which was significantly 
poorer compared with that in younger patients (P=0.0003, 
Fig. 2).

Discussion

The aim of this retrospective study was to evaluate the 
differences in patient characteristics, survival outcome, and 
prognostic factors between elderly and younger patients with 
FIGO stage I‑IV ovarian cancer who received primary treat-
ment at a single gynecological oncology institution in Japan. 
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Although numerous studies have examined the association 
between age and prognosis in Europe and the United States, 
only few studies from Japan have been published to date. Given 
that diagnosis, treatment, environment and conditions differ 
among countries, regional differences should be considered 
when assessing prognostic factors.

Our data suggested that age, defined by a cut‑off of 
65 years, was not a prognostic factor for either OS or DFS. 
FIGO stage and SPT were prognostic factors in the overall 
patient population, but the prognostic factors differed between 
elderly and younger patients. Multivariate analysis identified 

FIGO stage and SPT as independent prognostic factors in 
younger patients, as well as for all patients, but only PS was an 
independent prognostic factor in elderly patients.

An association between age and prognosis has been 
reported in several studies. Trillsch et al evaluated 275 patients 
with FIGO stage II‑IV EOC undergoing cytoreductive surgery 
and platinum‑based chemotherapy, and found that age was a 
prognostic factor for OS, but not for PFS (7). Sabatier et al 
compared 109 elderly patients with 488 younger patients with 
histologically invasive EOC, and identified age as an indepen-
dent prognostic factor for OS (8). There are several possible 

Table I. Patient characteristics.

	 Groups
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics		  <65 years n=80, n (%)	 ≥65 years n=34, n (%)	 P‑value

Age, years	 Median (Q1, Q3)	 51 (47, 58)	 71 (68,73)	 <0.001
BMI, kg/m2	 Median (Q1, Q3)	 22.7 (19.9, 24.9)	 22.2 (20.2, 24.2)	 0.57
PS	 0	 61 (76.2)	 26 (76.5)	 0.63
	 1	 17 (21.2)	 6 (17.6)	
	 2	 2 (2.5)	 2 (5.9)	
Histological type	 Serous	 16 (20.0)	 15 (44.1)	 0.006
	 Mucinous	 15 (18.8)	 5 (14.7)	
	 Clear cell	 27 (33.8)	 2 (5.9)	
	 Endometrioid	 17 (21.2)	 7 (20.6)	
	 Other	 5 (6.2)	 5 (14.7)	
Stage	 I	 31 (38.8)	 5 (14.7)	 0.08
	 II	 7 (8.8)	 5 (14.7)	
	 III	 35 (43.8)	 19 (55.9)	
	 IV	 7 (8.8)	 5 (14.7)	
Nodal status	 pN0	 42 (52.5)	 14 (41.2)	 0.12
	 pN1	 18 (22.5)	 5 (14.7)	
	 pNx	 20 (25.0)	 15 (44.1)	
Albumin, g/dl	 Median (Q1, Q3)	 3.9 (3.5, 4.2)	 3.9 (3.3, 4.1)	 0.71
Hemoglobin, g/dl	 Median (Q1, Q3)	 12.0 (10.6, 13.1)	 11.9 (11.0, 12.9)	 0.78
CA‑125, U/ml	 Median (Q1, Q3)	 328.5 (76.5, 1,780.5)	 589.0 (99.5, 3,178.3)	 0.27
NAC	 No	 75 (93.8)	 28 (82.4)	 0.12
	 Yes	 5 (6.2)	 6 (17.6)	
Surgery	 No	 1 (1.2)	 1 (2.9)	 1
	 Yes	 79 (98.8)	 33 (97.1)	
Intraoperative blood loss, ml	 Median (Q1, Q3)	 985 (560, 2,160)	 1,060 (515, 1,920)	 0.63
Operative time, min	 Median (Q1, Q3)	 246 (195, 299)	 204 (169, 247)	 0.06
Residual tumor	 No	 45 (56.2) 	 11 (32.4) 	 0.03
	 Yes	 35 (43.8) 	 23 (67.6) 	
SPTa	 No	 34 (42.5)	 17 (50.0)	 0.60
	 Yes	 46 (57.5)	 17 (50.0)	
Recurrence status	 No	 41 (51.2)	 13 (38.2)	 0.29
	 Yes	 39 (48.8)	 21 (61.8)	
SDS	 No	 75 (93.8)	 33 (97.1)	 0.79
	 Yes	 5 (6.2)	 1 (2.9)	

aSPT was defined as completing at least 6 cycles of adjuvant chemotherapy after surgery in principle. Bold print indicates statistically significant 
P‑values. Q, quartile; BMI, body‑mass index; NAC, neoadjuvant chemotherapy; SPT, standard primary therapy; SDS, secondary debulking 
surgery.
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reasons why age was not found to be a significant prognostic 
factor in the present study. First, the results may have been 
affected by the cut‑off value for elderly patients. Although 
a cut‑off age of 65 years has commonly been used, the age 
criteria have differed among previous studies  (6‑8,13‑17). 
Thus, the prognostic value of age may depend on the criteria for 
defining patients as ‘elderly’. Second, there was no significant 
difference in clinicopathological characteristics between the 
two groups, except for histological type, including body mass 
index, PS, FIGO stage, nodal status, albumin, hemoglobin and 
CA‑125 levels. Third, there was no major difference in the 

implementation rate of SPT, defined as completion of at least 
six cycles of adjuvant chemotherapy after surgery, with 57.6% 
of younger patients and 50% of elderly patients treated with 
SPT. By contrast, several previous studies reported that elderly 
patients were less likely to receive standard treatments, such 
as debulking surgery and combination chemotherapy, due to 
more advanced disease and functional impairments (6‑8,10). 
However, our data revealed similar implementation rates 
of SPT between the two groups. This fact may be based on 
the lack of a significant difference in patient characteristics 
between the two groups or the objective functional evaluation 

Table II. Univariate and multivariate analysis of OS for all patients (n=114).

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  -‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Age, years
  <65 vs. ≥65	 1.21 (0.68‑2.19)	 0.51	 0.59 (0.31‑1.12)	 0.11
PS
  0 vs. 1,2	 3.12 (1.76‑5.51)	 <0.0001	 1.53 (0.84‑2.79)	 0.16
Stagea

  1,2,3,4
	 2.46 (1.73‑3.50)	 <0.0001	 2.19 (1.41‑3.43)	 0.0006
Residual tumor	
  No vs. yes	 4.30 (2.24‑8.25)	 <0.0001	 1.79 (0.77‑4.18)	 0.18
SPTb

  No vs. yes	 0.40 (0.23‑0.70)	 0.001	 0.30 (0.16‑0.54)	 <0.0001

aStage is an ordinal variable. bSPT was defined as completing at least 6 cycles of adjuvant chemotherapy after surgery in principle. Bold print 
indicates statistically significant P‑values. HR, hazard ratio; 95% CI, 95% confidence interval; PS, performance status; SPT, standard primary 
therapy.

Figure 1. Kaplan‑Meier curves of overall survival (OS) according to age 
(0: <65 years, 1: ≥65 years).

Figure 2. Kaplan‑Meier curves of overall survival (OS) for elderly patients 
according to performance status (PS) compared with younger patients 
(0: <65 years, 1: ≥65 years with PS 0 and 2: ≥65 years with PS 1 and 2).
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of the elderly patients at our facility, suggesting the importance 
of adapting standard therapy to elderly patients.

The elderly comprise a heterogeneous population. In 
the present study, elderly patients with a PS of 0 had an OS 
comparable to that of younger patients, while elderly patients 
with a PS of 1 and 2 had a dismal OS, with a 5‑year OS rate 
of 0% (P=0.0003). The importance of PS in elderly patients 
is consistent with previous studies (7,8). We confirmed the 
backgrounds of the elderly patients according to PS, and found 
more advanced tumors in those with a PS of 1 and 2 compared 
with elderly patients with a PS of 0, although the difference 
was not statistically significant (P=0.09). Despite having more 
advanced tumors, only 12.5% of elderly patients with PS 1 and 
2 completed six cycles of standard chemotherapy, compared 
with 61.5% of elderly patients with PS 0 (P=0.04).

Elderly patients with ovarian cancer may benefit from 
a multidisciplinary approach, including a comprehensive 
evaluation by a gynecologist, oncologist, nurse and pharma-

cist. Comprehensive geriatric assessments have been shown 
to be able to predict morbidity and mortality in elderly cancer 
patients (18). However, the high heterogeneity of elderly patients 
means that it is not feasible to make treatment decisions based 
on age alone, and a more objective assessment is required.

The present study had certain limitations. First, selec-
tion bias was unavoidable and inherent to the retrospective 
nature of this study. Second, the relatively small number of 
cases, particularly in the elderly group, meant that the statis-
tical power may not have been sufficient to draw a definitive 
conclusion. Finally, other confounding factors may have been 
overlooked. However, this study also had certain strengths. As 
all patients with FIGO stage I‑IV EOC within a certain period 
were enrolled, the results may strongly reflect the effect of age 
on prognosis in clinical practice compared with the selected 
patient cohort.

In conclusion, elderly and younger patients with EOC have 
different prognostic factors but similar prognoses. Elderly 

Table III. Univariate and multivariate analysis of OS for younger patients (n=80).

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

PS
  0 vs. 1,2	 2.39 (1.17‑4.87)	 0.02	‑	‑ 
Stagea

  1,2,3,4	 3.11 (1.97‑4.92)	 <0.0001	 2.83 (1.55‑5.16)	 0.0007
Residual tumor	
  No vs. yes	 7.31 (3.14‑17.02)	 <0.0001	 2.12 (0.71‑6.29)	 0.18
SPTb

  No vs. yes	 0.49 (0.24‑0.96)	 0.04	 0.28 (0.14‑0.58)	 0.0006

aStage is an ordinal variable. bSPT was defined as completing at least 6 cycles of adjuvant chemotherapy after surgery in principle. Bold print 
indicates statistically significant P‑values. HR, hazard ratio; 95% CI, 95% confidence interval; PS, performance status; SPT, standard primary 
therapy.

Table IV. Univariate and multivariate analysis of OS for elderly patients (n=34).

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  -‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

PS
  0 vs. 1, 2	 5.86 (2.14‑16.03)	 0.0006	 2.83 (1.25‑11.75)	 0.02
Stagea	

  1, 2, 3, 4	 1.55 (0.83‑2.89)	 0.17	 ‑	 ‑
Residual tumor	
  No vs. yes	 1.21 (0.43‑3.45)	 0.72	 ‑	 ‑
SPTb

  No vs. yes	 4.30 (2.24‑8.25)	 <0.0001	 0.43 (0.13‑1.39)	 0.16

aStage is an ordinal variable. bSPT was defined as completing at least 6 cycles of adjuvant chemotherapy after surgery in principle. Bold print indi-
cates statistically significant P‑values. HR, hazard ratio; 95% CI, 95% confidence interval; PS, performance status; SPT, standard primary therapy.
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patients were as likely to receive standard primary therapy as 
younger patients, and age was not an independent significant 
prognostic factor. A key strategy for improving the prognosis 
of patients with EOC is to ensure the administration of at least 
six courses of standard adjuvant chemotherapy after PDS, in 
consideration of FIGO stage. Therefore, PS, rather than age, 
should be considered when adapting the optimal treatment 
to elderly patients with ovarian cancer based on objective 
assessment.
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