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Abstract

Background: The aim of the study is to analyze the impact of the 
geriatric nutritional risk index (a patient nutritional assessment item) 
on the prognoses of epithelial ovarian cancer patients.

Methods: In this retrospective study conducted at a single hospi-
tal, we retrospectively analyzed 75 epithelial ovarian cancer patients 
who underwent surgical treatment at our hospital from 2010 to 2015. 
The geriatric nutritional risk index cut-off value was calculated us-
ing the receiver operating characteristic curve. Patients were divided 
into two groups on the basis of the calculated value. Kaplan-Meier 
curves were prepared for each group, and the difference in survival 
rates was calculated using the log-rank test. Cox proportional haz-
ards regression analysis was used to compare other factors that affect 
prognosis.

Results: The geriatric nutritional risk index was calculated to be 97.3. 
The survival rate was 61.9% for the group of patients with an index 
value > 97.3, and 39.4% for patients with an index value < 97.3 at 
48 months (P < 0.001). A univariate analysis was performed with the 
following variables: age > 60 years, albumin level < 3.5 g/dL, body 
mass index < 22, presence of ascites, cancer antigen 125 level > 35 U/
mL, type of tumor tissue, residual lesion, and geriatric nutritional risk 
index < 97.3. Albumin level, residual lesion, and geriatric nutritional 
risk index showed significant differences. A multivariate analysis was 
also performed, and only the geriatric nutritional risk index showed a 
significant difference (P = 0.0481).

Conclusions: The geriatric nutritional risk index may have a strong 
influence on the prognoses of epithelial ovarian cancer patients. We 
recommend utilizing these findings in daily clinical practice and in-
corporating them into treatment strategies for epithelial ovarian can-
cer.

Keywords: Carcinoma; Ovarian epithelial; Geriatric assessment; Nu-
trition assessment; Nutritional status

Introduction

According to the statistical report of the National Cancer Cen-
tre in Japan, the total number of cancer-related deaths in 2017 
was 373,334, of which 86.4% involved individuals aged > 
65 years. In addition, 72.1% of all cancer patients were aged 
> 65 years. This increasing association between old age and 
cancer is becoming more prominent with time. Men usually 
show prostate cancer, gastric cancer, and colon cancer, where-
as women usually show breast cancer, colon cancer, and lung 
cancer. Breast, uterine, and ovarian cancer patients tend to be 
relatively younger; however, the number of cases and age of 
the patients are increasing in Japan, where the population is 
rapidly aging. The annual incidence of ovarian cancer has ex-
ceeded 10,000, indicating the need to consider treatment op-
tions for ovarian cancer among the elderly.

Although physicians carefully consider whether treatment 
is indicated for elderly cancer patients, the implications of the 
word “treatment indication” are quite often unclear. Usually, 
the attending physician consults with the patient and their fam-
ily to decide on the best treatment strategy. Since the elderly 
are often worried about therapeutic intervention, it may be eas-
ier to refer to informed consent if there are objective numbers 
and data when considering therapeutic intervention. Regarding 
ovarian cancer, the concept of a “comprehensive geriatric as-
sessment (CGA)” has become popular in recent years as an 
index that reflects the patient’s general condition, not in rela-
tion with the tumor stage or histological type, but as a fac-
tor that determines prognosis. Thus, the relationship between 
CGA and ovarian cancer is now being analyzed. CGA is a con-
cept and tool that facilitates the provision of comprehensive 
medical care by allowing evaluation of the physical, mental, 
and social functions of patients with respect to multiple per-
spectives. The term “geriatric assessment” (GA) is used when 
only a comprehensive health assessment is performed for the 
purpose of determining the appropriate interventions [1]. In 
2018, the American Society of Clinical Oncology published 
the guidelines, “Practical evaluation methods and interven-
tions for vulnerable elderly patients who start chemotherapy” 
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[2]. The guidelines state that “GA should be used to identify 
vulnerabilities that are not routinely detected in patients older 
than 65 years who start chemotherapy.” A number of GA eval-
uation items have been created and advocated; one of them is 
the Barthel index [3], which focuses on physical activities of 
daily living, the controlling nutritional status score, the prog-
nostic nutritional index (PNI), and the geriatric nutritional risk 
index (GNRI). Several studies have retrospectively analyzed 
the prognostic influence of using each item in the management 
of various carcinomas in recent years [4, 5]. In addition to 
chemotherapy, surgical treatment, dialysis, and the relationship 
between heart failure and GA are being evaluated [6]. Regard-
ing ovarian cancer, the influence of PNI and the association 
between the preoperative C-reactive protein/albumin ratio and 
the prognoses of epithelial ovarian tumor patients treated with 
chemotherapy has been reported [7, 8]. However, research on 
the prognostic relationship between GNRI and ovarian cancer 
is lacking. In clinical practice, surgical interventions are often 
difficult due to the poor general condition of the patient even if 
their performance status (PS) is 0 - 1. The general impression 
is that emaciated patients have poor prognoses. Therefore, we 
aimed to analyze the influence of nutrition on the prognoses 
of ovarian cancer patients by assessing the impact of GNRI (a 
patient nutritional assessment item) on the prognoses of epi-
thelial ovarian cancer patients. We chose GNRI, since it con-
siders the patient’s body mass index (BMI) in its formula. To 
the best of our knowledge, this is the first study to report the 
analysis of the impact of GNRI on the prognosis of epithelial 
ovarian cancer.

Materials and Methods

This study was approved by the Institutional Review Board 
of Showa University Northern Yokohama Hospital (approval 
number: 20H021). We retrospectively selected and analyzed 
patients who were diagnosed with epithelial ovarian cancer 
(based on histopathological investigations) and underwent sur-
gical interventions in our hospital from 2010 to 2015. The to-
tal number of patients included was 75. GNRI was calculated 
using the data collated immediately before the operation. The 
cut-off value of the GNRI was calculated using the receiver 
operating characteristic (ROC) curve. GNRI was calculated as 
follows: (1.489 × serum albumin value (g/L)) + 41.7 × %ideal 
body weight (IBW). Patients were divided into two independ-
ent groups based on the calculated cut-off value. Kaplan-Meier 
curves were created for each group, and the difference between 
the survival rates of both groups at 48 months was calculated 
using the log-rank test. Cox proportional hazards regression 
analysis was used to compare other factors that affect progno-
sis. This analysis was retrospective and there were variations 
between the background data of the patients within the two 
groups. Therefore, we analyzed whether there were variations 
in the backgrounds of seven items in the patients’ background 
data. The items included age, BMI, albumin level, cancer 
stage (International Federation of Gynecology and Obstetrics 
(FIGO) classification), presence or absence of ascites, residual 
lesion, cancer antigen (CA)-125 levels, and histopathological 

cancer type. The Mann-Whitney U test was used to analyze 
continuous variables, whereas Fisher’s exact test and Pear-
son’s chi-square test were used for nominal variables. Results 
with significant differences were evaluated using multivariate 
analysis. We considered a P value of < 0.05 to be statistically 
significant. All analyses were performed using the R software 
program (version 1.26, Saitama Medical Center, Jichi Medical 
University, Saitama, Japan) [9].

The study was conducted in compliance with the ethical 
standards of the responsible institution on human subjects as 
well as with the Helsinki Declaration.

Results

Based on the ROC curve, the cut-off value of the GNRI was 
calculated to be 97.3 (area under the curve, 0.644); the study 
population was divided into two groups based on this cut-off 
value. The survival rate at 48 months was 61.9% in the group 
of patients with GNRI values higher than 97.3, and 39.4% for 
the group of patients with indices lower than 97.3. The P value 
was < 0.001 and the difference was statistically significant 
(Fig. 1). Table 1 shows the differences in the patients’ back-
ground factors. BMI, albumin levels, surgical completion rate, 
and fibrinogen levels were found to be significantly different 
between the two groups. The analyses results showed that age 
> 60 years, albumin level < 3.5 g/dL, BMI < 20 kg/m2, ascites, 
CA-125 level > 35 U/mL, type of tumor tissue, postoperative 
residual tumor, and GNRI < 97.3 were poor prognostic factors. 
Multivariate analysis was used to assess albumin level < 3.5 
g/dL, postoperative residual tumor, cancer stage, and GNRI < 
97.3; only GNRI showed a significant influence on prognosis 
(P = 0.0481) (Table 2).

Discussion

In this study, we analyzed the influence of GNRI on the prog-
noses of epithelial ovarian cancer patients. The study results 
show that albumin levels and amount of residual tumor post-
operatively have a major influence on the prognosis of epi-
thelial ovarian cancer patients, but the findings also suggest 
that GNRI may be an even more important prognostic factor. 
The study results also indicate that the median age of epithelial 
ovarian cancer patients who undergo surgical intervention is 
steadily increasing every year (Fig. 2).

On the basis of these results, we strongly believe that in 
addition to accurate evaluation of the impact of tumor-related 
factors, such as the stage of disease and the amount of re-
sidual tumor, on prognosis, evaluation of the impact of the 
patient’s general health on the prognosis is also essential. 
GNRI is a nutritional assessment method based on %IBW 
and serum albumin levels [10]. GNRI is a modification of 
the nutritional risk index (NRI), which was used as an index 
for estimating the occurrence of postoperative complications 
related to nutritional disorders in the surgical field; howev-
er, both indices have two distinctly different characteristics 
[11, 12]. First, the NRI uses the usual body weight, which is 
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Table 1.  Patient Characteristics Categorized According to GNRI

Variables Low GNRI group (n = 33) High GNRI group (n = 42) P value
Median age in years (range) 60.0 (26 - 87) 58.5 (30 - 86) 0.478
BMI (kg/m2) 0.0113
  < 22 24 18
    ≥ 22 9 24
Albumin (g/dL) < 0.01
  < 3.5 19 4
    ≥ 3.5 14 38
Disease stage (FIGO classification) 0.166
  I, II 11 21
  III, IV 22 21
Ascites 0.626
  + 1 3
  - 32 39
Residual tumor 0.0217
  Complete, optimal 13 28
  Suboptimal 20 14
Fibrinogen (mg/dL) 463 (236 - 808) 355 (190 - 722) < 0.05
CA-125 (U/mL) 1.00
  < 35 5 6
    ≥ 35 28 34
Histological type 0.41
  Serous adenocarcinoma 9 14
  Mucus adenocarcinoma 3 5
  Endometrium adenocarcinoma 7 14
  Clear cell adenocarcinoma 10 7
  Others 4 2

BMI: body mass index; CA-125: cancer antigen-125; FIGO: International Federation of Gynecology and Obstetrics; GNRI: geriatric nutritional risk index.

Figure 1. Kaplan-Meier curve and log-rank test. GNRI: geriatric nutritional risk index; OS: overall survival.
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the ratio of the current weight to the normal weight, where-
as GNRI uses %IBW, which is a comparison of the current 
weight to the ideal weight. The %IBW is a more appropriate 
parameter for these evaluations because the normal weight 
of a patient is often uncertain with increasing age. Second, 
GNRI uses the estimated height from knee-height to calcu-
late %IBW, assuming that it is difficult to maintain a standing 
position due to the sequelae of cerebrovascular accident or 
physical fragility. In advanced countries including Japan, the 
median age of epithelial ovarian cancer patients is expected 
to increase further in the future. In that scenario, the GNRI 
will be a more effective method for evaluating the patient’s 
general condition.

Previous reports have suggested that the factors that wors-
en the prognosis of ovarian cancer are the stage of the dis-
ease (FIGO classification) [13], PS, age, surgical completion 
rate, tumor grade, and presence of ascites. In the multivari-
ate analysis, and even in the univariate analysis, there was no 
significant difference in factors that were previously consid-
ered to have a large impact on prognosis. As shown in the Fig-

ure 2, Japan is aging very rapidly, especially in areas around 
our hospital. The current median age differs from that at the 
times when prognostic factors were calculated. Therefore, it 
is thought that items that reflect the patient’s degree of health 
now have more influence, while other tumor-related factors 
have less influence. As Japan’s aging population is expected to 
further accelerate in the future, these influences are expected 
to become stronger. Ovarian cancer shows few early symp-
toms and is often detected in its advanced stages; thus, regu-
lar examinations are important for early detection. Regarding 
the type of tumor tissue, various studies have assessed clinical 
frequency and progression tendency, chemotherapy reactivity, 
TP53/KRAS/BRAF mutations, estrogen receptor status, and 
the effects of hormone therapy; however, no study has directly 
compared the prognosis of the disease in relation to all of these 
factors [14]. In the present study, we categorized tumors as se-
rous adenocarcinoma, mucinous adenocarcinoma, endometri-
oid adenocarcinoma, and clear cell adenocarcinoma to assess 
the effect of the histological type of cancer on the prognosis 
of ovarian cancer. However, the results of the analysis showed 

Figure 2. Yearly transition of median ages of epithelial ovarian cancer patients who underwent surgical intervention.

Table 2.  Univariate and Multivariate Analysis of Risk Factors Associated With Overall Survival of Epithelial Ovarian Cancers

HR (95% CI) P value HR (95% CI) P value
Age ≥ 60 (years) 0.92 (0.518 - 1.64) 0.777
Albumin < 3.5 (g/dL) 2.04 (1.14 - 3.68) 0.0171 1.26 (0.651 - 2.44) 0.492
BMI < 22 (kg/m2) 1.04 (0.578 - 1.86) 0.904
Ascites + 1.03 (0.307 - 3.47) 0.960
CA-125 ≥ 35 (U/L) 2.00 (0.840 - 4.75) 0.117
GNRI < 97.3 2.40 (1.33 - 4.31) < 0.01 1.93 (1.01 - 3.70) 0.0481
Histological subtype 1.08 (0.855 - 1.37) 0.513
Residual tumor ≥ optimal 2.40 (1.33 - 4.31) < 0.01 1.84 (0.910 - 3.70) 0.09
FIGO classification ≥ stage III 1.72 (0.939 - 3.15) 0.0789

BMI: body mass index; CA: cancer antigen; FIGO: International Federation of Gynecology and Obstetrics; GNRI: geriatric nutritional risk index; HR: 
hazard ratio; CI: confidence interval.
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that histological type does not have a relatively large effect on 
prognosis. The survival curve of epithelial ovarian cancer at 
our hospital is shown in Figure 3; the prognosis did not dif-
fer notably among histological types. The degree of surgical 
completion has also been reported to have significant effects 
on prognosis, and the smaller the residual tumor diameter, the 
better the prognosis [15-18]. The results of the present study 
showed that residual tumor volume had the second highest 
hazard ratio next to GNRI, and it is thought to have a major 
influence on prognosis.

There are currently various cancer staging classifications 
such as the FIGO [19] and the Gynaecologic Oncology Group 
classification; however, there is no classification method that 
is widely accepted worldwide. In the World Health Organiza-
tion classification, cancer is classified into grades 1 - 3 based 
on cell atypia and construction. However, the definition of 
grades is not clear, and the evaluation varies slightly depend-
ing on each pathologist. We determined that incorporating un-
certain definitions in our multivariate analyses will reduce the 
accuracy of the analyses. In future research, we would like to 
work with a pathologist to determine the definition of grade, 
perform objective evaluations, and incorporate the data into 
the analysis.

Regarding residual tumor volume, operator subjectivity is 
an important factor in the evaluation of residual lesions; thus, 
the accuracy of an analysis based on this factor will reduce ac-
cordingly. Moreover, internal debulking surgery (IDS) has to be 
considered after several cycles of neoadjuvant chemotherapy 
(NAC), and the prognoses of primary debulking surgery (PDS) 
and IDS will differ even if the surgical results are the same. 
Notably, the usefulness of NAC has also been verified previ-
ously [20]. In our hospital, NAC was only performed in cases 
when it is clinically judged to be appropriate. IDS cases were 
excluded from our analysis because the NAC enforcement cri-

teria remain unclear. In future studies, we will establish NAC 
enforcement standards and evaluate the influence of GNRI on 
PDS and IDS. Regarding ascites, the presence or absence of 
ascites was evaluated in the present study using preoperative 
computed tomography (CT) and intraoperative findings. How-
ever, ascites is often found in small amounts even in stage I, 
and consequently, ascites was present in almost all cases in the 
present study. In future studies, the definition of ascites should 
be limited to extrapelvic ascites, preset estimated accumulated 
ascites volume in CT images, and cytology-positive cases. In 
the present study, we evaluated cases in which the patient un-
derwent surgical intervention; patients who had PS 3 - 4 were 
excluded from the study as a result.

Thrombosis is an additional factor to be considered in 
regarding the prognosis of ovarian cancer. Ovarian cancer 
is reported to present a higher risk of thrombosis than other 
cancers, and its perioperative management has been studied 
[21]. Several reports have indicated that the Wells score and 
D-dimer values are useful for prevention of thrombosis [22-
24]. In addition, the relationship between hyperfibrinogenemia 
and thrombosis in ovarian cancer patients and its influence on 
prognosis has been reported; similar results have been report-
ed for other malignant tumors as well [25, 26]. Our analysis 
showed that the fibrinogen level was significantly higher in the 
low GNRI group. Due to the lack of data, we could not study 
the relationship between frailty and fibrinogen levels and the 
effect of fibrinogen levels on prognosis; therefore, we avoided 
adding data on fibrinogen levels to prevent inaccuracies in the 
analysis. In the future, we plan to measure and analyze not 
only fibrinogen but also plasminogen, protein S, protein C, an-
tithrombin III (AT-III), etc. in all blood test items at the time 
of registration.

The median age for ovarian cancer patients from 2010 to 
2015 was 58 years, which is lower than that of the patients in 

Figure 3. Survival curve of epithelial ovarian cancer patients stratified by histological type of cancer. OS: overall survival.
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the present GA study. However, the analysis of this relatively 
young age group also showed that GNRI has a high hazard 
ratio. Figure 2 shows that the median age of ovarian cancer 
patients has increased by 9 years over the last 9 years. On the 
basis of this trend, we believe that GA will become more im-
portant in the field of ovarian cancer. The purpose of GA is to 
classify elderly patients into groups in which normal treatment 
can be administered (fit), treatment attenuation is recommend-
ed (vulnerable), or treatment is not recommended (frail). These 
classifications can be used as reference data for implementa-
tion of treatment policies. We believe that frail patients should 
not be treated with robust therapy that exceeds the limits of 
their general condition since this may cause adverse effects 
and yield poorer prognoses. However, obtaining informed con-
sent, which deals with treatment decisions in the actual clinical 
setting, can be very difficult. Even if the potency of the treat-
ment exceeds the limit of the patient’s physical strength, the 
course of positive treatment until death may be important and 
necessary for patients and their families.

This study had some limitations. This was a single-cent-
er retrospective study with differences in the patients’ back-
ground data. In future prospective trials, background factors 
should have no significant differences and should not affect 
analysis; the background factors should also be aligned so as 
not to affect the analysis. We are proceeding with a prospec-
tive study in which the background factors of both groups will 
be matched as much as possible. Another limitation is that the 
effects of chemotherapy should have been evaluated. All the 
patients in this current study had good PS and were able to 
complete standard treatment, and there were no cases of IDS. 
We were unable to evaluate differences in standard chemo-
therapy, maintenance therapy, and BRCA gene mutations. Re-
garding tumor grade, we could not perform grade analysis in 
this study. In some additional analysis, there was no significant 
difference in prognosis between the no residual and residual 
disease groups; however, there seemed to be a trend of influ-
ence, Similar results were obtained in the I - II group. We will 
increase the overall sample size and improve the accuracy of 
analysis with a prospective and background-matched study de-
sign.

In conclusion, this study shows the future possibilities of 
the clinical utility of GNRI in the creation of treatment strate-
gies for epithelial ovarian cancer in super-aged societies in de-
veloped countries. We hope that the results of the present study 
do not diminish the hopes of elderly cancer patients but rather 
are used as a resource to make their lives more meaningful.
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