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Abstract

Background: The preoperative prognostic nutritional index (PPNI) 
has been investigated as a prognostic indicator in various cancers 
including epithelial ovarian cancer (EOC). However, its prognostic 
relevance in epithelial ovarian clear cell cancer (EOC-CC) remains 
uncertain. The objective of the study was to clarify the prognostic 
values of PPNI in EOC-CC patients.

Methods: We retrospectively reviewed 290 EOC-CC patients who 
underwent staging surgery at Rajavithi Hospital between January 
2008 and December 2019. The PPNI was calculated using serum 
albumin × 10 (g/L) + 0.005 × peripheral blood lymphocyte count 
(per mm3). The association between PPNI and survival outcome was 
analyzed using the Kaplan-Meier method and the Cox proportional 
hazard model.

Results: The optimal cut-off value of PPNI, set at a mean of PPNI as 
50, divided the EOC-CC patients into two groups: the low (n = 115) 
and the high (n = 175) PPNI group. With a median follow-up time of 
63 months, patients with high PPNI exhibited significantly superior 
5-year overall survival (OS) rates (76.4% vs. 56.8%, P = 0.004) and 
5-year progression-free survival (PFS) rates (71.0% vs. 58.7%, P = 
0.017) compared to patients with low PPNI. Univariate analysis re-
vealed high PPNI correlated with increased OS (hazard ratio (HR): 
0.51; 95% confidence interval (CI): 0.35 - 0.75) and PFS (HR: 0.63; 
95% CI: 0.43 - 0.92). Nevertheless, in a multivariate analysis, high 
PPNI did not retain its status as an independent prognostic factor for 
a favorable prognosis in EOC-CC patients.

Conclusion: The present study did not confirm the prognostic sig-
nificance of PPNI on survival outcomes in EOC-CC patients. There-
fore, conducting prospective clinical research with large samples 
is necessary to illustrate the predictive values of PPNI in this rare 
disease.
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Introduction

Ovarian cancer (OC) is one of the most common gynecologic 
malignancies worldwide, with the highest mortality rate. Epi-
thelial ovarian cancer (EOC) constitutes the most common 
OC type and is categorized into five main histologic subtypes: 
high-grade serous, endometrioid, clear cell, mucinous, and 
low-grade serous carcinomas [1]. Among these, epithelial 
ovarian clear cell cancer (EOC-CC) represents the second most 
common histologic subtype, constituting approximately 10% 
of all EOC cases [1]. Its incidence varies from 5% to 25%, de-
pending on geographic area and ethnicity. While EOC-CC rep-
resents 10% of cases in North America and Western countries, 
its incidence appears notably higher in Asia, accounting for 
15% to 25% of EOC cases [2, 3]. At our institution, Rajavithi 
Hospital, Bangkok, Thailand, we have also observed a similar 
increasing trend in EOC-CC incidence, and it is now reaching 
up to 27%.

EOC-CC exhibited unique molecular pathogenesis, ag-
gressive behavior, and inherent chemoresistance distinct from 
other EOC subtypes. Patients with EOC-CC are typically diag-
nosed at a younger age and earlier stage, with a 5-year disease-
specific survival rate of 85.3% and 86.4% for stage I, similar 
to serous EOC [4, 5]. However, advanced-stage EOC-CC car-
ries a significantly worse prognosis than serous EOC, with a 
higher hazard ratio (HR) for death (1.71; 95% confidence in-
terval (CI): 1.57 - 1.86) in a meta-analysis [5, 6]. Additionally, 
EOC-CC responds less favorably to platinum-based chemo-
therapy compared to EOC subtypes [7]. Identifying prognostic 
factors for EOC-CC is essential for risk stratification, outcome 
prediction, and optimizing treatment strategies in this clinical 
context.

Even though serum cancer antigen 125 (CA125) is a 
well-established predictive marker for EOC, its prognostic rel-
evance in EOC-CC remains uncertain. Prior research indicates 
lower CA125 levels in EOC-CC compared to other subtypes, 
with no clear correlation to clinical outcomes [8]. Investigating 
nutritional factors as predictors of clinical outcomes in EOC-
CC and other cancers is gaining traction due to their associa-
tion with malnutrition and systemic inflammation, which in-
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crease postoperative morbidity and poor clinical outcomes [9]. 
EOC patients, particularly those in an advanced stage, are at 
high risk of malnutrition due to cachexia and ascites. Systemic 
inflammation is a key driver of cancer initiation, progression, 
metastasis, and chemoresistance [10]. Thus, assessing the nu-
tritional status and systemic inflammatory mediators is essen-
tial for predicting the prognosis of EOC.

The preoperative prognostic nutritional index (PPNI) was 
developed in 1984 to assess postoperative complications and 
derived from serum albumin and peripheral blood lymphocyte 
count [11]. Serum albumin is a recognized marker for nutri-
tional status and independently predicts outcomes in various 
cancers, including EOC patients undergoing primary cytore-
ductive surgery [12]. Preoperative lymphopenia adversely af-
fects progression-free survival (PFS) and overall survival (OS) 
in advanced-stage EOC patients [13]. Therefore, PPNI reflects 
nutritional and immunologic status and is a prognostic indica-
tor for poor outcomes in various solid cancers, including EOC 
[14-17]. A previous meta-analysis of 2,050 OC patients dem-
onstrated low PPNI correlated with shorter OS, PFS, and ad-
verse clinicopathological parameters [18]. However, the rarity 
of EOC-CC limited the prognostic understanding. Also, in a 
recent study of 82 patients with early-stage EOC-CC patients, 
higher PPNI predicted a favorable prognosis, but there was no 
significant difference in recurrence-free survival [19]. To over-
come these limitations, our study aimed to clarify the associa-
tion between PPNI and predictive values in EOC-CC patients.

Materials and Methods

This retrospective cohort study comprises patients diagnosed 
with EOC-CC who were scheduled for cytoreductive surgery 
at Rajavithi Hospital from January 1, 2008 to December 31, 
2019. The cohort was designed to assess the association be-
tween PPNI and survival outcomes in EOC-CC patients, with 
the primary endpoint being the 5-year OS of EOC-CC patients 
stratified by PPNI and the secondary endpoint being the 5-year 
PFS among the same stratified groups.

After receiving approval from the Institutional Review 
Board (IRB) of Rajavithi Hospital, all patients with EOC-CC 
diagnosed during the study period were identified from the 
Rajvithi Hospital’s cancer registry. Exclusion criteria included 
synchronous cancer patients, a history of prior cancer treated 
by chemotherapy or radiotherapy, mixed histopathological 
subtypes of EOC, and incomplete medical records. Addition-
ally, patients with advanced-stage diseases who received neo-
adjuvant chemotherapy instead of primary cytoreductive sur-
gery were excluded due to potential impacts on serum albumin 
and lymphocyte count.

All eligible patients underwent primary cytoreductive 
surgery, and tumor staging was determined according to the 
revised 2014 International Federation of Gynecology and Ob-
stetrics (FIGO) staging system [20]. Adjuvant chemotherapy 
began within 4 weeks after surgery and continued for 3 - 6 
cycles. Follow-up with pelvic examination and tumor markers 
assessment was conducted by gynecologic oncologists. Imag-
ing studies (chest X-ray (CXR) and/or computed tomography 

(CT) scan) were performed if any suspicious lesion of recur-
rence or rising tumor markers were present.

Clinical data, including baseline characteristics (e.g., age 
at cancer diagnosis, body mass index (BMI) in kg/m2, and 
other comorbidities), preoperative laboratory studies (i.e., to-
tal white blood cell count, total lymphocyte count, hemoglobin 
level, platelet count, creatinine level, liver function test, and 
serum albumin), and serum CA125, which collected within 4 
weeks before surgery, were obtained from the medical records. 
PPNI was determined using Onodera’s formula: serum albu-
min × 10 (g/L) + 0.005 × total lymphocyte count (per mm3) in 
the peripheral blood [12]. The PPNI cut-off value was defined 
as the mean of PPNI categorizing EOC-CC patients into low 
and high PPNI groups. Surgical and treatment details (e.g., op-
eration date, operative findings, optimal surgery, residual tu-
mor, staging, adjuvant treatment details, and each treatment’s 
date) were retrieved from the inpatient chart and tumor files.

Follow-up data were extracted from medical records, in-
cluding the recurrence date, site of recurrence, and last visit. 
Dates and causes of death were obtained from the civil regis-
tration databases. Recurrence was histologically or clinically 
confirmed through imaging or increased serum marker levels 
and classified as locoregional recurrence (e.g., involving pel-
vic and nearby structures) or distant (e.g., abdominal organs, 
peritoneal carcinomatosis, liver, or bone). The recurrence date 
was defined as when the imaging study was performed, the 
blood sample for serum marker measurement was drawn, or 
the date of histopathological confirmation.

Sample size calculation

Sample size calculation followed the formula for testing two 
independent proportions using data from Yoshikawa et al’s 
study, where the 5-year OS was 97.6% for high PPNI and 
76.8% for low PPNI [19, 21]. With a statistical power of 80% 
and a type I error 0.05, the required sample size was 40 sub-
jects per group. Accounting for a 20% dropout rate, a mini-
mum of at least 48 EOC-CC patients per group was needed.

Statistical analysis

Categorical variables comparing EOC-CC patients with high 
and low PPNI were analyzed using the Chi-square or Fisher’s 
exact test, with results presented as frequencies and percent-
ages. For continuous data, the Student’s t-test was applied to 
normally distributed data (mean ± standard deviation) and the 
Mann-Whitney U test to non-normally distributed data (me-
dian and range). Kaplan-Meier method estimated OS and PFS 
curves, stratified by PPNI (high vs. low). OS was defined as 
the period from the date of operation until the date of death 
or the date of the last follow-up for the patients still alive at 
the end of the study. PFS was determined as the time elapsed 
from the operation date until the recurrence or death from any 
cause. The log-rank test compared OS and PFS between high 
and low PPNI groups. Multivariate Cox proportional hazard 
models assessed the association between PPNI and survival 
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outcomes, considering covariates with a P-value less than 
0.10 from the univariate analysis. HRs and 95% CIs were re-
ported for the entire cohort. All statistical analyses were con-
ducted using the Stata software package, version 15.1 (Stata 
Corp, College Station, Texas, USA), with the null hypothesis 
rejected if P-values were less than 0.05 or if the 95% CI did 
not include 1.

Results

From January 1, 2008 to December 31, 2019, a total of 290 
EOC-CC patients who underwent primary staging surgery at 
Rajavithi Hospital were identified. Baseline clinical and clin-
icopathological characteristics of patients with EOC-CC strati-
fied by PPNI are summarized in Table 1. In the study cohort, 
patients had a mean age of 53.3 ± 9.4 years, with 65.2% be-
ing post-menopausal. Mean BMI was 23.6 ± 4.6 kg/m2, and 
65% had a BMI of less than 25 kg/m2. Approximately 20% of 
the patients had underlying medical conditions, with the most 
prevalent being hypertension (13.4%) and diabetic mellitus 
(6.2%).

Regarding laboratory findings, 75% had serum CA125 
level ≥ 35 U/mL. Median white blood cell count was 7,635 
cells/mm3 (range 3,000 - 16,500 cells/mm3), and median lym-
phocyte count was 26.7% (range 3.9-65.0%). Patients had an 
average serum albumin level of 4.1 ± 0.5 g/dL, indicating nor-
mal nutritional status. In addition, the mean hemoglobin level 
was 11.1 ± 1.4 g/dL, suggesting that the majority of patients 
experienced anemia.

According to clinicopathological characteristics, most pa-
tients (76.6%) were diagnosed with early-stage EOC (66.2% 
for stage I and 10.4% for stage II). More than two-thirds of 
patients (77.9%) underwent complete surgical staging, and 
nearly all (90.3%) achieved optimal surgery with no residual 
disease. Adjuvant chemotherapy was administered to 99% of 
patients, with 94.1% receiving paclitaxel and carboplatin over 
three cycles.

We calculated the mean PPNI from eligible patients as 
50.7 ± 7.4 and set a cut-off value at 50 to categorize EOC-CC 
patients into the low PPNI (n = 115) and high PPNI groups (n 
= 175). The high PPNI group had a slightly higher proportion 
of obese patients than the low PPNI group (39.4% vs. 27.8%, 
P = 0.042). Conversely, the low PPNI group had more patients 
with serum CA125 levels ≥ 35 U/mL (84.4% vs. 69.1%, P = 
0.003). Moreover, patients in the low PPNI group had a sig-
nificantly lower hemoglobin level (10.7 ± 1.5 g/dL vs. 11.4 ± 
1.4 g/dL, P < 0.001) and higher platelet count (395.2 ± 163.5 × 
103 cells/mm3 vs. 333.6 ± 114.2 × 103 cells/mm3, P < 0.001). 
Regarding albumin levels and total lymphocyte count, the low 
PPNI group had significantly lower serum albumin levels (3.6 
± 0.6 g/dL vs. 4.4 ± 2.8 g/dL, P < 0.001) and a lower lympho-
cyte percentage (19.0% (range, 3.5 - 72.0) vs. 30.6% (range 
12.7 - 63.7), P < 0.001).

In terms of surgical and clinicopathological characteris-
tics, the high PPNI group had higher rates of complete surgical 
staging and optimal surgery (P < 0.05). In contrast, the low 
PPNI group had more frequent positive cytology of ascites 

(36.5% vs. 13.7%, P < 0.001). By stage distribution, patients 
in the high PPNI group presented at earlier stages than the low 
PPNI group (85.1% vs. 65.6%, P < 0.001). However, other 
baseline clinical data and clinicopathological characteristics 
were similar between the two groups.

Table 2 presents the pattern of recurrence and death in 
the EOC-CC patients stratified by the PPNI. Median follow-
up was 63 months (interquartile range (IQR), 4 - 76 months). 
Among 290 patients, 109 (37.6%) had died by the time of 
the study’s end (December 31, 2021), with a higher mortal-
ity rate in the low PPNI group (49.6% vs. 29.7%, P < 0.001). 
However, most deaths were cancer-related, with similar rates 
in both groups (P = 0.192). Among 187 patients (64.5%) who 
remained alive without the disease at the end of the follow-
up period, the low PPNI group had a higher recurrence rate 
than the high PPNI group (42.6% vs. 30.9%, P = 0.041). The 
most common site of recurrence was locoregional, with a com-
parable rate between both groups (P = 0.089). Based on the 
survival outcomes, our study found a 5-year OS rate of 68.6% 
(95% CI: 62.8-73.7%) and a 5-year PFS rate of 66.1% (95% 
CI: 60.3-71.3%) for EOC-CC patients. Kaplan-Meier curves 
(Fig. 1) indicated significantly shorter OS and PFS in those 
with low PPNI compared to high PPNI (log-rank test P-value 
< 0.05).

Table 3 displays 5-year survival rates in EOC-CC patients 
stratified by PPNI. The 5-year OS rates and 5-year PFS rates 
were poorer in the low PPNI group compared to the high PPNI 
group (5-year OS rate 56.8% vs. 76.4% and 5-year PFS rates 
58.7% vs. 71.0%). Herein, we observed significant differences 
in BMI, CA125 level, albumin level, lymphocyte count, he-
moglobin level, platelet count, cancer stage, optimal surgery, 
and ascites cytology between EOC-CC patients with low and 
high PPNI. These confounding factors could influence patient 
status, treatment modalities, and survival outcomes. We then 
adjusted these factors before summarizing our study’s conclu-
sion. Surprisingly, the adjusted OS suggested a trend toward a 
more favorable outcome in the low PPNI group (Fig. 2), while 
adjusted PFS showed no difference.

A significant difference in albumin levels and lymphocyte 
counts was observed between low and high PPNI, as shown 
in Table 1. Accordingly, we conducted additional survival 
analysis stratified by albumin levels and lymphocyte counts. 
Kaplan-Meier curves (Supplementary Material 1, www.wjon.
org) revealed significantly shorter OS and PFS in patients with 
low albumin levels (< 3.5 g/dL) compared to those with higher 
levels (≥ 3.5 g/dL) (log-rank P < 0.05). Similarly, Kaplan-Mei-
er curves (Supplementary Material 2, www.wjon.org) showed 
significantly shorter OS and PFS in patients with low lympho-
cyte counts (< 30%) compared to those with higher lympho-
cyte counts (≥ 30%) (log-rank P < 0.05).

Table 4 presents univariate and multivariate analyses for 
survival outcomes in EOC-CC patients. Univariate analysis 
revealed that PPNI < 50, BMI ≤ 25 kg/m2, presence of under-
lying disease, serum CA125 ≥ 35 U/mL, serum albumin < 3.5 
g/dL, lymphocyte count < 30%, hemoglobin level < 10 g/dL, 
platelet counts ≥ 350 × 103 cells/mm3, advanced FIGO stage, 
no optimal surgery, and positive cytology of ascites, were sig-
nificant poor prognostic factors for PFS. After multivariate 
analyses, only the advanced FIGO stage independently pre-
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Table 1.  Baseline Clinical Characteristics of Patients With EOC-CC Stratified by PPNI

Variables Total (n = 290) Low PPNI group  
(n = 115)

High PPNI group  
(n = 175) P-value

Age (years), mean ± SD 53.3 ± 9.4 53.7 ± 9.9 53.0 ± 9.0 0.552
Menopausal status, n (%) 0.811
    Pre-menopause 101 (34.8) 41 (35.6) 60 (34.3)
    Post-menopause 189 (65.2) 74 (64.4) 115 (65.7)
BMI, n (%) 0.042*
    < 25 kg/m2 189 (65.2) 83 (72.2) 106 (60.6)
    ≥ 25 kg/m2 101 (34.8) 32 (27.8) 69 (39.4)
Presence of underlying disease, n (%) 53 (18.3) 23 (20.0) 30 (17.1) 0.538
Presence of diabetic mellitus, n (%) 18 (6.2) 8 (7.0) 10 (5.7) 0.668
Presence of hypertension, n (%) 39 (13.4) 17 (14.8) 22 (12.6) 0.589
CA125, n (%) 0.003*
    < 35 U/mL 72 (24.8) 18 (15.6) 54 (30.9)
    ≥ 35 U/mL 218 (75.2) 97 (84.4) 121 (69.1)
Albumin (g/dL), mean ± SD 4.1 ± 0.5 3.6 ± 0.6 4.4 ± 2.8 < 0.001*
WBC (cells/mm3), median (min. - max.) 7,635 (3,000 - 16,500) 7,700 (2,300 - 17,400) 7,500 (3,700 - 15,200) 0.452
Lymphocyte (%), median (min. - max.) 26.7 (3.9 - 65.0) 19.0 (3.5 - 72.0) 30.6 (12.7 - 63.7) < 0.001*
Hemoglobin (g/dL), mean ± SD 11.1 ± 1.4 10.7 ± 1.5 11.4 ± 1.4 < 0.001*
Platelet count (× 103 cells/mm3), mean ± SD 358.0 ± 138.9 395.2 ± 163.5 333.6 ± 114.2 < 0.001*
FIGO 2014 staging, n (%) < 0.001*
    Early stage (I-II) 222 (76.6) 73 (63.5) 149 (85.1)
    Advance stage (III-IV) 68 (23.4) 42 (36.5) 26 (14.9)
Surgery, n (%) 0.013*
    Incomplete surgical staging 64 (22.1) 34 (29.6) 30 (17.1)
    Complete surgical staging 226 (77.9) 81 (70.4) 145 (82.9)
Optimal surgery, n (%) < 0.001*
    No 28 (9.7) 21 (18.3) 7 (4.0)
    Yes 262 (90.3) 94 (81.7) 168 (96.0)
Residual disease, n (%) < 0.001*
    No 262 (90.3) 92 (80.0) 170 (97.1)
    Yes 28 (9.7) 23 (20.0) 5 (2.9)
Ascites cytology, n (%) < 0.001*
    Negative 224 (77.2) 73 (63.5) 151 (86.3)
    Positive 66 (22.8) 42 (36.5) 24 (13.7)
Adjuvant chemotherapy, n (%) 0.650
    No 4 (1.4) 2 (1.7) 2 (1.1)
    Paclitaxel + carboplatin 286 (98.6) 113 (98.3) 173 (98.9)
Cycles of chemotherapy, n (%) 0.096
    ≤ 3 17 (5.9) 10 (8.7) 7 (4.0)
    > 3 273 (94.1) 105 (91.3) 168 (96.0)

Low PPNI is defined as PPNI level less than 50; high PPNI is defined as PPNI level greater than or equal to 50. *Statistically significance (P < 0.05). 
BMI: body mass index; CA125: cancer antigen 125; EOC-CC: epithelial ovarian clear cell cancer; FIGO: International Federation of Gynecology and 
Obstetrics; PPNI: preoperative prognostic nutritional index; SD: standard deviation; WBC: white blood cell.
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dicted shorter PFS (adjusted HR: 7.30; 95% CI: 4.38 - 12.17). 
Regarding OS, we identified serum CA125, serum albumin, 
lymphocyte count, hemoglobin level, platelet count, FIGO 
stage, optimal surgery, ascites cytology, and the number of 
adjuvant chemotherapy cycles were significant poor prog-
nostic factors for OS from univariate analysis. Subsequently, 
only serum CA125 ≥ 35 U/mL, advanced FIGO stage, and 
receiving chemotherapy ≤ 3 cycles remained independently 
associated with shorter OS after multivariate analyses. Nev-
ertheless, PPNI did not significantly affect PFS or OS (95% 
CI include 1).

Discussion

Clear cell cancer is relatively uncommon in EOC but more 
common in Asians, with a rising incidence [22]. Even though 
most EOC-CC patients are diagnosed early, patients in stage 
IC with positive peritoneal cytology or ascites have a worse 
prognosis. This finding occurs because the clear cell histology 
had a high recurrent rate, aggressive behavior, and resistance 
to platinum chemotherapy [23]. Therefore, identifying prog-
nostic indicators is important for EOC-CC’s risk stratification 
and treatment planning.

Acknowledging the essential role of preoperative nutri-
tional and immunologic status in cancer patient’s well-being, 
postoperative complications, and survival, we focused on the 
PPNI, derived from serum albumin and lymphocyte count in 
peripheral blood, which serves as a validated prognostic in-
dicator in various cancers, predicting cancer-related mortality 
[11, 18, 24-26]. Nevertheless, its specific role in EOC-CC re-
mains unclear, as previous studies encompassed all advanced 
EOC cases, which often involve malnutrition due to late diag-
nosis and extensive cancer progression. To address this gap, 
we conducted a retrospective cohort study to explore the as-
sociation between PPNI and survival outcomes in EOC-CC 

patients.
The main finding of this study indicated a significant 

difference in PFS and OS between EOC-CC patients with 
low PPNI and high PPNI in univariate analysis, consistent 
with prior research (HR: 0.102; 95% CI: 0.008 - 0.602) [19]. 
However, in our multivariate analysis, PPNI did not indepen-
dently predict OS and PFS. This could be due to variations 
in patient characteristics. Prior research focused solely on 
early-stage EOC-CC patients (stage I-II), with a PPNI cut-
off level of 46.7, while our study included both early and 
advanced stages of EOC-CC patients with a slightly higher 
PPNI cut-off level of 50 [19]. The reason for this discrepancy 
in cut-off levels remains unclear and could be influenced by 
factors such as patent age, cancer stage, and ethnicity. Fur-
ther investigations are needed to determine the optimal PPNI 
threshold in future studies.

The cut-off value of PPNI has been determined using 
various methods, including receiver operating characteristic 
(ROC) curves, median, mean, or multiple logistic regression 
analysis, to distinguish between normal and low PPNI sta-
tuses. Although their cut-off values varied across studies, they 
consistently fell within the range of 40 to 50 [18]. Similar to 
our study, we used the optimal cut-off value based on the mean 
value for our entire study population, which was 50. However, 
validation is necessary to confirm PPNI’s prognostic signifi-
cance and optimal EOC-CC cut-off value. Thus, establishing 
a normal PPNI range requires epidemiological research to cat-
egorize patients as high or low PPNI.

Regarding clinical characteristics in our study, we found 
that patients had a mean age at the time of diagnosis of 53 
years, consistent with previous research reporting a median 
age ranging from 49 to 54 years, which is younger than those 
with serous EOC [27, 28]. Furthermore, preoperative serum 
CA125 was elevated in 75.2% of EOC-CC patients, aligning 
with previous finding [8]. Elevated serum CA125 may be as-
sociated with the presence of endometriosis lesions, which 

Table 2.  Patterns of Recurrence and Death Stratified by PPNI in Patients With EOC-CC

Variables Total (n = 290) Low PPNI group  
(n = 115)

High PPNI group  
(n = 175) P-value

Recurrence, n (%) 0.041*
    No 187 (64.5) 66 (57.4) 121 (69.1)
    Yes 103 (35.5) 49 (42.6) 54 (30.9)
Site of recurrence, n (%) 0.089
    Locoregional 70 (68.0) 38 (76.0) 32 (60.4)
    Distant 33 (32.0) 12 (24.0) 21 (39.6)
Death, n (%) 0.001*
    No 181 (62.4) 58 (50.4) 123 (70.3)
    Yes 109 (37.6) 57 (49.6) 52 (29.7)
Cause of death, n (%) 0.192
    Non-cancer 31 (28.4) 12 (22.6) 19 (33.9)
    Cancer 78 (71.6) 41 (77.4) 37 (66.1)

Low PPNI is defined as PPNI level less than 50; high PPNI is defined as PPNI level greater than or equal to 50. *Statistically significance (P < 0.05). 
EOC-CC: epithelial ovarian clear cell cancer; PPNI: preoperative prognostic nutritional index.
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Figure 1. Kaplan-Meier curves of (a) overall survival and (b) progression-free survival of epithelial ovarian clear cell cancer pa-
tients stratified by preoperative prognostic nutritional index (PPNI).

Table 3.  Five-Year Survival Rates of Patients With EOC-CC Stratified by PPNI

Survival rates
Total patients Low PPNI group High PPNI group
% (95% CI) % (95% CI) % (95% CI)

5-year OS 68.6 (62.8 - 73.7) 56.8 (46.9 - 65.5) 76.4 (69.2 - 82.2)
5-year PFS 66.1 (60.3 - 71.3) 58.7 (49.1 - 67.1) 71.0 (63.5 - 77.2)
After adjusted for confounding factors*
    5-year OS 90.9 93.3 70.0
    5-year PFS 94.9 93.6 94.0

*Adjusted for BMI, CA125, albumin, lymphocyte, hemoglobin, platelet, stage of cancer, optimal surgery, and ascites cytology. CI: confidence interval; 
EOC-CC: epithelial ovarian clear cell cancer; OS: overall survival; PFS: progression-free survival; PPNI: preoperative prognostic nutritional index.
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increases the risk of EOC-CC [29]. Although we plan to re-
cord the details of endometriosis-associated OC in this study, 
we could not include endometriosis-related data due to the 
retrospective nature and incomplete medical records. Hence, 
investigating endometriosis-associated EOC-OC remains im-
portant for future epidemiologic studies on EOC-CC patient 
prognosis.

The present study found a higher proportion of low PPNI 
in advanced-stage EOC-CC (36.5% vs. 14.9%, P < 0.001), 
consistent with Lee et al’s findings, which concluded that 
a decreased PPNI was associated with shorter survival out-
comes especially in stage III OC [27]. This may be explained 

by the increased production of cytokines (e.g., interleukin-6 
and tumor necrosis factor) from the advanced tumors, which 
inhibit lymphopoiesis and induce inflammatory activity, re-
sulting in hypoalbuminemia [30, 31].

The strengths of this study included the new concept of 
identification of prognostic indicators in patients with EOC-
CC through a simple method and low-cost blood examina-
tion, which is routinely conducted before surgery without 
incurring additional expenses. The study benefits from a 
relatively long follow-up period, with an average duration 
of 63 months for most patients. This duration is sufficient to 
monitor recurrence or mortality events in EOC-CC patients. 

Figure 2. Kaplan-Meier curves of (a) overall survival and (b) progression-free survival of epithelial ovarian clear cell cancer pa-
tients stratified by preoperative prognostic nutritional index (PPNI) after adjusting for body mass index (BMI), cancer antigen 125 
(CA125) level, albumin level, lymphocyte count, hemoglobin level, platelet count, stage of cancer, optimal surgery, and ascites 
cytology.
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Additionally, the study exclusively included patients treated 
at the same institution to ensure a homogenous group and 
minimize the variation in operative techniques and treatment 
protocols that could influence patient outcomes.

Nevertheless, the present study has several limitations 
that warrant consideration for future investigations in this 
area. Firstly, our study is constrained by its retrospective na-
ture, which is susceptible to recall and measurement biases 
and may not fully account for all confounding factors. Sec-
ondly, although this study was conducted within a single in-
stitution with consistent operative techniques and treatment 
protocols, generalizability to other populations may be lim-
ited. Finally, despite adjusting for significant prognostic fac-
tors, including surgical stages, and our databases enabling as-
sessment of cancer stage at the initial diagnosis, we did not 

capture the full extent of disease severity and actual residual 
disease. Therefore, some residual confounding factors (e.g., 
endometriosis-associated lesions, pelvic adhesion, and resid-
ual disease) could have been present and may have influenced 
our participants’ recurrence and mortality rates.

Conclusion

Our findings indicate that EOC-CC patients with low PPNI are 
at a higher risk of worse OS and PFS. Thus, PPNI may prove 
valuable for predicting outcomes and optimizing treatment 
strategies for EOC-CC patients. However, future prospective 
multicenter clinical research with larger sample sizes is needed 
to establish its clinical utility conclusively.

Table 4.  Univariate and Multivariate Analyses for Survival Outcomes According to Individual Parameters

Parameters
PFS OS

HR (95% CI) P-value HR (95% CI) P-value
Univariate analysis
    PPNI (< 50 vs. ≥ 50) 0.63 (0.43 - 0.92)* 0.018 0.51 (0.35 - 0.75)* 0.001
    Menopause (pre- vs. post-menopause) 1.14 (0.75 - 1.72) 0.543 1.20 (0.80 - 1.80) 0.384
    BMI (≤ 25 kg/m2 vs. > 25 kg/m2) 0.60 (0.39 - 0.93)* 0.022 0.73 (0.48 - 1.10) 0.129
    Underlying disease (no vs. yes) 1.04 (0.63 - 1.71)* 0.077 1.11 (0.68 - 1.81) 0.673
    CA125 level (< 35 vs. ≥ 35 U/mL) 1.99 (1.18 - 3.36)* 0.009 2.46 (1.45 - 4.20)* 0.001
    Albumin (< 3.5 g/dL vs. ≥ 3.5 g/dL) 0.51 (0.31 - 0.84)* <0.001 0.39 (0.25 - 0.62)* < 0.001
    Lymphocyte (< 30% vs. ≥ 30%) 0.60 (0.40 - 0.91)* 0.015 0.54 (0.36 - 0.82)* 0.003
    Hemoglobin (< 10 g/dL vs. ≥ 10 g/dL) 0.57 (0.37 - 0.87)* 0.009 0.54 (0.36 - 0.82)* 0.004
    Platelet count (< 350 vs. ≥ 350 × 103 cells/mm3) 1.69 (1.15 - 2.49)* 0.008 1.89 (1.30 - 2.76)* 0.001
    FIGO 2014 stage (I-II vs. III-IV) 7.60 (5.11 - 11.30)* <0.001 6.78 (4.59 - 10.02)* < 0.001
    Optimal surgery (no vs. yes) 0.22 (0.14 - 0.35)* <0.001 0.17 (0.11 - 0.27)* < 0.001
    Ascites cytology (negative vs. positive) 2.75 (1.84 - 4.10)* <0.001 3.21 (2.18 - 4.73)* < 0.001
    Cycles of chemotherapy (≤ 3 vs. > 3) 1.45 (0.53 - 3.94) 0.465 0.49 (0.24 - 1.00) 0.052
Multivariate analysis
    PPNI (< 50 vs. ≥ 50) 1.14 (0.70 - 1.86) 0.590 0.89 (0.56 - 1.41) 0.608
    BMI (≤ 25 kg/m2 vs. > 25 kg/m2) 0.68 (0.42 - 1.11) 0.125 - -
    Underlying disease (no vs. yes) 0.92 (0.53 - 1.62) 0.783 - -
    CA125 level (< 35 vs. ≥ 35 U/mL) 1.61 (0.94 - 2.76) 0.082 2.09 (1.21 - 3.62)* 0.009
    Albumin (< 3.5 g/dL vs. ≥ 3.5 g/dL) 1.47 (0.78 - 2.78) 0.235 1.02 (0.57 - 1.84) 0.932
    Lymphocyte (< 30% vs. ≥ 30%) 0.81 (0.50 - 1.31) 0.395 0.78 (0.49 - 1.26) 0.315
    Hemoglobin (< 10 g/dL vs. ≥ 10 g/dL) 0.95 (0.59 - 1.54) 0.836 0.76 (0.49 - 1.20) 0.247
    Platelet count (< 350 vs. ≥ 350) × 103 cells/mm3 1.08 (0.69 - 1.68) 0.731 1.13 (0.72 - 1.76) 0.594
    FIGO 2014 stage (I-II vs. III-IV) 7.30 (4.38 - 12.17)* <0.001 4.69 (2.79 - 7.89)* < 0.001
    Optimal surgery (no vs. yes) 0.71 (0.39 - 1.30) 0.269 0.57 (0.32 - 1.01) 0.054
    Ascites cytology (negative vs. positive) 0.91 (0.52 - 1.58) 0.733 1.08 (0.63 - 1.85) 0.770
    Cycles of chemotherapy (≤ 3 vs. > 3) - - 0.31 (0.15 - 0.65)* 0.002

*Statistically significance (95% CI does not include 1). BMI: body mass index; CA125: cancer antigen 125; CI: confidence interval; FIGO: Interna-
tional Federation of Gynecology and Obstetrics; HR: hazard ratio; OS: overall survival; PFS: progression-free survival; PPNI: preoperative prognostic 
nutritional index.
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Supplementary Material

Suppl 1. Kaplan-Meier curves of (a) overall survival and (b) 
progression-free survival of epithelial ovarian clear cell cancer 
patients stratified by albumin levels.
Suppl 2. Kaplan-Meier curves of (a) overall survival and (b) 
progression-free survival of epithelial ovarian clear cell cancer 
patients stratified by lymphocyte counts.
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