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ABSTRACT

Objective: We retrospectively investigated the prognostic significance of the pretreatment prognostic
nutritional index (PNI) in patients with epithelial ovarian cancer (EOC) according to the clinical
stage.

Methods: The baseline characteristics and clinical outcomes of 308 EOC patients were collected
and retrospectively reviewed. PNI was defined as 10 X serum albumin (g/L) + 0.005 x lymphocyte
count (per mm?3) in the peripheral blood. The cut-off value of PNI was defined by time-dependent
receiver operating characteristics (ROC) analysis. Univariate or multivariate analysis was conducted
to evaluate the association between pretreatment PNI, progression-free survival (PFS), and disease-
specific survival (DSS) according to the clinical stage.

Results: The cut-off value of PNI was defined as 44.7 in early-stage patients and 42.9 in advanced-
stage patient by ROC analysis, respectively. Although decreased PNI was not associated with short
PFS or DSS in early-stage patients, it was significantly correlated with short PFS (p<0.0001) and DSS
(p<0.0001) in advanced-stage patients. In multivariate analysis, decreased PNI was an independent
prognostic predictor of recurrence and short survival in advanced-stage patients.

Conclusion: A decreased pretreatment PNI was an independent poor prognostic factor in patients
with advanced EOC.

The prognostic nutritional index (PNI) was
developed in 1984 and originally used for risk assessment
of post-surgical complications [5]. PNI has recently
attracted attention as an indicator of a poor prognosis in

INTRODUCTION

Epithelial ovarian cancer (EOC) is the 5th leading
cause of cancer-related deaths among women and it is

estimated that 22,240 new diagnoses and 14,070 deaths
will occur in 2018 in the United States [1]. Due to its
asymptomatic nature, more than half of patients are
diagnosed with advanced-stage diseases. Although most
patients respond to the initial treatment of debulking surgery
followed by platinum-based chemotherapy, more than 70%
develop recurrence within 5 years. Various prognostic
factors in EOC patients have been reported: clinical stage,
tumor histology, tumor grade, size of residual tumor after
initial surgery or platinum resistance [2—4]. However there
are limited predictors that can be used to estimate a patient’s
survival prior to the initiation of treatment.

patients with various solid cancers [6-9]. However, to
our knowledge, only two studies have investigated the
significance of PNI in EOC patients (Table 1) [10, 11].
In 2016, Miao et al. reported that decreased PNI was
significantly correlated with shorter PFS (HR, 1.890;
95%CI, 1.396-2.560; p<0.001) and OS (HR, 1.747;
95%CI, 1.293-2.360; p<0.001) in patients with EOC
[10]. Although this study included a relatively large
number of patients (n=344), the authors did not evaluate
the prognostic significance of PNI according to clinical
stage [10]. The following year, Zhang et al. showed that
decreased PNI was significantly correlated with shorter
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PFS and OS in advanced-stage EOC patients (Stage III:
PFS p<0.001, OS p<0.001, Stage IV: PFS p=0.005, OS
p=0.010). In multivariate analysis, they also showed that
decreased PNI was an independent predictor of shorter
PFS (HR, 1.815; 95%CI, 1.113-2.958; p=0.0017) and OS
(HR, 1.699; 95%CI, 1.035-2.789; p=0.0036) only in stage
III EOC patients [11]. However, the number of stage I, 11
and IV EOC patients included in this study was relatively
small [11]. Thus, the prognostic significance of PNI in
early- or advanced-stage EOC patients remains unclear.

In the current study, we investigated the prognostic
significance of pretreatment PNI in Japanese women with
EOC according to the clinical stage.

RESULTS

Definition of decreased PNI according to clinical
stage

ROC curves were described to select the optimal
cut-off value for PNI in early- and advanced-stage patients
(Figure 1A, 1B). The cut-off values of PNI for recurrence
and survival were 44.7 and 42.9 in early- and advanced-
stage patients, respectively. The area under the ROC curve
(AUC) for predicting recurrence and survival was 0.5158
(95%CI, 0.3546-0.6738) and 0.7323 (95%CI, 0.4505-
0.9012), respectively, in early-stage patients, and 0.6734
(95%CI, 0.5627-0.7675) and 0.7752 (95%CI, 0.6790-
0.8490), respectively, in advanced-stage patients.

Prognostic significance of PNI in early EOC
patients

The characteristics of early-stage EOC patients
are shown according to PNI in Table 2. Among the 164
patients with early-stage disease, 44 (26.8%) displayed
PNI less than 44.7 at the time of initial diagnosis. Optimal
surgery was performed for all early-stage patients.
Although there were no differences in age, histology
or presence of ascites, decreased PNI was significantly
correlated with elevated CA125 (p=0.0159). In the
survival analyses, as shown in Figure 2A and Table 3,
decreased PNI was not significantly correlated with short
PFS (p=0.5778) or DSS (p=0.9864) in early-stage EOC
patients. In the multivariate analysis, a decreased PNI was
not associated with a shorter PFS (HR, 0.66; 95%CI, 0.21-
1.76; p=0.4169) or DSS (HR, 0.77; 95%CI, 0.15-3.04;
p=0.7184) in early-stage EOC patients (Supplementary
Table 1).

Prognostic significance of PNI in advanced EOC
patients

The characteristics of advanced-stage EOC
patients are shown according to PNI in Table 4.
Among the 144 patients with advanced-stage disease,

81 (56.3%) displayed PNI less than 42.9 at the time
of initial diagnosis. Although there were no differences
in age or histology, decreased PNI was significantly
correlated with large amount of ascites (p<0.0001), a
lower optimal surgery rate (p=0.0127) and elevated
CA125 (p=0.0004). As shown in Figure 2B, decreased
PNI was significantly correlated with a shorter PFS
(p<0.0001) and DSS (p<0.0001) in advanced-stage
patients. Multivariate analysis showed that in addition
to a low optimal surgery rate, decreased PNI was
an independent prognostic factor for PFS (Table 5:
HR, 2.24; 95%CI, 1.18-4.25; p=0.0139) and DSS in
advanced-stage patients (Table 6: HR, 2.85; 95%ClI,
1.16-7.11; p=0.0217).

DISCUSSION

In the current study, we showed that PNI was an
independent prognostic factor for short PFS and DSS
in advanced-stage EOC patients. We also demonstrated
that PNI is not a prognostic indicator in early-stage EOC
patients.

Including ours, three studies have investigated the
significance of PNI in EOC patients. As shown in Table 1,
PNI was found to be an independent prognostic indicator
in EOC patients in all of these studies. Of note, 2 studies,
including ours, that evaluated the prognostic significance
of PNI according to clinical stage suggested that PNI is an
independent prognostic indicator in advanced-stage EOC
patients. In both studies, however, PNI did not provide any
prognostic information for early-stage EOC patients [10,
11]. Collectively, these results strongly indicate that PNI
can serve as a prognostic indicator only in advanced-stage
EOC patients.

PNI is calculated by the serum albumin and
absolute lymphocyte counts (ALC). Albumin is the
most abundant plasma protein in humans. Low serum
albumin reflects the nutritional status of patients or an
increased leakage of albumin into the extravascular space,
which results in hypoalbuminemia, pleural effusion,
or edema. Thus, hypoalbuminemia is more frequently
observed in advanced- than in early-stage EOC patients.
Hypoalbuminemia may also reflect the inflammatory
activity induced by cytokines such as interleukin-6 (IL-
6) or tumor necrosis factor [12]. Moreover, it has been
reported that inflammation can also decrease ALC. In
mice, IL-6 was demonstrated to inhibit lymphopoiesis,
leading to the increased production of myeloid cells
[13]. In fact, decreased ALC significantly correlates with
increased serum levels of IL-6 or IL-2 in patients with
soft tissue sarcoma [14]. In the current study, decreased
PNI was observed in both early- and advanced-stage
EOC patients. We speculate that cytokine production (i.e.,
IL-6) by EOC cells causes both hypoalbuminemia and
decreased ALC, leading to decreased PNI. In the current
study, early-stage patients had a significantly higher PNI
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Table 1: Summary of studies investigating the significance of PNI in EOC patients

Authors Year Number of patients  Cut off value Conclusion Analyses  Multivariate
Early Advanced (PNI) acco‘rd‘ing analysis
stage stage to clinical

stage
Miao et al Decreased PNI is
[10] 2016 168 176 45 associated with poor No Yes
PFS and OS.
Decreased PNI is
Zhang et al associated with poor
[11] 2017 67 170 47.2 PFS and OS only in Yes Yes
stage 111 OC.
Barly sage 4.7 o
Current study 2018 164 144 Advanced stage poo Yes Yes
429 PFS and DSS only in

advanced-stage EOC.

Abbreviations: PNI; Prognostic nutritional index, PFS; Progression-free survival, OS; Overall survival, DSS; Disease-
specific survival, EOC; Epithelial ovarian cancer.

than advanced-stage patients (average PNI; 46.5 versus
40.3, p<0.0001). Accordingly, decreased PNI was more
frequently observed in advanced- compared with early-
stage patients (56.3% vs. 26.8%, respectively, p<0.001).
A decreased PNI in advanced-stage EOC patients has
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also been reported in previous studies [11]. This may be
explained by the increased production of cytokines from
larger advanced tumors and the increased leakage of
albumin from the highly-developed tumor vasculatures.
Although previous studies employed only one cut-off
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Figure 1: ROC curves for recurrence and survival and cut-off value of prognostic nutritional index (PNI) according

to clinical stage. (A) ROC curves for (i) recurrence and (ii) survival at 2 years for PNI at early stage. (B) ROC curves for (i) recurrence
and (ii) survival at 2 years for PNI at advanced stage.
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Table 2: Clinicopathological characteristics of early-stage patients according to PNI

All PNI< 44.7 PNI>44.7
patients (n=44) (n=120)
(n=164)
N n (%) n (%) P-value
Age (years) <50 64 21 (32.8) 43 (67.2) 0.1665
>51 100 23 (23.0) 77 (77.0)
Histology Serous 24 8(33.3) 16 (66.7) 0.0164
Clear cell 62 22 (35.5) 40 (64.5)
Endometrioid 42 10 (23.8) 32 (76.2)
Mucinous 24 0 24 (100)
Others 12 4(33.3) 8 (66.7)
Ascites (ml) ! None 127 30 (23.6) 97 (76.4) 0.2649
<2000 27 10 (37.0) 17 (63.0)
>2000 2 1 (50.0) 1 (50.0)
Optimal surgery Yes 164 44 (26.8) 120 (73.2)
No 0 0 0
CA125 (U/ml) <500 135 31(20.0) 104 (80.0) 0.0159
>500 29 13 (44.8) 16 (55.2)

Abbreviations: PNI; Prognostic nutritional index, CA125; carbohydrate antigen 125.
' The amount of ascites was not indicated for 8 cases.
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Figure 2: Clinical implications of prognostic nutritional index (PNI) in EOC patients. (A) Significance of PNI in patients
at early stage. (i) Kaplan—Meier estimates of progression-free survival at early stage (PNI: >44.7 vs. <44.7). (ii) Kaplan—-Meier estimates
of disease-specific survival at early stage (PNI: >44.7 vs. <44.7). (B) Significance of PNI in patients at advanced stage. (i) Kaplan-Meier
estimates of progression-free survival at advanced stage (PNI: >42.9 vs. <42.9). (ii) Kaplan—-Meier estimates of disease-specific survival
at advanced stage (PNI: >42.9 vs. <42.9).
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Table 3: Univariate analysis of prognostic factors for progression-free survival and disease-specific survival of early-
stage patients based on PNI

PFS DSS
Univariate analysis Univariate analysis
Hazard 95%CI P-value Hazard 95%CI P-value
ratio ratio
Age (years) <50 1 1
>51 1.40 0.28-1.71 0.4513 1.33 0.37-5.25 0.6626
Histology Serous 1 1
Non serous 1.97 0.64-5.11 0.2159 0.68 0.04-3.73 0.7043
Ascites (ml) ! None 1 1
<2000 1.20 0.39-3.12 0.7334 1.35 0.28-5.03 0.6737
>2000 NA NA
CA125(U/ml) <500 1 1
>500 3.04 1.20-7.23 0.0202 2.06 0.44-7.40 0.3230
PNI >44.7 1 1
<447 0.72 0.23-1.84 0.5089 0.99 0.21-3.57 0.9847

Abbreviations: CI; confidence interval, CA125; carbohydrate antigen 125, PNI; Prognostic nutritional index, NA; not available.
! The amount of ascites was not indicated for 8 cases.

Table 4: Clinicopathological characteristics of advanced-stage patients according to PNI

All PNI<42.9 PNI>42.9
patients (n=81) (n=63)
(n=144)
N n (%) n (%) P-value
Age (years) <50 37 21(56.8) 16 (43.2) 0.9425
>51 107 60 (56.1) 47 (43.9)
Histology Serous 92 50 (54.3) 42 (45.7) 0.1349
Clear cell 16 12 (75.0) 4(25.0)
Endometrioid 11 3(27.3) 8 (72.7)
Mucinous 4 3 (75.0) 1(15.0)
Others 21 13 (61.9) 8 (38.1)
Ascites (ml) ! None 60 16 (26.7) 44 (73.3) <0.0001
<2000 38 27 (71.1) 11 (29.0)
>2000 28 25 (89.3) 3(10.7)
Optimal surgery 2 Yes 76 33 (43.4) 43 (56.6) 0.0127
No 55 36 (65.5) 19 (34.5)
CA125 (U/ml) <500 63 25(39.7) 38 (60.3) 0.0004
>500 81 56 (69.1) 25(30.9)

Abbreviations: PNI; Prognostic nutritional index, CA125; carbohydrate antigen 125.
! The amount of ascites was not indicated for 18 cases.
2 Surgery was performed in 131 cases.
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Table 5: Univariate/ Multivariate analysis of prognostic factors for progression-free survival of advanced-stage

patients based on PNI

Univariate analysis

Multivariate analysis

Hazard 95%CI P-value Hazard 95%CI P-value
ratio ratio
Age (years) <50 1
>51 1.41 0.87-2.41 0.1667
Histology Serous 1
Non serous 0.99 0.65-1.55 0.9783
Ascites (ml) ! None 1 1
<2000 1.63 0.97-2.72 0.0648 1.09 0.57-2.07 0.7983
>2000 2.08 1.15-3.67 0.0169 1.16 0.52-2.54 0.7177
Optimal surgery 2 Yes 1 1
No 2.40 1.53-3.76 0.0001 2.02 1.22-3.34 0.0065
CA125(U/ml) <500 1
>500 1.47 0.97-2.26 0.0677
PNI >42.9 1 1
<42.9 2.92 1.89-4.60 <0.0001 2.24 1.18-4.25 0.0139

Abbreviations: CI; confidence interval, CA125; carbohydrate antigen 125, PNI; Prognostic nutritional index.

! The amount of ascites was not indicated for 18 cases.
2 Surgery was performed in 131 cases.

value for both early- and advanced-stage patients [10, 11],
we believe that the optimal cut-off value of PNI should
be determined according to clinical stages. As shown in
Figure 1 and Table 1, we determined the cut-off values of
PNI in early- and advanced-stage patients separately from
ROC curves in the current study (44.7 in early-stage and
42.9 in advanced-stage patients). As the optimal PNI cut-
off values were employed for both early- and advanced-
stage EOC patients, we believe that we were able to draw a
definitive conclusion regarding the prognostic significance
of PNI in EOC patients.

The reason for the poor prognosis of EOC patients
with decreased PNI remains unknown. However, both
low ALC [15] and hypoalbuminemia [16] have been
reported to be associated with shorter survival in patients
with EOC, which frequently expresses IL-6 [17]. As
there is a positive correlation between tumor-infiltrating
lymphocytes and ALC [15, 18] or the albumin level [19],
PNI might influence the survival outcome through an
immunological mechanism.

The results of the present study may have important
clinical implications. First, pretreatment PNI offers
individualized survival estimates (Figure 2). Considering
the fact that pretreatment PNI does not provide prognostic
information for early-stage patients, PNI should only be
evaluated in advanced EOC patients. Second, calculation

of pretreatment PNI may enable physicians to offer closer
follow-up for advanced patients displaying decreased PNI.
Third, as PNI calculation requires only low-cost peripheral
blood examinations, PNI can be used universally for
survival estimation on managing EOC patients.

The limitations of our study need to be addressed.
First, this study was conducted at a single institution.
Second, this was a retrospective study. We intend to
verify our clinical findings in collaborative multi-
institutional studies in a prospective setting. The last
limitation is the cut-off values of PNI. In the present
study, the cut-off values of PNI for recurrence and
survival were defined as 44.7 in early-stage patients and
42.9 in advanced-stage patients, respectively. The cut-
off values for PNI in previous studies of EOC ranged
between 45 and 47.2 (Table 1), which are slightly higher
than our cut-off values. The reason for the difference in
cut-off values remains unknown; however, the baseline
PNI in cancer patients may differ due to ethnicity. Thus,
the threshold for PNI need to be further investigated in
future studies.

In conclusion, the decreased PNI at the time of
initial diagnosis is a predictor of recurrence and shorter
survival in advanced EOC patients. Future prospective
investigations are warranted for the clinical applications
of PNI in EOC patients.
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Table 6: Univariate/ Multivariate analysis of prognostic factors for disease-specific survival of advanced-stage

patients based on PNI

Univariate analysis

Multivariate analysis

Hazard 95%CI P-value Hazard 95%CI P-value
ratio ratio
Age (years) <50 1
>51 1.46 0.80-2.86 0.2254
Histology Serous 1
Non serous 0.63 0.38-1.04 0.0705
Ascites (ml) ! None 1 1
<2000 1.42 0.72-2.77 0.3060 0.76 0.30-1.92 0.5613
>2000 2.68 1.33-5.33 0.0067 1.69 0.63-4.74 0.2990
Optimal surgery 2 Yes 1 1
No 2.70 1.56-4.76 0.0004 2.53 1.30-5.03 0.0065
CA125(U/ml) <500 1
>500 1.27 0.77-2.14 0.3449
PNI >42.9 1 1
<42.9 3.74 2.14-6.93 <0.0001 2.85 1.16-7.11 0.0217

Abbreviations: CI; confidence interval, CA125; carbohydrate antigen 125, PNI; Prognostic nutritional index.

! The amount of ascites was not indicated for 18 cases.
2 Surgery was performed in 131 cases.

MATERIALS AND METHODS

Patients

Permission to proceed with data acquisition and
analysis was obtained from the institutional review board
of Osaka University Hospital. A list of patients who were
diagnosed with epithelial ovarian cancer and treated at
Osaka University Hospital between April 2007 and March
2016 was generated from our institutional registry, and the
clinical data were analyzed.

Treatment and post-treatment follow-up

Patients were clinically staged according to the
International Federation of Gynecology and Obstetrics
(FIGO) staging criteria. The standard procedures
for primary cytoreductive surgery consisted of total
abdominal hysterectomy (TAH), bilateral salpingo-
oophorectomy (BSO), omentectomy, and pelvic and para-
aortic lymphadenectomy sampling. In cases with gross
unresectable tumors in the peritoneal cavity, retroperitoneal
lymphadenectomy was not performed. Postoperative
adjuvant chemotherapy consisted of paclitaxel (175 mg/
m?), and carboplatin (area under the curve: 5) was initiated
within 6 weeks of primary cytoreductive surgery when

required. Patients with advanced-stage diseases who
received platinum-based neo-adjuvant chemotherapy
(NAC) instead of primary cytoreductive surgery were
also included in this study. Interval debulking surgery was
performed whenever possible. The definition of optimal
debulking surgery was <1 cm being the largest tumor
burden remaining at the completion of cytoreduction.
Additional surgical procedures such as partial resection of
gastrointestinal tract, liver, diaphragm or urinary tract were
performed when it was considered necessary to achieve
optimal debulking surgery. After the initial treatment,
follow-up examinations were conducted by gynecological
oncologists at regular intervals in an outpatient clinic.

Definition of PNI

During the period between the initial diagnosis and
start day of the initial treatment, all patients underwent at
least 2 blood tests including complete blood counts. PNI
was calculated according to the following formula: 10 x
serum albumin (g/L) + 0.005 x lymphocyte count (per
mm?®) in the peripheral blood. The cut-off value of PNI
was defined based on the maximum Youden index (i.e.,
sensitivity+specificity-1) in the time- dependent receiver
operating characteristics (ROC) curve for recurrence and
survival.

www.oncotarget.com

3611

Oncotarget



Evaluation of ascites volume

The amount of ascites before treatment was
evaluated by five-point method wusing computed
tomography (CT), as reported previously [20, 21]. Briefly,
the thickness of ascites in centimeters was measured in
three planes such as the bilateral subphrenic space (A and
B), the bilateral paracolic space (C and D) and the pre-
bladder space (E). The amount of ascites was calculated by
following equation; (A+B+C+D+E) x 200 (ml). Amount
of ascites could not be evaluated in 26 cases because
pretreatment CT were taken at other hospitals.

Statistical analysis

Continuous data were compared between the groups
using Student’s t-test, Wilcoxon rank-sum test, or median test.
Frequency counts and proportions were compared between
groups using the chi-square test or a two-tailed Fisher’s exact
test. We performed univariate analysis by comparing the
Kaplan—Meier curves for each subgroup with the log-rank
test. Progression-free survival (PFS) was defined as the time
from the date of the initial surgical procedure or chemotherapy
to the date of the first physical or radiographic evidence of
disease progression. Disease-specific survival (DSS) was
defined as the time from the date of treatment to the date
of cancer-related death. P-values of <0.05 were considered
significant. All analyses were performed using JMP®
software, version 12.0 (SAS Institute, Cary, NC, USA).

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. National Cancer Institute. SEER Cancer Statistics Review (CSR)
1975-2013. https:/seer.cancer.gov/statfacts/html/ovary.html.
(accessed July 20, 2018).

2. Holschneider ~CH, Berek JS. Ovarian cancer:
epidemiology, biology, and prognostic
factors.  Semin  Surg  Oncol.  2000; 19:3-10.

https://doi.org/10.1002/1098-2388(200007/08)19:1<3::AID-
SSU2>3.0.CO:2-S. [PubMed]

3. Winter WE 3rd, Maxwell GL, Tian C, Carlson JW, Ozols RF,
Rose PG, Markman M, Armstrong DK, Muggia F, McGuire
WP; Gynecologic Oncology Group Study. Prognostic
factors for stage 111 epithelial ovarian cancer: a Gynecologic
Oncology Group Study. J Clin Oncol. 2007; 25:3621-27.
https://doi.org/10.1200/JC0O.2006.10.2517. [PubMed]

4. Jayson GC, Kohn EC, Kitchener HC, Ledermann
JA. Ovarian cancer. Lancet. 2014; 384:1376-88.
https://doi.org/10.1016/S0140-6736(13)62146-7. [PubMed]

5. Onodera T, Goseki N, Kosaki G. [Prognostic nutritional

index in gastrointestinal surgery of malnourished cancer

10.

11.

12.

13.

14.

15.

patients]. [Article in Japanese]. Nihon Geka Gakkai Zasshi.
1984; 85:1001-05. [PubMed]

Migita K, Takayama T, Saeki K, Matsumoto S, Wakatsuki
K, Enomoto K, Tanaka T, Ito M, Kurumatani N, Nakajima
Y. The prognostic nutritional index predicts long-
term outcomes of gastric cancer patients independent
of tumor stage. Ann Surg Oncol. 2013; 20:2647-54.
https://doi.org/10.1245/s10434-013-2926-5. [PubMed]
Mohri Y, Inoue Y, Tanaka K, Hiro J, Uchida K, Kusunoki
M. Prognostic nutritional index predicts postoperative
outcome in colorectal cancer. World J Surg. 2013; 37:2688—
92. https://doi.org/10.1007/s00268-013-2156-9. [PubMed]
Hong S, Zhou T, Fang W, Xue C, Hu Z, Qin T, Tang Y,
Chen Y, Ma'Y, Yang Y, Hou X, Huang Y, Zhao H, et al. The
prognostic nutritional index (PNI) predicts overall survival

of small-cell lung cancer patients. Tumour Biol. 2015;
36:3389-97. https://doi.org/10.1007/s13277-014-2973-y.
[PubMed]

Haraga J, Nakamura K, Omichi C, Nishida T, Haruma
T, Kusumoto T, Seki N, Masuyama H, Katayama N,

Kanazawa S, Hiramatsu Y. Pretreatment prognostic
nutritional index is a significant predictor of prognosis
in patients with cervical cancer treated with concurrent
chemoradiotherapy. Mol Clin Oncol. 2016; 5:567-74.
https://doi.org/10.3892/mco0.2016.1028. [PubMed]

Miao Y, Li S, Yan Q, Li B, Feng Y. Prognostic Significance
of Preoperative Prognostic Nutritional Index in Epithelial

Ovarian Cancer Patients Treated with Platinum-Based
Chemotherapy. Oncol Res Treat. 2016; 39:712-19.
https://doi.org/10.1159/000452263. [PubMed]

Zhang W, Ye B, Liang W, Ren Y. Preoperative prognostic

nutritional index is a powerful predictor of prognosis in
patients with stage III ovarian cancer. Sci Rep. 2017; 25;
7:9548. https://doi.org/10.1038/541598-017-10328-8.
[PubMed]

Shioya M, Yoshida T, Kasai K, Furuya R, Kato A, Mori
N, Matsumoto Y, Kumagai H. Inflammatory factors
for hypoalbuminemia in Japanese peritoneal dialysis
patients. Nephrology (Carlton). 2013; 18:539-44.
https://doi.org/10.1111/nep.12106. [PubMed]

Maeda K, Malykhin A, Teague-Weber BN, Sun XH, Farris
AD, Coggeshall KM. Interleukin-6 aborts lymphopoiesis
and elevates production of myeloid cells in systemic lupus
erythematosus-prone B6.Slel.Yaa animals. Blood. 2009;
113:4534-40. https://doi.org/10.1182/blood-2008-12-192559.
[PubMed]

Ruka W, Rutkowski P, Kaminska J, Rysinska A, Steffen J.
Alterations of routine blood tests in adult patients with soft

tissue sarcomas: relationships to cytokine serum levels and
prognostic significance. Ann Oncol. 2001; 12:1423-32.
https://doi.org/10.1023/A:1012527006566. [PubMed]

Milne K, Alexander C, Webb JR, Sun W, Dillon K, Kalloger
SE, Gilks CB, Clarke B, Kobel M, Nelson BH. Absolute
lymphocyte count is associated with survival in ovarian cancer
independent of tumor-infiltrating lymphocytes. J Transl

www.oncotarget.com

3612

Oncotarget


https://seer.cancer.gov/statfacts/html/ovary.html
https://doi.org/10.1002/1098-2388(200007/08)19:1<3::AID-SSU2>3.0.CO;2-S
https://doi.org/10.1002/1098-2388(200007/08)19:1<3::AID-SSU2>3.0.CO;2-S
https://www.ncbi.nlm.nih.gov/pubmed/10883018
https://doi.org/10.1200/JCO.2006.10.2517
https://www.ncbi.nlm.nih.gov/pubmed/17704411
https://doi.org/10.1016/S0140-6736(13)62146-7
https://www.ncbi.nlm.nih.gov/pubmed/24767708
https://www.ncbi.nlm.nih.gov/pubmed/6438478
https://doi.org/10.1245/s10434-013-2926-5
https://www.ncbi.nlm.nih.gov/pubmed/23463091
https://doi.org/10.1007/s00268-013-2156-9
https://www.ncbi.nlm.nih.gov/pubmed/23884382
https://doi.org/10.1007/s13277-014-2973-y
https://www.ncbi.nlm.nih.gov/pubmed/25527156
https://doi.org/10.3892/mco.2016.1028
https://www.ncbi.nlm.nih.gov/pubmed/27900086
https://doi.org/10.1159/000452263
https://www.ncbi.nlm.nih.gov/pubmed/27855385
https://doi.org/10.1038/s41598-017-10328-8
https://www.ncbi.nlm.nih.gov/pubmed/28842710
https://doi.org/10.1111/nep.12106
https://www.ncbi.nlm.nih.gov/pubmed/23718260
https://doi.org/10.1182/blood-2008-12-192559
https://www.ncbi.nlm.nih.gov/pubmed/19224760
https://doi.org/10.1023/A:1012527006566
https://www.ncbi.nlm.nih.gov/pubmed/11762815

16.

17.

18.

Med. 2012;10:33. https://doi.org/10.1186/1479-5876-10-33.
[PubMed]

Ataseven B, du Bois A, Reinthaller A, Traut A, Heitz
F, Aust S, Prader S, Polterauer S, Harter P, Grimm C.
Pre-operative serum albumin is associated with post-
operative complication rate and overall survival in
patients with epithelial ovarian cancer undergoing
cytoreductive surgery. Gynecol Oncol. 2015; 138:560-65.
https://doi.org/10.1016/j.ygyno.2015.07.005. [PubMed]

Isobe A, Sawada K, Kinose Y, Ohyagi-Hara C, Nakatsuka
E, Makino H, Ogura T, Mizuno T, Suzuki N, Morii E,
Nakamura K, Sawada I, Toda A, et al. Interleukin 6
receptor is an independent prognostic factor and a potential

therapeutic target of ovarian cancer. PLoS One. 2015;
10:¢0118080. https://doi.org/10.1371/journal.pone.0118080.
[PubMed]

Afghahi A, Purington N, Han SS, Desai M, Pierson

E, Mathur MB, Seto T, Thompson CA, Rigdon
J, Telli ML, Badve SS, Curtis CN, West RB,
et al. Higher Absolute Lymphocyte Counts Predict

19.

20.

21.

Lower Mortality from Early-Stage Triple-Negative
Breast Cancer. Clin Cancer Res. 2018; 24:2851-58.
https://doi.org/10.1158/1078-0432.CCR-17-1323. [PubMed]
Wang DL, Liu YY, Gu YL, Qin Y, Ji HF, Wu LH, Qi N, Su
D, Huang SH, Zhang YQ. Increased number of forkhead
box P3+ tumor-infiltrating lymphocytes correlates with high
preoperative albumin level and better survival in patients with
stage Il or I1I colorectal cancer. Tumour Biol. 2015; 36:5407—
14. https://doi.org/10.1007/s13277-015-3206-8. [PubMed]

Oriuchi N, Nakajima T, Mochiki E, Takeyoshi I, Kanuma
T, Endo K, Sakamoto J. A new, accurate and conventional

five-point method for quantitative evaluation of ascites using
plain computed tomography in cancer patients. Jpn J Clin
Oncol. 2005; 35:386-90. https://doi.org/10.1093/jjco/hyil09.
[PubMed]

Wang R, Qi X, Guo X. Quantification of ascites based on
abdomino-pelvic computed tomography scans for predicting

the in-hospital mortality of liver cirrhosis. Exp Ther Med.
2017; 14:5733-42. https://doi.org/10.3892/etm.2017.5321.
[PubMed]

www.oncotarget.com

3613

Oncotarget


https://doi.org/10.1186/1479-5876-10-33
https://www.ncbi.nlm.nih.gov/pubmed/22369276
https://doi.org/10.1016/j.ygyno.2015.07.005
https://www.ncbi.nlm.nih.gov/pubmed/26163893
https://doi.org/10.1371/journal.pone.0118080
https://www.ncbi.nlm.nih.gov/pubmed/25658637
https://doi.org/10.1158/1078-0432.CCR-17-1323
https://www.ncbi.nlm.nih.gov/pubmed/29581131
https://doi.org/10.1007/s13277-015-3206-8
https://www.ncbi.nlm.nih.gov/pubmed/25697896
https://doi.org/10.1093/jjco/hyi109
https://www.ncbi.nlm.nih.gov/pubmed/15976067
https://doi.org/10.3892/etm.2017.5321
https://www.ncbi.nlm.nih.gov/pubmed/29285115

