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ABSTRACT

Background: The prognostic nutritional index (PNI) reflects systemic inflammation

and nutritional status. This study aimed to evaluate the effect of preoperative PNI on
postoperative cancer-specific survival in patients with endometrial cancer (EC).

Methods: Demographic, laboratory, and clinical data were retrospectively collected from
894 patients who underwent surgical resection of EC. Preoperative PNIs were determined
from the serum albumin concentration and total lymphocyte count, which were measured
within 1 month before surgery. Patients were classified into high PNI (n = 619) and low PNI (n
= 275) groups according to the preoperative PNI cut-off value of 50.6. The stabilized inverse
probability of treatment weighting (IPTW) method was used to reduce bias: a weighting
cohort divided into high PNI (n = 615.4) and low PNI (n = 272.3) groups. The primary
outcome measure was postoperative cancer-specific survival.

Results: The postoperative cancer-specific survival rate was higher in the high PNI group
than the low PNI group in the unadjusted cohort (93.1% vs. 81.5%; proportion difference
[95% confidence interval; 95% CIJ, 11.6% [6.6-16.6%]; P < 0.001) and in the IPTW- adjusted
cohort (91.4% vs. 86.0%; 5.4% [0.8-10.2%]; P=0.021). In the multivariate Cox proportional
hazard regression model in the IPTW-adjusted cohort, high preoperative PNI (hazard ratio
[95% CI], 0.60 [0.38-0.96]; P=0.032) was an independent determinant of postoperative
cancer-specific mortality. The multivariate-adjusted restricted cubic spline curve for the Cox
regression model showed a significant negative association between preoperative PNI and
postoperative cancer-specific mortality (P < 0.001).

Conclusion: High preoperative PNI was associated with improved postoperative cancer-
specific survival in patients undergoing surgery for EC.
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INTRODUCTION

Endometrial cancer (EC) is one of the prevalent gynecological cancers among women in
developed countries.1,2 The mortality rate associated with EC is on the rise as its incidence is
growing globally.! Favorable prognostic indicators in EC patients include young age, early-
stage or low-grade disease, endometrioid type histology, and absence of lymphovascular
space invasion (LVSI).34 In the American Society of Anesthesiologists physical status (ASA-
PS) classification < 3, low serum cancer antigen 125 (CA-125) level, and non-leukocytosis were
also related with a favorable prognosis in EC patients.510

Prognostic nutritional index (PNI) is known to reflect systemic inflammation and nutritional
status.11 PNI is calculated based on the serum albumin level and lymphocytes counts, using the
following formula: PNI =10 x Serum Albumin Level (g/dL) + 0.005 x Total Lymphocyte Count
(10°/L).12 Since PNI was first proposed as a prognostic index with respect to postoperative
complication, and mortality in gastrointestinal tract malignancy,!2 preoperative PNI is known
a significant long-term survival predictor in ovarian and cervical cancers.1315 However, the role
of prognostic PNI remains controversial in patients with EC. A previous clinical report showed
that PNI was not an prognostic factor independently,16 while another study reported that a
high preoperative PNI was related with favorable progression-free survival in EC patients.17 A
recent prospective database study also showed that PNIwas an independent prognostic factor
in EC patients.18 However, when determining PNI as the prognostic indicator in EC, there
have been few large-sized studies with adjustment of covariates between the high and low PNI
groups. Therefore, a large-scale study with adjustment of covariates is needed to establish the
prognostic value of preoperative PNI in EC patients.

In this study, we determined whether preoperative PNI can be a prognostic factor in patients
undergoing EC surgery. We hypothesized that a high preoperative PNI is associated with
improved postoperative cancer-specific survival in EC. We also compared the ability of
preoperative PNI and other preoperative systemic inflammatory indices such as neutrophil-
lymphocyte ratio (NLR) and systemic inflammation-inflammation index (SII) to determine
cancer-specific survival prognostically.

METHODS

Study population

The study cohort consisted of patients who underwent staging operations including
hysterectomy and bilateral salpingo-oophorectomy with pelvic or para-aortic
lymphadenectomy at Seoul National University Hospital from January 2005 to March 2017.

The exclusion criteria were missing data regarding preoperative laboratory examination
such as serum levels of albumin, white blood cell (WBC) with differential count, CA-125
and International Federation of Gynecology and Obstetrics (FIGO) staging. Patients with
unexpected fatal events during surgery, such as massive bleeding were excluded.

Data collection and definition

The electronic medical records were reviewed retrospectively. Data related to survival

were obtained from ‘Statistics Korea.” The collected data were classified into four parts: 1)
preoperative data including demographic information, comorbidities, ASA-PS classification,
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and preoperative laboratory findings (serum albumin level, WBC with differential count,
platelet count, PNI, NLR, SII, and CA-125) measured within 1 month before surgery; 2) data
on cancer characteristic including FIGO staging, grade, histologic types (endometrioid vs.
non-endometrioid), and LVSI; 3) intraoperative data including lymph node dissection,!9 and
para-aortic lymph node dissection; and 4) postoperative data including the postoperative
treatment protocol.

Three inflammatory markers were calculated using the following equations12,20,21;
PNI =10 x Serum Albumin Level (g/dL) + 0.005 x Total Lymphocyte Count (10°/L)
NLR = Absolute Neutrophil Count (10°/L)/Absolute Lymphocyte Count (10°/L)
SII = Platelet Count (10°/L) x NLR

Study outcome

The primary outcome was postoperative cancer-specific survival. To assess the predictive
ability of preoperative PNI, NLR, and SII for postoperative cancer-specific survival in

patients with EC, receiver operating characteristic (ROC) curve analyses were constructed.
We determined the optimal cut-off value of the preoperative PNI by maximizing the sum

of sensitivity and specificity. A high PNI was defined as a PNI value greater than or equal

to the cut-off, and a low PNI as a PNI value less than the cut-off. To screen for independent
prognostic factors of cancer-specific survival, univariate Cox proportional hazards regression
analyses were performed variables including age, underlying diseases, ASA-PS classification,
FIGO stage 3 or 4, FIGO grade 3, non-endometrioid type, LVSI, lymph node dissection,
para-aortic lymph node dissection, preoperative WBC count, CA-125, NLR, SII, and high PNI.
For pre-screening significant variables with a P < 0.05 and well-known prognostic factors,
multivariate Cox proportional hazard regression analysis was performed with stepwise
forward conditional method. We also investigated postoperative 1-, 3-, and 5-year survival,
postoperative intensive care unit admission, and length of hospital stay.

Statistical analysis

The Kolmogorov-Smirnov test was utilized to evaluate the normality of distribution of all
continuous variables. Continuous variables are presented as mean (standard deviation) or
median (interquartile range, IQR), and categorical variables are shown as number (%). The
Student’s t-test was used to compare normal variables, and the Mann-Whitney U test to compare
skewed variables. Categorical variables were analyzed using the y? or Fisher’s exact test.

We set a low PNI for exposure and generated propensity scores to determine the probability
that each patient had a high PNI. To reduce bias resulting from an imbalance in covariate
distribution between the high and low PNI groups, we employed the inverse probability

of treatment weighting (IPTW) method.22 In brief, we put on the inverse propensity score
as a weight for patients with high PNI and the inverse of 1 minus the propensity score

for patients with a low PNI. Standardized mean differences (SMD) greater than 0.1 were
considered to represent significant covariate imbalance. The matched factors included age,
body mass index (BMI), ASA-PS classification, FIGO staging, FIGO grade, histologic type
(non-endometrioid vs. endometrioid), para-aortic lymph node dissection, LVSI, underlying
diseases (history of heart disease, lung disease, renal disease, or liver disease), history of
other primary cancers, preoperative WBC count, CA-125 level, smoking. The successful
balance of covariates after adjustment for IPTW was affirmed using SMD. We conducted
Kaplan-Meier curves and multivariate Cox proportional hazards regression for postoperative
cancer-specific mortality analysis in the unadjusted and IPTW-adjusted cohorts. The
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multivariate-adjusted restricted cubic spline curve for Cox regression demonstrated a relative
association between postoperative cancer-specific mortality and preoperative PNI in the
unadjusted and IPTW-adjusted cohorts.

Preoperative Prognostic Nutritional Index in Endometrial Cancer

All statistical analyses were performed using R statistical software version 4.1.3 (R
Foundation for Statistical Computing, Vienna, Austria) and MedCalc Statistical Software
version 20.111 (MedCalc Software Ltd, Ostend, Belgium). A two-tailed Pvalue < 0.05 was
considered statistically significant.

Ethics statement

This retrospective cohort study was performed after obtaining approval from the Institutional
Review Board of the Hospital (IRB number: 2204-113-1317). The request for written informed
consent was waived owing to the retrospective design. This study conformed the principles of
the Declaration of Helsinki.

RESULTS

During the study period, 960 primary EC patients underwent gynecological surgery were
screened. Among them, 66 were excluded from the study (44, lack of laboratory results and
clinical information; 4, indeterminate FIGO staging; 17, the cause of death was not related to
EC; and 1, intraoperative massive bleeding event). Totally, 894 patients were included (Fig. 1).

The optimal cut-off value of preoperative PNI for discriminating postoperative cancer-
specific survival using ROC curve analysis was 50.6 and patients were divided into the high
(preoperative PNI > 50.6) or low (preoperative PNI < 50.6) PNI groups (Supplementary Fig. 1).
Patient characteristics, cancer-related data, and preoperative laboratory findings are shown
in Table 1. After IPTW adjustment, all matched factors were balanced. In the IPTW-adjusted
cohort (high PNI [n = 615.4] and low PNI [n = 272.3] groups), serum albumin levels and

PNI were significantly higher in the high PNI group than those in the low PNI group (serum
albumin level: 4.4 [4.3-4.6] vs. 4.0 [3.8-4.2] g/dL, P < 0.001; PNI: 54.6 [52.6-57.3] vs. 48.1

Patients screened (N = 960)

Patients excluded (n = 66)

- Missing data (n = 48)

- Other cause of death (n =17)
- Intraoperative event (n =1)

| Patients enrolled (n = 894) |

'

Optimal cutoff of
preoperative PNI: 50.6

|
v '

Unadjusted IPTW adjusted
Low PNI (n = 275) Low PNI (n = 272.3)
High PNI (n = 619) High PNI (n = 615.4)

Fig. 1. Study flow diagram.
PNI = prognostic nutritional index, IPTW = inverse probability of treatment weighting.
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Table 1. Patient characteristics, cancer related data, preoperative laboratory findings, and postoperative treatment protocol in unadjusted and IPTW adjusted
patient cohorts

Preoperative Prognostic Nutritional Index in Endometrial Cancer

Characteristics Before adjustment After IPTW adjustment
Low PNI (n = 275) High PNI (n = 619) SMD Low PNI (n=272.3)  High PNI (n=615.4)  SMD
Age, yr 53.9+11.8 52.7+10.8 0.105 53.0+11.5 53.0+10.7 0.001
Weight, kg 57.0 (33.5-93.6) 59.9(36.5-114.6)  0.357 58.9 (52.8-66.5) 59.0 (54.1-66.2) 0.068
Height, cm 156.4+5.9 156.9+ 5.8 0.089 156.4 £ 6.0 156.8+ 5.8 0.039
BMI, kg/m? 23.6 (14.4-38) 24.5 (14.9-44.4) 0.286 24.1 (21.7-26.9) 24.9 (22.0-26.9) 0.017
ASA-PS 0.062 0.028
1 123 (44.7) 291 (47.0) 125.4 (46.1) 287.0 (46.6)
2 135 (49.1) 297 (48.0) 133.9 (49.2) 296.1 (48.1)
3 17 (6.2) 31(5.0) 13.0(4.8) 32.4(5.3)
Underlying disease
Hypertension 74 (26.9) 164 (26.5) 0.009 68.1 (25) 160.4 (26.1) 0.023
Diabetes mellitus 36 (13.1) 88 (14.2) 0.033 35.0(12.9) 83.0 (13.5) 0.018
Heart disease 7 (2.5) 19 (3.1) 0.032 6.6 (2.4) 17.5(2.8) 0.026
Liver disease 24 (8.7) 55 (8.9) 0.006 923.4 (8.6) 53.7 (8.7) 0.005
Lung disease 19 (6.9) 30 (4.8) 0.088 16.6 (6.1) 34.92 (5.6) 0.023
Renal disease 10 (3.6) 18 (2.9) 0.041 10.3(3.8) 20.0 (3.3) 0.028
History of other primary cancer 292 (8.0) 492 (6.8) 0.046 19.6 (7.2) 45.2(7.3) 0.006
Smoking 3(1.1) 18 (2.9) 0.130 6.3 (2.3) 14.9 (2.4) 0.007
FIGO stage and grade
Stage 0.426 0.040
I 176 (64.0) 500 (80.8) 203.9 (74.9) 467.3 (75.9)
I 24 (8.7) 35 (5.7) 16.9 (6.2) 39.5 (6.4)
I 50(18.2) 72 (11.6) 39.0 (14.3) 84.6 (13.8)
v 25 (9.1) 12 (1.9) 12.5 (4.6) 23.9 (3.9)
Grade 0.241 0.047
1 141 (51.3) 381 (61.6) 153.5 (56.4) 360.9 (58.6)
2 92 (33.5) 183 (29.6) 88.7 (32.6) 190.8 (31.0)
3 49 (15.3) 55 (8.9) 30.1(11.1) 63.8 (10.4)
Non endometrioid type 49 (15.3) 62 (10.0) 0.159 32.8(12.1) 71.6 (11.6) 0.014
LVSI 161 (58.5) 348 (56.2) 0.047  150.5(55.3) 348.8 (56.7) 0.027
Lymph node dissection 295 (81.8) 523 (84.5) 0.071  2925.8(82.9) 519.1 (84.4) 0.038
Para-aortic lymph node dissection 148 (53.8) 298 (48.1) 0.114 137.7 (50.6) 306.6 (49.8) 0.015
Preoperative laboratory findings
Albumin, g/dL 4.0 (3.8-4.2) 4.4 (4.3-4.6) 1.562 4.0 (3.8-4.9) 4.4 (4.3-4.6) 1.566
WBC, 10°/L 5.5 (4.5-6.8) 6.3 (5.4-7.7) 0.246 5.8 (4.6-7.2) 6.2 (5.3-7.5) 0.059
PNI 48.1 (45.5-49.5) 54.8 (52.8-57.5) 2,355 48.1 (45.5-49.5) 54.6 (52.6-57.3) 2.298
NLR 2.4 (1.7-3.6) 1.7 (1.3-2.9) 0.531 9.5 (1.8-3.8) 1.7 (1.3-2.9) 0.534
Sl 617.2 (372.7-969.1) 432.0(321.6-600.1) 0.446 642.2(395.5-1,128.4) 428.3(315.6-594.7) 0.499
CA-125, U/mL 16.9 (9.2-34.9) 14.0 (8.1-22.9) 0.111 16.7 (9.0-34.4) 14.4 (8.1-23.5) 0.024
Adjuvant therapy 147 (53.5) 249 (40.2) 0.267  127.2(46.7) 266.0 (43.2) 0.070
Radiotherapy 75 (27.3) 88 (14.2) 61.6 (22.6) 98.3(16.0)
Chemotherapy 38(13.8) 106 (17.1) 39.3 (14.4) 105.8 (17.2)
CCRT 34 (12.4) 55 (8.9) 26.2 (9.6) 62.0(10.1)

Data are median (interquartile range), mean + standard deviation, or number (%o).

PNI = prognostic nutritional index, IPTW = inverse probability of treatment weighting, SMD = standardized mean difference, BMI = body mass index, ASA-PS =
American Society of Anesthesiologists’ physical status, FIGO = International Federation of Gynecology and Obstetrics, LVSI = lymphovascular space invasion,
WBC = white blood cell, NLR = neutrophil-lymphocyte ratio, SIl = systemic inflammation-inflammation index, CA-125 = cancer antigen 125, CCRT = concurrent
chemoradiation therapy.

[45.5-49.5], P< 0.001). NLR and SII were lower in the high PNI group (NLR: 1.7 [1.3-2.2] vs.
2.5 [1.8-3.8], P< 0.001; SII: 428.3 [315.6-594.7] vs. 642.2 [395.5-1128.4], P < 0.001).

Primary outcome

In the unadjusted cohort, postoperative cancer-specific survival rate was 93.1% in the high
PNI group and 81.5% in the low PNI group (proportion difference [95% confidence interval;
95% CI],11.6% [6.6-16.6%]; P < 0.001) (Table 2). After IPTW adjustment, cancer-specific
survival rate was still higher in the high PNI group than in the low PNI group (91.4% vs.
86.0%, 5.4% [0.8-10.2%]; P=0.021).
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Table 2. Postoperative clinical outcomes in unadjusted and IPTW adjusted cohorts

Outcomes Before adjustment After IPTW adjustment

Low PNl High PNI Proportion difference or P value Low PNI High PNI Proportion difference or P value

(n=275) (n=619) median difference (95% CI) (n=272.3) (n=615.4) median difference (95% CI)
Cancer-specific survival 294 (81.5) 576 (93.1) 11.6 (6.6, 16.6) <0.001 233.9(86.0) 562.7 (91.4) 5.4 (0.8, 10.2) 0.021
5-year survival 229 (83.3) 581 (93.9) 10.6 (5.8, 15.4) <0.001 237.7(87.3) 567.9 (92.3) 5.0 (0.5, 9.5) 0.030
3-year survival 237 (86.2) 591 (95.5) 9.3 (4.9, 13.7) <0.001 245.1(90.0) 581.0 (94.4) 4.4(0.4, 8.4) 0.027
1-year survival 260 (94.5) 611 (98.7) 4.2 (1.4, 7.0) 0.001 258.6(95.0) 606.3 (98.5) 3.6 (0.8, 6.3) 0.006
ICU admission 23(8.4) 29(4.7) -3.7 (-7.4,-0.0) 0.044  22.1(8.1) 29.4(4.8) -3.3(~7.0, 0.3) 0.085
Length of hospital stay, day 10 (6, 15) 9 (6, 12) -1(-2, 0) 0.001 9 (6, 14) 9 (6, 13) 0(-1,0) 0.071

Data are median (interquartile range) or number (%o).
Cl = confidence interval, PNI = prognostic nutritional index, IPTW = inverse probability of treatment weighting, ICU = intensive care unit.

A B
1.00 A ?\ 1.00 -
0,
99.8% Q\\\“_ 91.1%
B 85.6%
e e e 80.9% T
0.75 - 0.75 -
= 2
z z
[5+] (5]
S S
5 0.50 1 5 0.50 1
= =
= 2
< <
> >
w w
0.25 - 0.25 -
—— High PNI —— High PNI
------ Low PNI -====- Low PNI
04 P < 0.001 (log-rank test) 04 P =0.027 (log-rank test)
T T T T T T T T T T T T T T
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time, mon Time, mon
No. at risk No. at risk
High PNl 275 238 295 148 96 52 24 High PNl 272.3 2457 233.6 156.5 99.5 543 254
Low PNI 619 594 565 367 253 146 56 LowPNI 6154 584.3 554.3 363.6 2477 1427  54.

Fig. 2. Kaplan-Meier curves for cumulative survival according to preoperative PNI in (A) unadjusted cohort and (B) IPTW cohort.
PNI = prognostic nutritional index, IPTW = inverse probability of treatment weighting.

In Kaplan-Meier survival plots, the high PNI group showed a higher postoperative cancer-
specific survival rate in the unadjusted (P < 0.001) and IPTW-adjusted cohort (P=0.027; Fig. 2)
than the low PNI group.

In multivariate Cox proportional hazard regression analysis, high PNI was a significant
determinant with a hazard ratio of 0.51 (95% CI, 0.34-0.79; P = 0.002) for postoperative
cancer-specific mortality in the unadjusted cohort (Table 3). In the IPTW-adjusted cohort,
independent determinants of cancer-specific mortality in patients with EC were age (hazard
ratio [95% CI], 1.07 [1.04-1.09]; P < 0.001), FIGO stage 3 or 4 (4.30 [2.48-7.45]; P < 0.001),
non-endometrioid type (1.98 [1.01, 3.89]; P=0.048), para-aortic lymph node dissection (2.05
[1.16-3.62]; P= 0.014) and high PNI (0.60 [0.38-0.96]; P= 0.032) (Table 3). The results of
multivariate Cox proportional hazard regression analysis including continuous PNI value
rather than dichotomous variable are described in Supplementary Table 1. Preoperative PNI
was still an independent predictor for cancer specific mortality (unadjusted cohort: 0.94
[0.91-0.98]; P=0.001 and IPTW-adjusted cohort: 0.93 [0.87-0.99]; P=0.015).
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Table 3. Univariate and multivariate Cox proportional hazard regression model for postoperative cancer-specific mortality in patients with endometrial cancer

Preoperative Prognostic Nutritional Index in Endometrial Cancer

Characteristics Before adjustment After IPTW adjustment
Univariate Multivariate? Univariate Multivariate®

HR (95% CI) Pvalue HR (95% ClI) P value HR (95% ClI) P value HR (95% CI) Pvalue
Age, yr 1.07 (1.06-1.09) <0.001  1.06(1.04-1.08) <0.001  1.07 (1.05-1.10) <0.001  1.07 (1.04-1.09) <0.001
FIGO stage Ill or IV 7.64(5.07-11.5) <0.001  4.61(2.95-7.20) <O0.001  6.23(3.95-9.80) <0.001  4.30 (2.48-7.45) <0.001
FIGO grade 3 4.15(2.67-6.46) <0.001  1.73(1.07-2.78)  0.024  3.59(2.15-6.00) <0.001  1.53(0.83-2.85) 0.174
Non-endometrioid type 4.17(2.71-6.42) <0.001  2.13(1.31-3.46) 0.002  3.92(2.43-6.31) <0.001  1.98(1.01-3.89)  0.048
LVSI 1.55(1.01-2.37) 0.046 1.66 (1.04-2.66) 0.033
Para-aortic lymph node dissection ~ 2.73 (1.74-4.3) <0.001  1.85(1.16-2.95)  0.010 2.78(1.68-4.62) <0.001  2.05(1.16-3.62) 0.014
Diabetes mellitus 1.74 (1.06-2.84) 0.029 1.65 (0.98-2.80) 0.061
WEBC count, 10°/L 1.06 (0.97-1.16)  0.291 1.12 (0.99-1.26) 0.066  1.11(0.96-1.28) 0.175
CA-125, IU/mL 1.00 (1.00-1.00) 0.603 1.00 (1.00-1.00) 0.127 1.00 (1.00-1.00) 0.865 1.00 (1.00-1.00) 0.292
PNI > 50.6 0.35(0.23-0.52) <0.001  0.51(0.34-0.79)  0.002  0.58 (0.37-0.91) 0.017  0.60(0.38-0.96)  0.032
NLR 1.06 (1.02-1.1)  0.001 1.04 (0.99-1.09)  0.093
Sl 1.00 (1.00-1.00) 0.005 1.00 (1.00-1.00) 0.076

IPTW = inverse probability of treatment weighting, HR = hazard ratio, CI = confidence interval, FIGO = International Federation of Gynecology and Obstetrics, LVSI
= lymphovascular space invasion, WBC = white blood cell, CA-125 = cancer antigen 125, PNI = prognostic nutritional index, NLR = neutrophil-to-lymphocyte ratio,
Sl = systemic immune-inflammation index.

2In multivariate Cox time proportional regression analysis with stepwise forward conditional method, LVSI, diabetes mellitus, WBC count, CA-125, NLR, and Sl
were adjusted.

°In multivariate Cox time proportional regression analysis with stepwise forward conditional method, FIGO grade, LVSI, diabetes mellitus, CA-125, WBC count,
NLR, and SIl were adjusted.

The multivariable-adjusted restricted cubic spline curve demonstrated an overall negative
association between preoperative PNI and the relative hazard for cancer-specific mortality in
the unadjusted and IPTW-adjusted cohorts (P=0.006 in the unadjusted cohort; P < 0.001 in
the IPTW-adjusted cohort) (Supplementary Fig. 2).

Secondary outcomes

The postoperative 1-, 3-, and 5-year survival rates were higher in the high PNI group in the
unadjusted and IPTW-adjusted cohorts (Table 3). The length of hospital stay was significantly
shorter in the high PNI group in both the unadjusted and IPTW-adjusted cohorts.

The ROC curve analyses were fulfilled to compare the predictive ability of three preoperative
inflammatory markers for postoperative cancer-specific survival. The area under the curve
(AUC) with 95% CI was 0.642 (0.577-0.708), P < 0.001 for PNT; 0.599 (0.534-0.664),
P=0.003 for NLR; and 0.560 (0.493-0.627), P=0.082 for SII in the unadjusted cohort
(Supplementary Fig. 1). Significant differences in the AUC were observed between PNI and
SII (P=0.022) and between NLR and SII (P = 0.035).

DISCUSSION

In this study, we evaluated the association between preoperative PNI and postoperative
cancer-specific survival in patients with EC and demonstrated that high preoperative PNI was
an independent prognostic factor for postoperative cancer-specific survival.

EC is a common cancer in women with a global age-standardized incidence rate of 8.7%.23

In an epidemiological point of view in Korea, the incidences of ECs increased from 1999 to
2017.24 A recent study investigating the incidence and mortality of various cancers showed
that the mortality associated with EC had increased since 2005 in the United States.25
Evaluation of predictive factors of postoperative outcomes in patients with EC is considered a
part of the efforts to achieve a better prognosis.

https://jkms.org https://doi.org/10.3346/jkms.2023.38.€163 7/12



Preoperative Prognostic Nutritional Index in Endometrial Cancer

JKMS

https://jkms.org

Two retrospective studies and one prospective database study have reported the potential
impact of preoperative PNI on the prognosis of EC. These three studies have demonstrated
conflicting results. In a retrospective study conducted in 32 patients with stage 4B EC,
preoperative PNI was not an independent prognostic factor in the multivariate analysis.16
Another retrospective study reported that PNI was associated with progression-free survival
in 101 EC patients all clinical stages.17 A prospective database study also showed that PNI was
an independent prognostic factor in 439 EC patients at all clinical stages.18 The current study
included 894 EC patients at all clinical stages. Moreover, the IPTW-adjusted cohort was also
used to reduce the imbalance of covariates and reinforce the role of preoperative PNI as a
prognostic factor for cancer-specific survival. We believe that this study can be distinguished
from the previous studies by its relatively large sample size, coverage of all clinical stages of
EC, and the additional use of IPTW analysis. In our study, patients with a high PNI showed a
lower cancer-specific mortality rate with a hazard ratio of 0.60 (95% CI, 0.38-0.96) than with
alow PNI. Continuous PNI also showed a hazard ratio of 0.93 (0.87-0.99) of cancer-specific
mortality. The restricted cubic spline curve also demonstrated a negative association between
postoperative cancer-specific mortality and preoperative PNI levels.

PNI was determined based on the total lymphocyte count and serum albumin level.
Lymphocytes, an element of PNI, plays a central role in cytotoxic immunity and attack
cancer cells. The interaction between systemic inflammation and the immune system

plays a pivotal role in the genesis, progression, and metastasis of cancer cells.26 Systemic
inflammation increases the neutrophil count and reduces the lymphocyte count, which
results in a reduction in the cell-mediated cytotoxic immune response.2” In advanced cancer,
the tumor itself directly expresses inflammatory factors, which can disturb the immune
system, 28,29 and the apoptosis and downregulation of lymphocytes, which are manifested
with cancer progression, may aggravate lymphopenia.30,31 A recent study demonstrated that
EC itself suppressed the cytotoxic killing of lymphocytes by secreting immunosuppressive
cytokines, such as transforming growth factor .32 Albumin, another element of PNI, is

the most well-known nutritional indicator.33,34 Albumin accounts for more than 50% of
proteins in the blood and has a variety of functions, including immunomodulation, drug
transport, and antioxidant effects.35 Cancer-induced systemic inflammation also exhausts
proteins such as albumin and promotes malnutrition and cachexia.3¢ Moreover, the release
of proinflammatory cytokines such as tumor necrosis factor alpha and interleukin, which are
involved in tumor growth and progression, is associated with albumin downregulation.3738
The inhibition of albumin synthesis can be a marker of cancer growth. Taken together, PNI
contains comprehensive information on both the immune system and nutritional status. A
low PNI suggests an excessive inflammatory reaction and cancer progression. Therefore, we
believe that a low PNI is related with poor prognosis in EC patients.

NLR is an inflammatory marker that has been reported to be related with short overall and
progression- free survival, and increased lymph node metastasis in patients with EC.39-42 SII,
another inflammatory marker, has been reported to be an independent prognostic factor like NLR.43

In contrast to previous studies, this study showed that NLR and SII were not independent
prognostic factors for postoperative cancer-specific survival in the multivariate analysis,
although they were statistically significant in the univariate analysis. Moreover, the ROC
curve analysis showed that the discrimination power for postoperative cancer-specific
survival was the highest in PNI, followed by NLR and SII. The predictive ability of SII for
postoperative cancer-specific survival was significantly lower than that of PNI. Our results

https://doi.org/10.3346/jkms.2023.38.€163 8/12



JKMS

suggest that preoperative PNI may have an advantage over preoperative NLR and SII in
predicting the prognosis of EC patients.

Preoperative Prognostic Nutritional Index in Endometrial Cancer

In this study, in addition to low preoperative PNI, advanced age, FIGO stage 3 or 4, the non-
endometrioid type, and para-aortic lymph node dissection were independent factors for
postoperative cancer-specific mortality in patients with EC. This finding further supports
the results of previous studies, in which old age, advanced FIGO stage, high FIGO grade,
and non-endometrioid type were associated with poor prognosis in patients with EC.3:44:45
Conflicting results were reported for para-aortic lymph node dissection in EC patients, with
respect to whether it improved the prognosis.46:47 In this study, para-aortic lymph node
dissection was found to be rather related to poor outcome in EC patients. More controlled
studies are required for the impact of para-aortic dissection on prognosis of EC patients.

This study has several limitations. First, even though the IPTW analysis was performed to
decrease any selection bias between the high PNI and low PNI groups, this was a retrospective
study. Therefore, there is a probability of unexpected selection bias. Additionally, the data
were collected from a single tertiary institution. Second, although the cut-off value of the
preoperative PNI was obtained from the ROC curve analysis, this was arbitrary. Although 45
was suggested as cut-off value of PNI in a previous study,!8 there were only 56 patients out of
894 patients in our cohort. To determine if it was a result of arbitrary dichotomy, we performed
multivariate analysis on continuous PNI in Supplementary Table 1. PNI was still an independent
predictor. Caution should be exercised when interpreting our results. Further studies are
required to verify the optimal cut-off value of the preoperative PNI. Third, progression-free
survival was not investigated in this study. Therefore, the effect of the preoperative PNI on
progression-free survival in patients with EC remains unknown. Forth, findings in this study
may contribute to enriching literature, but the clinical benefits are unclear in patients with EC.
Further prospective studies are necessary to find out that clinical outcomes will be improved
when immune nutritional status or immune-nutrition marker, such as PNI, are corrected.

In conclusion, a high preoperative PNI was associated with improved postoperative cancer-
specific survival in patients undergoing surgical resection for EC. This finding helps stratify
patients with a better prognosis postoperatively. Further prospective studies are needed to
determine whether preoperative interventions for PNI improve the prognosis in patients with EC.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Univariate and multivariate Cox proportional hazard regression model for postoperative
cancer-specific mortality in patients with endometrial cancer

Click here to view

Supplementary Fig. 1

Receiver operating characteristic curves of three inflammatory markers for predicting
postoperative cancer-specific survival. Significant differences in the AUC were observed

between PNI and SII (P =0.022) and between NLR and SII (P =0.035).

Click here to view
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Supplementary Fig. 2

Multivariate adjusted restricted cubic spline curves for the association between a hazard ratio
for cancer-specific mortality and preoperative PNI in patients with endometrial cancer. (A)
Unadjusted cohort, (B) IPTW adjusted cohort. Adjusted variables were age, international
federation of gynecology and obstetrics stage 3 or 4, grade 3, non-endometrioid type, and para-

aortic lymph node dissection. The shaded area represents the 95% confidence interval. There was

negative association between preoperative PNI and a log hazard ratio for cancer-specific mortality.

Click here to view

REFERENCES

1. Henley SJ, Ward EM, Scott S, MaJ, Anderson RN, Firth AU, et al. Annual report to the nation on the status
of cancer, part I: National cancer statistics. Cancer 2020;126(10):2225-49.
PUBMED | CROSSREF
2. GuB, ShangX, Yan M, Li X, Wang W, Wang Q, et al. Variations in incidence and mortality rates of
endometrial cancer at the global, regional, and national levels, 1990-2019. Gynecol Oncol 2021;161(2):573-80.
PUBMED | CROSSREF
3. Morice P, Leary A, Creutzberg C, Abu-Rustum N, Darai E. Endometrial cancer. Lancet
20165387(10023):1094-108.
PUBMED | CROSSREF
4. Koskas M, Amant F, Mirza MR, Creutzberg CL. Cancer of the corpus uteri: 2021 update. Int ] Gynaecol
Obstet 2021;155 Suppl 1(Suppl 1):45-60.
PUBMED | CROSSREF
5. Abu-Rustum NR, Zhou Q, Gomez JD, Alektiar KM, Hensley ML, Soslow RA, et al. A nomogram for
predicting overall survival of women with endometrial cancer following primary therapy: toward
improving individualized cancer care. Gynecol Oncol 2010;116(3):399-403.
PUBMED | CROSSREF
6. Kolehmainen AM, Pasanen A, Tuomi T, Koivisto-Korander R, Butzow R, Loukovaara M. American
Society of Anesthesiologists physical status score as a predictor of long-term outcome in women with
endometrial cancer. Int ] Gynecol Cancer 2019;29(5):ijgc-2018-000118.
PUBMED | CROSSREF
7. Driver JA, Viswanathan AN. Frailty measure is more predictive of outcomes after curative therapy for
endometrial cancer than traditional risk factors in women 60 and older. Gynecol Oncol 2017;145(3):526-30.
PUBMED | CROSSREF
8. Dinar Cilesiz Goksedef B, Gorgen H, Baran SY, Api M, Cetin A. Preoperative serum CA 125 level as
a predictor for metastasis and survival in endometrioid endometrial cancer. | Obstet Gynaecol Can
2011;33(8):844-50.
PUBMED | CROSSREF
9. Ekici H, Malatyalioglu E, Kokcu A, Kurtoglu E, Tosun M, Celik H. Do leukocyte and platelet counts have
benefit for evaluation of endometrial cancer? Asian Pac | Cancer Prev 2015;16(13):5305-10.
PUBMED | CROSSREF
10. Reijnen C, Visser NC, Kasius JC, Boll D, Geomini PM, Ngo H, et al. Improved preoperative risk
stratification with CA-125 in low-grade endometrial cancer: a multicenter prospective cohort study. J
Gynecol Oncol 2019;30(5):€70.
PUBMED | CROSSREF
11. MohriY, Inoue Y, Tanaka K, Hiro J, Uchida K, Kusunoki M. Prognostic nutritional index predicts
postoperative outcome in colorectal cancer. World ] Surg 2013;37(11):2688-92.
PUBMED | CROSSREF
12. Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gastrointestinal surgery of malnourished
cancer patients. Nippon Geka Gakkai Zasshi1984;85(9):1001-5.
PUBMED
13. Komura N, Mabuchi S, Yokoi E, Shimura K, Kawano M, Matsumoto Y, et al. Prognostic significance
of the pretreatment prognostic nutritional index in patients with epithelial ovarian cancer. Oncotarget
2019;10(38):3605-13.
PUBMED | CROSSREF
https://doi.org/10.3346/jkms.2023.38.€163 10/12


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e163&fn=jkms-38-e163-s003.doc
http://www.ncbi.nlm.nih.gov/pubmed/32162336
https://doi.org/10.1002/cncr.32802
http://www.ncbi.nlm.nih.gov/pubmed/33551200
https://doi.org/10.1016/j.ygyno.2021.01.036
http://www.ncbi.nlm.nih.gov/pubmed/26354523
https://doi.org/10.1016/S0140-6736(15)00130-0
http://www.ncbi.nlm.nih.gov/pubmed/34669196
https://doi.org/10.1002/ijgo.13866
http://www.ncbi.nlm.nih.gov/pubmed/20022094
https://doi.org/10.1016/j.ygyno.2009.11.027
http://www.ncbi.nlm.nih.gov/pubmed/30898936
https://doi.org/10.1136/ijgc-2018-000118
http://www.ncbi.nlm.nih.gov/pubmed/28359689
https://doi.org/10.1016/j.ygyno.2017.03.010
http://www.ncbi.nlm.nih.gov/pubmed/21846440
https://doi.org/10.1016/S1701-2163(16)34988-X
http://www.ncbi.nlm.nih.gov/pubmed/26225670
https://doi.org/10.7314/APJCP.2015.16.13.5305
http://www.ncbi.nlm.nih.gov/pubmed/31328454
https://doi.org/10.3802/jgo.2019.30.e70
http://www.ncbi.nlm.nih.gov/pubmed/23884382
https://doi.org/10.1007/s00268-013-2156-9
http://www.ncbi.nlm.nih.gov/pubmed/6438478
http://www.ncbi.nlm.nih.gov/pubmed/31217896
https://doi.org/10.18632/oncotarget.26914

Preoperative Prognostic Nutritional Index in Endometrial Cancer

JKMS

https://jkms.org

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

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;7(1):9548.

PUBMED | CROSSREF

Haraga J, Nakamura K, Omichi C, Nishida T, Haruma T, Kusumoto T, et al. Pretreatment prognostic
nutritional index is a significant predictor of prognosis in patients with cervical cancer treated with
concurrent chemoradiotherapy. Mol Clin Oncol 2016;5(5):567-74.

PUBMED | CROSSREF

Kiuchi K, Hasegawa K, Ochiai S, Motegi E, Kuno T, Kosaka N, et al. Prognostic significance of
inflammatory parameters and nutritional index in clinical stage IVB endometrial carcinomas. | Obstet
Gynaecol 2019;39(2):237-41.

PUBMED | CROSSREF

Mirili C, Bilici M. Inflammatory prognostic markers in endometrial carcinoma: Systemic immune-
inflammation index and prognostic nutritional index. Med Sci Discov 2020;7(1):351-9.

CROSSREF

Njoku K, Barr CE, Ramchander NC, Crosbie EJ. Impact of pre-treatment prognostic nutritional index
and the haemoglobin, albumin, lymphocyte and platelet (HALP) score on endometrial cancer survival: a
prospective database analysis. PLoS One 2022;17(8):e0272232.

PUBMED | CROSSREF

Kim NR, So KA, Kim TJ, Lim K, Lee KH, Kim MK. Role of systematic lymphadenectomy in patients with
intermediate to high-risk early stage endometrial cancer. J Gynecol Oncol 2023;34:€23.

PUBMED | CROSSREF

Templeton AJ, McNamara MG, Seruga B, Vera-Badillo FE, Aneja P, Ocaiia A, et al. Prognostic role of
neutrophil-to-lymphocyte ratio in solid tumors: a systematic review and meta-analysis. | Nat/ Cancer Inst
2014;106(6):djul24.

PUBMED | CROSSREF

Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, et al. Systemic immune-inflammation index predicts
prognosis of patients after curative resection for hepatocellular carcinoma. Clin Cancer Res
2014;20(23):6212-22.

PUBMED | CROSSREF

Desai RJ, Franklin JM. Alternative approaches for confounding adjustment in observational studies using
weighting based on the propensity score: a primer for practitioners. BMJ2019;367:15657.

PUBMED | CROSSREF

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |
Clin2021;71(3):209-49.

PUBMED | CROSSREF

Ha HI, Chang HK, Park SJ, Lim J, Won YJ, Lim MC. The incidence and survival of cervical, ovarian, and
endometrial cancer in Korea, 1999-2017: Korea Central Cancer Registry. Obstet Gynecol Sci 2021;64(5):444-53.
PUBMED | CROSSREF

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer ] Clin 2020;70(1):7-30.

PUBMED | CROSSREF

Aggarwal BB, Vijayalekshmi RV, Sung B. Targeting inflammatory pathways for prevention and therapy of
cancer: short-term friend, long-term foe. Clin Cancer Res 2009;15(2):425-30.

PUBMED | CROSSREF

Bambury RM, Teo MY, Power DG, Yusuf A, Murray S, Battley JE, et al. The association of pre-treatment
neutrophil to lymphocyte ratio with overall survival in patients with glioblastoma multiforme. ] Neurooncol
2013;114(1):149-54.

PUBMED | CROSSREF

Sheehan KM, Sheahan K, O’Donoghue DP, MacSweeney F, Conroy RM, Fitzgerald DJ, et al. The
relationship between cyclooxygenase-2 expression and colorectal cancer. JAMA 1999;282(13):1254-7.
PUBMED | CROSSREF

Coussens LM, Raymond WW, Bergers G, Laig-Webster M, Behrendtsen O, Werb Z, et al. Inflammatory
mast cells up-regulate angiogenesis during squamous epithelial carcinogenesis. Genes Dev
1999;13(11):1382-97.

PUBMED | CROSSREF

Kusmartsev S, Gabrilovich DI. Immature myeloid cells and cancer-associated immune suppression. Cancer
Immunol Immunother 2002;51(6):293-8.

PUBMED | CROSSREF

Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A. Cancer-related inflammation, the seventh
hallmark of cancer: links to genetic instability. Carcinogenesis 2009;30(7):1073-81.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2023.38.€163 11/12


http://www.ncbi.nlm.nih.gov/pubmed/28842710
https://doi.org/10.1038/s41598-017-10328-8
http://www.ncbi.nlm.nih.gov/pubmed/27900086
https://doi.org/10.3892/mco.2016.1028
http://www.ncbi.nlm.nih.gov/pubmed/30370797
https://doi.org/10.1080/01443615.2018.1494703
https://doi.org/10.36472/msd.v7i1.339
http://www.ncbi.nlm.nih.gov/pubmed/35925991
https://doi.org/10.1371/journal.pone.0272232
http://www.ncbi.nlm.nih.gov/pubmed/36562131
https://doi.org/10.3802/jgo.2023.34.e23
http://www.ncbi.nlm.nih.gov/pubmed/24875653
https://doi.org/10.1093/jnci/dju124
http://www.ncbi.nlm.nih.gov/pubmed/25271081
https://doi.org/10.1158/1078-0432.CCR-14-0442
http://www.ncbi.nlm.nih.gov/pubmed/31645336
https://doi.org/10.1136/bmj.l5657
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/34399564
https://doi.org/10.5468/ogs.21116
http://www.ncbi.nlm.nih.gov/pubmed/31912902
https://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/19147746
https://doi.org/10.1158/1078-0432.CCR-08-0149
http://www.ncbi.nlm.nih.gov/pubmed/23780645
https://doi.org/10.1007/s11060-013-1164-9
http://www.ncbi.nlm.nih.gov/pubmed/10517428
https://doi.org/10.1001/jama.282.13.1254
http://www.ncbi.nlm.nih.gov/pubmed/10364156
https://doi.org/10.1101/gad.13.11.1382
http://www.ncbi.nlm.nih.gov/pubmed/12111117
https://doi.org/10.1007/s00262-002-0280-8
http://www.ncbi.nlm.nih.gov/pubmed/19468060
https://doi.org/10.1093/carcin/bgp127

Preoperative Prognostic Nutritional Index in Endometrial Cancer

JKMS

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Patel MV, Shen Z, Rodriguez-Garcia M, Usherwood EJ, Tafe L], Wira CR. Endometrial cancer suppresses
CD8+ T cell-mediated cytotoxicity in postmenopausal women. Front Immunol 2021;12:657326.
PUBMED | CROSSREF

Eckart A, Struja T, Kutz A, Baumgartner A, Baumgartner T, Zurfluh S, et al. Relationship of nutritional
status, inflammation, and serum albumin levels during acute illness: a prospective study. Am | Med
2020;133(6):713-722.€7.

PUBMED | CROSSREF

Jensen GL. Inflammation as the key interface of the medical and nutrition universes: a provocative
examination of the future of clinical nutrition and medicine. JPEN | Parenter Enteral Nutr 2006;30(5):453-63.
PUBMED | CROSSREF

Garcia-Martinez R, Caraceni P, Bernardi M, Gines P, Arroyo V, Jalan R. Albumin: pathophysiologic basis
of its role in the treatment of cirrhosis and its complications. Hepatology 2013;58(5):1836-46.
PUBMED | CROSSREF

MacDonald N. Cancer cachexia and targeting chronic inflammation: a unified approach to cancer
treatment and palliative/supportive care. | Support Oncol 2007;5(4):157-62.
PUBMED

Yeun JY, Kaysen GA. Factors influencing serum albumin in dialysis patients. Am J Kidney Dis 1998;32(6
Suppl 4):5118-25.
PUBMED | CROSSREF

Gelin J, Moldawer LL, Lonnroth C, Sherry B, Chizzonite R, Lundholm K. Role of endogenous tumor
necrosis factor o and interleukin 1 for experimental tumor growth and the development of cancer
cachexia. Cancer Res 1991;51(1):415-21.

PUBMED

Aoyama T, Takano M, Miyamoto M, Yoshikawa T, Kato K, Sakamoto T, et al. Pretreatment neutrophil-
to-lymphocyte ratio was a predictor of lymph node metastasis in endometrial cancer patients. Oncology
2019;96(5):259-67.

PUBMED | CROSSREF

NiL, TaoJ, XuJ, Yuan X, Long Y, Yu N, et al. Prognostic values of pretreatment neutrophil-to-lymphocyte
and platelet-to-lymphocyte ratios in endometrial cancer: a systematic review and meta-analysis. Arch
Gynecol Obstet 2020;301(1):251-61.

PUBMED | CROSSREF

Dong Y, Cheng Y, Wang J. The ratio of neutrophil to lymphocyte is a predictor in endometrial cancer. Open
Life Sci 2019;14(1):110-8.

PUBMED | CROSSREF

Haruma T, Nakamura K, Nishida T, Ogawa C, Kusumoto T, Seki N, et al. Pre-treatment neutrophil to
lymphocyte ratio is a predictor of prognosis in endometrial cancer. Anticancer Res 2015;35(1):337-43.
PUBMED

Matsubara S, Mabuchi S, Takeda Y, Kawahara N, Kobayashi H. Prognostic value of pre-treatment systemic

immune-inflammation index in patients with endometrial cancer. PLoS One 2021;16(5):e0248871.
PUBMED | CROSSREF

SonJ, Carr C, Yao M, Radeva M, Priyadarshini A, Marquard J, et al. Endometrial cancer in young women:
prognostic factors and treatment outcomes in women aged <40 years. Int | Gynecol Cancer 2020;30(5):631-9.
PUBMED | CROSSREF

Persson I, Adami HO, Malker B, Pettersson B. Long-term survival in endometrial cancer with special
reference to age as a prognostic factor. Ups | Med Sci1984;89(2):159-70.

PUBMED | CROSSREF

Chang SJ, Kim WY, Yoon JH, Yoo SC, Chang KH, Ryu HS. Para-aortic lymphadenectomy improves
survival in patients with intermediate to high-risk endometrial carcinoma. Acta Obstet Gynecol Scand
2008;87(12):1361-9.

PUBMED | CROSSREF

LiL, Tang M, Nie D, Gou J, Li Z. Para-aortic lymphadenectomy did not improve overall survival among
women with type I endometrial cancer. Int ] Gynaecol Obstet 2020;150(2):163-8.

PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2023.38.€163 12/12


http://www.ncbi.nlm.nih.gov/pubmed/33968059
https://doi.org/10.3389/fimmu.2021.657326
http://www.ncbi.nlm.nih.gov/pubmed/31751531
https://doi.org/10.1016/j.amjmed.2019.10.031
http://www.ncbi.nlm.nih.gov/pubmed/16931617
https://doi.org/10.1177/0148607106030005453
http://www.ncbi.nlm.nih.gov/pubmed/23423799
https://doi.org/10.1002/hep.26338
http://www.ncbi.nlm.nih.gov/pubmed/17500503
http://www.ncbi.nlm.nih.gov/pubmed/9892378
https://doi.org/10.1016/S0272-6386(98)70174-X
http://www.ncbi.nlm.nih.gov/pubmed/1703040
http://www.ncbi.nlm.nih.gov/pubmed/30893700
https://doi.org/10.1159/000497184
http://www.ncbi.nlm.nih.gov/pubmed/31768743
https://doi.org/10.1007/s00404-019-05372-w
http://www.ncbi.nlm.nih.gov/pubmed/33817142
https://doi.org/10.1515/biol-2019-0012
http://www.ncbi.nlm.nih.gov/pubmed/25550569
http://www.ncbi.nlm.nih.gov/pubmed/33989285
https://doi.org/10.1371/journal.pone.0248871
http://www.ncbi.nlm.nih.gov/pubmed/32213530
https://doi.org/10.1136/ijgc-2019-001105
http://www.ncbi.nlm.nih.gov/pubmed/6464244
https://doi.org/10.3109/03009738409178476
http://www.ncbi.nlm.nih.gov/pubmed/18951214
https://doi.org/10.1080/00016340802503054
http://www.ncbi.nlm.nih.gov/pubmed/32433783
https://doi.org/10.1002/ijgo.13228

	Preoperative Prognostic Nutritional Index Is a Prognostic Indicator of Cancer-Specific Survival in Patients Undergoing Endometrial Cancer Surgery
	INTRODUCTION
	METHODS
	Data collection and definition
	Study outcome
	Statistical analysis
	Ethics statement

	RESULTS
	Primary outcome
	Secondary outcomes

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Fig. 1
	Supplementary Fig. 2

	REFERENCES


