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Abstract

Objective: Evaluate the prognostic value of the prognostic nutritional index (PNI) in patients with
endometrial cancer (EC).

Method: Laboratory and clinicopathological data from 370 patients who were diagnosed with EC
between January 2010 and December 2021 were reviewed. The PNI was analyzed for correlations with
recurrence and survival. The receiver operating characteristic curves were generated for the PNI.
Optimal cut-off values were determined as the points at which the Youden index (sensitivity + specificity
- 1) was maximal. Based on the results of the ROC curve analysis, the patients were grouped into high and
low PNI groups. Differences in the clinicopathological characteristics between patients with high and low
PNI were compared between the two groups. The effects of the prognostic factors were analyzed using
univariate and multivariate Cox proportional hazards model.

Results: The optimal cutoff value of the PNI was 52.74 for DFS (area under the curve: 0.817; 95% ClI:
0.738-0.858, p <0.001). Significantly more patients in the low PNI group experienced recurrence (30.6%
vs. 5.2%, p <0.001) and cancer-related death (17.8% vs. 2.8%, p <0.001). In multivariate analysis, PNI were
independent prognostic factors for both DFS and overall survival OS.

Conclusion: Low PNI was significantly associated with worse clinical outcomes in patients with EC. Our
findings demonstrate that the PNI may be clinically reliable and useful as a prognostic marker for patients
with EC. Further large-scale prospective studies are needed to confirm our findings.
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Introduction

Endometrial cancer (EC) is the most common
gynecological cancer in developed countries [1]. It
affects more than 400,000 women annually
worldwide, and its incidence is increasing [2].
Approximately 66,200 new cases and 13,030 deaths
related to EC are expected to occur in the United
States by 2023 [3]. In Korea, EC incidence is
increasing, and approximately 3,813 new cases and
445 deaths related to EC are expected to occur by 2023
[4]. Approximately 70% patients with EC are
diagnosed with stage I disease that is surgically
curable, leading to nearly 90% of 5-year survival rates
[5]. However, patients with advanced or recurrent

disease have poor prognosis. Owing to the lack of
curative treatment options, the 5-year survival rate of
patients with advanced or recurrent EC is less than
20% [6].

Classical prognostic factors for EC are well
established. These factors include age, stage, grade,
histologic subtype, tumor size, lymphovascular space
invasion (LVSI), and myometrial invasion (MMI) [7,
8]. However, these conventional risk factors are not
sufficiently accurate in predicting survival outcomes.
Thus, identifying new prognostic factors is crucial to
detect high-risk patients during pre-treatment
assessments.
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Recent studies have supported the importance of
nutritional and immunological status in carcino-
genesis, progression, and prognosis [9, 10]. The effect
of pre-operative immuno-nutritional status on
survival outcomes has been explored in numerous
solid malignancies [11-15]. The prognostic nutritional
index (PNI) reflects the immuno-nutritional status of
patients with cancer, estimated based on pre-opera-
tive lymphocyte counts and serum albumin levels
[16]. The PNI has been widely used to predict the
prognosis of gynecologic cancer [17-20]. However, EC
remains relatively understudied compared to ovarian
and cervical cancers [21]. To the best of our
knowledge, the prognostic value of PNI in patients
with EC is unclear. Therefore, this study aimed to
evaluate the prognostic value of PNI in patients with
EC.

Materials and Methods

This retrospective, single center study was
approved by the Institutional Review Board of the
Catholic University of Korea (VC23RASI0257). The
requirement for informed consent was waived
because of the retrospective nature of the study. This
study was conducted in accordance with the
principles of the Declaration of Helsinki.

We reviewed our institution's cancer registry
and identified patients diagnosed with EC between
January 2010 and December 2021. The medical
records were retrospectively reviewed. Data of 385
patients were recorded in a single database. We
excluded patients who refused to receive treatment in
accordance with international guidelines; those with a
history of inflammatory, hematological, or auto-
immune diseases; those with no laboratory analysis
performed within 1 week before treatment; or those
with incomplete clinicopathological data or follow-up
information. Finally, 370 patients were included in
this study.

The primary treatment for most patients was
surgery, including total hysterectomy, bilateral
salpingo-oophorectomy, and systematic lympha-
denectomy. Systemic lymphadenectomy includes
pelvic and para-aortic lymphadenectomies. Postope-
ratively, the patients underwent adjuvant therapy,
according to the disease risk factors and international
guidelines [22, 23]. A few women with distant
metastases received primary chemotherapy, with or
without delayed surgery.

Laboratory tests, including complete blood cell
counts and serum albumin levels, were performed for
all patients. PNI was defined as 10 x serum albumin
level (g/dL) + 0.005 x absolute lymphocyte count [16].
Disease-free survival (DFS) was measured from the
date of EC diagnosis to the date of the first recurrence.

If the patient had no recurrence, DFS was measured
from the date of EC diagnosis to the date of death or
last follow-up. Overall survival (OS) was measured
from the date of EC diagnosis to the date of
cancer-related death or last follow-up. The primary
and secondary endpoints were DFS and OS,
respectively.

Receiver operating characteristic (ROC) curves
of DFS were generated for PNI. The optimal cut-off
values of the PNI were determined as the points at
which the Youden index (sensitivity + specificity - 1)
was maximal. Based on the results of the ROC curve
analysis, the patients were grouped into high and low
PNI groups. We assessed differences in the
clinicopathological characteristics between patients
with high and low PNIL Fisher’s exact test and
chi-square test were used to compare categorical
variables. Continuous variables were compared using
Student’s t-test or Mann-Whitney test. Survival
curves for DFS and OS were analyzed using the
Kaplan-Meier method, and differences were
compared using the log-rank test. We performed
univariate and multivariate analyses using the Cox
proportional hazards model to analyze the effects of
the prognostic factors. All statistical analyses were
performed using the Statistical Package for the Social
Science (SPSS) statistical software package (version
22.0; SPSS Inc., Chicago, IL, USA). Statistical
significance was set at P <0.05.

Results

Overall, 370 patients were included in the final
analysis. The baseline patient characteristics are
presented in Table 1. The median age at diagnosis was
56 years (range, 27-86 years). Stage I, II, III, and IV
was observed in 274 (74.1%), 16 (4.3%), 60 (16.2%),
and 20 (5.4%) patients, respectively. Forty (10.8%)
patients had a high-risk non-endometrioid histology.
LVSI and lymph node metastasis was observed in 81
(21.9%) and 38 (10.2%) patients, respectively. In total,
180 (48.6%) patients received adjuvant therapy, 112
(30.2%) received radiotherapy, and 68 (18.4%)
received chemotherapy. During a median observation
period of 45 months (range: 1-159 months), 59 (15.9%)
patients experienced tumor recurrence and 34 (9.2%)
died of cancer-related causes.

We used ROC curve analysis to define the
thresholds of the PNI (Figure 1). The median PNI
level was 53.68 (range 29.47-69.27). The optimal cutoff
value of the PNI was 52.74 for DFS (area under the
curve: 0.817; 95% CI: 0.738-0.858, p <0.001). The
differences in the PNI scores were statistically
significant. Thus, the PNI cutoff was used to divide
patients into high (PNI >52.74) and low (PNI <52.74)
PNI groups.
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Figure 1. ROC curves for DFS of PNI. Optimal PNI cut-off value was

AUC, area under the curve
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Table 1. Baseline patient characteristics (n = 370)

No. of patients

%

Age (years), median (range)
BMI (kg/m?2), median (range)
Surgical approach
Open

MISs*

FIGO stage

I

1I

1T

v

Grade

1

2

3

Histology
Endometrioid
Non-endometrioid+
MMI

<50%

>50%

Tumor size (cm) , mean + SD
LvsI

Absent

Positive

LN metastasis
Absent

Positive

Adjuvant therapy
None

Radiotherapy
Chemotherapy

Follow-up (months), median (range)

Opverall recurrences
Deaths

56 (27 - 86)
24.79 (15.22 - 39.27)

123
247

274
16
60
20

162
121
87

330
40

252
118
3.57 £2.78

289
81

332
38

190
112

68

45 (1-159)
59

34

33.2
66.8

74.1
43
16.2
54

43.8
327
23.5

89.2
10.8

68.1
31.9

78.1
219

89.8
10.2

514
30.2
18.4

159
9.2

“both conventional laparoscopy and robot assisted laparoscopy, *serous, clear,
carconosarcoma, undifferentiated, dedifferentiated BMI, body mass index; MIS,
minimally invasive surgery; FIGO, International Federation of Gynecology and

Obstetrics; MMI, myometrial invasion; SD, standard deviation; LVSI,
lymphovascular space invasion; LN, lymph node

The associations between clinicopathological
factors and the PNI are shown in Table 2. The low and
high PNI groups included 157 (42.4%) and 213 (57.6%)
patients, respectively. No statistically significant
differences were observed between the two groups in
terms of age and BMI. The two groups differed
significantly in the following categorical variables:
FIGO stage (p = 0.007), histological grade and type (p
= 0.015, p = 0.043), MMI (p = 0.001), tumor size (p =
0.002), LVSI (p = 0.001), LN metastasis (p = 0.004), and
administration of adjuvant therapy (p = 0.033).
Significantly more patients experienced recurrence
(30.6% vs. 52%, p <0.001) and cancer-related death
(17.8% vs. 2.8%, p <0.001) in the low PNI group than
in the high PNI group.

Cox proportional hazards model was used to
evaluate prognostic factors for DFS and OS (Table 3).
In the multivariate analysis, histological grades 2 and
3, MMI, LN metastasis, adjuvant radiotherapy, and
high PNI were independent prognostic factors for
DFS; whereas advanced stage, histological grade 3,
adjuvant radiotherapy, chemotherapy, and high PNI
were independent prognostic factors for OS.
Consequently, histological grade 3, adjuvant
radiotherapy, and a high PNI were independent
prognostic factors for both DFS and OS.

According to Kaplan-Meier analysis, the 5-year
DFS rates in the low and high PNI groups were 53.8%
and 93.2% (log-rank p <0.001), respectively, and the
5-year OS rates in these two groups were 81.5% and
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96.2%, respectively (log-rank p = 0.001) (Figure 2).
Both DFS and OS rates were significantly better in the
high PNI group than in the low PNI group.

Table 2. Clinico-pathological characteristics according to the PNI
(n=370)

Low PNI group High PNIgroup p value
(n =157, %) (n =213, %)

Age (years), median (range) 56 (27 - 86) 55 (30 - 81) 0.837
BMI (kg/m?), median (range) 23.8 (15.2-39.3) 252 (17.8-385) 0.053
FIGO stage 0.007+
I 103 (65.6) 170 (80.3)

I 8(5.1) 8(3.8)

1II 32(20.4) 28 (13.1)

v 14 (8.9) 6(2.8)

Grade 0.015+
1 57 (36.3) 105 (49.3)

2 53 (33.8) 68 (31.9)

3 47 (29.9) 40 (18.8)

Histology 0.043+
Endometrioid 134 (85.4) 196 (92.0)
Non-endometrioid* 23 (14.6) 17 (8.0)

MMI 0.001+
<50% 91 (58.0) 161 (75.6)

>50% 66 (42.0) 52 (24.4)

Tumor size (cm), mean +SD  4.12+3.28 317+228 0.002+
LVsI 0.001+
Absent 109 (69.4) 180 (84.5)

Positive 48 (30.6) 33 (15.5)

LN metastasis 0.004+
Absent 133 (84.7) 199 (93.4)

Positive 24 (15.3) 14 (6.6)

Adjuvant therapy 0.033+
None 70 (44.6) 120 (56.3)

Radiotherapy 47 (29.9) 65 (30.5)

Chemotherapy 40 (25.5) 28 (13.1)

172
Characteristics Multivariate analysis for =~ Multivariate analysis for OS
DFS
OR 95% CI p value OR 95% CI p value
2 4589  1.745- 0.003+ 2207  0471- 0.315
12.07 10.35
3 5916  1.901- 0.002+ 12208 2.832- 0.001+
18.41 52.63
Histology
Endometrioid 1 (Ref) - - 1 (Ref) - -
Non-endometr 2.014 0921 - 0136  1.778 0.724 - 0.209
ioid” 4.401 4.366
MMI
<50% 1 (Ref) - - 1 (Ref) - -
250% 3494 1.434- 0.017+  1.440 0.429 - 0.555
8.510 4837
Tumor size 1130  1.022- 0.084  1.059 0.932 - 0.378
1.250 1.203
LVSI
No 1 (Ref) - - 1 (Ref) - -
Yes 1420 0.548 - 0470 1475  0.430- 0.536
3.677 5.062
LN metastasis
No 1 (Ref) - - 1 (Ref) - -
Yes 2265 1.118- 0.023+ 2123  0.800 - 0.131
4.587 5.632
Adjuvant
therapy
None 1 (Ref) - - 1(Ref) - -
Radiotherapy 0.159  0.058 - 0.001+ 0.174  0.038 - 0.025*
0.438 0.800
Chemotherapy 0386  0.135- 0.076 0142  0.030 - 0.014+
1.105 0.678
PNI
<5274 1 (Ref) - - 1 (Ref) - -
>52.74 0.156  0.080 - < 0266  0.105- 0.005+
0.326 0.001+ 0.673

“serous, clear, carconosarcoma, undifferentiated, dedifferentiated, *p value < 0.05
PNI, prognostic nutritional index; BMI, body mass index; FIGO, International
Federation of Gynecology and Obstetrics; MMI, myometrial invasion; SD, standard
deviation; LVSI, lymphovascular space invasion; LN, lymph node

Table 3. Multivariate analysis of prognostic factors for
disease-free survival and overall survival (n = 370)

Characteristics Multivariate analysis for Multivariate analysis for OS

DFS
OR 95% CI p value OR 95% CI p value
Age 1.018 0.991 - 0204 0985  0.952- 0.985
1.045 1.020
BMI 1.005  0.941- 0.889 0965  0.880 - 0.965
1.073 1.057
FIGO stage
I 1 (Ref) - - 1 (Ref) - -
I 3457 0.885- 0.074 9415  0.805- 0.074
13.50 110.1
11 1.632  0.501 - 0416 1399  3.386- 0.001+
5.315 57.80
v 2180 0.545- 0270 3823  8.646- 0.001+
8.710 169.0
Grade
1 1 (Ref) - - 1 (Ref) - -

“serous, clear, carconosarcoma, undifferentiated, dedifferentiated, *p value < 0.05
DFS, disease-free survival; OS, overall survival; OR, odds ratio; CI, confidence
interval; Ref, reference; BMI, body mass index; FIGO, International Federation of
Gynecology and Obstetrics; LVSI, lymphovascular space invasion; LN, lymph
node; PNI, prognostic nutritional index

Discussion

The abnormal nutritional and immunologic
status is more likely to decrease the response to
anti-tumor therapy and contribute to tumor growth
and progression [24, 25]. The PNI reflects both the
nutritional and immunologic status of patients with
cancer.

The PNI was first described by Buxby et al. in
1980 [26]. It was initially used to estimate the risk of
postoperative complications according to the baseline
nutritional status. This index provided an accurate,
quantitative estimate of operative risk, permitting
rational selection of patients who were malnourished
and preoperatively treated with nutritional support
[16, 26]. Since then, numerous studies have
highlighted the importance of PNI, not only for
postoperative complications but also for the prognosis
of solid tumors, including gynecologic cancer [27, 28].
However, compared with ovarian and cervical
cancers, EC remains relatively understudied. A
meta-analysis by Wang et al. showed that the PNI was
significantly associated with DFS and OS in patients

https://www.medsci.org
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with cervical and ovarian cancers; however, studies
on EC were not included [21].

(a)
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Figure 2. Survival curves according to PNI: (a) Kaplan—Meier survival curves for DFS
of patients. (b) Kaplan—Meier survival curves for OS of patients. DFS, disease-free
survival; OS, overall survival; PNI, prognostic nutritional index

In this study, we found that the preoperative
PNI was an independent predictor of both DFS and
OS in patients with EC. A lower PNI was associated
with shorter DFS and OS. These results are in
concordance with those of previous studies that
suggested that the PNI is associated with survival in
patients with colorectal, lung, breast, and gastric
cancers [29-32]. In addition, a low PNI was associated
with other traditional prognostic factors, such as

FIGO stage, histological grade and type, MMI, tumor
size, LVSI, and LN metastasis.

Our results indicated that the PNI is associated
with survival in patients with EC, suggesting that
immuno-nutritional status is important in this
disease. It may be possible to identify patients who
are at high risk of recurrence or death after the
standard treatment. As PNI is based on serum
albumin levels and absolute peripheral lymphocyte
counts, routinely measured before surgery, we can
assume that patients with EC with a low PNI can
benefit from nutritional support before surgery.
However, clinical trials on this topic are lacking.
Well-designed, large-scale, randomized controlled
clinical trials are required to confirm the value of
preoperative management in patients with a low PNI.

The mechanisms underlying the association
between low PNI and poor outcomes remain unclear.
Various studies have reported the anti-tumor
functions of lymphocytes [33, 34]. Lymphocytes are
the main effectors of the immune system that clear
tumors from the body and prevent their development
and spread [35]. CD8* T lymphocytes play a vital role
in the immune response against tumor growth, and
tumor-specific antigen recognition by them allows
malignant cell killing [36]. CD4* T lymphocytes
produce several inflammatory cytokines that can elicit
a vigorous anti-tumor immune response [37]. Serum
albumin levels reflect a patient’s nutrition status [38].
Further, malnutrition is related to impaired immune
function and poor prognosis in patients with
malignant tumors [39, 40]. As both lymphocytes and
albumin are related to the immune system, low serum
albumin levels and low lymphocyte counts may be
associated with a poor prognosis. Thus, a low PNI
may be a prognostic marker for impaired immune
function, leading to tumor growth, progression, and
metastasis.

This study had certain limitations. First, this was
a retrospective study performed at a single institution
and included a limited number of patients. Second,
the PNI is a non-specific tumor marker, and there is
no defined PNI value for patients with ECs. We set a
cut-off value for our study. Third, although we
calculated the PNI based on laboratory tests
performed within 1 week before surgery, the PNI
might have been affected by various conditions, and it
varies from time to time. Further large-scale
multicenter prospective studies will provide more
definitive data to confirm the results of our study.

In conclusion, our findings demonstrate that the
PNI may be clinically reliable and useful as a
prognostic marker for patients with EC. The PNI,
along with many clinicopathological features, was
significantly associated with DFS and OS. Further

https://www.medsci.org
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large-scale prospective studies are needed to confirm
our findings and identify appropriate cutoff values.
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