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Prognostic Value of Systemic Inflammatory
and Nutritional Indices for Lymphovascular
Space Invasion and Lymph Node Metastasis
in Endometrioid Endometrial Cancer

Endometrioid Endometrium Kanserinde
Lenfovaskiiler Invazyon ve Lenf Nodu
Metastazi I¢in Sistemik Inflamatuvar ve
Nutrisyonel Indekslerin Prognostik Degeri

ABSTRACT
Objective

This study aimed to evaluate the relationship between preoperative inflammatory
parameters including neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), monocyte-to-lymphocyte ratio (MLR), systemic immune-inflammation
index (SII), and C-reactive protein (CRP), as well as nutritional markers such as
prognostic nutritional index (PNI) and albumin, with lymphovascular space invasion
(LVSI) and lymph node metastasis (LNM) in patients with endometrioid endome-
trial cancer.

Materials and Methods

A total of 186 patients with endometrioid endometrial cancer who underwent sur-
gery between November 2023 and May 2025 were retrospectively analyzed. Pre-
operative blood parameters were used to calculate NLR, PLR, MLR, SII, and PNI.
Patients were stratified according to the presence of LVSI and LNM, and compared
accordingly. Receiver operating characteristic (ROC) analysis was performed to as-
sess the discriminatory ability of each parameter.

Results

In 39 patients with LVSI, PNI was significantly lower, whereas NLR, PLR, MLR,
SII, and CRP were significantly higher (all p<0.05). ROC analysis showed that NLR
had the highest AUC for predicting LVSI (0.778), indicating moderate discrimina-
tion. Among 24 patients with LNM, NLR and SII were significantly higher, and
lymphocyte count was significantly lower (all p<0.05). PNI showed no significant
association with LNM.

Conclusion

Preoperative inflammatory indices, particularly NLR and SII, appear to be valuable
biomarkers for predicting the risk of LVSI and LNM. Although PNI was signifi-
cantly lower in patients with LVSI, ROC analysis demonstrated limited predictive
performance. Therefore, the prognostic utility of PNI may be more meaningful when
assessed in conjunction with other inflammatory indices, contributing more effec-
tively to preoperative risk stratification.
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Amag

Bu ¢alisma, endometrioid tip endometrium kanserli hasta-
larda preoperatif donemde degerlendirilen inflamatuvar
parametreler olan nétrofil-lenfosit orani (NLR), trombos-
it-lenfosit orant (PLR), monosit-lenfosit oran1 (MLR),
sistemik immiin-inflamasyon indeksi (SII) ve C-reaktif
protein (CRP) ile nutrisyonel gostergeler olan prognostik
nutrisyonel indeks (PNI) ve albliminin, lenfovaskiiler in-
vazyon (LVSI) ve lenf nodu metastazi (LNM) ile iligkisini
degerlendirmeyi amaglamistir.

Gerec¢ ve Yontemler

Kasim 2023 ile Mayis 2025 tarihleri arasinda cerrahi
uygulanan toplam 186 endometrioid endometrium kanser-
li hasta retrospektif olarak analiz edildi. Preoperatif kan
parametreleri kullanilarak NLR, PLR, MLR, SII ve PNI
hesaplandi. Hastalar LVSI ve LNM varligina gore grup-
landirildi ve karsilastirildi. Her bir parametrenin ayirt edi-
ci giiciinii degerlendirmek igin alict isletim karakteristik
(ROC) analizi yapildu.

Bulgular

LVSI saptanan 39 hastada PNI anlamli derecede diisiik,
NLR, PLR, MLR, SII ve CRP ise anlamli derecede yiik-
sekti (tiimii p<0,05). ROC analizinde, LVSI’yi 6ngdrmede
en yiiksek AUC degeri NLR i¢in bulundu (0,778). LNM
saptanan 24 hastada NLR ve SII anlamli derecede yiik-
sek, lenfosit sayist ise anlamli derecede diistiktli (tiimii
p<0,05). PNI’nin LNM ile anlaml1 bir iliskisi bulunmadi.
Sonug: Preoperatif inflamatuvar indeksler, 6zellikle NLR
ve SII, LVSI ve LNM riskinin 6ngériilmesinde klinik
acidan degerli biyobelirteclerdir. PNI, LVSI pozitif
hastalarda anlamli derecede diisiik bulunmasina ragmen
ROC analizi prediktif performansmin simnirlt oldugunu
ortaya koymustur. Bu nedenle PNI'nin, tek basina kul-
lanildiginda zayif kalan 6ng6rii giiciiniin, diger inflama-
tuvar indekslerle birlikte degerlendirildiginde preopera-
tif risk smniflamasina daha anlaml katki saglayabilecegi
disiiniilmektedir.

Anahtar Kelimeler

Endometrioid Endometrium Kanseri, Lenfovaskiiler Alan
Invazyonu, Lenf Nodu Metastazi, Nétrofil/Lenfosit Orani,
Sistemik Immiin-inflamasyon Indeksi, Prognostik Nutri-
syonel indeks, Preoperatif Biyobelirtecler
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INTRODUCTION

Endometrial cancer is the most common gynecologic ma-
lignancy in developed countries, and its global incidence
is steadily increasing. According to GLOBOCAN data,
417,000 new cases and 97,000 disease-related deaths are
reported annually worldwide (1). The main pathological
factors determining the prognosis of the disease include
FIGO stage, histologic type and grade, depth of myome-
trial invasion, cervical stromal involvement, lymph node
metastasis (LNM), and lymphovascular space invasion
(LVSD) (2, 3). LVSI is recognized as an independent prog-
nostic indicator reflecting the potential for tumor dissem-
ination via the lymphatic system and is associated with
an increased risk of recurrence (3,4). LNM is strongly
correlated with advanced-stage disease and poor survival
outcomes (4).

In recent years, there has been growing interest in the
role of systemic inflammation in cancer progression. He-
matological indices derived from complete blood count,
such as the neutrophil-to-lymphocyte ratio (NLR), plate-
let-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte
ratio (MLR), and systemic immune-inflammation index
(SII), are considered indirect markers of immune response
and inflammatory activity within the tumor microenviron-
ment (5, 6). Systematic reviews and meta-analyses have
demonstrated significant associations between these indi-
ces and adverse prognostic features in endometrial can-
cer, including advanced stage, deep myometrial invasion,
LVSI, and LNM (7).

A large-scale retrospective study by Cong et al. reported
that preoperative NLR, PLR, and MLR had independent
prognostic value in endometrial cancer. Moreover, the
combined use of these three parameters yielded greater
predictive accuracy for survival compared to their indi-
vidual use, achieving high prognostic performance in a
nomogram model (Harrell’s C-index: 0.847) (9).

Among composite indices, the systemic immune-inflam-
mation index (SII), derived from neutrophil, platelet, and
lymphocyte counts, and the systemic inflammation re-
sponse index (SIRI), calculated from neutrophil, mono-
cyte, and lymphocyte counts, have been proposed as nov-
el markers reflecting tumor-associated inflammation (10).
However, their prognostic performance may vary and war-
rants disease-specific evaluation. In a broader meta-analy-
sis, Zhou et al. found that elevated preoperative SIRI levels
were associated with significantly worse overall and dis-
ease-free survival across various cancer types (11).

Nutritional status is also an important determinant of
prognosis in gynecologic malignancies. The prognostic
nutritional index (PNI), calculated from serum albumin
concentration and lymphocyte count, reflects both meta-
bolic reserve and immune competence. Kim et al. reported
that higher preoperative PNI values were independently
associated with cancer-specific survival in endometrial



cancer patients (8). Additionally, PNI has been linked to a
lower risk of postoperative complications in both endome-
trial and cervical cancers (12).

This study aims to evaluate the relationship between pre-
operative hematologic and biochemical parameters, in-
cluding derived indices such as NLR, PLR, MLR, SII, and
PNI, and adverse pathological features such as LVSI, deep
myometrial invasion, and LNM in patients with endome-
trioid endometrial cancer. Our hypothesis is that these eas-
ily accessible and low-cost parameters may have signifi-
cant prognostic value in predicting high-risk pathological
features prior to surgery.

MATERIALS and METHODS

Study Design and Patient Selection

This retrospective observational study was conducted be-
tween November 2023 and May 2025 at the Gynecologic
Oncology Center of Izmir City Hospital. Patients were eli-
gible if they had a histopathologically confirmed diagnosis
of endometrioid-type endometrial cancer, had undergone
total hysterectomy, bilateral salpingo-oophorectomy, and
pelvic + para-aortic lymphadenectomy as part of complete
surgical staging, and had complete preoperative blood
count parameters available. Patients with non-endome-
trioid histological subtypes, concomitant malignancies, a
history of chronic inflammatory or autoimmune diseases,
or incomplete clinical or laboratory data were excluded.
The study was approved by the Ethics Committee of Izmir
City Hospital (Date: 04/06/2025, Decision No: 2025/276)
and conducted in accordance with the principles of the
Declaration of Helsinki.

Data Collection

Demographic and clinical data, including age, body mass
index (BMI), menopausal status, and comorbidities, were
recorded. Complete blood count and serum albumin levels
measured within 7 days prior to surgery were assessed.
Based on these values, the following systemic inflamma-
tory and nutritional indices were calculated:
Neutrophil-to-Lymphocyte Ratio (NLR) = Neutrophil
count / Lymphocyte count

Platelet-to-Lymphocyte Ratio (PLR) = Platelet count /
Lymphocyte count

Monocyte-to-Lymphocyte Ratio (MLR) = Monocyte
count / Lymphocyte count

Systemic Immune-Inflammation Index (SII) = (Platelet x
Neutrophil) / Lymphocyte

Prognostic Nutritional Index (PNI) =[10 x serum albumin
(g/dL)] + [0.005 x total lymphocyte count (/mm?)]

Akdemir C. et al. NGB ECRS0L08 )

Histopathological Evaluation

Postoperative pathology reports were reviewed to record
prognostic features, including the presence of deep myo-
metrial invasion (<50% or >50%), lymphovascular space
invasion (LVSI), and lymph node metastasis (LNM). All
pathological assessments were performed by experienced
gynecologic pathologists who were blinded to the blood
parameter results.

Statistical Analysis

Cases with missing data were excluded from the analysis;
no data imputation was performed. Continuous variables
were expressed as mean =+ standard deviation or median
(interquartile range), and categorical variables as frequen-
cy and percentage. Between-group comparisons were per-
formed using the Student’s t-test or Mann—Whitney U test
for continuous variables, and the Chi-square or Fisher’s
exact test for categorical variables. The diagnostic perfor-
mance of each parameter in predicting LVSI, deep myo-
metrial invasion, and LNM was evaluated using receiver
operating characteristic (ROC) curve analysis. Cut-off
values were determined using the Youden index; area un-
der the curve (AUC) values were interpreted as low (<0.7),
moderate (0.7-0.8), or high (>0.8) discriminative ability.
To identify independent prognostic factors, parameters
with p<0.1 in univariate analyses were included in mul-
tivariate logistic regression models. A p-value <0.05 was
considered statistically significant. All analyses were per-
formed using SPSS version 25.0 (IBM Corp., Armonk,
NY, USA).

RESULTS

A total of 186 patients with endometrioid-type endome-
trial cancer were included in the study. The mean age was
60.7 £ 9.2 years (range, 35-82). Histopathological eval-
uation revealed Grade 1 tumors in 118 patients (63.4%),
Grade 2 tumors in 56 patients (30.1%), and Grade 3 tu-
mors in 12 patients (6.5%). Deep myometrial invasion
(>50%) was present in 71 patients (38.2%). Lymphovas-
cular space invasion (LVSI) was positive in 39 patients
(21.0%). Lymph node metastasis (LNM) was detected in
24 patients (12.9%); of these, 14 had pelvic-only involve-
ment, 3 had isolated para-aortic involvement, and 7 had
both pelvic and para-aortic involvement.

Laboratory assessment showed a mean hemoglobin lev-
el of 12.41 £+ 0.99 g/dL, neutrophil count of 4.29 + 0.80
x100J/L, lymphocyte count of 1.81 + 0.40 x1071/L, mono-
cyte count of 0.41 = 0.11 x10LI/L, platelet count of 280.1
+ 55.0 x1001/L, C-reactive protein (CRP) level of 6.43 +
1.44 mg/L, albumin level of 4.15 + 0.28 g/dL, and CA
125 level of 27.27 4+ 13.24 U/mL. The mean values of the
calculated indices were: NLR, 2.53 +£0.93; PLR, 163.84 +
56.50; MLR, 0.24 + 0.09; SII, 708.30 + 306.21; and PNI,
50.54 + 3.66 (Table I).
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Table I. Descriptive Statistics of Patient Demographics and Laboratory

Parameters

| B

Variable Mean + SD or n (%)
Age (Years) 60.7+9.2
Tumor Grade

Grade 1 118 (63.4%)
Grade 2 56 (30.1%)
Grade 3 12 (6.5%)
Deep Myometrial Invasion (>50%) 71 (38.2%)
LVSI Positivity 39 (21.0%)
Lymph Node Metastasis 24 (12.9%)
Pelvic Positive 14

Isolated Para-Aortic Positive 3

Both Pelvic and Para-Aortic Positive 7

Hemoglobin (g/dL) 12.41+0.99
Neutrophil (x10%/uL) 4.29 +0.80
Lymphocyte (x10°/uL) 1.81 + 0.40
Monocyte (x10*/uL) 0.41+0.11
Platelet (x10%/uL) 280.1+ 55.0
CRP (mg/L) 6.43 + 1.44
Albumin (g/dL) 4.15+0.28
CA 125 (U/mL) 2727+13.24
NLR 2.53+0.93
PLR 163.84 + 56.50
MLR 0.24 +0.09

SII 708.30 + 306.21
PNI 50.54+3.66

In patients with LVSI positivity, neutrophil count (4.63 +
0.99vs.4.19+£0.72 x10%/uL, p=0.013), CRP (7.35 + 1.46

Table II. Comparison of Laboratory Parameters Between LV SI-Positive and LVSI-Negative Patients (n=186)

LVSI (+) (n=39) Mean LVSI (-) (n=147) Mean +

Parameter +SD SD p-value
Hemoglobin (g/dL) 12.53+0.97 12.38 £ 0.99 0.398
Neutrophil (x10°/uL) 4,63 +£0.99 419+0.72 0.013
Lymphocyte (x10°/uL)  1.50+0.36 1.89 +£0.37 <0.001
Monocyte (x10%/pL) 0.41+0.11 0.41 +£0.11 0.835
Platelet (x10°/uL) 276.27+5393 281.05 +£55.37 0.626
CRP (mg/L) 7.35+1.46 6.19 +£1.33 <0.001
Albumin (g/dL) 3.96 +£0.30 420+0.25 <0.001
CA 125 (U/mL) 3043+ 1273 26.51+£13.30 0.170
NLR 3.30+1.25 2.32+0.70 <0.001
PLR 199.55 + 78.50 154.37 + 44 .84 0.001
MLR 0.29+0.11 0.23 +0.08 0.002
SII 923.98 £ 415.66 651.08 +241.08 <0.001
PNI 47.08+3.34 51.46+3.17 <0.001

Data are presented as mean + standard deviation. p<0.05 was considered statistically

significant.
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Table III. Comparison of Preoperative Parameters According to Lymph Node Positivity

Lymph Node (1) Lymph Node (-)
Parameter 54 Mean+SD  (n=162) Mean < SD p-value
Neutrophil
(x10%/uL) 490 +0.82 4,19+0.76 <0.001
Lymphocyte
(x10¥/uL) 1.65+0.37 1.83 £ 0.40 0.035
CRP (mg/L) 7.05+£1.27 634+ 1.44 0.017
NLR 3.11+0.88 244 +£0.91 <0.001
SII 882.04 + 397.96 682.56 + 282.75 0.015
Hemoglobin
1247+ 0.88 12.40+1.00 0.727
(g/dL)
Monocyte
(x10%/uL) 0.41 £0.10 041+0.11 0.881
Platelet (x10°/uL) 275.82 £67.18 280.68 + 53.14 0.737
Albumin (g/dL) 4.13+£0.24 4.15+0.28 0.628
ROC Curve for LVSI Positivity ROC Curve for Lymph Node Positivity
10} 1.0
0.8 0.8
% 06l : ‘%‘: 0.6
504 S04
= =
— LR (AUC = 0.778) — NLR {AUC = 0.744)
“—— PLR (AUC = 0.703) —— PLR (AUC = 0.559)
0.2F ’—,_/_‘_,_)/— MLR (AUC = 0.664) 0.2 —— MLR (AUC = 0.564)
’ — sIl (AUC = 0.718) — Sl (AUC = 0.655)
—— CRP [AUC = 0.708) —— CRP {AUC = 0.641)
.- i — PNIILQUC =0.173) = = PNI (AUC = 0,386}
0% 0.2 0.4 0.6 0.8 1o %90 0.2 0.4 0.6 0.8 1.0
False Positive Rate False Positive Rate
Figure 1.

Receiver operating characteristic (ROC) curves for inflammatory and nutritional markers in predicting:
(A) Lymphovascular space invasion (LVSI): NLR showed the highest predictive performance (AUC = 0.778; moderate discrimination), followed by

SII (AUC = 0.718) and CRP (AUC = 0.708).

(B) Lymph node metastasis: NLR achieved the highest AUC (0.744; moderate discrimination), with SII (AUC = 0.655) ranking second. PNI demon-

strated poor predictive ability in both analyses.

Data are presented as mean =+ standard deviation. p<0.05 was considered statistically significant.

vs. 6.19 + 1.33 mg/L, p < 0.001), NLR (3.30 £+ 1.25 vs.
2.32+0.70, p <0.001), PLR (199.55 + 78.50 vs. 154.37
+44.84, p=0.001), MLR (0.29 £ 0.11 vs. 0.23 + 0.08, p
= 0.002), and SII (923.98 + 415.66 vs. 651.08 £ 241.08,
p <0.001) were significantly higher; whereas lymphocyte
count (1.50 = 0.36 vs. 1.89 + 0.37 x10°/uL, p < 0.001),
albumin (3.96 £ 0.30 vs. 4.20 £ 0.25 g/dL, p < 0.001), and
PNI (47.08 + 3.34 vs. 51.46 = 3.17, p < 0.001) were sig-
nificantly lower. No significant differences were observed
in hemoglobin, monocyte, platelet, or CA 125 levels (p >
0.05) (Table II).

When patients with LNM (n = 24, 12.9%) were compared
to those without, the metastasis-positive group had high-
er neutrophil counts (4.90 + 0.82 vs. 4.19 = 0.76 x10%/
uL, p < 0.001), CRP (7.05 £ 1.27 vs. 6.34 + 1.44 mg/L,
p=0.017), NLR (3.11 £ 0.88 vs. 2.44 + 0.91, p < 0.001),
and SII (882.04 +397.96 vs. 682.56 = 282.75, p = 0.015),

along with lower lymphocyte counts (1.65 £+ 0.37 vs. 1.83
+ 0.40 x10%/uL, p = 0.035). No significant differences
were noted in hemoglobin, monocyte, platelet, albumin,
CA 125, PLR, MLR, or PNI values (p > 0.05) (Table III).

Receiver operating characteristic (ROC) analysis demon-
strated that NLR had the highest area under the curve
(AUC) for predicting LVSI (AUC = 0.778), followed by
SII (AUC = 0.718), CRP (AUC = 0.708), PLR (AUC =
0.703), and MLR (AUC = 0.664). PNI showed no sig-
nificant predictive performance, with a low AUC value
(AUC = 0.173). For predicting LNM, NLR again had the
highest AUC (AUC = 0.744), followed by SII (AUC =
0.655), CRP (AUC = 0.641), MLR (AUC = 0.564), and
PLR (AUC =0.559), while PNI remained a poor predictor
(AUC = 0.3806) (Figure 1).
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DISCUSSION

This study is among the limited number of investigations
examining the association between preoperative inflam-
matory (NLR, PLR, MLR, SII, CRP) and nutritional (PNI,
albumin) parameters and prognostically critical patho-
logical findings such as lymphovascular space invasion
(LVSI) and lymph node metastasis (LNM) in endometri-
oid-type endometrial cancer. Our findings suggest that the
systemic inflammatory response may exert significant ef-
fects on both local invasion and metastatic dissemination
potential.

In our cohort, patients with LVSI positivity exhibited
significantly higher neutrophil counts, CRP, NLR, PLR,
MLR, and SII values, while lymphocyte counts, albumin,
and PNI were markedly lower. Similarly, in patients with
LNM, neutrophil counts, CRP, NLR, and SII were elevat-
ed, with concomitant reductions in lymphocyte counts;
however, PNI was not significantly associated with LNM.
In ROC analysis, NLR demonstrated the highest discrim-
inatory ability for predicting LVSI (AUC = 0.778) and
LNM (AUC = 0.744), both indicating moderate discrim-
inative performance according to our predefined thresh-
olds. SII provided moderate discrimination for both out-
comes (AUC = 0.718 for LVSI; 0.655 for LNM), whereas
CRP, PLR, and MLR showed lower accuracy.

These results are consistent with existing evidence in
the literature. One of the earliest studies highlighting the
prognostic significance of NLR clearly demonstrated its
relationship with tumor progression and metastasis (5).
Meta-analyses focusing on endometrial cancer have re-
ported that elevated NLR, PLR, and MLR values are asso-
ciated with adverse histopathological features and poorer
survival outcomes (7, 9).

SII integrates neutrophil, lymphocyte, and platelet counts
into a single formula, thereby providing a comprehensive
reflection of tumor-associated inflammation (6). Matsub-
ara et al. reported that SII is an independent prognostic
factor in endometrial cancer, with higher values signifi-
cantly associated with advanced stage and deep invasion.
Our data support these findings, indicating that SII has
meaningful predictive capacity, particularly in the pres-
ence of LVSI and LNM (6).

Consistent with these findings, other studies have also
demonstrated that elevated SII represents an independent
risk factor for lymph node metastasis, deep myometrial
invasion, and higher pathological grade in endometrial
cancer patients (10).

Among nutritional indicators, PNI combines serum al-

bumin levels and lymphocyte counts to reflect both nu-
tritional and immune status (8, 12, 15). Previous studies

Bs

have reported that low PNI values may be associated with
poor prognosis (8, 16, 17). Although PNI was significantly
lower in LVSI-positive patients, its standalone predictive
performance for LVSI and LNM was limited in ROC anal-
ysis. These findings suggest that PNI may be more infor-
mative when interpreted alongside inflammatory indices
rather than as a single predictor.

From a clinical perspective, the ability to predict LVSI and
LNM in the preoperative period is critical for determining
surgical strategy and planning adjuvant therapy (3, 4, 13,
14). Our findings suggest that inflammatory indices may
serve as complementary tools in preoperative risk strat-
ification, while nutritional parameters, though limited in
value when assessed alone, may contribute to clinical de-
cision-making when interpreted alongside inflammatory
markers.

Strengths and Limitations

Strengths of our study include the use of a homogeneous
histological subtype, the measurement of biomarkers us-
ing standardized laboratory protocols, and the determina-
tion of clinically relevant cut-off values via ROC analysis.
Nonetheless, the retrospective, single-center design and
the absence of long-term survival data represent notable
limitations. The relatively small sample size may have re-
duced statistical power, particularly in subgroup analyses.
Inflammatory parameters can be influenced by tumor-un-
related causes such as infections or subclinical inflamma-
tion, and advanced biomarker analyses to exclude these
effects were not performed. Furthermore, the cross-sec-
tional design precludes conclusions regarding the direc-
tion of causality between inflammatory/nutritional status
and LVSI or LNM. Validation of these findings in pro-
spective, multicenter studies is required before they can
be generalized to broader populations. Future prospec-
tive studies should systematically ascertain and control
for non—tumor-related inflammatory confounders (e.g.,
intercurrent infections, inflammatory comorbidities, and
medications) to delineate the independent prognostic con-
tribution of these indices.

CONCLUSION

In conclusion, this study demonstrates that preoperative
inflammatory (NLR, PLR, MLR, SII, CRP) and nutri-
tional (PNI, albumin) parameters are significantly asso-
ciated with prognostic features such as LVSI and LNM
in patients with endometrioid-type endometrial cancer.
The combined evaluation of systemic inflammation and
nutritional status may enhance prognostic accuracy in the
preoperative setting. In particular, NLR and SII exhibited
moderate discriminatory ability for predicting LVSI and
LNM, supporting their role as complementary biomarkers
in surgical planning and adjuvant therapy decision-mak-
ing. Although PNI was significantly lower in LVSI-posi-
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