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Simple Summary: The aim of this study was to evaluate 18 different preoperative immune, inflam-

matory, and nutritional scores and their best cut-off values as predictors of poorer overall survival
:)4

(OS) and disease-free survival (DFS) in patients who underwent curative gastrectomy for gastric
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adenocarcinoma. This is a retrospective observational multicentre study based on data of the Spanish
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EURECCA Esophagogastric Cancer Registry. Time-dependent Youden index and log-rank test were
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Abstract: Background: The aim of this study was to evaluate different preoperative immune, inflam-
matory, and nutritional scores and their best cut-off values as predictors of poorer overall survival
(OS) and disease-free survival (DFS) in patients who underwent curative gastric cancer resection.
Methods: This was a retrospective observational multicentre study based on data of the Spanish
EURECCA Esophagogastric Cancer Registry. Time-dependent Youden index and log-rank test were
used to obtain the best cut-offs of 18 preoperative biomarkers for OS and DFS. An adjusted Cox
model with variables selected by bootstrapping was used to identify the best preoperative biomarkers,
which were also analysed for every TNM stage. Results: High neutrophil-to-lymphocyte ratio (NLR),
high monocyte systemic inflammation index (moSII), and low prognostic nutritional index (PNI)
were identified as independent predictors of poor outcome: NLR > 5.91 (HR:1.73; 95%CI [1.23-2.43]),
moSII >2027.12 (HR:2.26; 95%CI [1.36-3.78]), and PNI >40.31 (HR:0.75; 95%CI [0.58-0.96]) for 5-year
OS and NLR > 6.81 (HR:1.75; 95%CI [1.24-2.45]), moSII > 2027.12 (HR:2.46; 95%CI [1.49-4.04]), and
PNI > 40.31 (HR:0.77; 95%CI [0.60,0.97]) for 5-year DFS. These outcomes were maintained in the
whole cohort for NLR and moSII (p < 0.05) but not in stage II and for PNI in all tumoral stages. The
associations of NLR-PNI and moSII-PNI were also a relevant prognostic factor for OS. Conclusions:
High NLR, high moSII (for stages I and III), and low PNI (regardless of tumour stage) were the most
promising preoperative biomarkers to predict poor OS and DFS in gastric cancer patients treated
with curative intent.

Keywords: gastric cancer; preoperative biomarker; preoperative inflammation score; preoperative

immune score; preoperative nutritional score

1. Introduction

Gastric cancer is one of the most common malignancies worldwide, with few im-
provements in overall long-term results in recent decades [1-3]. Surgery remains the main
treatment in candidates for curative intent, but perioperative adjuvant treatment has been
shown to improve survival in patients with non-metastatic locally advanced tumours [4].
Prognostic evaluation of resectable gastric cancer is mainly based on histological assess-
ment of the resected specimen (pTNM) [5]. However, a reliable preoperative prognostic
evaluation is crucial in order to establish the most adequate multimodal personalised treat-
ment. Preoperative tumour staging based on endoscopy, endoscopic ultrasound, computed
tomography, or positron emission tomography could have some limitations [6,7]. Immune,
inflammatory, and nutritional markers determined before surgery in peripheral blood cells
have been demonstrated to correlate with long-term prognosis [8], the risk of postoperative
complications [9], and histological response to neoadjuvant treatment [10]. Moreover,
several of these markers have been proven to define different prognostic subgroups, being
associated with a poor time-survival events for the same pathological TNM stages [11,12].

Several preoperative immunity, inflammation, nutritional, and combined markers
have been identified as independent predictors of overall survival (OS) and disease-free
survival (DFS) in recent studies, the most relevant being: neutrophil-to-lymphocyte ratio
(NLR), lymphocyte-to-monocyte ratio (LMR), Glasgow prognostic score (GPS), prognostic
nutritional index (PNI), systemic inflammation index (SII), and platelet-to-lymphocyte
ratio (PLR) [12-17]. However, there is no consensus on which of them is more relevant,
probably because most studies are based on short case series and use different cut-off
values, making it difficult to compare them and to standardise their routine application.
Moreover, most studies come from Asiatic cohorts, which are known to present different
treatment responses and outcomes compared to Western populations [11,12,16,17].

The aim of the present study was to evaluate various preoperative immune, inflam-
matory, and nutritional scores in a Spanish multicentre database registry of patients un-
dergoing gastric cancer resection with curative intent in order to identify the best cut-off
values for each score by a time-dependent statistical method and to select the most relevant
predictors of poor OS and DFS.
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2. Methods
2.1. Source of Data

This study involves a multicentre, retrospective analysis, based on a prospectively
maintained population-based online database (Spanish EURECCA Esophagogastric Cancer
Registry, SEEGCR), in which all patients with primary gastric cancer undergoing surgery
with curative intent in 15 public hospitals are included. The SEEGCR is an audited database
with high completeness and accuracy [18].

2.2. Ethics

The SEEGCR was approved by the Ethical Committee of Hospital del Mar as a pro-
motor centre and by the Ethical Committee of each centre. All the patients signed an
informed consent form before their inclusion in the registry and authorised the use of their
data for research purposes. Moreover, the present study was approved by the scientific
committee of SEEGCR and was conducted following the STROBE guidelines for reporting
observational studies [19].

2.3. Patients

All consecutive patients with primary gastric or esophagogastric junction adenocarci-
noma (Siewert 2 or 3) undergoing only gastric resection with curative intent (R0) between
January 2014 and December 2018 were selected for the study. The data collection and the
statistical analysis were started in October 2021. Exclusion criteria were: (1) age under
18 years; (2) chronic inflammatory disease: obesity (body mass index > 40 kg/m?), liver
cirrhosis, chronic pancreatitis, or inflammatory bowel disease; (3) autoimmune or haemato-
logical disease; (4) R1 and R2 resections; (5) intraoperative finding of peritoneal metastases
or liver metastasis; (6) palliative surgery; and (7) missing follow-up or preoperative or
postoperative white blood cell count data.

2.4. Data Collection

The following clinicopathological data were systematically collected: age, gender,
American Society of Anesthesiologists (ASA) grade classification, Eastern Cooperative
Oncology Group (ECOG) performance status, Charlson comorbidity index, tumour location
(proximal, middle, distal third, or gastric linitis), type of gastrectomy (total, subtotal, or
other), type of lymphadenectomy according to the Japanese Gastric Cancer Guidelines
2017 [20], neoadjuvant and adjuvant treatment, pathological TNM (according to 7th edition
TNM classification [5]) and Lauren classification (intestinal, diffuse, or mixed) [21], severity
of postoperative complications occurring during the first 30 days after surgery registered
according to both the Clavien-Dindo (C-D) classification [22] and the comprehensive
complication index [23]. Postoperative complications were grouped as minor (C-D grade
I-II); major (C-D grade III-1V); and mortality (C-D grade V). They were also classified as
infectious or non-infectious [24].

Preoperative blood tests were registered in all patients (even in those patients receiv-
ing neoadjuvant treatment) using the last blood test before surgery within the previous
two weeks: tumoral markers (CEA and CA 19-9), leucocytes, neutrophils, lymphocytes,
monocytes, albumin, platelets, haemoglobin, and C-reactive protein (CRP). Based on these
preoperative blood test results the following prognostic scores were calculated: (1) im-
mune scores: neutrophil-to-lymphocyte ratio (NLR); lymphocyte-to-monocyte ratio (LMR);
monocyte-to-lymphocyte ratio (MLR); systemic inflammation index (SII): platelets x neu-
trophil/lymphocyte; platelet-to-lymphocyte ratio (PLR); haematological inflammatory
index (HII): [(platelets/neutrophil) /lymphocyte] x 100; derived NLR (dNLR) [25]: neu-
trophil/(leucocyte — neutrophil); monocyte SII (moSII): platelets x neutrophil/lymphocyte
x MLR. (2) Inflammatory scores: CRP-to-lymphocyte ratio (CLR); CRP-to-albumin ratio
(CAR); prognostic index (PI): patients with elevated CRP (>10 mg/L) and white blood
cells (>11 x 10?/L) were allocated a score of 2, and patients with one or neither were
allocated a score of 1 or 0, respectively; Glasgow prognostic score (GPS): patients with both
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hypoalbuminaemia (<35 g/L) and an elevated CRP (>10 mg/L) were allocated a score of 2,
and patients with one or neither were allocated a score of 1 or 0, respectively. (3) Nutritional
scores: prognostic nutritional index (PNI): 10 x albumin (g/dl) + 0.005 x lymphocytes;
advanced lung cancer inflammatory index (ALI): body mass index (Kg/m?) x albumin
(g/dL)/NLR; platelet-to-albumin ratio (PAR); neutrophil-to-albumin ratio (NAR); com-
bined albumin and NLR (COA-NLR) [26]: patients with both hypoalbuminaemia (<35 g/L)
and an elevated NLR (>2.3) were allocated a score of 2, and patients with one or neither
were allocated a score of 1 or 0, respectively; systemic inflammatory score (SIS): patients
with hypoalbuminaemia (<40 g/L) and LMR < 4.44 were allocated a score of 2, and patients
with one or neither were allocated a score of 1 or 0, respectively. As CPR and albumin were
not routinely recorded in all centres, scores including these parameters were analysed only
for patients with available data, as long as there were at least 375 patients included in each
score in order to obtain acceptable estimations.

Postoperative follow-up was performed according to each hospital protocol, mostly
following international guidelines [20,27,28], and recording tumour relapse (local, nodal,
carcinomatosis or systemic different than carcinomatosis) and death.

2.5. Statistical Analysis

Data are shown as frequencies and percentages for categorical variables or as median
(interquartile range, IQR) for quantitative variables. OS was calculated from date of surgery
until death from any cause or date of last follow-up in living patients. DFS was calculated
from date of surgery to date of tumour relapse or death or date of last follow-up in living
patients without relapse.

Two methods were used to compute cut-off values for each preoperative index for
OS and DFS: (1) using time-dependent receiver operating characteristic (t-ROC) curves,
we selected the value that maximises the Youden index (YI) and (2) we selected the value
that most separated the two survival curves according to the log-rank test (LRt). Based on
these two cut-offs points, biomarkers were categorised into two groups (low and high risk),
if the cut-offs had a similar value, or into three groups (low, intermediate, and high risk)
if they did not. Association of these categories with OS and DFS was assessed with the
Kaplan-Meier method and compared using the log-rank test.

The best-performing biomarkers were selected and raw and adjusted Cox models
were estimated for OS and DFS. Bootstrapping was used to select the variables to include
in the adjusted model. Data were sampled 1000 times by bootstrapping. For each bootstrap
sample, a Cox model was fitted using backward elimination. Variables retained in more
than 75% of the models (age, tumoral stage, tumour location, Charlson index, CEA, and
BMI) were candidates for inclusion as adjustment variables in the final model.

Two Cox models were then calculated for OS and for DFS: (1) model with only the
biomarker as the explanatory variable (dichotomous if the two cut-off values were similar
and in three categories if the two cut-off values were different), (2) model 1 adjusted by the
variables obtained in bootstrapping, plus tumoral stage (pTMN) and neoadjuvant therapy
(selected by clinical criteria). The hazard ratio (HR) and the 95% confidence interval (CI)
for each biomarker category were reported.

Finally, an analysis with the most relevant biomarkers was performed within every
TNM stage. All analyses were performed with a two-sided significance level of 0.05 using
R software version 4.3.0 [29]. The main R packages used for data management and analysis
were dplyr, compareGroups, gtsummary, and survival-ROC.

3. Results
3.1. Descriptive Analysis

During the study period, 1447 patients were registered, of whom 346 presented one or
more exclusion criteria, leaving 1151 patients for analysis (Figure 1). The mean age was
69.5 years and most of the patients were male (61.9%) and had a good performance status,
the Charlson index 2 and ECOG 1 being the most common. Subtotal gastrectomy (59.1%)
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and D2 lymphadenectomy (48.2%) were the most frequent surgical procedures. Major
postoperative complications occurred in 213 (41%) patients, while 222 (19.5%) patients
presented infectious complications. Detailed information about tumour location, type of
surgery, tumoral stage, and postoperative results is depicted in Table 1. Table 2 shows the
median and IQR values for all the preoperative immune, inflammatory, and nutritional
scores. Preoperative indexes expressed in progressive categories are listed with their
frequencies. The median follow-up of the whole cohort was 45 months (0-105).

1447 gastric cancer
patients

12 M1
123 R1-R2

1312 MO RO gastric
cancer patients

69 chronic inflammation disorders
92 missing data

— 1151 included patients

Figure 1. Flow chart of the study population.

Table 1. Baseline characteristics and postoperative outcomes.

Baseline Characteristics n (1151)
Age, Mean (SD) 69.5 (11.8)
Gender

Male 713 (61.9%)

Female 438 (38.1%)

Charlson Index, Mean (SD) 2.96 (1.33)
Charlson Index

2 572 (49.7%)

3 305 (26.5%)

4 139 (12.1%)

>5 135 (11.7%)
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Table 1. Cont.

Baseline Characteristics n (1151)
ECOG
0 415 (36.1%)
1 615 (53.4%)
2 101 (8.8%)
3 20 (1.7%)
ASA
1 50 (4.3%)
2 526 (45.7%)
3 536 (46.6%)
4 39 (3.4%)
Tumour location
1/3 Proximal 150 (13%)
1/3 Middle 395 (34.3%)
1/3 Distal 588 (51.1%)
Other 18 (1.6%)
Neoadjuvant treatment
No 786 (68.3%)
Yes 365 (31.7%)
Type of gastrectomy
Subtotal 680 (59.1%)
Total 470 (40.8%)
Other 1(0.1%)
Type of lymphadenectomy
D1 196 (17%)
D1+ 397 (34.5%)
D2 555 (48.2%)
Other 3 (0.3%)
TNM stage
1 448 (38.9%)
2 290 (25.2%)
3 413 (35.9%)
pT
0 32 (2.8%)
1 304 (26.4%)
2 192 (16.7%)
3 318 (27.6%)
4 305 (26.5%)
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Table 1. Cont.

Baseline Characteristics n (1151)
pN
0 581 (50.5%)
1 201 (17.5%)
2 186 (16.2%)
3a 125 (10.9%)
3b 58 (5.04%)
Lauren classification 1094
Diffuse 326 (29.7%)
Intestinal 622 (56.8%)
Mixed 146 (13.3%)
Adjuvant treatment
No 610 (53%)
Yes 539 (47%)

Postoperative Outcomes

Postoperative complications

No 635 (55.2%)
Yes 516 (44.8%)
Clavien—Dindo classification 516
Type I-1I 303 (58.7%)
Type III-V 213 (41.3%)
CCI 15.2 [0-21]
Infectious complications
No 929 (80.7%)
Yes 222 (19.3%)
Mortality
No 679 (59.0%)
Yes 472 (41.0%)
Tumour relapse
No 802 (69.7%)
Yes 349 (30.3%)
Type of relapse
Local 35 (3.0%)
Lymph node 52 (4.5%)
Peritoneal metastasis 82 (7.1%)
Systemic 116 (10.1%)
Combined 64 (5.6%)

SD = standard deviation; ECOG = Eastern Cooperative Oncology Group; ASA = American Society of Anesthesiol-
ogists; CCI = comprehensive complication index.
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Table 2. Descriptive results of preoperative biomarkers.

Preoperative Markers n Median (IQR)
CEA 1151 440 [1-3]
CA 19.9 922 55.02 [5-21]
NLR 1151 2.23[1.63;3.25]
LMR 1151 2.93[2.19;3.80]
PLR 1151 135 [102;186]
MLR 1151 0.34 [0.26;0,46]
dNLR 1151 10.5 [6.71;15.4]
SII 1147 524 [347,832]
moSII 1147 173 [96.9;348]
HII 1151 35.0[23.6;51.2]
PNI 830 40.0 [36.9;43.1]
ALI 813 45.1[30.1,67.0]
PAR 830 6.09 [4.79;7.65]
NAR 830 0.10 [0.08;0.14]
CAR 375 0.55[0.18;1.91]
CLR 425 1.39 [0.45;4.93]
COA-NLR 829
0 375 (45.2%)
1 343 (41.4%)
2 111 (13.4%)
GPS 375
0 253 (67.5%)
1 85 (22.7%)
2 37 (9.87%)
SIS 830
0 122 (14.7%)
1 708 (85.3%)
2 0 (0%)
PI 424
0 321 (75.7%)
1 91 (21.5%)
2 12 (2.83%)

NLR = neutrophil-to-lymphocyte ratio; LMR = lymphocyte-to-monocyte ratio; PLR = platelet-to-lymphocyte
ratio; MLR = monocyte-to-lymphocyte ratio; dNLR = derived neutrophil-to-lymphocyte ratio; SII = systemic
inflammatory index; moSII = monocyte systemic inflammatory index; HII = haematological inflammatory
index; PNI = prognostic nutritional index; ALI = advanced lung cancer inflammatory index; PAR = platelet-to-
albumin ratio; NAR = neutrophil-to-albumin ratio; CAR = C-reactive-protein-to-albumin ratio; CLR = C-reactive-
protein-to-lymphocyte ratio; COA-NLR = combined albumin concentration and neutrophil-to-lymphocyte ratio;
GPS = Glasgow prognostic score; SIS = systemic inflammation score; PI = prognostic index; IQR: interquar-
tile range.

3.2. Excluded Preoperative Biomarkers

Cut-off values for each score, calculated to predict both OS and DFS, are listed in
Supplementary Tables S1-S4. The following biomarkers were excluded because no sta-
tistical significance was identified in the raw Cox model: dNLR, HII, PAR, NAR, CAR,
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and CLR. SII was also excluded because of its similarity to moSII, the latter having more
relevant results. After adjusted analysis, the following indexes were also excluded: ALI,
GPS, SIS, PI, PLR, LMR, and COA-NLR. MLR (cut-off > 0.56) remained as an independent
prognostic factor for OS (HR 1.74, 95%CI 1.3-2.33; p: 0.001) and DFS (HR 1.55, 95%CI
1.17-2.04; p: 0.002), but because its similarity to moSII, it was also excluded.

3.3. Most Relevant Preoperative Biomarkers

The most relevant preoperative markers for OS and DFS according to adjusted Cox
models were NLR, PNI, and moSII. Cut-off values for OS were: 1.99 (YI) and 5.91 (LRt) for
NLR; 40.61 (YI) and 40.31 (LRt) for PNI; 116.45 (YI) and 2027.12 (LRt) for moSII. Cut-off
values for DFS were: 2.03 (YI) and 6.81 (LRt) for NLR; 40.21 (YI) and 40.31 (LRt) for PNI;
110.74 (YI) and 2027.12 (LRt) for moSII (Supplementary Figure S1).

OS and DFS were analysed according to the NLR, moSII, and PNI categories. High
NLR (>5.91), high moSII (>2027.12), and low PNI (<40.31) categories were identified as
prognostic factors of poor outcome, with OS at 5 years of 28.45%, 14.05%, and 47.78%,
respectively (Figure 2I), and DFS at 5 years of 21.34%, 14.05%, and 45.91%, respectively
(Figure 21II).

In adjusted analysis, NLR > 5.91 (HR: 1.73; 95% CI [1.23-2.43], p: 0.002), moSII > 2027.12
(HR 2.26; 95% CI [1.36-3.78], p: 0.002), and PNI > 40.31 (HR: 0.75; 95% CI [0.58-0.96],
p: 0.023) behaved as independent prognostic factors for OS (Table 3). For DFS, NLR >6.81
(HR: 1.75; 95% CI [1.24-2.45], p: 0.001), moSII > 2027.12 (HR: 2.46; 95% CI [1.49-4.04],
p <0.001), and PNI > 40.31 (HR: 0.77; 95% CI [0.60, 0.97], p: 0.028) were independent
prognostic factors (Table 4).

Table 3. Raw and adjusted Cox models for NLR, moSII, and PNI for overall survival.

Raw Model Adjusted Model *
HR 95% CI p-Value HR 95% CI p-Value
NLR
Low NLR (<£1.99) Ref Ref
(>¥§§;‘$ 2;1;1) 133 109,164  0.006 110 089,136 0.4
High NLR (>5.91) 294 212,407  <0.001 173 123,243  0.002
moSII
Low moSII (<£116.45) Ref Ref
o1 11;/_1222;‘2 23(%17.12) 143 115177  0.001 120 096,150 0.11
High moSII (>2027.12) 435 264,715  <0.001 226 136,378  0.002
PNI
Low PNI (<40.31) Ref Ref
High PNI (>40.31) 048 038,061  <0.001 075 058,096  0.023

HR = hazard ratio, CI = confidence interval, NLR = neutrophil-to-lymphocyte ratio, moSII = monocyte systemic
inflammation index; PNI = prognostic nutritional index. * All models adjusted by age, ECOG, tumour localization,
Charlson index, CEA, body mass index, tumour stage, and neoadjuvant therapy.
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Figure 2. Cont.
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Figure 2. Kaplan—-Meier curves for NLR (A), moSII (B), and PNI (C) categories in (I,II).



Cancers 2024, 16, 2188

12 of 17

Table 4. Raw and adjusted Cox models for NLR, moSII, and PNI for disease free survival.

Raw Model Adjusted Model *
HR 95% CI p-Value HR 95% CI p-Value
NLR
Low NLR (<£2.03) Ref Ref
Medium NLR 0.91,
(>2.03 and <6.81) 1.29 1.07,1.57 0.008 1.11 135 0.3
High NLR (>6.81) 3.00 2.12,4.25 <0.001 2.00 ;Aég’ <0.001
mSII
Low moSIT (<110.74) Ref Ref
Medium moSII 1.10, 0.95,
(>110.74 and <2027.12) 135 1.66 0.004 118 1.46 0.13
High moSII (>2027.12) 4.26 2.62,6.91 <0.001 2.43 1.48,4.01 <0.001
PNI
Low PNI (<40.31) Ref Ref
High PNI (>40.31) 0.52 0.42,0.64 <0.001 0.77 0.61, 0.98 0.032

HR = hazard ratio, CI = confidence interval, NLR = neutrophil-to-lymphocyte ratio, moSII = monocyte systemic
inflammation index; PNI = prognostic nutritional index. * All models adjusted by age, ECOG, tumour localization,
Charlson index, CEA, body mass index, tumour stage, and neoadjuvant therapy.

3.4. Tumour Stage and Preoperative Biomarkers

Supplementary Figure S2 shows the Kaplan—-Meier curves of NLR, PNI, and moSII
within each tumour pathological stage: patients with high NLR or high moSII showed
the worst OS and DFS outcomes for stages I and III (p < 0.05) and also patients with low
PNI for stages L, II, and III (p < 0.05). These results were not obtained in stage II with high
NLR or high moSII, where the physical status of the patient (measured by the Charlson
index) and age were the most relevant preoperative prognostic factors. Although PLR was
excluded in the previous Cox models, it was identified as an independent prognostic factor
in stage III tumours (HR 1.5, 95% CI 1.15-1.97; p: 0.003).

3.5. Combination of Preoperative Biomarkers

The prognostic roles of NLR, PNI, and moSII biomarkers in overall survival were
analysed together in an adjusted multivariate Cox regression model. Including the three
biomarkers in the same model did not yield statistically significant results and did not
improve model performance. However, the association of PNI-NLR or PNI-moSII suggests
a better independent prognostic role of both biomarkers in overall survival than each one
alone, even after adjustment for age, ECOG, tumour localization, Charlson index, CEA,
body mass index, tumour stage, and neoadjuvant therapy (Supplementary Table S5).

4. Discussion

The present study evaluated and compared different preoperative immune, inflamma-
tory, and nutritional biomarkers described in the literature in order to identify the most
relevant prognostic predictors of poor OS and DEFS for patients with resectable gastric
cancer. Time-dependent adjusted analysis showed that high NLR and low PNI were the
preoperative categories that more strongly correlate with the most unfavourable long-term
prognosis after surgery. These findings are consistent with previous studies that reported
the usefulness of NLR [30] and PNI [31] as preoperative prognostic markers, regardless of
tumour stage. However, detailed comparison of the present study’s results with previous
data is hindered by the wide heterogeneity in the definition of the categories of biomarkers,
mainly because many of the studies were based on small case series and calculated static
cut-off values [14,17,32]. The present study identifies the thresholds that best divided
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patients with better and worst outcomes, taking into account the evolution of the disease
(time-dependent analysis) in a large homogeneous cohort. To our knowledge, this is the
first study to evaluate the time-dependent correlation of the biomarkers with OS and DFS
separately. The best cut-off values were the same for both outcomes in the cases of PNI
(40.31) but found to be different for NLR in the evaluation of OS (5.91) and DFS (6.81).

The prognostic usefulness of these preoperative biomarkers remained when evaluated
within tumour stages. Stage I and stage III gastric cancer patients with high NLR or any
tumoral stage (stages I, II, and III) with low PNI presented with worse OS and DFS. This
means that patients identified in the same tumour stage may have different evolution
depending on their inflammatory and immune activation and their nutritional state. These
findings are in line with previous publications in which preoperative inflammatory markers
using lymphocyte and monocyte values seem to be the most favourable for discriminating
patients with advanced gastric cancer [33]. However, preoperative high NLR was not so
useful in patients with intermediate tumour stage (stage II), where the functional status
and age seemed to be more relevant for prognosis. These results differ from a previous
publication, in which low SII identified differences in survival for stage II gastric cancer
patients [16]. Together with NLR and PNI, MLR was also identified as a good estimator
of OS and DFS, in accordance with previous studies [34]; and PLR was found to correlate
with DFS in stage III patients, also in agreement with previous studies [34,35].

In an exploratory analysis, moSII (a combination of the SII and MLR) appears as a
new preoperative inflammation index with promising predictive capacity, although this
finding should be confirmed in future studies. As for high NLR and low PNI, high moSII
behaves as a poorer prognostic index of OS and DFS, maintaining these outcomes in tumour
stages I and III. Additionally, the association of immunological and nutritional markers
(moSII-PNI) in a Cox model improved prognosis estimation, in consonance with previous
studies suggesting that PNI-SII was a promising predictor of chemotherapy response and
OS [36]. This suggests the development of clinical prediction models that include these
biomarkers as potential predictors of overall survival beyond classical predictors.

An increase in moSII-PNI score indicates a relative decrease in lymphocytes, sug-
gesting that the patient may be immunosuppressed or deficient, thus promoting tumour
progression and affecting the patient’s prognosis [36]. The decrease in serum albumin
levels has been associated with an increase in proinflammatory cells, in addition to a
poorer nutritional status. Also, patients with a state of malnutrition will present with lower
immunity, which affects disease progression [37].

Although postoperative complications are known to be a prognostic factor [9,24], they
were not included in the multivariate analysis because the aim of the present study was
to assess preoperative prognostic markers. Previous studies have analysed postoperative
complications in relation to preoperative inflammatory markers, showing that they also
had an impact on long-term prognosis [24]. The influence of the preoperative biomarkers
according to pathological nodal stage has also been described [38] but was not the aim
of the present study. Further exploratory analysis would be interesting. However, other
preoperative parameters were considered such as neoadjuvant therapy, age, ECOG, tumour
localization, Charlson index, CEA, BMI, and tumour stage.

The findings of this study may contribute to a more accurate preoperative assessment
and allow a tailored multimodal treatment design, depending on each patient’s risk for
tumour relapse. The potential use of prognostic biomarkers in clinical practice requires a
previous agreement on their cut-off values for category definition, to which the present
study may contribute. In addition, the confirmation that preoperative nutritional, inflam-
matory, and immune statuses of patients affect their long-term outcome, regardless of
their tumour stage, could also have some direct therapeutic implications: some high-risk
patients may benefit from preoperative nutritional prehabilitation, together with inflamma-
tory and immune perioperative regulation; other patients at risk may benefit from closer
follow-up or this fact should be taken into account when administering neoadjuvant or
adjuvant chemotherapy.
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The present study has some limitations, mainly in relation to its observational nature.
Although blood test data were prospectively collected in the registry, included parameters
depended on each centre’s protocol, so some of them were missing. This limitation tends to
be compensated by the high number of patients, the systematic exclusion of the scores with
fewer cases, a limited amount of missing information, the multicentre character of the study,
and the adjusted statistical analysis. All blood test samples were recorded less than two weeks
before the surgery, even in patients with neoadjuvant treatment, as previously reported [39].
Although this may be one of the first studies evaluating most of the known preoperative
scores, some others could not be analysed because they use blood test parameters which were
not routinely collected in our database, such as fibrinogen, included in systemic inflammatory
response index (F-SIRI) [40]; or total cholesterol, needed for the Controlling Nutritional Status
(CONUT) [41]. Another limitation could be found in the low number of patients in the
analysis of the biomarkers according to tumoral stage. This is because we have identified the
subgroup of patients with the worst clinical prognosis and where our findings could achieve
more clinical relevance. Nonetheless, these results present a high validity and are comparable
due to a statistical process with a high internal validity achieved by bootstrapping. External
validation of the model remains to be tested in an independent cohort.

5. Conclusions

In conclusion, this study identified high NLR, high moSII (for stages I and III), and low
PNI (regardless of tumour stage) as the most promising preoperative biomarkers to predict
poor OS and DFS in gastric cancer patients treated with curative intent. Therefore, the
nutritional, inflammatory, and immune status of the patient should be considered to predict
the long-term prognosis and for designing tailored multimodal treatment and surgical
prehabilitation approaches.
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