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Abstract

Background

The albumin-to-neutrophil-to-lymphocyte ratio (ANLR) is a novel inflammatory composite indicator with
potential prognostic value in cancer. This study aimed to assess the association of ANLR with overall
survival (OS) and progression-free survival (PFS) in patients with gastric cancer and evaluate its clinical
relevance.

Methods

A retrospective analysis was performed on 2,051 patients undergoing radical gastrectomy for gastric
cancer from 2012 to 2021 in the INSCOC database. The optimal ANLR cutoff was determined using
receiver operating characteristic (ROC) analysis. Survival was estimated by Kaplan—Meier curves, and
independent prognostic value was assessed with Cox proportional hazards models. A homogram was
constructed for OS and PFS prediction, with internal and external validations using ROC curves,
calibration plots, and decision curve analysis (DCA) to evaluate model performance.

Results

A total of 1,766 patients were included (internal cohort, n = 1,203; external cohort, n = 563). The optimal
ANLR cutoff was 20.39. Patients with high ANLR (= 20.39) had better OS and PFS than those with low
ANLR (< 20.39). Multivariate Cox analysis confirmed ANLR as an independent prognostic factor for 0OS
(HR=0.623) and PFS (HR =0.589, P <0.001). The nomogram predicted OS and PFS with areas under the
curve (AUCs) of 0.660 and 0.710. External validation demonstrated good calibration and discrimination
(C-index: 0S 0.664, PFS 0.883).

Conclusion

ANLR is an effective biomarker for prognostic assessment in gastric cancer. The nomogram provides
individualized survival prediction and supports clinical decision-making.

Introduction

GC is a major global health challenge, ranking as the fourth most common cancer worldwide, following
lung cancer, colorectal cancer and liver cancer[1]. According to the data from GLOBOCAN 2022, gastric
cancer ranks fifth in terms of both mortality and incidence rates. Nearly 1 million new cases are
diagnosed each year, resulting in over 650,000 deaths worldwide[2]. The systemic treatment for gastric
cancer includes chemotherapy, immunotherapy and targeted therapy. The combination of immune
checkpoint inhibitors and chemotherapy has become the standard treatment for patients with advanced
gastric cancer[3].The prognosis of gastric cancer depends on the stage of the cancer, the treatment, the
biological characteristics, as well as patient-related factors such as nutrition and gender.
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Systemic inflammation and nutritional status play a significant role in the occurrence, progression and
prognosis of tumors[4—-7].The NLR inflammatory state impairs the immune response, promotes tumor
immune escape, and ultimately drives tumor progression and invasion[8, 9].The elevation of NLR and
PLR is associated with poorer OS and DFS in GC patients, suggesting that they may have potential utility
for risk stratification in clinical practice[10, 11].In the context of systemic inflammation, liver protein
synthesis undergoes reprogramming, with the liver prioritizing the production of acute-phase proteins -
thus, albumin has recently been proposed as a biomarker for systemic inflammation in cancer
patients[12].It has been confirmed that peripheral blood inflammatory markers such as NLR, PLR and
LMR have been shown to reflect the overall inflammatory status and are potential indicators that can
assist in the clinical diagnosis and prognosis assessment of gastric cancer[13, 14].Shufa Tan et al.
meta-analysis suggests that NLR, PLR, and LMR are significant independent risk predictors for GC
patients receiving immune checkpoint inhibitors[15]. Ogata et al. [16] conducted a study which indicated
that the high NLR before and after nab-paclitaxel treatment was significantly associated with a
shortened OS for patients with unresectable or recurrent gastric cancer.

The ANLR, as a composite indicator that integrates nutritional status with inflammatory response, may
provide a more comprehensive reflection of a patient's pathophysiological condition compared to single
indicators. However, the prognostic value of ANLR in gastric cancer patients remains uncertain, and its
associations with clinical pathological features and stability across different subgroups necessitate
systematic verification. This study, based on a large retrospective cohort, aims to evaluate the
association between ANLR and OS as well as PFS and to establish its value as an independent
prognostic factor. Additionally, we intend to explore the prognostic stability of ANLR in various clinical
pathological subgroups, construct and validate a nomogram prognostic model that includes ANLR, and
provide a novel tool for the prognosis assessment of gastric cancer.

Materials and Methods
2.1. Research design and patients

This multicenter cohort study utilized data from the INSCOC database (registration number:
ChiCTR1800020329). We employed the previously mentioned design and methods to prospectively
collect cohort data from multiple medical centers across China. This investigation was a retrospective
cohort study that included 1,766 patients with gastric cancer who underwent radical gastrectomy at
various medical centers in China between January 2012 and December 2021. The patients were divided
into an internal validation cohort (n = 1,203) and an external validation cohort (n = 563).Inclusion criteria:
age = 18 years; pathologically diagnosed with gastric cancer; underwent radical gastrectomy (RO
resection); complete clinical data. Exclusion criteria: received neoadjuvant radiotherapy and
chemotherapy before surgery; had concurrent malignant tumors; had a history of autoimmune diseases;
had possible acute or chronic inflammatory diseases that may affect neutrophil or albumin levels; had
missing clinical or follow-up data. This study adhered to the principles outlined in the Helsinki
Declaration and received approval from the ethics committees of each participating local center. All
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participants provided written informed consent for the use of their clinical data, and their personal
information was kept confidential.

2.2. Data collection

Clinical and pathological data were comprehensively collected from the hospital's electronic medical
record system. This collection included baseline information of the patients, such as gender, age, height,
weight, body mass index (BMI), history of hypertension, diabetes, heart disease, smoking, drinking,
chronic hepatitis, tuberculosis, adjuvant therapy, and length of hospital stay. Tumor-related information
encompassed the TNM stage (determined according to the 8th edition of the American Joint Committee
on Cancer (AJCC) staging system), T stage, N stage, M stage, and differentiation grade.

Baseline fasting blood samples were obtained from all patients as recorded in the medical record
system on the morning of the second day following admission. Laboratory parameters assessed
included white blood cell count, neutrophil count, platelet count, lymphocyte count, hemoglobin, albumin,
total bilirubin, direct bilirubin, total cholesterol, triglycerides, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), creatinine, urea nitrogen, C-reactive protein, ANLR, neutrophil/lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and prognostic nutritional index (PNI). The NLR was calculated
as the neutrophil count (x10°/L) divided by the lymphocyte count (x10°/L), while the PLR was defined as
the platelet count (x10°/L) divided by the lymphocyte count (x10°/L). The PNI was defined as albumin
(g/L) + 5 x lymphocyte (x10°/L). The ANLR was calculated as albumin (g/L) divided by NLR, or as
albumin (g/dL) divided by (neutrophil count (x10°/L) divided by lymphocyte count (x10°/L)).

2.3. Follow-up

Postoperative follow-up for the patients was conducted regularly within 5 years. In the first 2 years, it
was done every 3 months, then every 6 months for the following 3 years, and annually thereafter. Each
follow-up included a detailed inquiry about symptoms and signs to detect potential recurrence or
metastasis, supplemented by basic examinations: routine blood tests, biochemical analysis,
measurement of tumor markers, gastroscopy, and imaging studies (CT or MRI) for a comprehensive
health assessment. All 1766 eligible patients (treated from 2012 to 2021) from the INSCOC database
underwent long-term follow-up through telephone interviews and outpatient visits. The follow-up period
was 65 (interquartile range: 40—84) months, and no deaths occurred. OS was measured as the time from
surgery to any cause of death or the last follow-up date; PFS was measured as the time from surgery to
tumor progression or any cause of death (whichever occurred first) or the last follow-up date.

2.4 OQutcomes

The primary endpoint of this study was to evaluate the prognostic value of ANLR in predicting OS and
PFS in gastric cancer, to differentiate the impact of high and low ANLR groups on survival prognosis, and
to facilitate the early screening of patients. Secondary endpoints included the analysis of independent
prognostic risk factors influencing OS and PFS in gastric cancer patients, as well as their correlation with
ANLR. These factors were determined to be unaffected by gender, age, or BMI.
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2.5 Model validation

We developed a risk prediction model and performed internal validation using data from 36 hospitals
collected between December 2012 and December 2021 (n = 1,203). External validation was conducted
using data from one independent hospital (n = 553). The internal validation assessed the stability of the
predictive model against random variations in sample composition by performing 1,000 bootstrap
resampling iterations. ROC curves were generated, followed by calibration curves, DCA, and clinical
impact curves for the nomogram. External validation was conducted in a similar manner, generating the
nomogram, ROC curve, and calibration curve, with predictive variables transformed consistently with
those in the model derivation cohort. The results of both internal and external validations were
statistically analyzed, and model performance was evaluated using the area under the receiver operating
characteristic curve (AUROC), overall R2 goodness-of-fit, D statistic, Harrell's C-index, and Brier score.

2.6 Statistical analysis

Statistical analysis was conducted using R version 4.0.2. Measurement data were presented as mean +
standard deviation (SD) or median (interquartile range, IQR), with comparisons between groups
performed using t-tests or Kruskal-Wallis tests. Count data were expressed as frequencies
(percentages), and group comparisons were conducted using x? tests. Survival curves were generated
using the Kaplan-Meier method, and differences between groups were assessed using the log-rank test.
The Cox proportional hazards regression model was used to evaluate the association between ANLR
and both OS and PFS, and to calculate HR and 95% CI. Three models were employed to adjust for
confounding factors. Independent prognostic factors were included in the construction of nomogram
models for OS and PFS. Model efficacy was evaluated using receiver ROC curves, calibration curves, and
DCA, and was subsequently validated in an external cohort. A two-sided p-value of < 0.05 was
considered statistically significant.

Results

3.1. Patient characteristics

This study included a total of 1,766 patients who underwent radical gastrectomy for gastric cancer
between December 2012 and December 2021. Of these, 1,203 patients were included in the initial
research cohort and subsequently entered the model development cohort, while 563 patients were
allocated to the external validation cohort (Fig. 1). The baseline characteristics of patients in the main
cohort, internal cohort, and external validation cohort. The median age was 65.72 years, with 67.6% of
the patients being male (p < 0.05) (Table 1).

3.2 Comparison of ANLR cutoff values and grouping
characteristics
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The AUC was 0.594, with a 95% confidence interval of 0.564 to 0.624. The optimal cut-off value was
established at 20.39, which yielded a sensitivity of 43.1% and a specificity of 72.8% (Figure S1 and Fig.
2).We divided the cohort of 1,766 patients into two groups: low ANLR (< 20.39, n =716) and high ANLR
(220.39, n = 482)(Table 2).

3.3 Kaplan-Meier and Survival Prognosis Analysis

Based on the ANLR cutoff, Kaplan—Meier analysis demonstrated that patients with low ANLR had
significantly poorer survival than those with high ANLR, with lower OS (55.82% vs. 44.18%) and PFS
(53.27% vs. 46.73%) (both Log-rank p < 0.001), as well as reduced 5-year survival (Fig. 3). Subgroup
analysis by tumor differentiation showed consistently worse outcomes in the low ANLR group, including
OS and PFS differences across high/moderate and low/undifferentiated grades (all p < 0.001; Fig. 4,
Figure S2). Similarly, TNM stage stratification revealed inferior OS and PFS in the low ANLR group across
all stages, particularly in stage llI-1V disease ( p < 0.0001; Fig. 5, Figure S3). These findings confirm the
stable prognostic value of ANLR across differentiation grades and TNM stages.

3.4 The non-linear relationship between ANLR and the
survival outcomes of GC patients

Multivariate restricted cubic spline (RCS) analyses were conducted using three progressively adjusted
models to evaluate the association between ANLR and OS and PFS in GC patients. All models
demonstrated a significant non-linear, L-shaped relationship (p < 0.001). A turning point was identified at
an ANLR value of 20.39. When ANLR was below 20.39, HR > 1 indicated increased risk and poorer
prognosis. Higher ANLR levels were associated with improved survival outcomes (Fig. 6).

3.5 Correlation Analysis of ANLR and GC Patients' Survival
Outcomes

After full adjustment (Model c), the high ANLR group had significantly lower risks of mortality (HR =
0.623,95% Cl: 0.490-0.792, p < 0.001) and progression (HR =0.589, 95% Cl: 0.439-0.791, p < 0.001)
compared with the low ANLR group. Consistent results were observed in cut-off and quartile analyses,
showing a significant decreasing trend in OS and PFS risk with increasing ANLR ( p < 0.001). Overall,
higher ANLR remained a robust protective factor for OS and PFS after multivariable adjustment (Table
S8-59).

3.6 Subgroup analysis of survival outcomes in ANLR and
GC patients

In the subgroup analysis of progression-free survival (PFS)-related factors, ANLR remained an
independent risk factor for most subgroups (P < 0.05), except in the following cases: BMI (Normal),
length of hospital stay (> 24 days), smoking, alcohol consumption, diabetes, hypertension, chronic
hepatitis, tumor differentiation (Medium and Undifferentiated), TNM stage (llI-1V), T stages (T1 and T4),
N stages (NO, N2, N3), and M1 stage (Figure S4).
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3.7 The prognostic performance of ANLR in comparison
with established inflammatory nutrition indicators

In terms of OS prediction, ANLR demonstrated higher predictive efficacy, with AUC values exceeding
those of the control indices (ANLR: 0.592 vs. NLR: 0.567 vs. PLR: 0.572 vs. PNI: 0.549)(Figure S5);In the
1-year, 3-year, and 5-year predictions, OS (1-year: 0.543 vs. 3-year: 0.531 vs. 5-year: 0.518) and PFS (1-
year: 0.541 vs. 3-year: 0.533 vs. 5-year: 0.528) all demonstrated good predictive effects (Figure
S$6);During the 1-year, 3-year, and 5-year survival periods, for predicting the OS of patients, the area under
the ROC curve of ANLR was the largest (ANLR: 0.519 vs. NLR: 0.471 vs. PLR: 0.517 vs. PNI: 0.498)
(Figure S7).

3.8 The establishment of the nomogram

Multivariate Cox proportional hazards regression analysis demonstrated that age, BMI, diabetes, TNM
stage, N stage, and ANLR were independent risk factors for OS in patients with GC (P < 0.05). For PFS,
age, adjuvant chemotherapy, TNM stage, N stage, and ANLR were identified as independent risk factors
(P <0.05) (Table S6-S7). Based on these key variables, a nomogram was constructed to predict 1-, 3-,
and 5-year OS and PFS in GC patients (Figure S8). The predicted probabilities of OS and PFS at these
time points were calculated by summing the scores assigned to each variable.

3.9 Internal validation of the nomogram

The predictive performance of the nomogram was assessed using ROC analysis with bootstrap internal
validation. The AUCs for predicting OS and PFS were 0.660 and 0.710, respectively (Figure S9).
Calibration curves for 1-, 3-, and 5-year survival showed good agreement between predicted and
observed outcomes, particularly in the high-probability range, with slight deviation in the mid-low range
(Figure S10). Decision curve analysis demonstrated that the nomogram provided greater net clinical
benefit within the key risk threshold range of 1.5%—4% and reduced unnecessary interventions for
patients with a risk below 1.5% (Figure S11).

3.10 Verification of the external cohort

External validation using an independent hospital cohort confirmed the internal findings, with Cox
regression identifying the same independent risk factors and a nomogram constructed (Figure S12).
Bootstrap internal validation yielded AUCs of 0.690 for OS and 0.920 for PFS (Figure S13). Calibration
curves for 1-, 3-, and 5-year survival demonstrated high accuracy, with predicted 5-year OS and PFS
closely matching observed outcomes (Figure S14). Decision curve analysis showed that in the external
cohort, the nomogram substantially improved net clinical benefit within the key risk threshold of 0.05-
0.15, outperforming standard thresholds across different risk levels (Figure S15).

3.11 Comparison of verification efficiency between internal
queue and external queue
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We further validated the models of the internal and external queues. In the OS model, we compared the
performance of each algorithm for the internal queue and the external queue. The Brier score was (0.189
vs. 0.218), the overall R2 fitting effect was (0.087 vs. 0.167), Harrell's C index was (0.655 vs. 0.664), and
the calibration slope was all 1.000 (0.920-1.080), indicating that the model has good discrimination and
calibration. Similarly, in the model PFS, we compared the performance of each algorithm for the two
queues. The Brier score was (0.150 vs. 0.099), the overall R? fitting effect was (0.133 vs. 0.578), Harrell's
C index was (0.667 vs. 0.510), and the calibration slope was all 1.000 (0.920-1.080), all indicating that
the model has good discrimination and calibration (Table S10-S12).

Discussion

GC remains a significant global health issue, characterized by high incidence and mortality rates,
especially in certain parts of the world. Although the incidence of gastric cancer has generally decreased
in many countries, it remains the leading cause of cancer-related deaths, with over 1 million new cases
diagnosed each year[17]. In terms of treatment, surgery remains the cornerstone for achieving a cure,
but the role of systemic treatments, including neoadjuvant chemotherapy (NAC), chemotherapy, targeted
therapy and immunotherapy, is becoming increasingly important[18, 19].

Inflammation plays a crucial role in the development and progression of cancer[20]. Inflammatory
markers, such as the PLR, the monocyte-to-lymphocyte ratio (MLR), the systemic inflammatory response
index (SIRI), and the Glasgow Prognostic Score (GPS), have demonstrated the potential to provide
valuable prognostic information in GC[21-25].In patients with gastric cancer, higher levels of NLR and
PLR are associated with poorer OS and PFS, while a higher lymphocyte-to-monocyte ratio (LMR) is
associated with a better prognosis [26]. Studies have shown that a high NLR is associated with a poorer
clinical outcome and can serve as a prognostic biomarker for patients with colorectal
cancer[27].Furthermore, the level of serum albumin reflects the inflammation and malnutrition of the
cancer host[28]. A retrospective study involving 1023 GC patients showed that the pre-treatment serum
albumin level was an important prognostic factor[29].A prospective study involving 500 GC patients
showed that preoperative NLR/Alb was a prognostic factor for survival after radical surgery [30].The ratio
of neutrophils to lymphocytes / serum albumin. Multiple studies have reported that preoperative NLR
and PNI are prognostic factors for patients after GC surgery[31-35]. Furthermore, a retrospective study
demonstrated that the OS of ESCC patients with high NLR/pre-Alb was worse than that of patients with
low NLR/pre-Alb (p = 0.043) [36]. Additionally, a retrospective study indicated that in advanced RCC
cases, patients with high NLR/Alb and CRP/Alb ratios had significantly poorer PFS and OS compared to
those with low NLR/Alb and CRP/AIb ratios[37].

The results of this study suggest that ANLR is an effective biomarker for prognosis assessment in
patients with gastric cancer. Patients with ANLR >20.39 had better 5-year OS and PFS compared to
those with ANLR <20.39 (P <0.001). The multivariate Cox regression analysis showed that a high ANLR
was an independent protective factor for OS and PFS. Subgroup analysis indicated that ANLR had stable
prognostic value in different TNM stages, differentiation degrees, and clinical characteristic subgroups.
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The Nomogram model constructed based on ANLR showed good calibration and discrimination efficacy
(C-index: 0S 0.664, PFS 0.883). This result has been previously validated in studies regarding the
prognostic ability of ANLR under different conditions: an elevated peripheral ANLR can effectively predict
adverse outcomes of coronary artery disease and diabetic foot ulcers[38—40]. This predictive ability
extends to gastrointestinal cancers, as demonstrated by Onuma et al. (in a small sample from a single
center), where preoperative ANLR was identified as an important prognostic indicator for gastric cancer
patients after radical gastrectomy[41].

Compared to existing inflammation-nutrition indicators (NLR, PLR, PNI), ANLR demonstrates superior
performance in prognosis assessment. For OS prediction, the AUC for ANLR (0.592) is higher than that
for NLR (0.567), PLR (0.572), and PNI (0.549). In PFS prediction, the AUC for ANLR (0.616) is also
significantly superior to that of the other indicators. Subgroup analysis shows that ANLR can effectively
differentiate prognosis risk in patients with various clinical characteristics. Notably, for patients with
advanced and poorly differentiated tumors, the risk stratification value is particularly significant.

The nomogram constructed in this study incorporated key factors, including ANLR, age, BMI, and TNM
stage. It was validated through both internal (C-index 0S = 0.727, PFS = 0.719) and external validation
(AUC 0S = 0.690, PFS = 0.920), demonstrating good discrimination and calibration. DCA indicated that
within the risk threshold range of 1.5% to 4% for OS and 0.05 to 0.15 for PFS, the net benefit of the
nomogram was significantly higher than that of traditional staging tools, effectively reducing excessive
interventions for low-risk patients. For high-risk patients (e.g., ANLR = 20.39 and stage Ill), a more
intensive postoperative follow-up (e.g., imaging examinations every 3 months) should be emphasized,
and intensified adjuvant therapy may be considered. Conversely, for low-risk patients, interventions can
be appropriately reduced to prevent unnecessary treatment.

The limitations of this study include its retrospective design, which may introduce selection bias; the
absence of data on postoperative dynamic changes in ANLR; the lack of exploration into the association
between ANLR and the efficacy of immunotherapy; and the failure to fully address potential confounding
factors (such as Helicobacter pylori infection and dietary structure). Future prospective cohort studies,
combined with multi-omics data, are needed to further validate the prognostic value and underlying
mechanisms of ANLR.

Conclusion

ANLR serves as an independent prognostic factor for OS and PFS in patients with gastric cancer. A high
ANLR score indicates a poor prognosis. The nomogram model constructed based on ANLR
demonstrates strong prognostic prediction efficacy and can serve as a straightforward and reliable tool
in clinical practice
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Figure 1

Study design and flow chart.
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The optimal threshold cutoff of ANLR by ROC curve.
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Kaplan-Meier curve of ANLR in GC patients.
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Kaplan-Meier curve of ANLR based on differentiation degree subgroup in GC patients.
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Kaplan-Meier curve of ANLR based on degree TNM subgroup in GC patients.
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