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Introduction: Inflammation- and nutrition-associated biomarkers have received increasing interest in esophageal cancer research. 
Nevertheless, the diagnostic value of the systemic inflammation response index (SIRI), albumin (ALB), and hemoglobin-albumin- 
lymphocyte-platelet (HALP) score across different pathological stages has not yet been fully clarified. We evaluated the performance 
of SIRI, ALB, and HALP, alone and in combination, for the auxiliary discrimination of esophageal cancer (EC), and examined their 
associations with clinicopathological characteristics in stage-stratified analyses.
Methods: This retrospective study enrolled 168 esophageal cancer patients and 117 healthy controls (HC). SIRI and HALP were 
calculated preoperatively from routine hematological parameters. Cancer cases were divided into stage I/II (n = 32) and stage III/IV (n 
= 136) groups. ROC curve analysis evaluated the discriminatory efficacy of SIRI, ALB, HALP, and their combined model. The 
combined model was constructed using binary logistic regression incorporating SIRI, ALB, and HALP, and its discriminatory 
performance was evaluated by ROC analysis. Multivariable logistic regression adjusted for age and sex was performed, and bootstrap 
internal validation (1000 resamples) assessed model optimism.
Results: Compared with healthy controls, patients with esophageal cancer exhibited significantly increased SIRI levels and sig
nificantly decreased ALB and HALP levels. The combined model achieved an AUC of 0.803 for distinguishing stage III/IV disease 
from healthy controls and 0.746 for stage I/II disease. SIRI was significantly associated with T stage and N stage. ALB with tumor 
length and T stage. HALP with smoking history and T stage. After adjustment for age and sex, HALP retained significance mainly in 
the all-cancer and stage III/IV analyses.
Conclusion: SIRI, ALB, and HALP were associated with the occurrence and stage of esophageal cancer. Their combined model 
demonstrated improved discriminatory performance over single markers, particularly in stage III/IV disease, and retained additional 
value after adjustment for age and sex. These biomarkers may serve as convenient exploratory indicators for auxiliary assessment of 
esophageal cancer.
Keywords: esophageal cancer, systemic inflammation response index, albumin, HALP score, ROC analysis

Introduction
Esophageal cancer is the sixth leading cause of cancer-related death worldwide and the eighth most common cancer.1 

Global cancer statistics showed that there were approximately 510,000 new cases of esophageal cancer and 450,000 
deaths in 2022, with a particularly heavy burden of incidence and mortality in East Asia and other regions.2 Because 
early-stage esophageal cancer is often difficult to detect rapidly in clinical practice, symptoms such as dysphagia, foreign 
body sensation during swallowing, and obstruction usually occur late in the natural history of the disease, resulting in 
delayed diagnosis. Many patients are already at a locally advanced or progressive stage at the time of diagnosis, leading 

Cancer Management and Research 2026:18 614276                                                              1
© 2026 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research

Open Access Full Text Article

https://doi.org/10.2147/CMAR.S614276
Received: 15 April 2026
Accepted: 29 June 2026
Published: 8 July 2026

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php


to an unsatisfactory overall prognosis.3 Therefore, identifying economical and reproducible biomarkers for the auxiliary 
detection and stratified assessment of esophageal cancer is of important clinical significance.

An increasing body of evidence suggests that the systemic inflammatory response and nutritional status of cancer 
patients are closely associated with tumor initiation and progression, rather than being determined solely by the 
biological behavior of tumor cells themselves.4,5 Because peripheral blood-based inflammatory and nutritional indicators 
are easily obtainable, low cost, and highly reproducible, they have attracted growing attention in recent years. The 
systemic inflammation response index (SIRI), which is derived from neutrophil, monocyte, and lymphocyte counts, 
reflects the balance between pro-tumor inflammatory responses and anti-tumor immune status.6,7 The HALP score, 
calculated from hemoglobin, albumin, lymphocyte, and platelet levels, integrates information on nutritional status, 
immune status, and inflammatory response.8 As a classic nutrition- and inflammation-related marker, albumin (ALB) 
is also of particular interest, and hypoalbuminemia is regarded as a signal of systemic inflammation and malnutrition in 
patients with cancer.9

In the field of esophageal cancer, previous studies have suggested that SIRI, HALP, and albumin-based indicators 
may have certain clinical value. However, the existing evidence has mainly focused on prognostic assessment, such as 
postoperative survival, cancer-specific survival, and the prediction of early mortality risk. For example, elevated SIRI has 
been associated with shorter survival in patients with esophageal cancer and is also accompanied by more advanced 
tumor stage, T3-T4 stage, and lymph node metastasis.10 The HALP score has been reported as a factor for predicting 
tumor prognosis in patients with esophageal cancer after radical resection,11 and HALP has also been identified as an 
independent prognostic factor in patients with unresectable esophageal squamous cell carcinoma (ESCC).12 In addition, 
previous studies have shown that the preoperative NLR-Alb index may be used for individualized prognostic prediction 
in patients with ESCC.13 However, the role of these indicators in the auxiliary diagnosis of esophageal cancer, 
particularly their stage-specific discriminatory value, remains unclear. However, compared with their prognostic applica
tions, less is known about whether these routinely available inflammation- and nutrition-related biomarkers can assist in 
distinguishing patients with esophageal cancer from healthy individuals, especially across different pathological stages.

In this study, we compared the levels of SIRI, ALB, and HALP between patients with esophageal cancer and healthy 
controls to evaluate the diagnostic value of these indicators and their combined model for esophageal cancer. We further 
performed stage-stratified analyses to assess their discriminatory ability in early-stage (stage I/II) and advanced-stage 
(stage III/IV) esophageal cancer. In addition, we explored the associations of SIRI, ALB, and HALP with clinicopatho
logical characteristics, with the aim of providing additional evidence for the auxiliary evaluation of esophageal cancer.

Methods
Patients
This retrospective study enrolled 168 patients with esophageal cancer who were diagnosed and underwent surgical 
treatment at the Cancer Hospital of Shandong First Medical University between 2019 and 2023, along with 117 healthy 
controls. Healthy controls were selected from individuals who underwent routine health examinations during the same 
period. Individuals with evidence of acute infection, chronic inflammatory disease, autoimmune disease, hematological 
disease, or malignancy were excluded according to available medical records and laboratory findings. Routine endoscopy 
was not performed for all healthy controls. This study was approved by the Ethics Committee of the Cancer Hospital of 
Shandong First Medical University (approval no. SDTHEC [202604011]). All patients were histologically diagnosed by 
endoscopic biopsy and further confirmed by postoperative pathological examination. Tumor classification was deter
mined according to the postoperative pathological TNM stage based on the 8th edition of the American Joint Committee 
on Cancer (AJCC) staging system.14 Among the cancer cases, 32 patients were classified into the pathological stage I/II 
group and 136 into the pathological stage III/IV group.

The inclusion criteria were as follows: (1) histologically confirmed esophageal cancer by endoscopic biopsy with 
postoperative pathological confirmation; (2) no preoperative radiotherapy, chemotherapy, or immunotherapy; (3) com
plete data on the most recent preoperative routine hematological and biochemical parameters. The exclusion criteria were 
as follows: (1) severe preoperative infection, autoimmune disease, or cardiovascular disease; (2) use of antiplatelet agents 
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or statins within 3 months before blood collection; (3) anti-inflammatory therapy and blood transfusion within 1 month 
before blood collection; (4) concomitant hematological disease; (5) a history of other systemic malignancies within the 
previous 5 years.

Laboratory Variables
Routine hematological and biochemical parameters were collected, including white blood cell count (WBC), lymphocyte 
count, neutrophil count, monocyte count, platelet count, hemoglobin (HB), and albumin (ALB). SIRI was defined as 
neutrophil count × monocyte count / lymphocyte count. HALP was defined as hemoglobin × albumin × lymphocyte 
count / platelet count.

Statistical Analysis
Data analysis was performed using R software. Continuous variables were tested for normality. Normally distributed 
variables were expressed as mean ± standard deviation (SD) and compared using the independent samples t test or one- 
way analysis of variance (ANOVA), as appropriate. Non-normally distributed variables were presented as median 
(interquartile range) [M (Q1, Q3)] and compared using the Mann–Whitney test.

Receiver operating characteristic (ROC) curve analysis was performed to evaluate the discriminatory performance of 
SIRI, ALB, HALP, and their combined models. To identify the optimal combination of inflammation- and nutrition- 
related biomarkers, several candidate models were constructed, including SIRI combined with ALB and HALP, as well 
as alternative models in which ALB was replaced by neutrophil, monocyte, or lymphocyte counts (SIRI + NEUT + 
HALP, SIRI + MON + HALP, and SIRI + LYMPH + HALP). The area under the curve (AUC) and corresponding 95% 
confidence intervals (CIs) were calculated. The optimal cut-off values were determined using the Youden index (defined 
as sensitivity + specificity − 1). The combined models were constructed using binary logistic regression.

For three-group comparisons of SIRI, ALB, and HALP among healthy controls, pathological stage I/II, and 
pathological stage III/IV groups, pairwise Wilcoxon rank-sum tests with Bonferroni correction were performed. For 
the clinicopathological association analysis, dichotomization of SIRI, ALB, and HALP was based on the optimal cut-off 
values derived from the ROC analysis of all cancer cases versus healthy controls, and their associations with tumor 
length, tumor location, smoking history, T stage, and N stage were analyzed using the chi-square test or Fisher’s exact 
test. Because only one patient was classified as M1, M stage was not included in the formal clinicopathological 
association analysis.

Because marked differences in age and sex distribution were observed between cancer cases and healthy controls, 
additional multivariable logistic regression analyses adjusted for age and sex were performed for all esophageal cancer 
cases vs. healthy controls, pathological stage III/IV vs. healthy controls, and pathological stage I/II vs. healthy controls. 
Odds ratios (ORs) with 95% confidence intervals were calculated for each variable in the adjusted models. ROC analyses 
based on model-predicted probabilities were then used to assess the incremental discriminatory value of SIRI, ALB, 
HALP, and their combination beyond age and sex. To further evaluate model stability, bootstrap internal validation with 
1000 resamples was performed for the fully adjusted models, and optimism-corrected AUCs were calculated. To further 
reduce potential confounding from the age and sex imbalance between patients with esophageal cancer and healthy 
controls, propensity score matching was performed using age and sex as matching variables. The discriminatory 
performance of SIRI, ALB, HALP, and their combined model was then re-evaluated in the matched cohort by ROC 
analysis. Decision curve analysis (DCA) was performed to explore clinical utility by comparing three models: a clinical 
model including age and sex, a biomarker model including SIRI, ALB, and HALP, and a full model including all five 
variables. Net benefit was assessed across different threshold probabilities and compared with treat-all and treat-none 
strategies. All statistical tests were two-sided, and P < 0.05 was considered statistically significant.
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Results
Comparison of Baseline Characteristics and Laboratory Indicators Between the Two 
Groups
To establish the clinical and biological context for the subsequent analyses, we first compared the baseline demographic 
characteristics and laboratory indicators between the esophageal cancer group and the healthy control group. Table 1 
summarizes the baseline demographic characteristics and laboratory indicators of the esophageal cancer group and the 
healthy control group. Compared with the healthy control group, patients with esophageal cancer were older and had 
a higher proportion of males, with both differences being statistically significant. Analysis of laboratory parameters 
showed that patients with esophageal cancer had significantly higher white blood cell counts, neutrophil counts, 
monocyte counts, and SIRI levels, whereas lymphocyte counts, ALB levels, and HALP values were significantly 
lower than those in healthy controls (all P < 0.05). Overall, these findings indicate that esophageal cancer is associated 
with a systemic profile characterized by inflammatory activation and impaired nutritional status, thereby providing the 
basis for further evaluating the diagnostic performance of SIRI, ALB, and HALP.

Diagnostic Performance of SIRI, ALB, and HALP, Alone and in Combination, for 
Esophageal Cancer
Building on the observed differences between patients with esophageal cancer and healthy controls, we next assessed the 
diagnostic performance of SIRI, ALB, and HALP, both individually and in combination. We compared the discrimination 
performance of multiple candidate models and selected the optimal combined model for evaluating biomarkers 
(Supplementary Figure S1). In the comparison between patients with pathological stage III/IV disease and healthy 
controls, the optimal cut-off values for SIRI, ALB, and HALP were 0.70, 44.35, and 47.68, respectively. As shown in 
Table 2 and Figure 1A, ALB demonstrated the best diagnostic performance among the individual indicators, with an area 
under the curve (AUC) of 0.767 (95% CI: 0.709–0.825), which was higher than that of SIRI [AUC = 0.732, 95% CI: 
0.670–0.795] and HALP [AUC = 0.665, 95% CI: 0.599–0.732]. The combined model incorporating SIRI, ALB, and 
HALP showed the best overall diagnostic performance, with an AUC of 0.803 (95% CI: 0.750–0.857).

To determine whether the same diagnostic pattern was present in earlier disease, we then evaluated the performance 
of these indicators in patients with pathological stage I/II disease. In the comparison between patients with pathological 
stage I/II disease and healthy controls, the optimal cut-off values for SIRI, ALB, and HALP were 0.63, 44.05, and 67.21, 

Table 1 Baseline Demographic Characteristics and Laboratory Parameters of 
Patients with Esophageal Cancer and Healthy Controls

Variable Esophageal Cancer 
Group (n=168)

Healthy Control 
Group (n=117)

P-value

n 168 117
Age (years) 66.00 (59.00, 72.00) 36.00 (32.00, 50.00) <0.001a

Sex (male, %) 131 (78.0%) 47 (40.2%) <0.001b

WBCs (10^9/L) 5.96 (5.05, 7.07) 5.60 (4.78, 6.69) 0.025a

Lymphocytes (10^9/L) 1.68 (1.32, 2.04) 1.90 (1.52, 2.25) <0.001a

Neutrophils (10^9/L) 3.74 (2.94, 4.56) 3.14 (2.48, 3.73) <0.001a

Monocytes (10^9/L) 0.44 (0.34, 0.51) 0.38 (0.32, 0.46) 0.006a

Platelets (10^9/L) 250.33 ± 60.66 248.89 ± 52.04 0.83c

Albumin (g/L) 44.05 ± 4.14 47.59 ± 3.01 <0.001c

Hemoglobin (g/L) 145.00 (132.75, 154.00) 141.00 (129.00, 154.00) 0.139a

SIRI 0.94 (0.68, 1.42) 0.61 (0.47, 0.86) <0.001a

HALP 43.80 (32.36, 58.07) 52.15 (41.84, 64.51) <0.001a

Notes: Values are presented as mean ± SD or median (Q1, Q3), unless otherwise indicated. WBCs, 
white blood cells. aDifference between groups was tested by Mann–Whitney U-test. b Difference 
between groups was tested by chi-square or Fisher’s exact test. cDifference between groups was tested 
by independent-samples t test.
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respectively. As shown in Table 2 and Figure 1B, ALB remained the best-performing single indicator, with an AUC of 
0.705 (95% CI: 0.594–0.816). The combined model further improved the discriminatory performance, yielding an AUC 
of 0.746 (95% CI: 0.649–0.843). Taken together, these findings indicate that although the diagnostic performance was 
lower in early-stage disease than in advanced-stage disease, the combined model still improved discrimination compared 
with the individual markers.

Comparison of SIRI, ALB, and HALP Among the HC, Pathological Stage I/II, and 
Pathological Stage III/IV Groups
Given the stage-dependent differences observed in the ROC analyses, we next compared SIRI, ALB, and HALP across 
healthy controls, early-stage patients, and advanced-stage patients to further characterize their distribution patterns. Three 
study groups were included in the analysis (Table 3): the HC group (n = 117, 47 males, median age 36 years), the 

Table 2 Diagnostic Performance of SIRI, ALB, HALP, and Their Combination for Stage III/IV and Stage I/II 
Esophageal Cancer Versus Healthy Controls

Comparison Indicator AUC (95% CI) Cut-off value Sensitivity (%) Specificity (%)

Stage III/IV vs HC SIRI 0.732 (0.670–0.795) 0.70 77.2 62.4

ALB 0.767 (0.709–0.825) 44.35 53.7 88.9

HALP 0.665 (0.599–0.732) 47.68 68.4 63.2

SIRI + ALB + HALP 0.803 (0.750–0.857) - 64.7 84.6

Stage I/II vs HC SIRI 0.597 (0.478–0.716) 0.63 65.6 54.7

ALB 0.705 (0.594–0.816) 44.05 46.9 89.7

HALP 0.529 (0.413–0.644) 67.21 31.2 80.3

SIRI + ALB + HALP 0.746 (0.649–0.843) - 50 90.6

Abbreviations: SIRI, systemic inflammation response index; ALB, albumin; HALP, hemoglobin, albumin, lymphocyte, and platelet score; AUC, area 
under the curve; CI, confidence interval; HC, healthy controls.

Figure 1 Receiver operating characteristic (ROC) curves of systemic inflammation response index (SIRI), albumin (ALB), hemoglobin–albumin–lymphocyte–platelet (HALP) 
score, and their combined model for discriminating esophageal cancer from healthy controls. (A) ROC curves for patients with pathological stage III/IV esophageal cancer 
versus healthy controls. (B) ROC curves for patients with pathological stage I/II esophageal cancer versus healthy controls. The combined model was constructed using 
binary logistic regression.
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pathological stage I/II group (n = 32, 30 males, median age 62 years), and the pathological stage III/IV group (n = 136, 
101 males, median age 68 years). Overall comparisons showed significant differences in SIRI, ALB, and HALP among 
the three groups (Table 3 and Figure 2A–C). Pairwise comparisons revealed that SIRI levels were significantly higher in 
the stage III/IV group than in the healthy control group. ALB levels were significantly lower in both stage I/II and stage 
III/IV patients than in healthy controls. HALP levels were significantly lower in the stage III/IV group than in both 
healthy controls and stage I/II patients, whereas no significant difference was observed between healthy controls and 
stage I/II patients. Overall, these results suggest that SIRI, ALB, and HALP vary with disease status and, to some extent, 
with pathological stage, particularly in advanced esophageal cancer.

Associations of SIRI, ALB, and HALP with Clinicopathological Characteristics in 
Patients with Esophageal Cancer
To further clarify the clinical relevance of these stage-related differences, we then examined the associations of SIRI, 
ALB, and HALP with clinicopathological characteristics in patients with esophageal cancer. According to the optimal 
cut-off values determined by ROC analysis, SIRI, ALB, and HALP were each categorized into high-value and low-value 
groups. As shown in Table 4, SIRI grouping was significantly associated with T stage (P = 0.035) and N stage (P = 
0.031), but not with age, sex, tumor length, tumor location, or smoking history. ALB grouping was significantly 
associated with tumor length (P < 0.001) and T stage (P = 0.013), whereas no significant associations were observed 
with age, sex, tumor location, smoking history, or N stage. HALP grouping was significantly associated with smoking 
history (P = 0.006) and T stage (P = 0.004), but not with age, sex, tumor length, tumor location, or N stage.

Table 3 Comparison of Clinical Characteristics and Inflammatory-Nutritional 
Indices Among HC, Stage I/II, and Stage III/IV Groups

Variable HC Stage I/II Stage III/IV

n 117 32 136

Age (years) 36.00 (32.00, 50.00) 62.00 (56.75, 66.25) 68.00 (60.00, 73.00)

Sex (male, %) 47 (40.2%) 30 (93.8%) 101 (74.3%)

SIRI 0.61 (0.47, 0.86) 0.71 (0.52, 1.16) 0.97 (0.71, 1.42)

ALB 47.70 (45.60, 49.60) 45.35 (42.12, 47.80) 43.90 (40.77, 47.00)

HALP 52.15 (41.84, 64.51) 54.52 (43.89, 68.05) 40.61 (31.42, 54.60)

Notes: Data are presented as n (%) or median (interquartile range), as appropriate. Comparisons 
among the three groups were performed using the chi-square/Fisher exact test for sex and the 
Kruskal–Wallis test for age, SIRI, ALB, and HALP. 
Abbreviations: HC, healthy controls; SIRI, systemic inflammation response index; ALB, albumin; 
HALP, hemoglobin, albumin, lymphocyte, and platelet score.

Figure 2 Distribution of systemic inflammation response index (SIRI), albumin (ALB), and hemoglobin–albumin–lymphocyte–platelet (HALP) score across healthy controls 
(HC), stage I/II, and stage III/IV esophageal cancer groups. (A) Distribution of SIRI. (B) Distribution of ALB. (C) Distribution of HALP. Data are presented as boxplots 
showing the median and interquartile range, with individual data points overlaid. Overall comparisons were performed using the Kruskal–Wallis test, followed by pairwise 
Wilcoxon rank-sum tests with Bonferroni correction. NS indicates not statistically significant.
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Sensitivity and Decision Curve Analyses
Given the baseline imbalance in age and sex between esophageal cancer cases and healthy controls, additional sensitivity 
analyses were performed. In age- and sex-adjusted multivariable models, age remained significantly associated with 
esophageal cancer across all comparisons, whereas HALP retained significance mainly in the all-cancer and stage III/IV 
analyses. Detailed adjusted odds ratios, 95% confidence intervals, and P values are provided in Supplementary Table S1. 
Bootstrap internal validation demonstrated minimal optimism, with optimism-corrected AUCs of 0.966, 0.970, and 0.940 
for all cancer vs. HC, stage III/IV vs. HC, and stage I/II vs. HC, respectively (Supplementary Table S2).

After age and sex matching using propensity score matching, the combined SIRI, ALB, and HALP model retained 
acceptable discriminatory performance, with an AUC of 0.809 (95% CI: 0.701–0.916). Among the individual biomar
kers, HALP showed the highest AUC, followed by SIRI and ALB (Supplementary Table S3). Decision curve analysis 
showed that the full model provided greater net benefit than the biomarker-only model and the treat-all or treat-none 
strategies across most threshold probabilities (Supplementary Figure S2).

Discussion
In the present study, we systematically evaluated the discriminatory value of SIRI, ALB, and HALP in esophageal cancer 
and explored their associations with clinicopathological characteristics. Compared with healthy controls, patients with 
esophageal cancer had significantly increased SIRI levels, whereas ALB and HALP levels were significantly decreased, 
suggesting that enhanced systemic inflammation and impaired nutritional status may jointly accompany the occurrence 
and progression of esophageal cancer. ROC analysis showed that the combined model incorporating these three 

Table 4 Associations of SIRI, ALB, and HALP with Clinicopathological Characteristics in All Esophageal Cancer Cases

Variable N SIRI 
≤0.70

SIRI 
>0.70

P value 
(SIRI)

ALB 
≤44.35

ALB 
>44.35

P value 
(ALB)

HALP 
≤47.71

HALP 
>47.71

P value 
(HALP)

Age 0.319 0.053 0.657

<65 71 17 54 31 40 43 28

≥65 97 30 67 57 40 62 35

Sex 0.272 0.375 0.061

Female 37 13 24 17 20 28 9

Male 131 34 97 71 60 77 54

Tumor length (cutoff = 5 cm) 0.189 <0.001 0.095

≤5 101 32 69 42 59 58 43

>5 67 15 52 46 21 47 20

Tumor location 0.244 0.813 0.644

Upper 9 4 5 4 5 7 2

Middle 97 23 74 50 47 59 38

Lower 62 20 42 34 28 39 23

Smoking history 0.197 0.383 0.006

No 92 22 70 51 41 66 26

Yes 76 25 51 37 39 39 37

T stage 0.035 0.013 0.004

T1 35 16 19 17 18 13 22

T2 28 9 19 8 20 17 11

T3 89 20 69 51 38 63 26

T4 16 2 14 12 4 12 4

N stage 0.031 0.067 0.724

N0 87 33 54 39 48 52 35

N1 54 9 45 30 24 35 19

N2 21 4 17 16 5 13 8

Notes: Data are presented as number of cases. P values were obtained using the chi-square test or Fisher exact test, as appropriate. Cut-off values for SIRI, ALB, 
and HALP were derived from ROC analyses comparing all esophageal cancer cases (stage I/II + stage III/IV) with healthy controls. Associations based on 
dichotomized biomarker groups were considered exploratory. 
Abbreviations: SIRI, systemic inflammation response index; ALB, albumin; HALP, hemoglobin, albumin, lymphocyte, and platelet score.
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indicators demonstrated improved discriminatory performance compared with each single marker in distinguishing both 
advanced-stage (stage III/IV) and early-stage (stage I/II) esophageal cancer from healthy controls, with stronger 
performance in advanced-stage disease. The relatively lower discriminatory performance in stage I/II disease may be 
related to lower tumor burden and weaker systemic inflammatory and nutritional changes in early-stage patients. Three- 
group comparisons further showed that SIRI tended to increase with disease stage, whereas ALB and HALP were lower 
in advanced-stage disease. Clinicopathological analyses indicated that these biomarkers were associated with selected 
indicators of tumor burden and stage. After adjustment for age and sex, HALP retained significance mainly in the all- 
cancer and stage III/IV models.

SIRI reflects the integrated changes in systemic inflammatory response and immune status.15–17 Previous studies have 
shown that SIRI can predict survival outcomes in various malignancies. In pancreatic adenocarcinoma, SIRI helps 
clinicians improve treatment outcomes by identifying candidates for more aggressive treatment strategies.18 Similarly, 
SIRI has been considered a promising and novel prognostic biomarker in patients with colon cancer undergoing surgical 
resection.19 In gastric cancer, SIRI has also been reported as an independent prognostic factor.20 In the present study, 
SIRI levels were significantly higher in patients with esophageal cancer than in healthy controls, and showed an overall 
ascending pattern across the HC, stage I/II, and stage III/IV groups, suggesting that the degree of inflammatory activation 
may progressively increase with disease progression. Further clinicopathological analysis showed that SIRI was 
significantly associated with T stage and N stage, indicating that SIRI is related not only to the presence of the tumor 
itself, but also to local invasion and lymph node metastatic burden.

Several studies have shown that ALB is an appropriate marker of disease status and prognosis and is closely 
associated with C-reactive protein (CRP), acute phase proteins, and disease severity.21–23 In oral cancer, ALB may 
predict adverse reactions to chemotherapy in patients with oral malignancies.24 In patients with head and neck cancer, the 
impact of preoperative serum albumin on overall survival (OS) appears to be most pronounced in those with upper 
digestive tract involvement.25 In the present study, ALB levels were significantly lower in patients with esophageal 
cancer than in healthy controls, suggesting that nutritional depletion and tumor-related systemic responses may occur at 
an early stage of the disease. ROC analysis further showed that ALB was relatively sensitive in distinguishing patients 
from healthy individuals.

HALP is a composite immune-nutritional-inflammatory index with broad prognostic value across a wide range of 
diseases.26 The association of HALP with multiple cancers has been used to predict various clinical outcomes in different 
malignancies.27 In gastric cancer, HALP has been reported to be closely associated with clinicopathological character
istics and to serve as an independent prognostic factor.28 In the present study, we found that HALP had greater value in 
identifying advanced esophageal cancer and in reflecting disease stage progression. The observed changes in SIRI, ALB, 
and HALP may reflect the interaction between systemic inflammation, immune dysregulation, and nutritional impairment 
during esophageal cancer progression. Increased SIRI and decreased ALB and HALP are consistent with enhanced 
inflammatory activity, weakened antitumor immunity, and worsening nutritional status in patients with advanced disease.

Multiple studies have shown that a single biomarker is insufficient to fully capture the complex biological alterations 
associated with cancer, whereas integrated information on inflammation, nutritional status, and immune status may 
provide more comprehensive discriminatory ability.29 For example, in esophageal cancer, the systemic immune- 
inflammation index (SII) and prognostic nutritional index (PNI) have shown greater value in predicting overall survival 
(OS), and their combination can significantly improve predictive accuracy.30 In the present study, the combined model 
based on SIRI, ALB, and HALP consistently demonstrated improved discriminatory performance over each individual 
marker in the unadjusted ROC analyses, with the highest AUC observed in the comparison between stage III/IV 
esophageal cancer and healthy controls. After adjustment for age and sex, the AUC of the combined model remained 
higher than that of the base model, suggesting that SIRI, ALB, and HALP do not merely reflect differences in age and 
sex, but still provide incremental value beyond these demographic factors.

From a clinical perspective, SIRI, ALB, and HALP are all derived from routine hematological and biochemical tests, 
offering the advantages of convenient availability, low cost, and good reproducibility. In addition, these indicators were 
significantly associated with several clinicopathological characteristics, suggesting that they may not only help identify 
the presence of tumor, but also, to some extent, reflect tumor burden and disease progression. Nevertheless, this study has 

https://doi.org/10.2147/CMAR.S614276                                                                                                                                                                                                                                                                                                                                                                                                                                                   Cancer Management and Research 2026:18 8

Li et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



several limitations. Pathological subtype information was not sufficiently available for all patients. Therefore, subgroup 
analyses by squamous cell carcinoma and adenocarcinoma could not be performed. Given the epidemiological pre
dominance of esophageal squamous cell carcinoma in China, the generalizability of our findings to adenocarcinoma 
requires further validation. A major limitation of this study was the marked baseline imbalance in age and sex between 
patients with esophageal cancer and healthy controls. Although age- and sex-adjusted logistic regression and matched 
sensitivity analyses were performed, residual confounding could not be completely excluded. The combined SIRI, ALB, 
and HALP model retained acceptable discriminatory performance after age and sex matching, supporting the robustness 
of the findings to some extent. Decision curve analysis also suggested a higher net benefit for the full model. However, 
because the clinical model based on age and sex alone showed substantial net benefit, the incremental clinical utility of 
these biomarkers should be interpreted cautiously.

Conclusion
In conclusion, SIRI, ALB, and HALP showed differential distributions between patients with esophageal cancer and 
healthy controls in this single-center retrospective case-control study. The combined model demonstrated improved 
discriminatory performance compared with individual biomarkers, particularly in patients with stage III/IV esophageal 
cancer, and retained acceptable performance after age- and sex-matched sensitivity analysis. These findings should be 
regarded as hypothesis-generating and require further validation in independent prospective cohorts.
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