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Background: Diffuse Large B-Cell Lymphoma (DLBCL) is a heterogeneous malignancy with distinct Germinal Center B-Cell Like 
(GCB) and non-GCB subtypes. Accurate subtyping is crucial due to differences in prognosis and treatment response. While gene 
expression profiling is the gold standard, it is often unavailable in low-resource settings. Inflammatory and nutritional biomarkers such 
as Systemic Immune-Inflammation Index (SII), Prognostic Nutritional Index (PNI), and Advanced Lung Cancer Inflammation Index 
(ALI) offer a practical alternative. This study aims to evaluate their diagnostic potential in early-stage DLBCL subtypes.
Methods: A cross-sectional analysis was conducted on 60 early stage DLBCL patients (30 GCB, 30 non-GCB) at Dr Hasan Sadikin 
General Hospital Bandung. Clinical characteristics, hematological parameters, and inflammation-based indices (SII, PNI, and ALI) 
were evaluated. Differences between subtypes were analyzed using the Mann–Whitney U-test, and Receiver Operating Characteristic 
(ROC) analysis was used to determine diagnostic performance.
Results: The median SII was significantly higher in non-GCB compared with GCB (982,575; IQR: 609,112–2,239,917 vs 575,598; 
IQR: 454,578–886,426, p = 0.014). Conversely, PNI was higher in GCB compared to non-GCB group (49.18; IQR: 46.38–56.38 vs 
45.96; IQR 40.05–52.28, p = 0.011). ALI values were also higher in the GCB than non-GCB (44.14; IQR: 27.69–67.18 vs 24.51; IQR: 
14.34–42.47,p=0.003). ROC analysis revealed that ALI had the highest diagnostic accuracy (AUC = 0.724; 95% CI: 0.593–0.831), 
followed by SII (AUC = 0.685, 95% CI: 0.552–0.799) and PNI (AUC = 0.691 95% CI: 0.558–0.804). Optimal cut-off values were 
≤1,234,133 for SII, >43.27 for PNI, and >27.41 for ALI. ALI demonstrated the best balance between sensitivity (76.7%) and 
specificity (63.3%), making it the most reliable marker for distinguishing DLBCL subtypes.
Conclusion: SII, PNI, and ALI differ significantly between DLBCL subtypes. These findings suggest that integrating these indices 
into a diagnostic model could enhance risk stratification and guide therapeutic decision-making in DLBCL. Further studies with larger 
cohorts are warranted to validate these findings.
Keywords: acute lung inflammation index, ALI, germinal center B-cell like, GCB, non-germinal center B-cell like, Non-GCB, 
prognostic nutritional index, PNI, systemic immune, inflammation index, SII

Introduction
Diffuse Large B-Cell Lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma (NHL), accounting 
for approximately 30% of adult NHL cases worldwide. Although morphologically similar, DLBCL represents 
a biologically heterogeneous group of malignancies with significant differences in pathogenesis, molecular profile, and 
clinical outcome. Based on cell of origin and gene expression profiling, DLBCL can be subdivided into germinal center 
B-cell-like (GCB) and non-GCB subtypes based on cell of origin and gene expression profiles.1–4 This classification is 
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clinically relevant, as the non-GCB subtype is typically associated with higher systemic inflammation and poorer 
prognosis compared to the GCB subtype.5,6

Accurate subtyping of DLBCL is essential for guiding treatment decisions and predicting outcomes. However, 
genomic sequencing, as the gold standard for molecular classification, remains limited in many clinical settings due to 
high costs, technical requirements, and limited accessibility.7 As a result, there is an increasing need to identify practical, 
affordable surrogate markers that can support subtype classification in routine clinical practice.

Emerging evidence has highlighted the crucial role of systemic inflammation, immune response and nutritional status 
in the pathogenesis, progression, and prognosis of DLBCL, further underscoring the value of biologically informed 
subtyping.8,9 Several inflammation-based and nutritional indices, including the Systemic Immune-Inflammation Index 
(SII), Prognostic Nutritional Index (PNI), and Advanced Lung Cancer Inflammation Index (ALI), have emerged as 
potential biomarkers for assessing systemic inflammation, immune response, and nutritional status in malignancies, 
including hematological cancers.10–15 These indices are calculated from routinely available clinical parameters such as 
neutrophil, lymphocyte, and platelet counts, serum albumin, and body mass index, making them feasible, cost-effective, 
and accessible even in rural healthcare settings.

Despite increasing evidence of their prognostic value, the role of inflammatory and nutritional biomarkers in 
distinguishing between molecular subtypes of early-stage DLBCL remains underexplored. Given the challenges of 
molecular classification in resource-limited settings, these indices offer a promising and accessible alternative for subtype 
differentiation. This study aims to analyze differences in SII, PNI, and ALI between GCB and non-GCB subtypes in 
early stage DLBCL and evaluate their potential utility as accessible diagnostic markers for subtype classification.

Materials and Methods
This study was a retrospective comparative cross-sectional analysis utilizing secondary data from the Lymphoma registry 
of Dr Hasan Sadikin General Hospital from January 2020 to August 2024. The registry contains routinely collected 
clinical, pathological, and laboratory data from newly diagnosed lymphoma patients. A total of 60 subjects with early 
stages DLBCL (Ann Arbor stage I or II) were included and classified into GCB (n = 30) and non-GCB (n = 30) groups 
based on immunohistochemical profiling using the Hans algorithm, which incorporates CD10, BCL-6, and MUM1 
markers.7

Subjects included in the study were aged 18 years or older, had a histologically confirmed diagnosis of DLBCL, 
subtyping confirmed (GCB or non-GCB) using Hans algorithm, and were chemotherapy-naïve at the time of data 
collection to ensure consistency in biomarker timing. Subjects with concurrent malignancies, a history of prior 
chemotherapy or immunosuppressive therapy, infection (HIV or hepatitis), or end-stage kidney disease were excluded 
because these conditions could independently affect inflammatory and nutritional biomarkers and their baseline values 
would not reflect the true diagnostic potential.

The sample size was calculated using the formula for an unpaired numerical comparative study, which indicated 
a requirement of 30 subjects per group, resulting in a total sample size of 60 subjects. However, due to limitations in the 
number of eligible subjects available during the study period, the researchers were unable to include more subjects.

Demographic and clinical data were retrieved from the registry from January 2020 to August 2024. Biomarker values 
(SII, PNI, and ALI) were collected from laboratory results taken at the time of diagnosis before initiation of any 
treatment. Definitions of biomarkers:10–15

● SII: platelet count × neutrophil–lymphocyte ratio (NLR). SII reflects systemic inflammatory burden, incorporating 
thrombocytosis, neutrophilia, and lymphopenia as indicators of tumor-related immune dysregulation.

● PNI: 10 × serum albumin (g/dL) + 0.005 × total lymphocyte count/mm.3 PNI is an indicator of nutritional and 
immune status, reflecting protein reserves and adaptive immune function.

● ALI: body mass index (BMI) × blood albumin level (g/dL) ÷ NLR. ALI integrates nutritional status and systemic 
inflammation and has been used as a composite marker of host condition in malignancies.
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Statistical analysis was performed using SPSS 27.0 and GraphPad Prism 9.2.0. The categorical variables were presented 
as frequencies and percentages. Continuous variables were first tested for normality using the Shapiro–Wilk test. 
Normally distributed data were expressed as mean ± standard deviation (SD), whereas non-normally distributed data 
were presented as median, interquartile range (IQR). In this study, the SII, PNI and ALI values were not normally 
distributed. Therefore, group comparisons between GCB and non-GCB subtypes were performed using the non- 
parametric Mann–Whitney U-test. Receiver Operating Characteristics (ROC) curve analysis was used to assess the 
diagnostic performance of SII, PNI and ALI in distinguishing GCB from non-GCB subtypes. The area under the ROC 
curve (AUC), optimal cut-off values, sensitivity, and specificity were calculated for each biomarker. A p-value <0.05 was 
considered statistically significant.

The study received ethical approval from Health Research Ethics Committee of the Faculty of Medicine, Padjadjaran 
University - Dr. Hasan Sadikin General Hospital Bandung, under approval number DP.04.03/D.XIV.6.5/430/2024. 
Ethical conduct of the study was ensured in compliance with the Declaration of Helsinki.

Results
Clinical Characteristics
A total of 60 DLBCL patients were included in this study, stratified into 30 GCB and 30 non-GCB subtypes. The baseline 
characteristics, including age, sex distribution, BMI, disease stage, and laboratory parameters, were analyzed to assess 
their association with inflammatory and nutritional indices as presented in Table 1.

There was no significant difference in the mean age between GCB and non-GCB group (56 ± 13 vs 51 ± 14 years, 
p 0.115). Similarly, there was no significant difference in gender distribution between the two groups. A significant 
difference was found in BMI, GCB group had higher BMI than the non-GCB (24.4 ± 4.1 vs 21.8 ± 3.1kg/m², p 0.008). 
The lymphocyte count in GCB was higher than non-GCB [2,147 (1,334–2,785) vs 1,321 (834–2,287) /µL, p 0.030]. The 
Neutrophil-to-Lymphocyte Ratio (NLR) was significantly lower in GCB compared to non-GCB subtype [2.26 (1.48–-
3.05) vs 3.09 (1.95–6.25), p 0.014].

Table 1 Clinical Characteristics

Variable GCB Non-GCB p value

(N = 30) (N = 30)

Age (years), Mean ± SD 56 ± 13 51 ± 14 0.115a

Sex (n, %) 0.190b

Male 20 (66.7) 15 (50.0)

Female 10 (33.3) 15 (50.0)
Body Mass Index (kg/m2), Mean ± SD 24.4 ± 4.1 21.8 ± 3.1 0.008a

Cancer Stage (n, %) 0.417b

I 9 (30.0) 12 (40.0)
II 21 (70.0) 18 (60.0)

Hematologic Parameter

Hemoglobin (g/dL), Mean ± SD 12.80 ± 2.81 11.32 ± 2.30 0.029a

White Blood Cell (/µL), Median (IQR) 8,100 (6,232–10,060) 7,510 (6,270–9,427) 0.830b

Platelets (/µL), Mean ± SD 307,933 ± 89,193 345,100 ± 116,011 0.170a

Lymphocyte (/µL), Median (IQR) 2,147 (1,334–2,785) 1,321 (834–2,287) 0.030b

Neutrophil (/µL), Median (IQR) 4,492 (3,263–5,922) 4,888 (3.903–6.724) 0.201b

Neutrophil-Lymphocyte Ratio (NLR) 2.26 (1.48–3.05) 3.09 (1.95–6.25) 0.014b

Albumin (g/dL), Median (IQR) 4.00 (3.87–4.21) 3.77 (3.26–4.29) 0.058b

Notes: aunpaired t-test, bChi Square. Significant p value (p < 0.05) is represented in bold.
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Comparative Analysis of SII, PNI, and ALI Between GCB and Non-GCB Subtypes
Table 2 shows that the median of Systemic Immune-Inflammation Index (SII) was significantly higher in non-GCB 
compared to GCB. In contrast, the Prognostic Nutritional Index (PNI) and Advanced Lung Cancer Inflammation Index 
(ALI) was higher in GCB than non-GCB.

Diagnostic Performance of SII, PNI, and ALI
Receiver Operating Characteristic (ROC) curve analysis demonstrated that among the three indices evaluated, ALI 
exhibited the highest diagnostic accuracy, with an Area Under Curve (AUC) of 0.724 (95% CI: 0.593–0.831). This 
suggests that ALI is the most reliable indicator for differentiating between GCB and non-GCB subtypes of DLBCL. In 
comparison, the SII demonstrated a slightly lower diagnostic performance, with an AUC of 0.685 (95% CI: 
0.552–0.799), while the PNI showed moderated accuracy, with an AUC of 0.691 (95% CI: 0.558–0.804) as seen in 
Figures 1–3.

To establish the most effective threshold for distinguishing between GCB and non-GCB subtypes, optimal cut-off 
values were identified for each index. The cut-off value for SII was ≤1,234,133, indicating that values above this 
threshold may be more associated with non-GCB cases. Meanwhile, the optimal cut-off for PNI was >43.27, suggesting 

Table 2 Differences in SII, PNI, and ALI Values Between GCB and Non-GCB

Variable GCB Non-GCB p value

(N = 30) 
Median (IQR)

(N = 30) 
Median (IQR)

SII 575,598 (454,578–886,426) 982,575 (609,112–2,239,917) 0.014

PNI 49.18 (46.38–56.38) 45.96 (40.05–52.28) 0.011

ALI 44.14 (27.69–67.18) 24.51 (14.34–42.47) 0.003

Notes: Significant p value (p < 0.05) is represented in bold. 
Abbreviations: GCB, Germinal Center B-Cell Like; Non-GCB, Non-Germinal Center B-Cell Like; 
SII, Systemic Immune-Inflammation Index; PNI, Prognostic Nutritional Index; ALI, Advanced Lung 
Cancer Inflammation Index.

Figure 1 ROC Analysis and AUC for ALI Sensitivity and Specificity.
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that patients with higher PNI values are more likely to belong to the GCB subtype. Lastly, the threshold for ALI was 
>27.41, reinforcing its superior diagnostic potential in subclassifying DLBCL patients.

Discussion
Significant differences were observed in the median SII, PNI and ALI values between the GCB and non-GCB group as 
seen in Table 2. SII values significantly higher in the non-GCB group than in the GCB group, suggesting a greater 
inflammatory burden and worse prognosis. This finding aligns with the study by Bo Wu et al, who also reported higher 

Figure 2 ROC Analysis and AUC for SII Sensitivity and Specificity.

Figure 3 ROC Analysis and AUC for PNI Sensitivity and Specificity.
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SII levels in non-GCB DLBCL.16 Guan et al further demonstrated that non-GCB DLBCL secretes IL-16 through active 
caspase-3 cleavage at a higher rate than GCB subtypes, stimulating CXCL-8 (IL-8) expression, which promotes 
neutrophil recruitment and systemic inflammation.17,18 Additionally, increased IL-10 expression in non-GCB DLBCL 
contributes to an immunosuppressive tumor microenvironment, leading to reduced lymphocyte activity and adaptive 
immune suppression through NF-κB pathway activation.18,19

Similarly, PNI and ALI values were significantly lower in the non-GCB group, supporting previous research indicating 
that lower PNI and ALI correlate with worse prognosis and heightened inflammation.20,21 PNI is calculated using albumin 
and lymphocyte count, both of which were significantly lower in the non-GCB group. The lower albumin levels in non-GCB 
DLBCL have been linked to NF- κB pathway activation, which enhances pro-inflammatory cytokine production and 
ubiquitin-proteasome activity, leading to muscle protein degradation and cachexia.18,22,23 ALI, which incorporates BMI, 
albumin and the Neutrophil-to-Lymphocyte Ratio (NLR), was significantly lower in non-GCB DLBLC.

ROC curve analysis (Figures 1–3), demonstrated that ALI had the highest diagnostic accuracy (AUC = 0.724, 95% 
CI: 0.593–0.831), followed by PNI (AUC = 0.691, 95% CI: 0.558–0.804) and SII (AUC = 0.685, 95% CI: 0.552–0.799). 
This result differed from that reported by Liu et al, who reported no significant differences in SII, PNI, and ALI between 
DLBCL subtypes.21 However, the disparity in results may be attributed to differences in patient selection, as our study 
specifically focused on early-stage DLBCL, potentially capturing variations in inflammatory and nutritional markers that 
were not evident in previous studies.

Among the three indices, ALI exhibited the best balance between sensitivity (80%) and specificity (60%), making it 
a more reliable standalone diagnostic marker. While SII and PNI showed higher sensitivity (93.3%), their lower 
specificity (46.7% and 40%, respectively) limits their standalone diagnostic utility. These findings support the use of 
a multi-marker approach, where combining SII, PNI, and ALI may enhance risk stratification and improve clinical 
decision-making in DLBCL. Future research should focus on validating these findings in larger cohorts, assessing their 
longitudinal prognostic value, and exploring their potential role in treatment response monitoring.

Study Limitations
This study is subject to several limitations. Firstly, the relatively small sample size may have introduced bias in the 
findings, emphasizing the need for larger, multi-center studies to enhance the validity of the results. Secondly, as the 
research was conducted at a single institution, selection bias may have influenced the outcomes, thereby limiting the 
generalizability of the findings to wider populations. Lastly, the retrospective nature of the study presents potential biases, 
including missing data and inconsistencies in clinical documentation. A prospective study design would offer more 
robust and reliable evidence.

Conclusion
This study highlights the significant differences in inflammatory and nutritional indices between GCB and non-GCB 
subtypes of DLBCL, with ALI emerging as the most accurate diagnostic marker. The findings support the integration of 
SII, PNI, and ALI into routine clinical practice, providing a cost-effective and widely available tool for subtype 
differentiation, risk assessment, and therapeutic decision-making. Future studies with larger, multicenter populations 
are warranted to further validate these findings and refine their clinical application in DLBCL management.
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