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Abstract: Objective: To evaluate the predictive value of hematological biomarkers in assessing the risk of immune-
related adverse events (irAEs) in non-small cell lung cancer (NSCLC) patients undergoing immunotherapy and to 
identify potential risk factors for personalized treatment optimization. Methods: Clinical data of 274 NSCLC patients 
who received immunotherapy between April 2018 and January 2021 were retrospectively analyzed. Patients were 
divided into irAEs and non-irAEs groups based on the occurrence of irAEs. Peripheral blood indices within one week 
before treatment initiation were assessed and compared, including absolute neutrophil count (ANC), lymphocyte 
count (LYM), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation 
index (SII), albumin-to-alkaline phosphatase ratio (AAPR), and albumin-to-fibrinogen ratio (AFR). Kaplan-Meier analy-
sis compared overall survival (OS) and progression-free survival (PFS), while logistic regression identified indepen-
dent risk factors for irAEs. Receiver operating characteristic (ROC) curve analysis evaluated predictive performance. 
Results: Among the 274 patients, 116 (42.2%) developed irAEs. Compared to the non-irAEs group, the irAEs group 
exhibited significantly higher ANC, NLR, PLR, and SII, along with lower LYM, AAPR, and AFR as well as lower OS and 
PFS rates (all P < 0.05). Logistic regression showed that all hematological indicators were independent risk factors 
for irAEs (P < 0.05). ROC analysis showed an AUC of 0.722 for NLR and 0.829 for the combined model. Conclusion: 
Pretreatment assessment of ANC, LYM, NLR, PLR, SII, AAPR, and AFR provides valuable predictive utility for irAEs 
risk in NSCLC patients undergoing immunotherapy. Integrating these biomarkers into clinical practice may enhance 
risk stratification and guide personalized treatment strategies to improve safety and therapeutic outcomes.
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Introduction

Non-small cell lung cancer (NSCLC) constitutes 
approximately 85% of all lung cancer cases, 
remaining a leading cause of cancer-related 
mortality worldwide. The introduction of im- 
mune checkpoint inhibitors (ICIs), particularly 
PD-1/PD-L1 and CTLA-4 inhibitors, has revolu-
tionized NSCLC treatment by harnessing the 
host immune system to target tumor cells, sig-
nificantly improving overall survival (OS) and 
progression-free survival (PFS) in advanced-
stage disease [1, 2].

Despite these advancements, immune-related 
adverse events (irAEs) pose a major clinical 
challenge, often limiting treatment efficacy and 
compromising patient quality of life. These tox-
icities, stemming from dysregulated immune 
activation, can affect multiple organ systems 
including the lungs, liver, thyroid, skin, and gas-
trointestinal tract, with potentially life-threaten-
ing consequences in severe cases [3, 4]. The 
underlying pathophysiology of irAEs remains in- 
completely elucidated but is thought to involve 
loss of immune tolerance, wherein activated T 
cells inadvertently attack healthy tissues along-
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side malignant cells [5]. Emerging evidence 
suggests that inflammatory cascades, influ-
enced by baseline immune status, genetic pre-
disposition, and patient-specific factors, play a 
pivotal role in irAEs development [6]. Given 
their unpredictable nature and variable severi-
ty, early identification of high-risk patients is 
crucial for optimizing therapeutic outcomes.

Recent research has highlighted the potential 
of hematological biomarkers as accessible and 
cost-effective indicators of systemic inflamma-
tion and immune dysregulation, such as the 
neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and systemic immu- 
ne-inflammation index (SII) [7, 8]. Demonstrated 
prognostic value in predicting irAEs, reflecting 
the dynamic interplay between pro-inflammato-
ry and immunosuppressive pathways during 
immunotherapy [9, 10]. However, a comprehen-
sive evaluation of their predictive utility, partic-
ularly in combination with other emerging mar- 
kers like the albumin-to-alkaline phosphatase 
ratio (AAPR) and albumin-to-fibrinogen ratio 
(AFR), remains underexplored.

Therefore, this study aims to evaluate the clini-
cal utility of these hematological indices in pre-
dicting the risk of irAEs in NSCLC patients 
undergoing ICIs treatment. Additionally, we aim 
to identify associated risk factors for irAEs to 
provide clinicians with theoretical guidance in 
identifying high-risk patients and optimizing 
treatment strategies.

Materials and methods

Sample size calculation

The sample size for this study was determined 
based on the incidence of irAEs reported by 
Gao et al. [11] (16.7%). Using the formula for 
cross-sectional study rates: N = Z2 × [P × (1-P)]/
E2 where Z = 1.96 for a 95% confidence level, P 
= 0.167 (expected incidence), and E = 0.05 
(allowable error), the required sample size was 
calculated to be at least 214 patients to meet 
statistical power requirements.

Case selection

This study included 274 NSCLC patients who 
received immunotherapy at our hospital from 
April 2018 to January 2021. The study was 
approved by the Baoji Central Hospital Ethics 
Committee.

Inclusion criteria: Histologically or molecularly 
confirmed NSCLC diagnosis; Stage IV disease 
according to the 8th edition TNM classifica- 
tion [12]; Received ≥ 2 cycles of ICI therapy 
(monotherapy or combination with chemother-
apy/anti-angiogenic agents); Completed ≥ 30 
months of follow-up with at least one clinical 
evaluation during treatment; Availability of com-
plete baseline and post-treatment hematologi-
cal profiles; Presence of irAEs at grade 1-2.

Exclusion criteria: Severe underlying conditions 
(e.g., severe cardiac or renal dysfunction) prior 
to or during immunotherapy; Pre-existing auto-
immune disorders or immunodeficiency condi-
tions; Non-ICI-based immunotherapy regimens; 
Insufficient clinical data or loss to follow-up; 
Concurrent use of immunomodulatory drugs/
supplements affecting outcomes; Other factors 
affecting survival or prognosis during follow- 
up.

Data collection

Data were obtained from the hospital’s Infor- 
mation System (HIS) and Electronic Medical 
Record (EMR) system. Collected data included:

Basic information: Age, gender, BMI, underly- 
ing conditions (e.g., hypertension, diabetes), 
smoking history, pathological type, ECOG per-
formance status (PS), immunotherapy regimen, 
and the number of immunotherapy lines.

Tumor characteristics: Tumor metastasis, base-
line tumor burden (size and number), and tre- 
atment regimen (immunotherapy, combination, 
or monotherapy).

Laboratory data: Blood test results within 1 
week before the first immunotherapy dose, 
including neutrophil count (ANC), lymphocyte 
count (LYM), NLR, PLR, SII, prognostic nutrition-
al index (AAPR), and albumin-to-platelet ratio 
(AFR).

Assessment and grouping of irAEs

irAEs were defined and assessed using the 
Common Terminology Criteria for Adverse 
Events (CTCAE), 5th edition [13]. Patients were 
divided into two groups: those with irAEs (irAEs 
group) and those without (non-irAEs group).  
The types of irAEs included pneumonia, thyroid  
dysfunction, liver dysfunction, gastrointestinal 
reactions, skin toxicity, and others. The occur-
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rence of irAEs was monitored within 1 week to 
6 months after treatment.

Grade 1: Asymptomatic or mildly symptomatic, 
detected by clinical or laboratory examination, 
requiring no special treatment.

Grade 2: Symptoms present but tolerable, 
requiring local or non-invasive treatment (e.g., 
topical steroids, antidiarrheal drugs), poten- 
tially affecting instrumental activities of daily 
living.

Statistical methods

Data were analyzed using SPSS 26.0 soft- 
ware. Continuous variables were expressed as  
means ± standard deviations (

_
x  ± s) and  

comparisons used independent sample t-tests. 
Categorical variables were expressed as fre-
quencies and percentages (n, %) and compar- 
ed using the Chi-square test or Fisher’s exact 
test. Correlations were analyzed with Pearson’s 
test. Multivariate logistic regression was per-
formed to identify independent risk factors  
for irAEs in NSCLC patients receiving ICIs. 
Kaplan-Meier survival curves were used for  
OS and PFS analysis and survival differences 
were assessed using the Log-rank test. ROC 
curve analysis was adopted to analyze the  
predictive value of hematological indices for 
irAE risk. Statistical significance was set at P < 
0.05.

Results

General information and basic clinical charac-
teristics

A total of 274 patients with NSCLC were enrolled 
in this study. The average age of the patients 
was 62.5±7.4 years, with 189 males and 85 
females. The mean BMI was 22.6±3.2 kg/m2. 
Among the patients, 183 had a history of smo- 
king. Regarding underlying comorbidities, 78 
patients had hypertension, 39 had diabetes 
mellitus, 33 had coronary heart disease, 24 
had COPD, and 14 had other conditions. In 
terms of the pathological subtypes, 196 pa- 
tients were diagnosed with adenocarcinoma, 
and 78 patients had squamous cell carcinoma. 
The treatment history indicated that 138 pa- 
tients received first-line treatment, 104 re- 
ceived second-line treatment, and 32 received 
third-line treatment. The ECOG performance 
status was 0-1 in 212 patients, while 62 pa- 
tients had a PS score of ≥ 2. There were bone 
metastasis in 120 patients, lung metastasis in 
96 patients, liver metastasis in 68 patients, 
and brain metastasis in 32 patients.

Distribution of irAEs types

Out of the 274 NSCLC patients treated with 
ICIs, 116 patients (42.2%) developed irAEs.  
The most common irAE was pneumonia, which 
occurred in 28 patients (24.1%), followed by 
thyroid dysfunction in 26 patients (22.4%), gas-
trointestinal reactions in 22 patients (19.0%), 
skin toxicity in 22 patients (19.0%), and liver 
dysfunction in 18 patients (15.5%) (Figure 1).

Comparison of clinical factors between the 
irAEs group and non-irAEs group

When comparing clinical factors between the 
irAEs group and the non-irAEs group, there  
were no significant differences observed for 
age (P = 0.065), gender (P = 0.594), BMI (P = 
0.595), smoking history (P = 0.335), ECOG PS 
score (P = 0.609), or underlying comorbidi- 
ties. Specifically, no significant differences 
were observed for hypertension (P = 0.853), 
diabetes mellitus (P = 0.212), coronary heart 
disease (P = 0.505), COPD (P = 0.648), chronic 
renal insufficiency (P = 0.826), or other comor-
bid conditions (P = 0.578). Additionally, there 
were no significant differences in the patholo- 

Figure 1. Distribution of irAEs types.
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gical types (P = 0.782), lines of immunotherapy 
(first-line: P = 0.793, second-line: P = 0.597, 
third-line: P = 0.302), use of combination thera-
py (P = 0.872), or tumor metastasis (P = 0.215; 
Table 1).

Comparison of hematological parameters be-
tween the irAEs group and non-irAEs group

The ANC was significantly higher in the irAEs 
group (P = 0.007), while LYM levels were sig- 
nificantly lower (P = 0.037). Additionally, NLR, 
PLR, and SII levels were significantly higher in 
the irAEs group (all P < 0.001). On the other 
hand, AAPR and AFR levels were significantly 
lower in the irAEs group (both P < 0.01; Table 
2).

Prognostic impact of irAEs in NSCLC patients 
undergoing ICI therapy

Survival outcomes were analyzed in 274 NSCLC 
patients, with a follow-up duration of 30 months 
post-ICI initiation. The mean OS and the PFS in 
the irAEs group were significantly shorter than 
those in the non-irAEs group (both P < 0.05). 
Further analysis revealed that there were no 
significant association between irAE severity 
grades and OS (P = 0.202; Table 3 and Figure 
2).

Association between irAE severity and hemato-
logical parameters

Correlation analysis demonstrated no signifi-
cant associations between irAE severity grades 

Table 1. Comparison of clinical factors between the irAEs group and non-irAEs group
Factor irAEs Group (n = 116) Non-irAEs Group (n = 158) t/x2 P
Age (years) 61.90±6.17 63.44±7.55 -1.853 0.065
Gender (Male/Female) 78/38 111/47 0.284 0.594
BMI (kg/m2) 23.06±2.88 22.87±3.14 0.532 0.595
Smoking History (yes/no) 81/35 102/56 0.928 0.335
ECOG PS score (0-1/≥ 2) 88/28 124/34 0.262 0.609
Basic Diseases (n) Hypertension 32 (27.6%) 42 (26.6%) 0.034 0.853

Diabetes 14 (12.1%) 12 (7.6%) 1.559 0.212
Coronary heart disease 11 (9.5%) 19 (%) 0.444 0.505
COPD 20 (%) 24 (15.2%) 0.209 0.648
Chronic renal insufficiency 8 (6.9%) 12 (7.6%) 0.048 0.826
Other 11 (%) 12 (7.6%) 0.310 0.578

Pathological type (n) Adenocarcinoma 84 (72.4%) 112 (70.9%) 0.077 0.782
Squamous cell carcinoma 32 (27.6%) 46 (29.1%)

Immunotherapy lines (n) First line 58 (50.0%) 80 (50.6%) 0.465 0.793
Second line 46 (39.7%) 58 (36.7%)
Third line 12 (10.3%) 20 (12.7%)

Combination Therapy (single agent/combination) 54/62 72/86 0.026 0.872
Baseline tumor metastasis (yes/no) 94/22 118/40 1.541 0.215
Note: BMI: body mass index, COPD: Chronic obstructive pulmonary disease.

Table 2. Comparison of hematological index changes between the irAEs group and non-irAEs group
Group irAEs Group (n = 116) Non-irAEs Group (n = 158) t P
ANC 4.61±1.43 4.17±1.16 2.716 0.007
LYM 1.66±0.47 1.80±0.60 -2.095 0.037
NLR 3.21±0.81 2.58±0.63 6.931 < 0.001
PLR 178.03±43.84 160.67±41.28 3.32 0.001
SII 609.83±107.93 549.07±82.47 5.072 < 0.001
AAPR 0.40±0.07 0.43±0.09 -3.711 < 0.001
AFR 0.95±0.16 1.02±0.19 -3.192 0.002
Note: ANC: Absolute Neutrophil Count, LYM: Lymphocyte Count, NLR: Neutrophil to Lymphocyte Ratio, PLR: Platelet to Lympho-
cyte Ratio, SII: Systemic Immune-Inflammation Index, AAPR: Albumin to Alkaline Phosphatase Ratio, AFR: Albumin to Fibrino-
gen Ratio.
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and any of the evaluated hematological param-
eters, including ANC, LYM, NLR, PLR, SII, AAPR, 
or AFR (all P > 0.05; Figure 3).

Independent risk factors for irAE development

Multivariate logistic regression analysis identi-
fied several hematological parameters as in- 
dependent predictors of irAEs (Figure 4). The 
results showed that elevated ANC, NLR, PLR 
and SII, along with reduced LYM, AAPR and  
AFR were significant independent risk factors 
for the development of irAEs (P < 0.05).

Predictive value of hematological indicators for 
the occurrence of irAEs

ROC curve analysis demonstrated differential 
predictive capacity among the evaluated pa- 
rameters. NLR showed the strongest individual 
predictive value (AUC 0.722, 95% CI 0.660-
0.784). Moreover, a composite model incorpo-
rating NLR, PLR, SII, AAPR, and AFR exhibited 
superior predictive performance (AUC 0.829, 
95% CI 0.781-0.878; P < 0.05 vs NLR alone). 
This suggests that the combined model of 
these hematological indicators has substantial 
predictive value for the occurrence of irAEs in 
NSCLC patients receiving ICIs treatment (Table 
4 and Figure 5).

Discussion

ICIs have revolutionized cancer therapy, dem-
onstrating remarkable efficacy across multiple 
malignancies including NSCLC, melanoma, and 
renal cell carcinoma (RCC) through immune 
system potentiation [14, 15]. However, this 
therapeutic breakthrough comes with a para-
doxical challenge, irAEs, resulting from system-
ic immune hyperactivation. These toxicities fre-
quently involve the skin (rash, pruritis), gastro-
intestinal tract (colitis), hepatic system (hepati-
tis), and endocrine organs (thyroiditis, hypophy-
sitis), creating a complex risk-benefit calculus 
in clinical practice [16].

Our study advances this field by showing that 
ANC, NLR, PLR, and SII are significantly elevat-
ed in the irAE group compared to the non-irAE 
group, while LYM, AAPR, and AFR are reduced 
in NSCLC patients undergoing ICI therapy. 
These findings align with prior research linking 
hematological markers to immune and inflam-
matory states [17, 18]. The neutrophil-dominat-
ed inflammatory signature (elevated ANC/NLR) 
suggests a crucial role for innate immune acti-
vation in irAE pathogenesis [19]. Neutrophils, 
key mediators of acute inflammation, release 
cytokines like IL-6 and TNF-α, amplifying sys-
temic immune responses and potentially driv-

Table 3. Comparison of survival duration between the irAEs and non-irAEs groups
Group Deaths Survivors Mean OS (months) Mean PFS (months)
irAEs group (n = 116) 14 102 17.48±4.98 9.80±4.60
Non-irAEs group (n = 158) 18 140 21.25±4.18 13.20±3.90
t/x2 0.030 -6.610 -6.605
P 0.863 0.000 0.000

Figure 2. Kaplan-Meier survival analysis of OS k-m curves between. A. irae and non-irae groups. B. k-m curves for 
patients with different irae grades. Note: OS: Overall Survival.
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ing tissue damage in irAEs [20]. 
NLR, by capturing the neutrophil-
lymphocyte imbalance, highlights 
both inflammation and immune 
suppression, as reduced LYM 
counts suggest diminished anti-
tumor immunity [21]. Mechan- 
istically, this could stem from lym-
phocyte exhaustion or apoptosis 
amid chronic inflammation, tip-
ping the immune balance toward 
toxicity. Therefore, a high NLR 
may indicate excessive T-cell acti-
vation - intended to combat 
tumors - spilling over into auto- 
immunity, a plausible trigger for 
irAEs in ICI-treated NSCLC.

Figure 3. Correlation analysis of patients with different severity of irAEs with 
hematological indicators. A. Correlation analysis between ANC and patients 
with different severity of irAEs. B. Correlation between LYM and patients 
with different severity of irAEs. C. Correlation between NLR and patients 
with different severity of irAEs. D. Correlation analysis between PLR and 
patients with different severity of irAEs. E. Correlation analysis between SII 
and patients with different severity of irAEs. F. Correlation analysis between 
AAPR and patients with different severity of irAEs. G. Correlation between 
AFR and patients with different severity of irAEs. Note: ANC: Absolute Neu-
trophil Count, LYM: Lymphocyte Count, NLR: Neutrophil to Lymphocyte Ra-
tio, PLR: Platelet to Lymphocyte Ratio, SII: Systemic Immune-Inflammation 
Index, AAPR: Albumin to Alkaline Phosphatase Ratio, AFR: Albumin to Fi-
brinogen Ratio.

Figure 4. Forest plot of logistic regression analysis for each indicator. 
Note: ANC: Absolute Neutrophil Count, LYM: Lymphocyte Count, NLR: 
Neutrophil to Lymphocyte Ratio, PLR: Platelet to Lymphocyte Ratio, SII: 
Systemic Immune-Inflammation Index, AAPR: Albumin to Alkaline Phos-
phatase Ratio, AFR: Albumin to Fibrinogen Ratio.
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PLR, integrating platelet and lymphocyte dy- 
namics, further illuminates the inflammatory 
landscape [22]. Platelets, beyond their clotting 
role, secrete VEGF and PDGF, promoting an- 
giogenesis and immune cell infiltration in the 
tumor microenvironment [23]. An elevated  
PLR in our irAE group suggests that platelet-
driven inflammation synergizes with ICI-induced 

depletion might reflect T-cell exhaustion driven 
by sustained inflammation or checkpoint in- 
hibitor overstimulation, further elevating irAE 
susceptibility.

Lower AAPR and AFR in the irAE group highlight 
the pivotal role of nutritional and immune sta-
tus in ICI outcomes [27]. Albumin, a core com-

Table 4. Predictive value of hematological indicators for the occurrence of irAEs in NSCLC patients 
receiving ICIs treatment
Detection indicators AUC S.E. 95% Cl Specificity Sensitivity P
ANC 0.607 0.036 0.536-0.678 0.509 0.612 0.002
LYM 0.584 0.034 0.516-0.651 0.505 0.522 0.018
NLR 0.722 0.032 0.660-0.784 0.718 0.729 0.000
PLR 0.625 0.034 0.557-0.692 0.601 0.667 0.000
SII 0.662 0.034 0.595-0.729 0.645 0.678 0.000
AAPR 0.645 0.033 0.579-0.710 0.632 0.634 0.000
AFR 0.606 0.034 0.539-0.673 0.598 0.617 0.003
Joint 0.829 0.025 0.781-0.878 0.807 0.875 0.000
Note: ANC: Absolute Neutrophil Count, LYM: Lymphocyte Count, NLR: Neutrophil to Lymphocyte Ratio, PLR: Platelet to Lympho-
cyte Ratio, SII: Systemic Immune-Inflammation Index, AAPR: Albumin to Alkaline Phosphatase Ratio, AFR: Albumin to Fibrinogen 
Ratio.

Figure 5. ROC curve for predicting the occurrence of irAEs in NSCLC pa-
tients receiving ICIs treatment. Note: ANC: Absolute Neutrophil Count, 
LYM: Lymphocyte Count, NLR: Neutrophil to Lymphocyte Ratio, PLR: Plate-
let to Lymphocyte Ratio, SII: Systemic Immune-Inflammation Index, AAPR: 
Albumin to Alkaline Phosphatase Ratio, AFR: Albumin to Fibrinogen Ratio.

immune activation, heightening 
irAE risk. This is particularly rele-
vant in NSCLC, where the tumor 
microenvironment features den- 
se immune cell interactions that 
ICIs disrupt. The mechanistic link 
may involve platelet microparti-
cles or thromboxane, enhancing 
local inflammation and exacer-
bating immune-mediated adver- 
se events.

SII, combining ANC, PLR, and 
LYM, offers a broader snapshot 
of immune dysregulation [24]. Its 
elevation in the irAE group points 
to a hyperactive immune state, 
where neutrophils and platelets 
dominate over lymphocytes [25]. 
This could involve NETs, which 
intensify inflammation and tissue 
injury, or platelet-neutrophil agg- 
regates that amplify immune re- 
sponses, creating a feedback 
loop predisposing patients to 
irAEs [26]. Conversely, lower LYM 
counts in the irAE group suggest 
impaired adaptive immunity, criti-
cal for immune homeostasis dur-
ing ICI therapy. This lymphocyte 
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ponent of both ratios, serves as a barometer  
of nutritional health and immune competence, 
while elevated alkaline phosphatase and fibrin-
ogen signal heightened inflammation and coag-
ulation activity [28]. Reduced AAPR and AFR 
likely indicate a catabolic state induced by 
chronic inflammation, depleting anti-inflamma-
tory proteins such as albumin-bound antioxi-
dants that normally mitigate irAEs. High fibrino-
gen, which lowers AFR, may exacerbate this by 
fostering a pro-inflammatory and pro-thrombot-
ic environment, potentially through fibrin depo-
sition in affected tissues, worsening immune-
mediated damage. Mechanistically, low albu-
min could impair the transport of immunosup-
pressive molecules, allowing unchecked immu- 
ne activation, while elevated fibrinogen might 
enhance neutrophil recruitment via integrin  
signaling, amplifying irAE severity. These mark-
ers thus bridge systemic health and immune 
function, suggesting that malnutrition or im- 
mune suppression disrupts the delicate regula-
tion of ICI-induced immune responses, increas-
ing irAE risk. In NSCLC, where cachexia and 
chronic inflammation are prevalent, baseline 
malnutrition and immune dysfunction may pri- 
me patients for excessive immune activation 
upon ICI initiation. This imbalance could shift 
the therapeutic equilibrium from controlled 
antitumor immunity to unchecked autoinflam-
mation, heightening irAE susceptibility. 

Logistic regression confirmed ANC, LYM, NLR, 
PLR, SII, AAPR, and AFR as independent pre- 
dictors of irAEs in NSCLC patients on immuno-
therapy. Detectable a week before ICI initia- 
tion, these markers provide an early warning 
system, enabling clinicians to identify high-risk 
patients and implement preventive strategies, 
such as anti-inflammatory agents (e.g., cortico-
steroids) or intensified monitoring. This predic-
tive window is crucial, as it allows preemptive 
action before irAEs manifest clinically, poten-
tially reducing their incidence and severity. 
Kaplan-Meier analysis revealed lower OS and 
PFS in the irAE group compared to the non-irAE 
group, contrasting with reports linking irAEs to 
improved outcomes in certain cancers [29]. 
Our data suggests decreased survival, likely 
due to severe immune overactivation over-
whelming therapeutic benefits, leading to sys-
temic toxicity that compromises patient resil-
ience [30]. This paradox reflects the dual- 
edged nature of ICI therapy: while immune acti-

vation drives anti-tumor effects, excessive re- 
sponses can trigger debilitating irAEs, negating 
survival gains. For instance, severe irAEs like 
pneumonitis or hepatitis could directly impair 
vital organ function, accelerating disease pro-
gression or treatment discontinuation. This un- 
derscores the clinical challenge of optimizing 
ICI efficacy while minimizing toxicity, necessi-
tating tailored management guided by these 
hematological predictors, such as dose titra-
tion or adjunctive immunosuppression.

ROC analysis showed that combining multiple 
markers outperformed NLR alone in predicting 
irAEs. This multi-marker model captures the 
interplay of inflammation (NLR, PLR, SII), im- 
mune suppression (LYM), and nutritional status 
(AAPR, AFR), offering a robust risk assessment 
tool. Clinically, routine blood tests could lever-
age this approach to flag high-risk patients for 
early interventions - e.g., dose adjustments or 
supportive care, to enhancing irAE prevention 
and management.

Our study’s retrospective nature introduces 
potential selection bias, and its single-center 
design may limit generalizability due to regional 
variability. Without multicenter validation, the 
findings’ broader applicability remains uncer-
tain. Additionally, while we established asso- 
ciations between hematological markers and 
irAEs, the underlying mechanisms - e.g., specif-
ic cytokine pathways, T-cell subsets, or NETosis 
- require deeper exploration. Future prospec-
tive, multicenter studies should validate these 
results and dissect these pathways to refine 
personalized ICI strategies.

Conclusion

In summary, ANC, NLR, PLR, SII, AAPR, and AFR 
serve as valuable predictors of irAEs in NSCLC 
patients on ICI therapy. Their combined assess-
ment enhances early risk stratification, inform-
ing personalized treatment plans to reduce irAE 
incidence and improve safety.
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