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ABSTRACT: Objective: This study assesses peripheral blood parameters as predictors of programmed cell death
protein-1 (PD-1) inhibitor efficacy in advanced non-small cell lung cancer (NSCLC). Methods: We retrospectively
analyzed 169 advanced NSCLC patients receiving first-line PD-1 inhibitor-based therapy. Baseline blood parameters
and clinical characteristics were recorded. Logistic regression assessed associations with immune-related adverse events
(irAEs). Chi-square tests compared efficacy and safety across treatment groups. Results: Baseline albumin/fibrinogen
ratio (ALB/FIB) and PIV were associated with all-grade irAEs (p < 0.05), while PIV was markedly associated with
grade >3 irAEs (p < 0.01). Multivariate analysis identified that the baseline pan-immune inflammation value (PIV)
was independently associated with the occurrence of irAEs (p < 0.01). Compared to PD-1 inhibitor plus chemotherapy,
adding bevacizumab increased oral mucositis (p = 0.010) and was linked to a later clinical stage (p = 0.001). In patients
receiving peri-immunotherapy radiotherapy, leukopenia was more frequent (p = 0.030). Conclusion: Baseline PIV is
independently associated with the occurrence of irAEs in advanced NSCLC patients receiving first-line PD-1 inhibitor
therapy. Adding bevacizumab or radiotherapy may modify safety profiles.
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1 Introduction

In 2022, there were 2.48 million newly diagnosed cases of lung cancer worldwide, with over 1.82 million
deaths, making it the leading cause of both cancer incidence and mortality globally [1]. Non-small Cell Lung
Cancer (NSCLC) accounts for approximately 85% of all newly diagnosed lung cancer cases [2]. Most NSCLC
patients are diagnosed at an advanced stage, often accompanied by systemic metastasis [3]. Although
conventional chemotherapy remains a primary treatment modality, it faces significant challenges, including
limited efficacy, drug resistance, and severe side effects [4]. Studies have shown that the suppression of T-cell
cytotoxic activity and the production of key cytokines, such as interleukin-2 (IL-2) and interferon-gamma
(IFN-vy), facilitates tumor immune evasion and ultimately promotes tumor progression [5]. Programmed
cell death protein 1 (PD-1) inhibitors, by blocking the interaction between PD-1 and programmed
death-ligand 1 (PD-L1), significantly enhance T-cell cytotoxicity, offering new hope for the treatment
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of advanced NSCLC [6-8]. Moreover, the efficacy of these inhibitors is influenced not only by the intensity
of the immune response but also by the occurrence of immune-related adverse events (irAEs) [9-12].

Inflammatory responses are closely associated with tumor initiation and progression. Inflammatory
cells such as platelets (PLT), neutrophils (NEUT), and monocytes (MONO) contribute to tumorigenesis,
invasion, and metastasis within the tumor microenvironment (TME) by upregulating cytokines and
inflammatory mediators [13]. NEUT, MONO, and PLT can directly or indirectly influence the liver, facilitating
the synthesis and release of C-reactive protein (CRP). Elevated CRP levels are positively correlated with
the infiltration of CD8" T cells and regulatory T cells [14]. Hyperactivation of effector T cells can trigger
systemic inflammatory responses, increasing the risk of irAEs.

Against this background, this study aims to predict the occurrence of irAEs in advanced NSCLC
patients undergoing first-line PD-1 inhibitor therapy by monitoring peripheral inflammatory cell levels and
calculating the baseline pan-immune inflammation value (PIV). This approach seeks to identify patients
most likely to benefit from immunotherapy and optimize individualized treatment strategies.

2 Material and Methods
2.1 Study Subjects

From November 2018 to October 2023, this study retrospectively collected data from 4450 patients
with advanced NSCLC who were admitted to Qingdao Municipal Hospital for the first time. Through the
application of inclusion and exclusion criteria, a total of 169 patients were ultimately selected, comprising
103 cases of adenocarcinoma and 66 cases of squamous cell carcinoma. All enrolled patients were negative for
driver genes (wild-type). Inclusion and exclusion criteria are shown in the supplementary material (Fig. S1).

These patients were divided into three groups: Group A consisted of 106 patients receiving PD-1
inhibitors combined with platinum-based doublet chemotherapy; Group B included 20 patients receiving
PD-1 inhibitor monotherapy; and Group C comprised 43 patients receiving PD-1 inhibitors combined with
bevacizumab and platinum-based doublet chemotherapy. Based on exposure factors, the entire study cohort
was divided into two groups: the IT-RT group (receiving radiotherapy within 40 days before and after
immunotherapy) and the IT-only group (receiving immunotherapy without radiotherapy).

For patients who received radiotherapy (IT-RT subgroup), treatment was delivered using
intensity-modulated radiotherapy (IMRT) or three-dimensional conformal radiotherapy (3D-CRT). Thoracic
radiotherapy targeted the primary tumor or involved lymph nodes with doses ranging from 45 Gy to 66 Gy
in conventional fractionation (1.8-2.0 Gy/fraction). Palliative radiotherapy for bone metastases typically
employs hypofractionated schedules (e.g., 30 Gy/10 fractions or 20 Gy/5 fractions). Brain metastases
were managed with whole-brain radiotherapy (30 Gy/10 fractions) or stereotactic radiosurgery (SRS) as
appropriate. The decision to administer radiotherapy and the selection of target volumes and doses were at
the discretion of the multidisciplinary team based on clinical indications. Radiotherapy was considered
‘within 40 days’ if it was initiated between 40 days before and 40 days after the first dose of immunotherapy,
a window previously associated with optimal immune modulation.

We confirmed that all methods were carried out in accordance with relevant guidelines and regulations.
We confirmed that all experimental protocols were approved by the Ethics Committee of the Zigong Fourth
People’s Hospital (Approval No.: 2024-LW-087-090). We confirmed that informed consent was obtained
from all subjects. This study was conducted in accordance with the Declaration of Helsinki.
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2.2 Data Collection

This study collected data on patients’ demographics, clinical characteristics, treatment outcomes,
treatment-related adverse events (TRAEs), and irAEs. Within 7 days prior to the first dose of PD-1 inhibitor
or bevacizumab administration, recent blood parameters were documented, including albumin (ALB),
plasma fibrinogen (FIB), PLT, MONO, NEUT, and lymphocyte count (LYMPH). The PIV was then calculated
as [(NEUT x PLT x MONO)/LYMPH], along with the albumin-to-fibrinogen ratio (ALB/FIB or AFR).

2.3 Observation Indicators and Efficacy Evaluation Criteria

2.3.1 Clinical Efficacy Evaluation

Following anti-tumor treatment, patients underwent imaging examinations every 1-3 cycles to assess
changes in both pulmonary and extrapulmonary tumors. For patients receiving first-line PD-1 inhibitor
therapy, clinical efficacy was evaluated according to the immune-related response criteria for solid tumors
(iRECIST) [15]. Immune Complete Response (iCR) is defined as the disappearance of all target lesions,
with pathological lymph nodes reduced to a short axis of less than 10 mm, and no new lesions appearing.
Immune Partial Response (iPR) is characterized by a reduction in tumor size by 30% or more compared to
the baseline. Immune-confirmed Progressive Disease (icPD) is identified by the emergence of new tumor
lesions or an increase in tumor burden by 20% or more, confirmed upon reevaluation after one month.
Immune Stable Disease falls between iPR and icPD. Progression-free survival (PFS) refers to the duration
from the initiation of anti-PD-1 therapy in a patient to the occurrence of disease progression or death
from any cause. Mean PFS was defined as the arithmetic mean of progression-free survival time for all
patients. Median PFS (mPFS) represents the time point at which the cumulative progression-free survival
rate reaches 50%.

2.3.2 Adverse Reaction Grading

For patients receiving first-line PD-1 inhibitor therapy, from the initiation of PD-1 treatment until
disease progression, irAEs were evaluated and recorded according to the Common Terminology Criteria
for Adverse Events (CTCAE) version 5.0 and the NCI grading scale. The types, grades, and follow-up of
irAEs were documented. All enrolled patients were classified according to the TRAE grading standard [16],
ranging from grade I to grade V. Norris Drug Adverse Reaction Evaluation Criteria [17] is shown in
supplementary material (Table S1).

2.3.3 Follow-Up

Patients were followed up through the hospital’s unified medical record system, PACS imaging system,
and telephone communication. The follow-up period concluded in October 2023. Data collection included
admission records, clinical course records, treatment plans, medical orders, laboratory results, and imaging
reports.

2.4 Statistical Analysis

Data analysis was conducted using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) for statistical
computations and GraphPad Prism version 9.0 (GraphPad Software, San Diego, CA, USA) for graphical
representation. Categorical data were presented as frequencies (percentages), and differences in clinical
characteristics between groups were assessed using chi-square tests or Fisher’s exact tests. Logistic
regression analysis was employed to investigate the associations between various baseline factors and
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irAEs. During the selection process, variables with a p-value < 0.05 in univariate regression analysis were
included in the multivariate analysis. Chi-square tests or Fisher’s exact tests were utilized to compare
differences in clinical staging, recent efficacy assessments, one-year progression-free survival rates, and
irAEs across groups.

3 Results

3.1 Baseline Characteristics

This study collected clinical baseline data from 169 patients with advanced NSCLC who received
first-line PD-1 inhibitor therapy. Within the study cohort, NSCLC was classified as lung adenocarcinoma
(61%) and squamous cell carcinoma (39%). Based on exposure factors, the cohort was divided into the
IT-RT group (receiving radiotherapy within 40 days before or after immunotherapy) and the IT-only group
(receiving only immunotherapy without radiotherapy). Details are provided in Table 1.

Table 1: Clinical baseline characteristics of advanced non-small cell lung cancer (NSCLC) patients receiving first-line
anti-PD-1 therapy.

IT-RT IT-Only
Factors Group A Group B Group C Group Group p-Value
Age (year) 0.989
<65, 11 (%) 47 (44.3) 8 (40) 22 (51.2) 22 (47.8) 56 (45.5)
>65, 1 (%) 59 (55.7) 12 (60) 21 (48.8) 24 (52.2) 67 (54.5)
Gender 0.759
Male, n (%) 95 (89.6) 13 (65) 34 (79.1) 37 (80.4) 104 (84.6)
Female, n (%) 11 (10.4) 7 (35) 9 (20.9) 9 (19.6) 19 (15.4)
Smoking history 0.358
Yes, n (%) 74 (69.8) 8 (40) 23 (53.5) 23 (50.0) 79 (64.2)
No, n (%) 32 (30.2) 12 (60) 20 (46.5) 23 (50.0) 44 (35.8)
Pathological type 0.294
Adenocarcinoma, n (%) 51 (48.1) 12 (60) 40 (93.0) 31 (67.4) 72 (58.5)
Squamous cell carcinoma, n (%) 55 (51.9) 8 (40) 3(7.0) 15 (32.6) 51 (41.5)
Tumor staging 0.067
Stage I1I, n (%) 43 (40.6) 7 (35) 5 (11.6) 10 (21.7) 45 (36.6)
Stage IV, n (%) 63 (59.4) 13 (65) 38 (88.4) 36 (78.3) 78 (63.4)
Brain metastasis <0.001***
Yes, n (%) 14 (13.2) 1(5) 10 (23.3) 16 (34.8) 9(7.3)
No, n (%) 92 (86.8) 19 (95) 33 (76.7) 30 (65.2) 114 (92.7)
Bone metastases 0.042*
Yes, n (%) 19 (17.9) 1(5) 11 (25.6) 13 (28.3) 18 (14.6)
No, n (%) 87 (82.1) 19 (95) 32 (74.4) 33 (71.7) 105 (85.4)
Intrapulmonary metastasis 0.153
Yes, n (%) 65 (61.3) 6 (30) 24 (55.8) 24 (52.2) 79 (64.2)
No, n (%) 41 (38.7) 14 (70) 19 (44.2) 22 (47.8) 44 (35.8)
Surgery 0.030"
Yes, n (%) 30 (28.3) 5 (25) 7 (16.3) 6 (13.0) 36 (29.3)
No, n (%) 76 (71.7) 15 (75) 36 (83.7) 40 (87.0) 87 (70.7)
Programmed Death-Ligand 1 (PD-L1) 0.715
expression level ’
<50%, 1 (%) 26 (24.5) 1(5) 8 (18.6) 8 (17.4) 27 (22.0)
>50%, n (%) 22 (20.8) 16 (80) 5 (11.6) 11 (23.9) 32 (26.0)

Unknown, n (%) 58 (54.7) 3 (15) 30 (69.8) 27 (58.7) 64 (52.0)
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Table 1: Cont.

IT-RT IT-Only
Factors Group A Group B Group C Group Group p-Value
mPFS 0.765
<mPFS, n (%) 53 (50.0) 10 (50) 21 (48.8) 22 (47.8) 62 (50.4)
>mPFS, n (%) 53 (50.0) 10 (50) 22 (51.2) 24 (52.2) 61 (49.6)

*k K

Abbreviations: mPFS, median progression-free survival. *p < 0.05, ***p < 0.001, statistically significant difference.

3.2 The Diagnostic Value of Clinical Characteristics and Blood Parameters for irAEs

Univariate analysis revealed significant associations between irAE and factors such as intrapulmonary
metastasis, tumor stage, ALB/FIB, and PIV. Multivariate analysis demonstrated that intrapulmonary metastasis
(OR: 0.705, 95% CI: 0.106—4.690, p = 0.718), tumor stage (OR: 1.948, 95% CI: 0.970~3.913, p = 0.061), and AFR (OR:
1.180, 95% CI: 0.868-1.603, p = 0.291) were not independent predictors of irAE. However, PIV (OR: 1.014, 95%
CI: 1.005-1.022, p = 0.002) was identified as an independent factor associated with irAE occurrence. Detailed
results are presented in Table 2.

Table 2: Univariate and multi-factor analysis of irAE in patients with advanced NSCLC.

Univariate Analysis Multi-Factor Analysis
Factors
OR 95% CI p-Value OR 95% CI p-Value

Gender

Male (reference) vs. Female 1.653 0.708~3.857 0.245
Age

>65 (reference) vs. < 65 1.277 0.696~2.343 0.430
Smoking history

Yes (reference) vs. No 1.030 0.553~1.920 0.925
Brain metastasis

Yes (reference) vs. No 1.032 0.441~2.414 0.943
Bone metastases

Yes (reference) vs. No 1.307 0.594~2.872 0.506
Intrapulmonary metastasis

Yes (reference) vs. No 0.532 0.283~0.999 0.047* 0.705 0.106~4.690 0.718
Tumor stage

Stage III (reference) vs. Stage IV~ 2.181 1.12~4.247 0.022* 1.948 0.970~3.913 0.061
Surgery

Yes (reference) vs. No 1.651 0.809~3.369 0.168
Radiotherapy

Yes (reference) vs. No 0.864 0.438~1.701 0.672
AFR 0.912 0.835~0.998 0.044* 1.180 0.868~1.603 0.291
CAR 1.256 0.769~2.051 0.362
PIV 1.012 1.004~1.019 0.003** 1.014 1.005~1.022 0.002**
NLR 1.058 0.942~1.189 0.339
PLR 1.003 0.999~1.006 0.112
LMR 1.001 0.82~1.223 0.989

Abbreviations: ALB/FIB (AFR), albumin/fibrinogen ratio; CRP/ALB (CAR), C-reactive protein/albumin ratio; (NEUT x PLT x
MONO)/LYMPH (PIV), (neutrophils x platelets x monocytes)/lymphocytes ratio, also known as the pan-immune-inflammation
value; NEUT/LYMPH (NLR), neutrophils/lymphocytes ratio; PLT/LYMPH (PLR), platelets/lymphocytes ratio; LYMPH/MONO.
(LMR), lymphocytes/monocytes ratio; OR, Odds Ratio; CI, Confidence Interval. *p < 0.05 indicates statistical significance. “*p < 0.01.



6 Oncol Res. 2026;34(7):27

3.3 The Incidence of irAEs under Different Treatment Modalities

Among the 169 patients included in the data analysis, 80 patients experienced irAEs of varying grades,
with an overall incidence rate of 47.34% (80/169). As shown in Table S2, the most common irAEs were
irAE dermatitis 15.38% (36/169), irAE thyroid dysfunction 9.47% (16/169), irAE pneumonitis 7.69% (13/169),
and irAE gastrointestinal reactions 4.73% (8/169). Among these, >grade 3 irAEs accounted for 22.94% of
all irAEs. The most frequent > grade 3 irAE was irAE dermatitis 5.92% (10/169). The immunotherapy
process was relatively stable, with a discontinuation rate of 13.02% (22/169) among all enrolled patients.
The discontinuation rate in group A was 15.09% (16/106), in group C was 13.95% (6/43)], and there were no
discontinuation cases in group B. Among all enrolled patients, 22 discontinued treatment due to severe
irAEs. Clinical treatment decisions were made based on the type and grade of irAEs, with most irAEs
improving after discontinuation of therapy, steroids, and symptomatic treatment. However, in group A, two
patients (1.89%) with grade V irAE pneumonitis did not improve despite steroid and symptomatic treatment
and died due to the severity of their underlying condition.

3.4 The Predictive Value of Baseline Inflammatory Markers for irAE Occurrence Based on ROC
Curve Analysis

Baseline inflammatory marker ROC curves were plotted based on the incidence of irAEs in patients
(Fig. 1). When assessing the occurrence of irAEs in patients, the AUC for AFR was 0.710, with a sensitivity
of 96.3%, specificity of 4.5%, and a cut-off value of 5.075. For PIV, the AUC was 0.915, with a sensitivity of
85%, specificity of 91%, and a cut-off value of 500.437. When evaluating the occurrence of grade >3 irAEs,
the AUC for PIV was 0.719, with a sensitivity of 82.6%, specificity of 63%, and a cut-off value of 507.81
(Tables S3 and S4).
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Figure 1: Predictive value of haematological indicators. (A) Receiver operating characteristic curves plotted according
to the incidence of various grades of irAEs. (B) Receiver operating characteristic (ROC) curves plotted based on the

incidence of grade > 3 irAEs. AUC, Area under the curve.

3.5 The Impact of Different Combination Therapies on the Incidence of irAEs

In the comparison of various grades of irAEs, Group C patients exhibited a significantly higher incidence
of oral mucositis (p = 0.010), with no other statistically significant differences observed (Table S5). In the
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IT-RT group, patients showed a significantly higher incidence of leukopenia (p = 0.030), with no other
statistically significant differences noted (Table 3).

Table 3: Comparison of the incidence and severity of irAEs between the IT-RT group and the IT-only group.

Statistical

IrAE All Patients IT-RT Group IT-Only Group Values p-Value
n=169 n=46 n=113
Various grades of irAEs Dermatitis, n (%) 26 (15.38) 8(17.39) 18 (15.93) 0.196 0.658
Thyroid dysfunction, n (%) 15 (8.88) 4 (8.70) 11 (9.73) 0.044 0.834
Gastrointestinal reactions, n (%) 8 (4.73) 4 (8.70) 4 (3.54) 3.853 0.051
Pneumonia, n (%) 13 (7.69) 2 (4.348) 11 (9.73) 0.996 0.318
Capillary proliferation, n (%) 9 (5.33) 3 (6.52) 6 (5.31) 0.179 0.672
Liver dysfunction, n (%) 3(1.78) 1(2.17) 2(1.77) 1.073 0.300
Fever, n (%) 7 (4.14) 1(2.17) 6 (5.31) 0.35 0.554
Neutropenia, n (%) 4(2.37) 2 (4.35) 2(1.77) 1.073 0.300
Oral mucositis, n (%) 5 (2.96) 1(2.17) 4 (3.54) 0.136 0.713
Leukopenia, n (%) 4(2.37) 3 (6.52) 1(0.88) 4722 0.030
Anemia, n (%) 4(2.37) 2 (4.35) 2(1.77) 1.073 0.300
Blurred vision, n (%) 3(1.78) 1(2.17) 2(1.77) 0.058 0.810
Myocarditis, n (%) 3 (1.78) 0 (0.00) 3 (2.65) 1.142 0.285
Fatigue, n (%) 2 (1.18) 0 (0.00) 2 (1.77) 0.757 0.384
Thrombocytopenia, n (%) 2(1.18) 1(2.17) 1(0.88) 0.530 0.467
Dysphagia, n (%) 2 (1.18) 1(2.17) 1(0.88) 0.530 0.467
Telangiectasia, n (%) 1(0.59) 0 (0.00) 1(0.88) 0.376 0.540
IrAE severity
Any grade, n (%) 111 (65.68) 34 (73.91) 77 (68.14) 0.18 0.672
Grade 1-2, n (%) 88 (52.07) 27 (58.70) 61 (53.98) 0.031 0.859
Grade > 3, n (%) 23 (13.61) 7 (15.22) 16 (14.16) 0.139 0.709
*p < 0.05.

3.6 The Impact of Different Combination Therapies on Patient Prognosis

Group A patients: mPFS of 11.62 months, Mean PFS of 13.17 months, and a one-year PFS rate of 47.17%.
Group C patients: mPFS of 10.87 months, mean PFS of 13.60 months, and a one-year PFS rate of 60.47%. As
indicated in Table S6, Group C patients have a significantly later average clinical stage compared to Group
A, with a statistically significant difference (p = 0.001). However, there is no significant statistical difference
in recent clinical efficacy assessments between the two groups (p > 0.05).

Group A (Stage IV) patients: mPFS of 9.90 months, mean PFS of 11.88 months, and a one-year PFS rate
of 38.10%. Group C (Stage IV) patients: mPFS of 10.47 months, mean PFS of 12.92 months, and a one-year
PFS rate of 42.11%. As indicated in Table S7, there is no significant statistical difference in recent clinical
efficacy assessments between Group A (Stage IV) and Group C (Stage IV) patients (p > 0.05).

3.7 Impact of Combined Radiotherapy and Immunotherapy on Patient Prognosis

IT-RT subgroup patients: mPFS of 12.06 months, mean PFS of 13.36 months, and a one-year PFS rate of
50.00%. I'T-only subgroup patients: mPFS of 11.07 months, mean PFS of 13.19 months, and a one-year PFS
rate of 46.34%. Compared to the IT-only group, the IT-RT group showed no significant statistical difference
in average clinical stage (p = 0.067). PFS curves, based on the relationship between PFS and radiotherapy in
the entire treatment cohort, were plotted (Fig. 2), indicating no significant improvement in PFS for the IT-RT
group compared to the IT-only group (p > 0.05). As shown in Table S8, there is no significant statistical
difference in recent clinical efficacy evaluations between the IT-RT and IT-only groups (p > 0.05).
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Figure 2: Prognostic differences between subgroups. (A), The relationship between PFS and radiotherapy across
subgroups in the entire treatment cohort; (B), The relationship between PFS and irAEs in the IT-RT subgroup; (C),
The relationship between PFS and irAEs in the IT-only subgroup.

IT-RT group (Stage IV) patients: mPFS of 10.73 months, mean PFS of 12.02 months, and a one-year PFS
rate of 41.67%. IT-only group (Stage IV) patients: mPFS of 9.90 months, mean PFS of 12.36 months, and a
one-year PFS rate of 39.74%. As indicated in Table S9, there is no significant statistical difference in recent
clinical efficacy evaluations between the IT-RT group (Stage IV) and the IT-only group (Stage IV) (p > 0.05).

In the IT-RT subgroup, patients with irAEs: mPFS of 10.87 months, mean PFS of 14.12 months, and a
one-year PFS rate of 43.48%. Patients without irAEs: mPFS of 13.37 months, mean PFS of 12.65 months, and
a one-year PFS rate of 56.52%. As shown in Table S10, within the IT-RT subgroup, patients without irAEs
compared to those with irAEs exhibit no significant statistical difference in average clinical stage (p = 0.074)
or in recent clinical efficacy evaluations (p > 0.05). PFS curves based on the relationship between PFS and
irAEs in the IT-RT subgroup (Fig. 2) indicate no significant improvement in PFS for patients without irAEs
compared to those with irAEs (p > 0.05).

In the IT-RT subgroup, Stage IV patients with irAEs: mPFS of 9.90 months, mean PFS of 12.86 months,
and a one-year PFS rate of 38.10%. Patients without irAEs: mPFS of 11.10 months, mean PFS of 10.85 months,
and a one-year PFS rate of 46.67%. As indicated in Table S11, there is no significant statistical difference in
recent clinical efficacy evaluations between Stage IV patients with irAEs and those without irAEs in the
IT-RT subgroup (p > 0.05).

In the IT-only subgroup, patients with irAEs had a median PFS of 9.53 months, a mean PFS of 11.89
months, and a one-year progression-free survival rate of 38.60%. In contrast, patients without irAEs had a
median PFS of 12.58 months, a mean PFS of 14.32 months, and a one-year PFS rate of 53.03%. According to
Table S12 and Fig. 2, while there were no significant statistical differences between the groups in terms
of average clinical staging and recent efficacy evaluation (p > 0.05), patients without irAEs exhibited a
significantly longer PFS (p = 0.012). Table S13 shows that, within the IT-only subgroup, there were no
significant statistical differences in recent clinical efficacy evaluation between Stage IV patients with and
without irAEs (p > 0.05).

4 Discussion

In this study, we observed that irAEs in patients with advanced NSCLC undergoing anti-PD-1 therapy
mainly manifested as dermatological, gastrointestinal, pulmonary, and endocrine toxicities, consistent
with the ASCO Clinical Practice Guidelines [18]. Among these, irAE dermatitis was the most common
>Grade 3 irAE. The occurrence of irAEs not only impacts patients’ quality of life but is also correlated
with immunotherapeutic efficacy [19]. Interestingly, our findings echo previous studies, indicating that in
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the context of first-line anti-PD-1 therapy for advanced NSCLC, the absence of irAEs in patient cohorts is
associated with favorable immunotherapy outcomes. To minimize the incidence of severe irAEs, optimize
therapeutic efficacy, and enhance quality of life for patients with advanced NSCLC, our study underscores
the importance of meticulous irAE risk assessment and management prior to initiating anti-PD-1 therapy.
However, other studies have shown that irAEs induced by ICIs may be associated with better prognosis in
NSCLC patients [20,21]. In lung cancer patients, gastrointestinal toxicities associated with irAEs may be
linked to microbiota diversity [22]. Pulmonary toxicities primarily include granulomatous lung disease
and pneumonia, with a notably higher incidence in overweight and obese individuals [23]. Particularly in
NSCLC patients, the incidence of irAE-induced pneumonia is elevated [24], potentially related to enhanced
T-cell activity and respiratory microbiome dysbiosis resulting from prolonged or extensive antibiotic
use [25]. Endocrine toxicities induced by anti-PD-1 therapy predominantly affect thyroid function, typically
presenting as either hyperthyroidism or hypothyroidism. Clinically, irAEs are predominantly Grade I-II,
with a low incidence of >Grade III. Mild irAEs often do not require immediate clinical intervention, can be
observed or symptomatically treated, and are self-limiting [26]. Despite the minor impact of mild irAEs on
patients, their relationship with prognosis remains unclear, with limited research in this area. irAEs exhibit
a double-edged effect: on one hand, mild irAEs may indicate higher response rates and better therapeutic
outcomes of immune checkpoint blockade (ICB); on the other hand, severe irAEs, while potentially indicative
of improved efficacy, also suggest a higher risk of adverse reactions, even life-threatening ones. Therefore,
irAE management strategies should aim to identify and effectively handle mild to moderate irAEs early
while preventing the occurrence of severe irAEs, thus balancing the delicate relationship between treatment
efficacy and patient safety.

Studies have demonstrated that systemic inflammatory response plays a crucial role in tumorigenesis
and tumor progression [27]. Neutrophils contribute to tumor proliferation and metastasis by secreting
and releasing various cytokines and pro-angiogenic factors [28]. Similarly, activated platelets promote
tumor immune evasion through integrins, fibrinogen, and P-selectin [29], while monocytes exert
immunosuppressive effects by recruiting Tregs within the tumor microenvironment [30]. Lymphocytes,
as essential components of the immune system, have low counts indicative of poor tumor prognosis [31].
Additionally, these inflammatory cells can produce and release inflammatory mediators, such as TNF«, IL-1,
and IL-6, which not only directly stimulate the synthesis and release of CRP but also attract and activate
other inflammatory cells, amplifying inflammatory signals [32]. Higher CRP levels are associated with
lower CD4" T cell levels, which are critical for antitumor immune responses [33]. Studies have also found
that elevated CRP levels are positively correlated with CD8* T cell and Treg infiltration [34], leading to
heightened activation of effector T cells, systemic inflammatory response, and the occurrence of various
irAEs. IL-6 plays an active role in both innate and adaptive immunity, such as Th cell activation, Treg
inhibition, and B cell differentiation [35]. Elevated IL-6 levels in patients undergoing immunotherapy
are significantly associated with an increased incidence of irAEs [36]. ICI treatment may trigger a robust
immune response, leading to increased secretion of inflammatory cytokines, recruiting more inflammatory
cells to the tumor site, and amplifying the inflammatory effect [37]. PIV is a comprehensive indicator
reflecting the body’s immune and inflammatory status, usually calculated by combining multiple blood
parameters, namely the [(NEUT x PLT x MONO)/LYMPH] ratio. The results of this study indicate that
baseline PIV levels, whether high or low, are closely associated with the occurrence of irAEs in advanced
NSCLC patients before anti-PD-1 therapy. It is speculated that anti-PD-1 therapy in advanced NSCLC
patients can induce an excessive immune storm, increasing the secretion of inflammatory cytokines, with
high baseline PIV levels accelerating this process, ultimately leading to a significantly higher incidence of
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irAEs of all grades or >Grade III irAEs. Therefore, based on the experimental results, we hypothesize that
low baseline PIV levels may be associated with a favorable prognosis in immunotherapy.

As early as December 2018, the combination of atezolizumab, bevacizumab, paclitaxel, and carboplatin
was approved by the U.S. Food and Drug Administration (FDA) and recommended as a first-line treatment
for metastatic non-squamous non-small cell lung cancer (nsqNSCLC). In this study, we observed that,
compared to Group A, patients in Group C had a significantly later average clinical stage (p = 0.001),
indicating a more advanced disease progression in Group C. However, there was no significant statistical
difference in Objective Response Rate (ORR) between the two groups (p = 0.506), suggesting that both
treatment strategies may have similar efficacy in reducing tumor size. Notably, the mean PFS (13.60 months
vs. 13.17 months) and one-year PFS rate (60.47% vs. 47.17%) were higher in Group C than in Group A.
These results highlight that the addition of bevacizumab to a PD-1 inhibitor combined with platinum-based
doublet chemotherapy may partially improve the prognosis of patients with advanced NSCLC, particularly
those with Stage IV disease. The potential mechanisms for this efficacy are as follows: First, bevacizumab
effectively inhibits angiogenesis by targeting VEGF, helping to restore normal vascular structure, improve
blood circulation, increase tissue perfusion, and enhance T cell infiltration into tumors, thereby improving
the immune microenvironment. Second, vascular normalization may enhance T cell activation and tumor
antigen presentation by activating dendritic cells (DCs) [38]. Additionally, PD-1 inhibitors may induce the
normalization of aberrant tumor vasculature [39]. Finally, bevacizumab increases vascular permeability and
reduces interstitial pressure, thereby accelerating the delivery of cytotoxic chemotherapy drugs, increasing
their concentration within tumor tissues, and ultimately enhancing the cytotoxic effect on tumor cells [40].

The results of the KEYNOTE-021 study indicate that compared to the combination of pembrolizumab
with platinum-based chemotherapy, the addition of bevacizumab to this regimen may increase the risk
of specific irAEs [41]. Similarly, our study found that introducing bevacizumab to PD-1 inhibitor-based
chemotherapy could partially improve the prognosis of patients with advanced NSCLC, while also increasing
the risk of irAE-related oral mucositis (p = 0.01). We attribute this phenomenon to several factors: First,
PD-1 inhibitors activate the immune system to target tumor cells, but they may also mistakenly attack
normal tissues, leading to immune-mediated tissue damage such as oral mucositis. Second, as a VEGF
monoclonal antibody, bevacizumab inhibits tumor angiogenesis but also reduces blood supply to normal
tissues, thereby impairing tissue self-repair. Finally, the combination of PD-1 inhibitors and bevacizumab
may have a synergistic effect, enhancing anti-tumor activity but also potentially exacerbating damage to
normal tissues, particularly those sensitive to injury, such as the oral mucosa.

The results of this study indicate that combining radiotherapy with immunotherapy only increased
the risk of irAE-related leukopenia, without significantly affecting other irAEs. This phenomenon may
be attributed to several factors: First, radiotherapy can damage bone marrow hematopoietic stem cells,
reducing leukocyte production; second, the activation and regulation effects of immunotherapy on the
immune system, when combined with radiotherapy, may exacerbate the risk of leukopenia. Furthermore,
during the study, a “distant effect” was observed in non-irradiated tumor sites, suggesting that radiotherapy
might synergize with PD-1 inhibitors by promoting this effect, thereby enhancing the body’s immune
response to tumors [42,43]. Combining radiotherapy with anti-PD-1 therapy has become a routine strategy
in the comprehensive treatment of advanced NSCLC. In this study, we observed that the average clinical
stage of patients in the IT-RT subgroup was later than that of the IT-only subgroup, although the difference
was not statistically significant (p = 0.067). Notably, patients in the IT-RT subgroup had higher mPFS, mean
PFS, and one-year progression-free survival rates compared to the IT-only subgroup. These findings further
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confirm that radiotherapy can partially enhance the efficacy of first-line anti-PD-1 therapy in patients with
stage IV NSCLC, with overall safety remaining manageable.

Albumin levels serve not only as a critical indicator of nutritional status but also as a marker of
improving immune function and resilience, with elevated levels often reflecting enhanced physiological
defense mechanisms [44,45]. Studies have shown that serum ALB levels are inhibited by various
tumor-related cytokines and negatively correlate with tumor-induced inflammatory responses [46]. Plasma
fibrinogen, a glycoprotein produced by hepatocytes, is closely associated with tumor cell dissemination
and metastasis. Research indicates that FIB forms a protective layer around tumors, shielding them from
NK cell-mediated cytotoxicity, and serves as a carrier for VEGF and fibroblast growth factor-2, thereby
promoting tumor growth and angiogenesis [47,48]. Plasma fibrinogen interacts with specific receptors on
the surface of inflammatory cells, enhancing their adhesion and migration, and activating inflammatory
cells, including the promotion of NEUT and MONO production and the release of inflammatory mediators.
These mediators further regulate inflammatory responses and immune reactions. Low ALB levels are
commonly observed in various disease states, including tumors, reflecting the patient’s overall health status
and potentially correlating with increased risks of immunotherapy tolerance and adverse reactions. Our
experimental results indicate that baseline AFR levels in patients with advanced NSCLC are significantly
associated with the occurrence of irAEs at all grades (p < 0.05). We hypothesize that low baseline AFR levels
are not only closely related to the occurrence of irAEs but may also be associated with poor prognosis in
immunotherapy.

This study observed a significantly higher incidence of oral mucositis in Group C. However, it is important
to emphasize that accurately attributing adverse events in combination treatment regimens is challenging.
Oral mucositis may arise from multiple mechanisms: immune attack on oral epithelium by T cells activated
by PD-1 inhibitors (true irAE), mucosal barrier dysfunction resulting from bevacizumab-induced inhibition
of vascular endothelial repair (targeted therapy toxicity), direct damage to rapidly dividing epithelial cells by
platinum agents (chemotherapy toxicity), or synergistic effects of multiple mechanisms. In this retrospective
study, we lack definitive evidence to differentiate these mechanisms, such as oral mucosal biopsy pathology,
local inflammatory cytokine profiles, or response patterns to specific interventions (e.g., corticosteroids vs.
supportive care). Therefore, the ‘oral mucositis’ reported in our study should be understood as a clinical
event rather than a mechanistically confirmed irAFE. Future prospective studies should systematically collect
biospecimens and clinical data that facilitate mechanistic differentiation, and consider employing adverse
event attribution scoring systems (e.g., Naranjo score) to improve attribution accuracy.

Several limitations should be considered when interpreting our findings. The identified biomarkers in
this study, particularly the PIV cut-off value of 500.437, lack external validation. The high AUC of 0.915, while
promising, also raises concerns about potential overfitting due to the limited sample size, the low number of
events, and the data-driven cut-off selection. This value should be considered hypothesis-generating rather
than a clinically validated conclusion. Future studies based on independent cohorts and using pre-specified
thresholds are needed. The retrospective design and relatively small sample size from a single center may
introduce selection bias. Second, heterogeneity in pathological types, chemotherapy regimens, and specific
PD-1 inhibitors across treatment groups could potentially influence both efficacy outcomes and adverse
event profiles. Although all patients received platinum-based doublet chemotherapy as the backbone
regimen, the use of different PD-1 inhibitors and chemotherapy agents based on pathological type and
clinical practice may have introduced confounding variables. Future prospective studies with standardized
treatment protocols are warranted to validate our findings and minimize such heterogeneity. We also
acknowledge the lack of detailed subclassification for stage III patients (IIIA, IIIB, IIIC) as a limitation. Since
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prognosis and treatment strategies can differ among these subgroups, the absence of this granularity may
have introduced heterogeneity and potentially influenced the PFS analysis. Future prospective studies with
standardized staging and larger sample sizes are needed to validate our findings across specific stage III
subcategories. The primary methodological limitation of this study is the use of two overlapping classification
systems (based on systemic therapy and local radiotherapy exposure) for analysis without integrating
them into a unified multivariable model, leading to potential confounding. The ideal analysis would have
incorporated treatment group and radiotherapy status as covariates; however, complex modeling risked
instability due to limited sample size and number of events. Therefore, all subgroup findings should be
considered exploratory, and future prospective studies are needed to validate the independent contributions
of each treatment modality. Additionally, this study did not assess whether baseline inflammatory markers,
especially PIV, independently predict PFS or OS. Subgroup PFS comparisons were exploratory and lacked
multivariate adjustment for confounders. Thus, no conclusions on their prognostic value for survival can
be drawn. Future studies should include comprehensive survival analyses to address this question.

5 Conclusion

Baseline PIV is an independent predictor of irAEs in advanced NSCLC patients receiving first-line
PD-1 inhibitors. Adding bevacizumab improves efficacy in stage IV patients but increases the risk of oral
mucositis. Radiotherapy moderately enhances efficacy without significantly raising overall toxicity, though
leukopenia incidence rises. The absence of irAEs was associated with better PFS in the immunotherapy-only
subgroup, highlighting the complex efficacy-toxicity relationship. Individualized risk stratification based
on inflammatory markers is recommended.
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