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Abstract: Objectives: To investigate the effects of bevacizumab combined with chemotherapy in patients with ad-
vanced non-small cell lung cancer (NSCLC). Methods: Clinical data of 120 patients with advanced NSCLC treated
at Chongqing Hospital of Jiangsu Province Hospital between January 2023 and August 2025 were retrospectively
analyzed. Patients were divided into two groups: the standard gemcitabine plus cisplatin chemotherapy group (SC
group, n=60) and the bevacizumab combined with gemcitabine plus cisplatin group (SC+B group, n=60). Clinical
efficacy was compared between the two groups after treatment. Results: After treatment, the objective response
rate and disease control rate in the SC+B group were significantly higher than those of the SC group (P<0.05). The
SC+B group also exhibited significantly higher levels of interleukin-1p, interleukin-2, interleukin-12, tumor necrosis
factorat (TNF-x) and interferon-y, along with decreased levels of vascular endothelial growth factor A and serum tu-
mor markers (all P<0.05). Although serum immunoglobulin (Ig) G, IgM, IgA, as well as peripheral blood CD3+, CD4+,
and CD4+/CD8+ ratio decreased in both groups after treatment, these indicators remained significantly higher in
the SC+B group (all P<0.05). Serum creatinine and blood urea nitrogen levels increased in both groups, with no sig-
nificant intergroup difference (all P>0.05). Scores of the Functional Assessment of Cancer Therapy-Lung and World
Health Organization Quality of Life-BREF were significantly higher in the SC+B group (P<0.05). Furthermore, the
incidence of hepatorenal dysfunction was lower in the SC+B group (P<0.05). Conclusions: Bevacizumab combined
with chemotherapy can significantly improve clinical efficacy in patients with advanced NSCLC.

Keywords: Advanced non-small cell lung cancer, bevacizumab, inflammatory mediators, vascular endothelial
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Introduction

Non-small cell lung cancer (NSCLC) is among
the most prevalent and life-threatening malig-
nant tumors worldwide, with its high prevalen-
ce posing a sustained threat to public health
globally. The incidence of NSCLC is rising an-
nually and imposes a heavy burden on global
public health systems [1]. Data released by
the World Health Organization indicate that
lung cancer has long been the leading cause
of cancer-related deaths worldwide, and NSCLC

accounts for approximately 80%-85% of all
newly diagnosed lung cancer cases [2]. The
middle-aged and elderly population carries a
significantly higher risk of lung cancer than
other age groups. Since the early clinical mani-
festations of NSCLC are often vague and non-
specific, most patients are diagnosed at ad-
vanced stages (stage lllb or IV) and thus miss
the optimal opportunity for curative surgical
resection [3]. Patients with advanced NSCLC
tend to have a poor prognosis and short sur-
vival, and frequently suffer from severe symp-
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toms, including cough, dyspnea, and weight
loss, accompanied by impaired quality of life.
These conditions impose substantial psycho-
logical stress and economic burden on both
patients and their families [4, 5]. Therefore, it
is clinically imperative to maximize their quality
of life and prolong survival within a reasonable
therapeutic range.

Chemotherapy has long been the mainstay of
treatment for advanced NSCLC. Combination
regimens such as gemcitabine plus cisplatin
can prolong survival and delay disease pro-
gression [6]. Effective multi-agent targeted
therapeutic alternatives remain limited. For
patients with advanced disease, the objective
response and stable disease rate achieved
by chemotherapy alone is seldom over 50%.
Moreover, monochemotherapy yields limited
improvement in the tumor microenvironment
[7]. Compared to surgical resection, chemo-
therapy is associated with more systemic ad-
verse health impacts. Treatment-related ad-
verse events may impair patient treatment
adherence; furthermore, compromised drug
efficacy and poor treatment tolerance often
necessitate dose reduction or treatment dis-
continuation, ultimately attenuating the antitu-
mor efficacy of chemotherapeutic agents [8].
In recent years, anti-tumor therapies targeting
tumor angiogenesis have developed rapidly.
Bevacizumab, a humanized monoclonal anti-
body that specifically binds to vascular endo-
thelial growth factor A (VEGF-A) to exert tar-
geted antitumor activity, has attracted much
attention for the treatment of advanced NSCLC
[9, 10]. VEGF acts as a key regulator of tumor
angiogenesis, tumorigenesis, and metastasis
[11]. Bevacizumab specifically binds to VEGF-A
and blocks its receptor binding, thereby inhibit-
ing tumor angiogenesis, reducing tumor blood
perfusion, and enhancing drug permeability in
the tumor microenvironment [12]. Previous cli-
nical studies have confirmed that combined
treatment with bevacizumab plus conventional
chemotherapy yields superior clinical benefits
compared to chemotherapy alone: it improves
objective tumor response rate, prolongs pro-
gression-free survival, and optimizes function-
al status and daily living ability in a consider-
able proportion of patients [13]. Based on the
above clinical evidence, this study retrospec-
tively analyzed clinical data from 120 patients
with advanced NSCLC. We compared stan-
dard chemotherapy alone versus chemothera-
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py combined with bevacizumab in terms of
therapeutic response, peripheral inflammatory
mediators, VEGF-A levels and tumor marker
expression. We also systematically evaluated
patients’ quality of life and the incidence of
treatment-related adverse events. The present
study aimed to explore the biological mecha-
nisms and evaluate the clinical value of beva-
cizumab combined with chemotherapy, so as
to provide evidence for individualized treat-
ment strategies for advanced NSCLC.

Materials and methods

Baseline patient characteristics and enrolment
data

Clinical data from 120 patients diagnosed
with advanced NSCLC admitted and treated
at Chongqging Hospital of lJiangsu Province
Hospital between January 2023 and August
2025 were retrospectively analyzed. According
to their actual treatment regimens, all enrolled
patients were divided into two groups: the
standard gemcitabine plus cisplatin chemo-
therapy group (SC) and the combined chemo-
therapy group (SC+B), with 60 patients in each

group.

The sample size was determined as follows: A
retrospective statistical power analysis show-
ed that, for detecting a 20% difference in ob-
jective response rate (ORR) between groups,
60 cases per group achieved a statistical po-
wer of 85%, indicating adequate statistical effi-
ciency. All consecutive patients who met the
inclusion and exclusion criteria during the stu-
dy period were enrolled to ensure data authen-
ticity and completeness.

Inclusion criteria: (U Diagnosis consistent with
the criteria for non-small cell lung cancer speci-
fied in the Chinese Society of Clinical Oncology
Guidelines for the Diagnosis and Treatment of
Primary Lung Cancer [14]; @ Clinical stage lI
or IV; ® No prior thoracic surgery for lung can-
cer; @ Expected survival time >3 months; ®
Karnofsky Performance Status score [15] >60;
® No contraindications to chemotherapy.

Exclusion criteria: () Severe combined multiple
organ dysfunction; 2 Concurrent other malig-
nant tumors; 3 Accompanying immune dys-
function; @ Positive lung cancer driver gene
mutations; ® Cognitive impairment or mental
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disorders unable to cooperate with treatment;
® Incomplete clinical data.

This study was approved by the Ethics
Committee of Chongqing Hospital of Jiangsu
Province Hospital.

Research methods

The SC group received gemcitabine plus cis-
platin chemotherapy. The specific regimen was
as follows: Gemcitabine Hydrochloride (Manu-
facturer: Lilly France S.A.S.; Approval Number:
H20020180; Specification: 0.2 g/vial) 1.0 g/
m? by intravenous infusion, administered on-
ce weekly. Cisplatin (Manufacturer: Jiangsu
Hansoh Pharmaceutical Group Co., Ltd.; App-
roval Number: H20040813; Specification: 30
mg:6 mL) was given at a total dose of 80
mg/m? via intravenous infusion, divided into 3
doses. During chemotherapy, routine support-
ive and symptomatic treatments were admin-
istered, including gastroprotection, antiemet-
ics, hepatoprotection, and adequate hydra-
tion. To prevent cisplatin-induced nephrotoxici-
ty, furosemide (Manufacturer: Shanghai Hefeng
Pharmaceutical Co., Ltd.; Approval Number:
H31021063; Specification: 2 mL:20 mg) 20
mg was intravenously injected after cisplatin
infusion, once daily for 3 consecutive days.

The SC+B group received bevacizumab (Ma-
nufacturer: Roche Pharma (Switzerland) Ltd.;
Approval No.: S20120069; Specification: 400
mg/vial) in addition to the same gemcitabine
plus cisplatin regimen. Bevacizumab was gi-
ven at 7.5-15.0 mg/kg by intravenous infusion
once every 3 weeks.

Patients in both groups were treated in 3-week
cycles, with a total of 6 cycles completed.

Outcome measures

(1) Clinical efficacy evaluation: Efficacy was
assessed according to the Response Evalua-
tion Criteria in Solid Tumors (RECIST) guidelines
[16]. Complete Response (CR): All measurable
target lesions completely resolved, with no re-
currence or new lesions for at least 4 conse-
cutive weeks. Partial Response (PR): Residual
tumor lesions remained; the sum of the largest
cross-sectional diameters decreased by >50%
from baseline, and this reduction was main-
tained for more than 4 weeks. Stable Disease
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(SD): No new malignant lesions appeared; the
sum of lesion diameters decreased by <25%
or increased by <25% relative to baseline.
Progressive Disease (PD): New malignant le-
sions emerged, or the sum of lesion diameters
increased by >25% from baseline, accompa-
nied by continuous tumor growth and progre-
ssion.

The ORR was defined as the proportion of
patients achieving CR or PR. ORR (%) = (Case
number of CR + Case number of PR)/Total case
number x 100%. The disease control rate (DCR)
included patients with CR, PR, and SD, calcu-
lated as the percentage of these patients in the
total cohort. Both groups completed 6 treat-
ment cycles.

(2) Detection of serum inflammatory and va-
scular endothelial growth factor (VEGF) levels:
Before and after treatment, approximately 4
mL of fasting peripheral venous blood was col-
lected from each patient. Blood samples were
centrifuged to isolate serum, which was imme-
diately stored at -80°C for subsequent detec-
tion. Serum levels of IL-1[3, IL-2, [L-12, IFN-y,
TNF-&, and VEGF-A were measured using com-
mercial ELISA Kits strictly following the manu-
facturer’s protocols. ELISA kits were purchas-
ed from Thermo Fisher Scientific, USA. All indi-
ces were quantified according to the standard
curve. All experiments were independently per-
formed twice in a blinded manner by two pro-
fessional technicians to ensure accuracy and
reproducibility.

(3) Detection of serum tumor markers: Before
and after treatment, 4 mL of peripheral venous
blood was collected from all patients. Samples
were centrifuged to separate serum and stored
immediately at -80°C until analysis. Serum le-
vels of cytokeratin 19 fragments (CYFRA21-1),
carcinoembryonic antigen (CEA), cancer-relat-
ed antigen 125 (CA125), cancer-related anti-
gen 19-9 (CA19-9), squamous cell carcinoma
antigen (SCCA-g), and neuron-specific enolase
(NE-SPAAg) were detected in strict accordance
with the kit instructions. Related detection kits
were supplied by Roche Diagnostics, Germany.
All experimental procedures were strictly quali-
ty-controlled to ensure batch-to-batch consis-
tency and reliable results.

(4) Disease-specific quality of life assessment:
The quality of life of all enrolled patients was
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evaluated at baseline and during treatment, in
accordance with the standards specified in the
Guidelines for Evaluating Quality of Life in Lung
Cancer Patients, using the Functional Assess-
ment of Cancer Therapy-Lung (FACT-L) scale
[47]. The scale consists of 36 items divided
into four main domains: physical well-being,
functional ability, emotional well-being, and
social relationships, plus a lung cancer sub-
scale (LCS). Each item is scored on a 0-4
scale, with a total possible score ranging from
0 to 144. Higher scores indicate better patient-
reported quality of life. Interviews were con-
ducted based on the scale, and the results will
be used for monitoring changes in therapeu-
tic effects throughout the study to control out-
comes and track improvement.

(5) Measurement of immune function indica-
tors: Fasting peripheral venous blood samples
were collected from patients at baseline and
after intervention. Serum was centrifuged, ali-
quoted, and stored at -80°C for subsequent
detection. Serum concentrations of immuno-
globulin G (IgG), immunoglobulin M (IgM), and
immunoglobulin A (IgA), as well as the percent-
ages of CD3+ T lymphocytes, CD4+ T lympho-
cytes, and the CD4+/CD8+ ratio, were detected
by immunoturbidimetry. All detection reagents
were purchased from Roche, USA, and all pro-
cedures were performed strictly in accordance
with routine operating standards. Two resear-
chers independently repeated the measure-
ments in different laboratories to verify accu-
racy and reliability.

(6) Monitoring of renal function values: Fasting
peripheral venous blood samples were collect-
ed from subjects at baseline and during/after
intervention. After collection, samples were
centrifuged to separate serum, which was ei-
ther immediately stored at -80°C or sent for
testing. Serum creatinine (Scr) and blood urea
nitrogen (BUN) levels were measured using
a fully automated biochemical analyzer with
matching kits. All test kits were purchased from
Sysmex Corporation, Japan. Daily quality con-
trol was performed on laboratory instruments,
and all indicator data were reviewed indepen-
dently by two researchers to prevent operation-
al human error and improve test accuracy.

(7) Universal quality of life assessment: The
World Health Organization Quality of Life Brief
version (WHOQOL-BREF) [18] was used to eval-
uate subjects’ quality of life at both baseline
and post-intervention. The scale includes 26
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items covering four domains: physiology, psy-
chology, social relationships, and environmen-
tal factors. Except for two independent items,
all other items are scored on a 15 scale. After
conversion using a standard formula, each do-
main score ranges from O to 100, with higher
scores indicating better quality of life in that
domain. The scale was administered by uni-
formly trained researchers who guided pa-
tients to complete it. For patients unable to
complete it independently, researchers assist-
ed to ensure data integrity and consistency.
This scale was used to evaluate the impact of
the intervention on patients’ overall quality of
life.

(8) Adverse reactions: During treatment, ad-
verse reactions were recorded, including th-
rombocytopenia, leukopenia, myelosuppres-
sion, hepatorenal dysfunction, nausea, vomit-
ing, and rash.

Statistical analysis

All statistical analyses were performed using
SPSS 26.0 software (IBM Corp., Armonk, NY,
USA). Normality tests were first performed on
all quantitative data. Data conforming to a nor-
mal distribution were expressed as mean *
standard deviation (mean + SD). Differences
between the two groups were compared using
independent-samples t-tests, while compari-
sons among multiple groups were performed
using one-way analysis of variance (ANOVA), fol-
lowed by LSD or Bonferroni correction for mul-
tiple pairwise comparisons. Data not conform-
ing to a normal distribution were expressed as
median (interquartile range) and compared
between the two groups using the Mann-
Whitney U test. Qualitative variables were ex-
pressed as case numbers and percentages
(n/%), and intergroup comparisons were per-
formed using the chi-square test or Fisher’'s
exact test as appropriate. All statistical analy-
ses were two-tailed, and a P-value <0.05 was
considered significant.

Results

Comparison of baseline characteristics be-
tween the two groups

As shown in Table 1, there were no statisti-
cally significant differences between the SC
group and the SC+B group in terms of age,
sex, smoking history, pathological type, clini-
cal stage, TNM stages, KPS score, and comor-
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Table 1. Comparison of baseline clinical data between two groups of patients (example, n=60)

Baseline characteristic SC group (n=60) SC+B group (n=60) t/x*/Z P
Age (years) 63.218.5 62.71£9.0 0.31 0.758
Gender 0.14 0.708
Man 38 (63.3) 40 (66.7)
Female 22 (36.7) 20 (33.3)
Smoking history 0.14 0.708
Have 35 (58.3) 37 (61.7)
Nothing 25 (41.7) 23 (38.3)
Pathological type 0.14 0.930
Squamous cell carcinoma 28 (46.7) 27 (45.0)
Adenocarcinoma 32 (53.3) 33 (55.0)
Clinical Staging 0.14 0.708
Phase I 25 (41.7) 27 (45.0)
Phase IV 35 (58.3) 33 (55.0)
TNM staging (T) 0.48 0.787
T2 12 (20.0) 14 (23.3)
T3 28 (46.7) 27 (45.0)
T4 20 (33.3) 19 (31.7)
TNM staging (N) 0.45 0.799
NO 8(13.3) 9 (15.0)
N1 18 (30.0) 20 (33.3)
N2 34 (56.7) 31 (51.7)
TNM staging (M) 0.14 0.708
MO 25 (41.7) 27 (45.0)
M1 35 (58.3) 33 (55.0)
KPS rating 72.8+7.6 73.5+7.3 0.51 0.611
Comorbid disease 0.14 0.708
Hypertension 18 (30.0) 20 (33.3)
Diabetes 10 (16.7) 9 (15.0) 0.07 0.794

Note: SC: standard chemotherapy; SC+B: standard chemotherapy + bevacizumab; KPS: Karnofsky Performance Status; CEA:
carcinoembryonic antigen.

Table 2. Comparison of clinical efficacy (n/%)

Efficacy SC group (n=60) SC+B group (n=60) x2value P value
CR 0/0.00 3/5.00

PR 29/48.33 38/63.33

SD 21/35.00 17/28.33

PD 10/16.67 2/3.34

ORR 29/48.33 41/68.33 4.35 0.019
DCR 50/83.33 58/96.66 5.04 0.011

Note: SC: standard chemotherapy; SC+B: standard chemotherapy + bevacizumab;
CR: Complete Response; PR: Partial Response; SD: Stable Disease; PD: Progressive

Disease; ORR: Objective Response Rate; DCR: Disease Control Rate.

bidities (hypertension, diabetes mellitus) (all
P>0.05). These results indicate that the base-
line clinical characteristics of the two groups
were well balanced and comparable before
treatment.
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Comparison of therapeutic
response

As shown in Table 2, the post-
treatment OR was 48.33%
(29/60) in the SC group and
68.33% (41/6) in the SC+B
group; the DCR was 83.33%
(50/60) and 96.66% (58/60),
respectively. Compared with
the SC group, The SC+B gr-
oup showed significantly high-
er ORR and DCR (both P<0.05).

Comparison of serum inflammatory mediators
and VEG factor levels

After treatment, both the SC group and SC+B
group exhibited significantly increased serum
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Figure 1. Comparison of serum inflammatory and vascular endothelial growth factor levels before and after treat-
ment (SC group (n=60); SC+B group (n=60)). A. IL-1B: Interleukin-13; B. IL-2: Interleukin-2; C. IL-12: Interleukin-12;
D. TNF-a: Tumor necrosis factor-o; E. IFN-y: Interferon-y; F. VEGF-A: Vascular endothelial growth factor-A. Note: SC:
standard chemotherapy; SC+B: standard chemotherapy + bevacizumab.

levels of IL-1B, IL-2, IL-12, TNF-a, and IFN-y,
and significantly decreased VEGF-A concen-
trations, compared with their respective pre-
treatment levels (all P<0.05). Intergroup com-
parison showed that, compared to the SC
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group, the SC+B group had significantly higher
post-treatment serum levels of IL-1B, IL-2, IL-
12, and TNF-a, and significantly lower VEGF-A
levels (with a reduction of more than 60%, all
P<0.05) (Figure 1).
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Figure 2. Comparison of serum tumour marker levels before and after treatment (SC group (n=60); SC+B group
(n=60)). A. CYFRA21-1: Cytokeratin 19 fragment antigen; B. CEA: Carcinoembryonic antigen; C. CA125: Cancer an-
tigen 125; D. CA19-9: Cancer antigen 19-9; E. SCC-Ag: Squamous cell carcinoma antigen; F. NSE: Neuron-specific
enolase. Note: SC: standard chemotherapy; SC+B: standard chemotherapy+ bevacizumab.

Comparison of serum tumor marker concen- after treatment compared with pretreatment
trations (all P<0.05). Furthermore, post-treatment se-

rum concentrations of CYFRA21-1, CEA, CA125,
As illustrated in Figure 2, both groups show- CA19-9, SCC-Ag, and NSE in the SC+B group
ed significant reductions in serum CYFRA21-1, were significantly lower than those of the SC
CEA, CA125, CA19-9, SCC-Ag, and NSE levels group (all P<0.05).
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Comparison of FACT-L scores before and after
treatment

As shown in Figure 3, after treatment, both the
SC group and SC+B group had significantly
higher FACT-L scores compared with their
pretreatment levels (P<0.05). Additionally, the
post-treatment FACT-L scores in the SC+B
group were significantly higher than those of
the SC group (P<0.05).

Comparison of immune function indicators
before and after treatment

As shown in Figure 4, after treatment, serum
IgG, 1gM, and IgA levels, as well as CD3+%,
CD4+%, and CD4+/CD8+ ratio, were signifi-
cantly lower in both groups compared with th-
eir respective pretreatment levels (all P<0.05).
After treatment, serum IgG, 1gM, and IgA le-
vels, as well as CD3+%, CD4+%, and CD4+/
CD8+ ratio, were significantly higher in the
SC+B group than in the SC group (all P<0.05).

Comparison of renal function indicators before
and after treatment

As shown in Figure 5, after treatment, serum
Scr and BUN levels were significantly higher in
both groups compared to their respective pre-
treatment levels (both P<0.05). There was no
significant difference in post-treatment serum
Scr and BUN levels between the SC+B group
and the SC group (both P>0.05).

5567

Comparison of WHOQOL-BREF scores before
and after treatment

As shown in Figure 6, after treatment, scores
in the physiological, psychological, environ-
mental, and social relationship domains of the
WHOQOL-BREF were significantly higher in both
groups compared to their respective pretreat-
ment levels (all P<0.05). After treatment, scor-
es in these four domains were significantly
higher in the SC+B group than in the SC group
(all P<0.05).

Comparison of adverse events

Table 3 shows the comparison of adverse
events between the two groups. There were
no significant differences in the incidence of
adverse reactions such as nausea, vomiting,
rash, thrombocytopenia, leukopenia, and mye-
losuppression between the SC group and the
SC+B group (all P>0.05). The incidence of hep-
atorenal dysfunction was 38.33% (23/60) in
the SC group, which was significantly higher
than that of the SC+B group (20.00%, 12/60),
and the difference was significant (P<0.05).

Discussion

NSCLC is the predominant histologic subtype
of advanced lung cancer. Surgical options are
limited for advanced patients, and chemother-
apy has long been the primary treatment mo-
dality. Gemcitabine combined with cisplatin
can improve patient survival but has limited
efficacy, accompanied by significant myelosup-
pression and gastrointestinal adverse reacti-
ons [19]. As an anti-angiogenic targeted drug,
bevacizumab inhibits tumor angiogenesis by
blocking the VEGF-A signaling pathway [20, 21].
In recent clinical practice, the combination of
bevacizumab and chemotherapy has demon-
strated significant synergistic antitumor acti-
vity in advanced NSCLC [22]. Therefore, we
conducted this study to explore the specific
biological role and molecular mechanisms by
which bevacizumab, combined with conventi-
onal chemotherapy, enhances clinical efficacy
and alters serum biomarker profiles, through a
comparative analysis of chemotherapy alone
versus chemotherapy plus bevacizumab.

Elevated levels of inflammatory mediators may
indicate enhanced innate and adaptive antitu-
mor immunity in the host. IL-1[3, an acute-phase
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protein highly inducible by inflammatory sti-
muli, enhances tissue remodeling by altering
the microenvironment or directly stimulating
other cells [23]. IL-2 is a key factor regulating
the clonal proliferation and functional matura-
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tion of T lymphocytes to enhance immune-
mediated elimination of malignant cells [24].
IL-12 promotes the functional activity of T lym-
phocytes and natural killer cells, and induces
downstream IFN-y synthesis [25]. TNF-« drives
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Table 3. Comparison of adverse reactions (n/%)

Adverse reaction SC group (n=60) SC+B group (n=60) X2 value P value
Nausea 30/50.00 29/48.33 0.03 0.85

Vomiting 29/48.33 25/41.67 0.54 0.464
Rash 26/43.33 25/41.67 0.03 0.854
Thrombocytopenia 21/35.00 13/21.67 2.58 0.108
Leukopenia 26/43.33 19/31.67 1.72 0.191
Bone Marrow Suppression 17/28.33 11/18.33 1.68 0.195
Liver & Kidney function impairment 23/38.33 12/20.00 4.73 0.032

Note: SC: standard chemotherapy; SC+B: standard chemotherapy + bevacizumab.

inflammatory processes, induces tumor cell
necrosis, and enhances sensitivity to cytoto-
xic agents [26]. IFN-y enhances immune sur-
veillance by regulating the composition and
function of the tumor-associated immunogenic
microenvironment, thereby promoting T cell
responses against cancerous tissues [27]. The
results of this study showed that advanced
NSCLC patients receiving adjuvant bevacizum-
ab treatment had significantly higher plasma
levels of several cytokines (IL-1B3, IL-2, IL-12,
TNF-ot, and IFN-y) compared to those of the SC
group. Incorporating bevacizumab into treat-
ment strategies significantly increases tumor-
infiltrating immune factors (e.g., TNF-«, IFN-y);
in vitro and ex vivo models have shown that
this reduces resistance to chemotherapeutic
drugs. Additionally, the current study found
that advanced NSCLC patients treated with
combination therapy had significantly lower
serum VEGF-A concentrations. Significant re-
duction in VEGF-A strongly supports that beva-
cizumab exerts potent anti-angiogenic activity
by inhibiting tumor angiogenesis and reducing
nutrient supply, thereby enhancing the sensiti-
vity of tumor cells to chemotherapeutic drugs
when co-administered [28].

Reduced tumor marker levels provide strong
indirect evidence of tumor regression and re-
sponse to chemotherapy. The results showed
that advanced NSCLC patients treated with
conventional chemotherapy combined with be-
vacizumab had significantly lower concentra-
tions of CYFRA21-1, CEA, CA125, CA19-9, SCC-
Ag, and NSE compared to those treated with
chemotherapy alone. CYFRA21-1, a cytokeratin
19 fragment antigen, is a specific marker for
NSCLC (especially squamous cell carcinoma),
reflecting tumor burden and cell destruction
[29]. CEA, a carcinoembryonic antigen, can be
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used to evaluate the efficacy of various solid
tumors [30]. CA125 and CA19-9 can reflect
tumor burden [31]. SCC-Ag is a squamous cell
carcinoma-specific antigen used to monitor the
efficacy of squamous cell carcinoma [32]. NSE,
a neuron-specific enolase, is commonly used
to monitor small cell lung cancer and a subset
of NSCLC cases [33]. The decreasing trend
in these tumor biomarkers indicates reduced
tumor burden and enhanced susceptibility to
chemotherapy [34]. The biological mechanism
may be related to bevacizumab-mediated sup-
pression of the VEGF-A signaling pathway, re-
modeling of the tumor microenvironment, and
increased penetration of chemotherapeutic ag-
ents into tumor tissue, thereby enhancing the
cytotoxic effect on malignant cells.

The results of this study showed that the be-
vacizumab combined with chemotherapy regi-
men had significant advantages in improving
immune function, protecting organ function,
and enhancing quality of life in advanced
NSCLC patients. At the immune function level,
although immunoglobulin (IgG, 1gM, IgA) levels
decreased in both groups after treatment com-
pared with pretreatment - possibly related to
the non-specific inhibitory effect of chemother-
apy on the humoral immune system - the
decrease was significantly smaller in the SC+B
group than in the SC group. This suggests that
the addition of bevacizumab may have partially
attenuated the impact of chemotherapy on
humoral immunity. For T lymphocyte subpopu-
lation indicators reflecting cell-mediated immu-
nity (CD3+%, CD4+%, and CD4+/CDS8 ratio),
both treatment groups showed decreases af-
ter treatment, but the decrease was signifi-
cantly smaller in the combination therapy group
than in the monotherapy group. Based on th-
is, it is suggested that bevacizumab does not
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directly enhance or suppress the host immune
system; instead, by inhibiting angiogenesis
(reducing tumor vessel density) or through
other mechanisms (such as increasing tumor
oxygen tension), vascular normalization may
promote the infiltration of immune cells and
improve antitumor immunity. In terms of renal
safety, the data showed that Scr and BUN lev-
els increased in both groups after treatment,
indicating a certain degree of nephrotoxicity
associated with chemotherapeutic drugs such
as cisplatin. However, there was no significant
difference in post-treatment Scr and BUN lev-
els between the two groups, suggesting that
adding bevacizumab does not increase renal
burden under routine hydration and monitoring,
confirming the renal safety of this combina-
tion regimen. Improvements in quality of life
were further confirmed by the WHOQOL-BREF
evaluation: the SC+B group had significantly
higher scores in the physiological, psychologi-
cal, environmental, and social relationship do-
mains compared with the SC group. These ben-
efits were not only due to the superior tumor
control of combination therapy, which alleviat-
ed disease symptoms, but also possibly related
to the lower incidence of hematopoietic dys-
function and hepatorenal damage compared
to monotherapy, leading to better overall phy-
sical condition after chemotherapy (enhanced
physical vitality and positive mood).

In addition, the data from this study showed
that advanced NSCLC patients treated with
conventional chemotherapy combined with be-
vacizumab had significantly higher ORR and
DCR compared to those treated with chemo-
therapy alone. The combination therapy also
increased FACT-L scores and reduced the in-
cidence of hepatorenal damage. This study
observed an improved response rate with be-
vacizumab, as well as a longer disease-free
interval and better quality of life. This phenom-
enon may be due to the selective targeting of
tumor-associated blood vessels by bevacizum-
ab, without promoting proliferation in normal
tissues [35]. Meanwhile, combination therapy
allows for reasonable dose reduction of che-
motherapeutic drugs that cause excessive
damage to normal tissues, thereby enhancing
patient tolerance during treatment [36].

The originality of this study lies in the first sys-
tematic simultaneous evaluation of the com-
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prehensive regulatory effects of bevacizumab
combined with chemotherapy on peripheral
blood inflammatory cytokines (IL-183, IL-2, IL-
12, etc.), angiogenesis marker (VEGF-A), and
broad-spectrum tumor markers (including NSE,
CYFRA21-1, etc.) in advanced NSCLC patients.
Unlike previous studies that focused only on
single indicators or survival rates, the data
from this study revealed that this regimen
exerts synergistic effects through multiple me-
chanisms, including anti-angiogenesis, immu-
ne regulation, and tumor burden reduction.
The clinical significance of this study is mainly
reflected in two aspects: (1) The results showed
that the SC+B group had a significantly higher
ORR (68.33%) than the SC group, with a lower
incidence of adverse reactions (e.g., myelosup-
pression, hepatorenal dysfunction). This pro-
vides strong real-world evidence for clinicians
for formulating first-line treatment strategies
for advanced NSCLC, supporting the priority of
bevacizumab combined with chemotherapy to
balance efficacy and safety. (2) The study found
that significant reductions in serum VEGF-A
and specific inflammatory cytokines (e.g., IL-
12, IFN-y) were closely associated with decre-
ased tumor markers, suggesting that these
serological indicators could serve as non-inva-
sive biomarkers for early prediction of treat-
ment efficacy in future clinical practice, facili-
tating dynamic adjustment and individualized
management of treatment regimens.

However, this study has several limitations.
First, it is a single-institution retrospective an-
alysis, which is prone to selection bias. Se-
cond, the sample size was limited, and further
verification is needed through multi-institution-
al prospective studies. Third, long-term follow-
up data, mortality rate, and disease-free sur-
vival data were lacking; fourth, the detailed
mechanisms were not evaluated by examining
immune cells in the tumor microenvironment
after combination therapy. Therefore, future
studies can further extend follow-up results
and include molecular typing to explore the
response of different patients to this combina-
tion therapy. Collectively, the findings of this
study provide strong and reliable evidence for
the implementation of individualized treatment
strategies for advanced NSCLC, and further
suggest that bevacizumab combined with che-
motherapy has significant value in improving
therapeutic response, regulating serum inflam-
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matory markers and VEGF-A expression, re-
ducing tumor marker levels, and optimizing
overall physical function.

Conclusion

Bevacizumab combined with chemotherapy
significantly improved the ORR and DCR in
advanced NSCLC patients, positively regulat-
ed serum inflammatory cytokine and VEGF-A
levels, reduced circulating tumor marker levels,
improved quality of life, and lowered the inci-
dence of adverse events such as hepatorenal
dysfunction. These findings confirm that this
combined therapeutic regimen has distinct
clinical advantages and satisfactory safety in
the treatment of advanced NSCLC.

Disclosure of conflict of interest
None.

Address correspondence to: Jiang Yu, Department
of Medical Laboratory, Fengjie Hospital Affiliated to
Chongqing Three Gorges Medical College, Chongging
404600, China. Tel: +86-023-56563576; E-mail:
yujiang13452616586@163.com

References

[1]  Wu M, Qian W, Xu M, Zhang J, Gao F, Chen L
and Huang S. YMELL facilitates the develop-
ment of non-small cell lung cancer by promot-
ing activation of mitochondria-Gail-Akt path-
way. Cancer Genet 2025; 298-299: 212-220.

[2] Cords L, Engler S, Haberecker M, Rischoff JH,
Moch H, de Souza N and Bodenmiller B. Can-
cer-associated fibroblast phenotypes are asso-
ciated with patient outcome in non-small cell
lung cancer. Cancer Cell 2024; 42: 396-412,
eb.

[3] Petrella F, Rizzo S, Attili I, Passaro A, Zilli T,
Martucci F, Bonomo L, Del Grande F, Casiraghi
M, De Marinis F and Spaggiari L. Stage Ill non-
small-cell lung cancer: an overview of treat-
ment options. Curr Oncol 2023; 30: 3160-
3175.

[4] Miao D, Zhao J, Han Y, Zhou J, Li X, Zhang T, Li
W and Xia Y. Management of locally advanced
non-small cell lung cancer: state of the art
and future directions. Cancer Commun (Lond)
2024; 44: 23-46.

[5] Araujo A, Barroso A, Parente B, Travancinha C,
Teixeira E, Martelo F, Fernandes G, Paupério G,
Queiroga H, Duarte |, da Costa JD, Soares M,
Borralho P, Costa P, Chinita P, Aimoddvar T and
Barata F. Unresectable stage Ill non-small cell

5572

(6]

(7]

(9]

(10]

(11]

[12]

[13]

lung cancer: insights from a Portuguese expert
panel. Pulmonology 2024; 30: 159-169.

Reck M, Ciuleanu TE, Schenker M, Bordenave
S, Cobo M, Juan-Vidal O, Reinmuth N, Richard-
et E, Felip E, Menezes J, Cheng Y, Mizutani H,
Zurawski B, Alexandru A, Carbone DP, Lu S,
John T, Aoyama T, Grootendorst DJ, Hu N, Ec-
cles LJ and Paz-Ares LG. Five-year outcomes
with first-line nivolumab plus ipilimumab with
2 cycles of chemotherapy versus 4 cycles of
chemotherapy alone in patients with metastat-
ic non-small cell lung cancer in the randomized
CheckMate 9LA trial. Eur J Cancer 2024; 211:
114296.

Wang J, Lu S, Yu X, Hu Y, Zhao J, Sun M, Yu Y,
Hu C, Yang K, Song Y, Lin X, Liang L, Leaw S
and Zheng W. Tislelizumab plus chemotherapy
versus chemotherapy alone as first-line treat-
ment for advanced squamous non-small-cell
lung cancer: final analysis of the randomized,
phase Il RATIONALE-307 trial. ESMO Open
2024; 9: 103727.

Wu'Y, Zeng Z, Chen S, Zhou D, Tong G and Du
D. Adverse events associated with hepatic ar-
terial infusion chemotherapy and its combina-
tion therapies in hepatocellular carcinoma: a
systematic review. Front Immunol 2025; 16:
1531249.

Silverman J, Sathyakumar S, Coltin H, Per-
reault S, Jabado N, Bouffet E and Renzi S.
Bevacizumab in pediatric neuro-oncology. Curr
Oncol 2025; 32: 573.

Park S, Kim TM, Han JY, Lee GW, Shim BY, Lee
YG, Kim SW, Kim IH, Lee S, Kim YJ, Park JH,
Park SG, Lee KH, Kang EJ, Kim JW, Shin SH,
Ock CY, Nam BH, Lee J, Jung HA, Sun JM, Lee
SH, Ahn JS and Ahn MJ. Phase lll, randomized
study of atezolizumab plus bevacizumab and
chemotherapy in patients with EGFR- or ALK-
mutated non-small-cell lung cancer (ATTLAS,
KCSG-LU19-04). J Clin Oncol 2024; 42: 1241-
1251.

Kokkotou E, Charpidou A and Syrigos N. Pre-
dictive value of serum VEGF levels in non-small
cell lung cancer: a review. Oncol Res 2025; 33:
2657-2672.

Tanaka K, Sugisaka J, Shiraishi Y, Watanabe Y,
Daga H, Azuma K, Nishino K, Mori M, Ota T,
Saito H, Hata A, Sakaguchi T, Kozuki T, Aka-
matsu H, Matsumoto H, Tachihara M, Wakuda
K, Sato Y, Ozaki T, Tsuchiya-Kawano Y, Yama-
moto N, Nakagawa K and Okamoto |. Serum
VEGF-A as a biomarker for the addition of bev-
acizumab to chemo-immunotherapy in meta-
static NSCLC. Nat Commun 2025; 16: 2825.
Tewari KS, Colombo N, Monk BJ, Dubot C, Ca-
ceres MV, Hasegawa K, Shapira-Frommer R,
Salman P, Yanez E, Gimus M, Olivera Hurtado
de Mendoza M, Samouélian V, Castonguay V,

Am J Transl Res 2026;18(7):5560-5574



[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

5573

Inflammatory, VEGF-A, tumour markers in advanced NSCLC

Arkhipov A, Tekin C, Li K, Toker S, Keefe SM
and Lorusso D. Pembrolizumab or placebo
plus chemotherapy with or without bevacizu-
mab for persistent, recurrent, or metastatic
cervical cancer: subgroup analyses from the
KEYNOTE-826 randomized clinical trial. JAMA
Oncol 2024; 10: 185-192.

Chen S, Wang Z and Sun B. Chinese Society of
Clinical Oncology Non-small Cell Lung Cancer
(CSCO NSCLC) guidelines in 2024: key update
on the management of early and locally ad-
vanced NSCLC. Cancer Biol Med 2025; 22:
191-196.

Park H, Chung HT, Kim JW, Dho YS and Lee EJ.
A 3-month survival model after Gamma Knife
surgery in patients with brain metastasis from
lung cancer with Karnofsky performance sta-
tus <70. Sci Rep 2023; 13: 13159.

Liu H. Effect of traditional medicine on clinical
cancer. BJSTR 2020; 30: 23548-23551.
Mohindra NA, Peipert JD, Blum SI, Shaw JW,
Penrod JR and Cella D. General population ref-
erence values for the functional assessment
of cancer therapy-lung and PROMIS-29. Can-
cer Med 2023; 12: 12765-12776.
Morales-Valiente C, Mok L, Wong A, Manzane-
ro AL, Guarch-Rubio M, Simancas M, Celed6n-
Rivero JC and Salas-Picon WM. Adequacy of
the WHOQoL-BREF to assess the quality of life
of victims of armed conflicts. Assessment
2024; 31: 1135-1147.

Scagliotti GV, Parikh P, von Pawel J, Biesma B,
Vansteenkiste J, Manegold C, Serwatowski P,
Gatzemeier U, Digumarti R, Zukin M, Lee JS,
Mellemgaard A, Park K, Patil S, Rolski J, Goksel
T, de Marinis F, Simms L, Sugarman KP and
Gandara D. Phase Il study comparing cispla-
tin plus gemcitabine with cisplatin plus peme-
trexed in chemotherapy-naive patients with
advanced-stage non-small-cell lung cancer. J
Clin Oncol 2023; 41: 2458-2466.

Pan QZ, Zhao JJ, Liu L, Zhang DS, Wang LP, Hu
WW, Weng DS, Xu X, Li YZ, Tang Y, Zhang WH,
Li JY, Zheng X, Wang QJ, Li YQ, Xiang T, Zhou L,
Yang SN, Wu C, Huang RX, He J, Du WJ, Chen
LJ, Wu YN, Xu B, Shen Q, Zhang, Jiang JT, Ren
XB and Xia JC. XELOX (capecitabine plus oxa-
liplatin) plus bevacizumab (anti-VEGF-A anti-
body) with or without adoptive cell immuno-
therapy in the treatment of patients with
previously untreated metastatic colorectal
cancer: a multicenter, open-label, randomiz-
ed, controlled, phase 3 trial. Signal Transduct
Target Ther 2024; 9: 79.

Wimberger P, Gerber MJ, Pfisterer J, Erdmann
K, Fissel S, Link T, du Bois A, Kommoss S,
Heitz F, Sehouli J, Kimmig R, de Gregorio N,
Schmalfeldt B, Park-Simon TW, Baumann K,
Hilpert F, Grube M, Schréder W, Burges A, Be-

[22]

(23]

(24]

(25]

[26]

[27]

(28]

lau A, Hanker L and Kuhlmann JD. Bevaci-
zumab may differentially improve prognosis of
advanced ovarian cancer patients with low ex-
pression of VEGF-A165b, an antiangiogenic
VEGF-A splice variant. Clin Cancer Res 2022;
28: 4660-4668.

Han X, Qin S, Liu S and Li Z. Intracavitary perfu-
sion with bevacizumab plus cisplatin versus
cisplatin alone for malignant pleural effusion
in lung cancer patients: a meta-analysis of
randomized controlled trials. World J Surg On-
col 2025; 23: 278.

Caronni N, La Terza F, Vittoria FM, Barbiera G,
Mezzanzanica L, Cuzzola V, Barresi S, Pelle-
gatta M, Canevazzi P, Dunsmore G, Leonardi C,
Montaldo E, Lusito E, Dugnani E, Citro A, Ng
MSF, Schiavo Lena M, Drago D, Andolfo A, Bru-
giapaglia S, Scagliotti A, Mortellaro A, Corbo V,
Liu Z, Mondino A, Dellabona P, Piemonti L,
Taveggia C, Doglioni C, Cappello P, Novelli F,
lannacone M, Ng LG, Ginhoux F, Crippa S, Fal-
coni M, Bonini C, Naldini L, Genua M and
Ostuni R. IL-1B* macrophages fuel pathogenic
inflammation in pancreatic cancer. Nature
2023; 623: 415-422.

Rokade S, Damani AM, Oft M and Emmerich J.
I-2 based cancer immunotherapies: an evol-
ving paradigm. Front Immunol 2024; 15:
1433989.

Bhatia V, Kamat NV, Pariva TE, Wu LT, Tsao A,
Sasaki K, Sun H, Javier G, Nutt S, Coleman |,
Hitchcock L, Zhang A, Rudoy D, Gulati R, Patel
RA, Roudier MP, True LD, Srivastava S, Mor-
rissey CM, Haffner MC, Nelson PS, Priceman
SJ, Ishihara J and Lee JK. Targeting advanced
prostate cancer with STEAP1 chimeric antigen
receptor T cell and tumor-localized IL-12 immu-
notherapy. Nat Commun 2023; 14: 2041.
Paik PK, Luo J, Ai N, Kim R, Ahn L, Biswas A,
Coker C, Ma W, Wong P, Buonocore DJ, Lai WV,
Chaft JE, Acharyya S, Massagué J and Kris MG.
Phase | trial of the TNF-a inhibitor certolizum-
ab plus chemotherapy in stage IV lung adeno-
carcinomas. Nat Commun 2022; 13: 6095.
Krug J, Rodrian G, Petter K, Yang H, Khoziaino-
va S, Guo W, Bénard A, Merkel S, Gellert S,
Maschauer S, Spermann M, Waldner M, Bailey
P, Pilarsky C, Liebl A, Tripal P, Christoph J,
Naschberger E, Croner R, Schellerer VS, Beck-
er C, Hartmann A, Tating T, Prante O, Grut-
zmann R, Grivennikov SI, Stlrzl M and Britzen-
Laurent N. N-glycosylation regulates intrinsic
IFN-y resistance in colorectal cancer: impli-
cations for immunotherapy. Gastroenterology
2023; 164: 392-406, eb.

Quintanilha JCF, Kelly WK and Innocenti F.
Contribution of plasma levels of VEGF-A and
angiopoietin-2 in addition to a genetic variant
in KCNABL1 to predict the risk of bevacizumab-

Am J Transl Res 2026;18(7):5560-5574



[29]

[30]

[31]

[32]

[33]

5574

Inflammatory, VEGF-A, tumour markers in advanced NSCLC

induced hypertension. Pharmacogenomics J
2024; 24: 22.

Li T, Xie Q, Fang YY, Sun 'Y, Wang XM, Luo Z, Yan
GL, He JB and Zheng XQ. Prognostic value of
CYFRA 21-1 and Ki67 in advanced NSCLC pa-
tients with wild-type EGFR. BMC Cancer 2023;
23: 295.

Muley T, Schneider MA, Meister M, Thomas M,
HeuBel CP, Kriegsmann M, Holdenrieder S,
Wehnl B, Rolny V, Mang A, Gerber R and Herth
F. CYFRA 21-1, CA 125 and CEA provide addi-
tional prognostic value in NSCLC patients with
stable disease at first CT scan. Tumour Biol
2024; 46: S163-S175.

Strum S, Vincent M, Gipson M, McArthur E
and Breadner D. Assessment of serum tumor
markers CEA, CA-125, and CA19-9 as adjuncts
in non-small cell lung cancer management.
Oncotarget 2024; 15: 381-388.

Jiang M, Chen P, Guo X, Zhang X, Gao Q, Zhang
J, Zhao G and Zheng J. Identification of EGFR
mutation status in male patients with non-
small-cell lung cancer: role of 18F-FDG PET/CT
and serum tumor markers CYFRA21-1 and
SCC-Ag. EJNMMI Res 2023; 13: 27.

Duan X, Yan Y, Tai Y and Fan R. Serum CEA,
CYFRA-211, and NSE as diagnostic biomarkers
for bone metastasis in lung cancer. Altern Ther
Health Med 2024; [Epub ahead of print].

(34]

[35]

(36]

Abdalla AZ, Khallaf SM, Mohammed DA,
Mounir MG and Mohammed AH. Predictive
and prognostic significance of serum neuron-
specific enolase in patients with metastatic
non-small cell lung cancer receiving gefitinib:
a prospective study from south Egypt cancer
institute. Asian Pac J Cancer Prev 2025; 26:
2627-2634.

Fizazi K, Le Teuff G, FIéchon A, Pagliaro L, Mar-
diak J, Geoffrois L, Laguerre B, Chevreau C,
Delva R, Rolland F, Theodore C, Roubaud G,
Gravis G, Eymard JC, Cancel M, Juzyna B,
Reckova M, Naoun N, Logothetis C and Culine
S. Personalized chemotherapy on the basis of
tumor marker decline in poor-prognosis germ-
cell tumors: updated analysis of the GETUG-13
phase Il trial. J Clin Oncol 2024; 42: 3270-
3276.

Sadick H, Schéfer E, Weiss C, Rotter N, Mdller
CE, Birk R, Sadick M and Haussler D. An in vitro
study on the effect of bevacizumab on endo-
thelial cell proliferation and VEGF concentra-
tion level in patients with hereditary hemor-
rhagic telangiectasia. Exp Ther Med 2022; 24
555.

Am J Transl Res 2026;18(7):5560-5574



