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Objective: To compare the efficacy and safety of immune checkpoint inhibitors (ICIs) plus chemotherapy versus bevacizumab plus
chemotherapy in advanced driver gene-negative non-squamous non-small cell lung cancer (NS-NSCLC).

Methods: This retrospective cohort study included 199 patients treated from October 2015 to January 2022. Group A (n=103)
received ICIs plus chemotherapy (pemetrexed + cisplatin), while Group B (n=96) received bevacizumab plus the same chemotherapy.
Outcomes included treatment response, serum tumor markers (CEA, CA-125, CA-199), immunoglobulins (IgA, IgG, IgM), adverse
reactions, and survival [progression-free survival (PFS), overall survival (OS)].

Results: Group A had a significantly higher objective response rate (59.22% vs 36.46%, P=0.001). Tumor marker levels decreased
more in Group A (P<0.05), while declines in immunoglobulin levels were less pronounced (P<0.05). Adverse events were similar
between groups (P>0.05). Group A had a longer median PFS (11.13 vs 7.37 months, P<0.05), and a non-significant trend toward
longer OS (20.87 vs 18.4 months, P=0.159).

Conclusion: ICIs combined with chemotherapy improved treatment efficacy and PFS compared to bevacizumab-based therapy in
advanced driver gene-negative NS-NSCLC, with manageable safety and less impact on immune function.
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Introduction

Advanced driver gene-negative non-squamous non-small cell lung cancer (NS-NSCLC) is the most common type of lung
cancer worldwide. Due to its high malignancy and poor prognosis, it remains a major challenge in oncology. Epidemiological
data indicate that patients with advanced driver gene-negative NS-NSCLC often experience rapid disease progression and
limited treatment options, contributing to persistently low 5-year survival rates. Although the expansion of treatment
modalities—including chemotherapy, targeted therapies, and immunotherapy—has improved clinical outcomes, the efficacy
of conventional regimens is still restricted by tumor heterogeneity, drug resistance, and systemic toxicity.>* For decades,
platinum-based chemotherapy, such as pemetrexed combined with cisplatin, has served as a standard first-line treatment for
this patient population.”® While this approach can alleviate symptoms and modestly extend survival, its overall therapeutic
benefit remains suboptimal, and cumulative toxicities often compromise patients’ tolerance.’
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The advent of immunotherapy, particularly immune checkpoint inhibitors (ICls) targeting PD-1/PD-L1, has revolutionized
lung cancer treatment. ICIs enhance anti-tumor immune responses by restoring T-cell activity, thereby offering durable
responses in subsets of patients with advanced NSCLC.*® Multiple high-quality clinical trials have validated the efficacy of
ICIs, showing marked improvements in progression-free survival (PFS) and overall survival (OS).'"® Recent large-scale

studies further support the clinical value of ICI-based regimens, especially in patients without actionable mutations.'' "3

Additionally, real-world evidence and meta-analyses continue to refine patient selection and management strategies.'*'>

Nevertheless, challenges remain. Not all patients benefit equally from immunotherapy due to individual variations in
tumor immune microenvironment, PD-L1 expression levels, and immune-related adverse events (irAEs), which may hinder
long-term treatment adherence. To overcome these limitations, combined regimens of ICIs with chemotherapy are increas-
ingly adopted, leveraging their complementary mechanisms—cytotoxic killing of tumor cells and immune activation—to
achieve synergistic effects.'®!” On the other hand, anti-angiogenic therapy, particularly bevacizumab, has been incorporated
into combination regimens to improve drug delivery and tumor oxygenation. Bevacizumab inhibits VEGF-mediated
neovascularization, thereby suppressing tumor growth and progression.'® Clinical studies have confirmed its efficacy in
combination with chemotherapy for advanced NS-NSCLC, offering improvements in both survival and quality of life."’

However, direct comparisons between ICIs plus chemotherapy versus bevacizumab plus chemotherapy in the
treatment of advanced driver gene-negative NS-NSCLC remain limited. Both strategies have shown promising outcomes,
yet their relative efficacy, safety profiles, and long-term benefits remain unclear. Therefore, this retrospective study aims
to evaluate and compare the clinical efficacy, safety, and survival outcomes of these two combination regimens, with the
goal of informing individualized treatment strategies and optimizing clinical decision-making.

Subjects and Methods
Study Subjects

A retrospective analysis was conducted on the clinical data of 199 patients with advanced driver gene-negative non-squamous
non-small cell lung cancer (NS-NSCLC) who received treatment at our hospital between October 2015 and January 2022.
Inclusion criteria: (1) Meeting the diagnostic criteria for driver gene-negative NS-NSCLC?® and confirmed by pathological
examination; (2) Age >18 years and <75 years, regardless of gender; (3) TNM staging®' classified as stage IV; (4) Estimated
survival time >6 months; (5) Possessing normal comprehension and communication abilities; (6) All participants signed
informed consent before the study, being fully aware of the study objectives, methods, and possible risks. Exclusion criteria:
(1) Patients with severe comorbidities such as acute heart disease, severe infections, chronic liver disease, or renal failure who are
unable to tolerate chemotherapy; (2) Patients with a history of immune system diseases or currently receiving immunosuppres-
sive therapy; (3) Patients diagnosed with active tuberculosis or a history of tuberculosis without effective treatment; (4) Patients
with a history or presence of other malignancies; (5) Female patients who are pregnant, breastfeeding, or potentially pregnant; (6)
Patients who underwent major surgery within 6 months prior to enrollment; (7) Patients with allergies or contraindications to the
drugs or methods used in this study; (8) Patients unable to understand or cooperate with the study protocol due to cognitive
impairment, mental illness, or other reasons affecting adherence to treatment requirements. Based on the treatment regimens
received, patients were divided into group A (n=103) and group B (n=96). This study was approved by the Ethics Committee of
Third Affiliated Hospital of Wenzhou Medical University (Ruian People’s Hospital) (Approval No.: YJ2023086) and was
conducted in strict accordance with the ethical standards of the Declaration of Helsinki. As this was a retrospective observational
study, patients were assigned to treatment groups based on clinical decisions rather than randomization. Although baseline
characteristics between the two groups showed no statistically significant differences, some variables—such as gender and age—
were close to the threshold of significance, suggesting the possibility of selection bias. Due to the limitations of the study design,
multivariate adjustment was not performed, and the potential impact of confounding factors cannot be fully ruled out.

Methods

Before each treatment cycle, patients underwent comprehensive examinations, including complete blood count, liver and
kidney function tests, chest CT or PET/CT imaging, to evaluate tumor status. After each chemotherapy session, patients
remained in the observation area for 2—4 hours to monitor vital signs, allergic reactions, and post-injection responses, and
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to promptly manage any adverse reactions. All patients received a treatment regimen of pemetrexed combined with
cisplatin: one cycle every 21 days. On day 1 of each cycle, patients received an intravenous infusion of pemetrexed (Eli
Lilly and Company, National Drug Approval No. H20100076) at a dose of 500 mg/m?. Prior to infusion, patients took
oral folic acid and received vitamin B12 injections before and after treatment to prevent myelosuppression and other
toxic side effects. On the same day, cisplatin (Jiangsu Hengrui Pharmaceutical Co., Ltd., National Drug Approval No.
H20040813) was administered intravenously at a dose of 75 mg/m? over approximately 6 hours. To reduce cisplatin-
induced nephrotoxicity and gastrointestinal reactions, patients were adequately hydrated and pretreated with antiemetic
drugs (such as 5-HT3 receptor antagonists combined with dexamethasone). During treatment, renal function, electrolyte
levels, and adverse reactions were regularly monitored to allow timely adjustment of the subsequent therapeutic regimen.
Group A patients also received ICIs therapy on day 1 of each chemotherapy cycle. The ICI used was pembrolizumab
(Registration No. S20180019), administered intravenously at a dose of 200 mg per session, with infusion lasting more
than 30 minutes. Group B patients additionally received bevacizumab (Roche Diagnostics GmbH, Approval No.:
S20120069) on day 1 of each chemotherapy cycle, administered by intravenous infusion at a dose of 15 mg/kg. All
patients underwent evaluation after 2—3 consecutive treatment cycles to assess treatment efficacy.

Observation Indicators

Treatment efficacy

Assessed every 2-3 cycles based on the clinical efficacy criteria for solid tumors.”?> Complete Response (CR):
Disappearance of all lesions with no new lesions observed. Partial Response (PR): Decrease in the longest diameter of
lesions by >30%. Stable Disease (SD): Decrease in the longest diameter of lesions <30% or increase <20%. Progressive
Disease (PD): Increase in the longest diameter of lesions by >20%. These responses must persist for more than 4 weeks
to be validated. DCR = (CR + PR + SD cases) / total cases x 100%; ORR = (CR + PR cases) / total cases x 100%.

Serum tumor markers

Before and after treatment, 5 mL of fasting elbow venous blood was collected from each patient in the morning. After standard
centrifugation, serum supernatant was obtained, and levels of carcinoembryonic antigen (CEA), carbohydrate antigen-125
(CA-125), and carbohydrate antigen-199 (CA-199) were measured using a fully automatic biochemical analyzer.

Immunoglobulin levels
Using the remaining serum samples (detection method as above), the levels of immunoglobulins IgA, IgG, and IgM were
measured with a fully automatic biochemical analyzer.

Adverse Reactions

Adverse events during treatment were recorded based on the Common Terminology Criteria for Adverse Events
(CTCAE) issued by the US National Cancer Institute (NCI).?* The evaluated toxicities included nausea and vomiting,
abnormal blood pressure, myelosuppression, gastrointestinal reactions, skin reactions, hepatic and renal dysfunction, as
well as immune-related adverse events (irAEs).

Survival status

All patients were followed up for 24 months after treatment. Patients were contacted on the 1st day of each month to return to
the hospital for imaging review. The endpoint of follow-up was death or loss to follow-up. Progression-Free Survival (PFS):
From the start of treatment to disease progression or death. Overall Survival (OS): From the start of treatment to death.

Statistical Analysis

GraphPad Prism 8 was used for plotting and SPSS 22.0 for data processing. Measurement data were expressed as (¥ =+ s).
Between-group comparisons were conducted using independent sample t-tests, while within-group comparisons employed
paired t-tests. Categorical data were expressed as rates (%) and analyzed using the chi-square test for unordered data and the
rank-sum test for ordered data. Survival analysis was performed using the Kaplan-Meier method, and differences between
groups were compared using the Log rank test. A p-value of <0.05 was considered statistically significant.
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Results

Comparison of Baseline Data
There were no significant differences between the two groups in terms of gender, age, ECOG score, smoking history, body mass

index (BMI), pathological type, or primary tumor site (P > 0.05), indicating comparability between the groups. See Table 1.

Comparison of Treatment Efficacy
The ORR of Group A was significantly higher than that of Group B (P < 0.05). Although the DCR of Group A was higher
than that of Group B, the difference was not statistically significant (P > 0.05). See Table 2.

Comparison of Serum Tumor Marker Levels

Post-treatment levels of CEA, CA-125, and CA-199 in both groups were significantly lower than pre-treatment levels,

with Group A showing greater reductions (P < 0.05). See Figure 1.

Table | Comparison of Baseline Data [n (%)]

Group A (n=103)

Group B (n=96)

Gender
Female
Male
Age
<60
>60
ECOG Score
<l
2
Smoking History
No
Yes
BMI
<18.5
224.0
Pathological Type
Adenocarcinoma
Others
Primary Tumor Site
Left Lung
Right Lung

Both Lungs

15 (14.6%)
88 (85.4%)

23 (22.3%)
80 (77.7%)
67 (65.0%)
36 (35.0%)
39 (47.6%)
43 (52.4%)
13 (12.6%)
29 (29.1%)
96 (93.2%)
7 (6.8%)
50 (48.5%)
51 (49.5%)
2 (2.0)

26 (27.1%)
70 (72.9%)

33 (34.4%)
63 (65.6%)
57 (59.4%)
39 (40.6%)
58 (49.6%)
59 (50.4%)
13 (13.5%)
29 (30.2%)
91 (94.8%)
5 (5.2%)
38 (39.6%)
50 (52.1%)
8 (8.3%)

Table 2 Comparison of Treatment Efficacy [n (%)]

TreatmentEfficacy

Group A (n=103)

Group B (n=96)

CR
PR
SD
PD
ORR
DCR

2 (1.9%)
59 (57.3%)
30 (29.1%)
12 (11.7%)
61 (59.2%)
91 (88.4%)

0 (0.0%)
35 (36.5%)
40 (41.7%)
21 (21.9%)
35 (36.5%)
75 (78.1%)
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Figure | Comparison of Serum Tumor Marker Levels (¥ + s).
Notes: Between-group comparison, *P < 0.05; comparison with pre-treatment in the same group, #P < 0.05.

Comparison of Immunoglobulin Levels
Post-treatment levels of IgA, IgG, and IgM were reduced in both groups, with smaller reductions observed in Group A (P <0.05).

See Figure 2.

Comeparison of Toxic Side Effects

Most adverse effects in both groups were grade 1 or 2, with rare occurrences of grade 3 or 4. All adverse reactions
resolved after symptomatic treatment. There were no significant differences between the two groups in the incidence of
nausea and vomiting, abnormal blood pressure, myelosuppression, gastrointestinal reactions, skin reactions, or liver and
kidney dysfunction (P > 0.05). See Table 3. In the ICIs group, a total of 27 patients (26.2%) experienced irAEs. These
included grade 1-2 rash (9.7%), grade 1-2 thyroid dysfunction (8.7%), grade 1 pneumonitis (3.9%), and grade 2
immune-related hepatitis (3.9%). All irAEs were managed with supportive care or low-dose corticosteroids, and no

grade >3 irAEs were observed. See Table 4.

Comparison of Survival Outcomes

No loss to follow-up occurred in either group. The median PFS in Group A was 11.13 months (95% confidence interval [CI]:
8.02-14.25), significantly longer than that of Group B at 7.37 months (95% CI: 5.69-9.05; hazard ratio [HR]: 0.67; 95% CI:
0.49-0.91; P <0.05). The median OS in Group A was 20.87 months (95% CI: 18.73-23.01), showing a trend of improvement
over Group B at 18.42 months (95% CI: 15.72-21.08; HR: 0.77; 95% CI: 0.53—1.11; P = 0.159). See Figures 3 and 4.

Discussion
The results of this study indicate that ICIs combined with chemotherapy demonstrate superior efficacy compared to

bevacizumab combined with chemotherapy in patients with advanced driver gene-negative non-squamous non-small cell
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Figure 2 Comparison of Immunoglobulin Levels (¥ +s, g/L).
Notes: Between-group comparison, *P < 0.05; comparison with pre-treatment in the same group, #P < 0.05.

lung cancer (NSCLC). Specifically, the ORR of the ICIs+chemotherapy group was significantly higher than that of the
bevacizumab+chemotherapy group (P<0.05). Although there was no statistically significant difference in disease control rate
(DCR) between the two groups, the difference in ORR suggests that the ICIs+chemotherapy regimen may exhibit more
prominent effects in enhancing treatment efficacy. The underlying reason lies in the mechanism of ICIs combined with
chemotherapy, which primarily activates the immune system and remodels the tumor microenvironment in the treatment of
advanced driver gene-negative non-squamous NSCLC. Tumor cells can evade immune surveillance by expressing immune
checkpoint molecules (such as PD-L1), which bind to PD-1 receptors on T cells, thereby suppressing their function and
activity.”* ICIs target these immune checkpoint molecules, restore tumor-specific T cell function, enhance immune recognition
and attack on tumors, and significantly boost anti-tumor responses.”> In contrast, bevacizumab primarily inhibits tumor
angiogenesis, reducing tumor blood supply and nutrient availability to indirectly limit tumor growth,?® but does not directly
modulate the immune system. Therefore, ICIs combined with chemotherapy not only restrict tumor growth through direct

Table 3 Comparison of Toxic Side Effects [n (%)]

Adverse Reactions Group A (n=103) | Group B (n=96) x? P

Nausea and Vomiting 47 (45.6%) 51 (53.1%) 1.116 | 0.290
Abnormal Blood Pressure 28 (27.2%) 21 (21.9%) 0.754 | 0.385
Myelosuppression 55 (53.4%) 43 (44.8%) 1.472 | 0.225
Gastrointestinal Reaction 48 (46.6%) 41 (42.7%) 0.304 | 0.581
Skin Reaction 34 (33.0%) 27 (28.1%) 0.557 | 0.455
Liver and Kidney Dysfunction 27 (26.2%) 26 (27.1%) 0.019 | 0.886
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Table 4 Incidence and Grade of irAEs in the ICls Group (n = 103)

Type of irAE CTCAE Grade | No. of Patients (n) | Incidence Rate (%)
Rash Grade 1-2 10 9.7%
Thyroid dysfunction Grade 1-2 9 8.7%
Pneumonitis Grade | 4 3.9%
Immune-related hepatitis Grade 2 4 3.9%

Total (any irAE) Grade 1-2 27 26.2%

Severe irAEs (Grade 23) - 0 0%

Notes: All immune-related adverse events were managed with supportive care or low-dose corticosteroids. No
patients discontinued treatment due to irAEs.

cytotoxic effects but also activate the immune system, with these effects synergizing to enhance efficacy in patients with
advanced driver gene-negative non-squamous NSCLC, making it superior to bevacizumab combined with chemotherapy.
Research’” has indicated that tumor patients generally exhibit significant imbalance in tumor marker levels, with
CEA, CA-125, and CA-199 being sensitive markers for evaluating disease severity in cancer patients. CEA, located on
tumor cell membranes derived from endodermal differentiation, is upregulated as tumor burden increases and can predict
tumor progression to some extent.”® CA-125 and CA-199 are often used in auxiliary tumor diagnosis, treatment
monitoring, and prognosis assessment. Their elevated expression reflects increased tumor burden and heightened cellular
metabolic activity.?*° In this study, ICIs combined with chemotherapy significantly reduced the levels of tumor markers
such as CEA, CA-125, and CA-199, indicating strong tumor-suppressive capability. In contrast, bevacizumab combined
with chemotherapy showed a more limited ability to reduce tumor marker levels. The anti-tumor effects of ICIs are
closely related to immune system activation; by lifting T cell suppression, ICIs enhance tumor cell recognition and
clearance, leading to decreased serum tumor marker levels. Furthermore, other studies®’ have noted that during
chemotherapy, drugs may not only kill or slow cancer cell growth but also affect normal cells. IgA, IgM, and IgG are
sensitive indicators for evaluating immune function; declines in their levels can reduce antibacterial, immune, and anti-
infective capacities, thus affecting overall treatment efficacy.>>”> The results of this study show that ICIs combined with
chemotherapy had minimal impact on immunoglobulin levels (IgA, IgG, IgM), suggesting that ICIs may not only
enhance tumor-specific immune responses but also maintain immune homeostasis by preventing systemic immune
overactivation. In contrast, bevacizumab indirectly inhibits tumor growth via anti-angiogenesis without directly acting
on the immune system, resulting in lesser impact on tumor marker and immunoglobulin levels. This further confirms that

immunotherapy offers stronger immune regulatory effects compared to anti-angiogenesis therapy.

—4— Group A
Group B

0 1I0 20 30
Time (Months)

Progression-Free Survival Rate (%)

Figure 3 PFS Curves of the Two Groups.
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Figure 4 OS Curves of the Two Groups.

Survival time is a key indicator in evaluating cancer treatment efficacy. The results of this study showed that the
median PFS in the ICIstchemotherapy group was significantly longer than in the bevacizumab+chemotherapy group.
The reason may be that ICIs restore and enhance immune responses by removing immune suppression, enabling more
complete tumor cell clearance, thereby reducing recurrence and metastasis risks, and extending patient survival. One
major advantage of immunotherapy over bevacizumab is its durability. While bevacizumab generally provides short-term
assistance in tumor cell eradication, immunotherapy can induce durable immune memory through immune system

activation, >+

maintaining tumor surveillance long after treatment. Notably, while PFS was significantly longer in the
ICIs group compared to the bevacizumab group, the difference in OS did not reach statistical significance. This
discrepancy may be attributed to several factors. First, the median follow-up duration of this study may have been
insufficient to fully capture long-term OS benefits, especially given that many patients were still alive at the end of the
study period. Second, potential differences in subsequent-line therapies after disease progression could have influenced
OS outcomes. Although detailed data on post-progression treatments were not fully available for all patients, it is
possible that patients in the bevacizumab group received ICIs later, which could have partially offset survival differences.
Lastly, crossover treatments and differences in patient responses to subsequent regimens may also confound OS results.
Future prospective studies with standardized post-treatment protocols and longer follow-up periods are needed to clarify
the long-term survival benefits of these regimens.

ICIs-related toxicities are typically associated with immune system activation, leading to a distinct profile of irAEs
such as skin reactions and endocrine dysfunctions. In this study, however, there were no statistically significant
differences between the ICIs plus chemotherapy group and the bevacizumab plus chemotherapy group in the incidence
of common adverse reactions, including nausea and vomiting, abnormal blood pressure, myelosuppression, gastrointest-
inal reactions, skin reactions, and hepatic or renal dysfunction. Notably, patients in the ICIs group experienced several
mild to moderate irAEs, including rash, thyroid dysfunction, pneumonitis, and immune-related hepatitis. These events
were mostly grade 1-2 and were effectively managed with supportive care or low-dose corticosteroids. Importantly, no
grade >3 irAEs or treatment-related discontinuations occurred in the ICIs group. Although immunotherapy may carry
a risk of more serious toxicities, the relatively low incidence and manageable nature of irAEs observed in this study
suggest that ICIs combined with chemotherapy offer a favorable safety profile. The absence of severe irAEs may be
attributed to timely identification and intervention. Therefore, in patients with advanced driver gene-negative non-
squamous NSCLC, this combination regimen not only improves clinical efficacy but also maintains acceptable safety,
making it a viable and promotable therapeutic strategy.

Despite the strong support this study provides for ICIs combined with chemotherapy, some limitations remain. First,
its retrospective and non-randomized design may have introduced selection bias. While baseline variables appeared
balanced overall, differences in gender and age approached statistical significance, potentially affecting treatment
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outcomes. Additionally, no multivariate analysis was conducted to adjust for confounding variables, which may limit the
internal validity of the findings. Second, the single-center setting and relatively small sample size restrict the general-
izability of the results. Future multicenter, large-scale prospective studies are warranted to confirm the efficacy and safety
of this combination regimen across diverse clinical settings. In addition, the efficacy of immune checkpoint inhibitors
may be influenced by patients’ genetic background, tumor mutational burden, and PD-L1 expression. Future studies
should further explore these factors to support individualized treatment strategies.

Conclusion

This retrospective study demonstrated that ICIs combined with chemotherapy are more effective than bevacizumab
combined with chemotherapy in the treatment of advanced driver gene-negative non-squamous NSCLC. The ICIs-based
regimen was associated with improved progression-free survival, a trend toward longer overall survival, greater
reductions in tumor marker levels, and a milder impact on immune function. Moreover, the safety profiles were
comparable between the two regimens, with no increase in severe adverse events observed in the ICIs group. These
findings support the use of ICIs plus chemotherapy as a promising and safe first-line treatment strategy in this patient
population. However, given the limitations of our single-center, retrospective design, further prospective multicenter
studies are needed to validate these results and guide personalized treatment approaches.
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