
RESEARCH ARTICLE

Effects of combining immune checkpoint inhibitors and anti-angiogenic agents on 
bone metastasis in non-small cell lung cancer patients
Xiaohong Xiea*, Maolin Zhoua*, Liqiang Wanga,b*, Fei Wanga,c, Haiyi Denga, Yiling Yanga, Ni Suna, Ru Lia,d, Ying Chena, 
Xinqing Lina, Ming Liua, and Chengzhi Zhou a

aPulmonary and Critical Care Medicine, National Center for Respiratory Medicine, National Clinical Research Center for Respiratory Disease, State Key 
Laboratory of Respiratory Disease, Guangzhou Institute of Respiratory Health, The First Affiliated Hospital of Guangzhou Medical University, 
Guangzhou, China; bCollege of Life Science, Henan University, Kaifeng, Henan, China; cDepartment of Respiratory and Critical Care Medicine, The First 
Affiliated Hospital of Anhui Medical University, Hefei, China; dSchool of Clinical Medicine, Henan University, Kaifeng, China

ABSTRACT
This study aimed to evaluate the efficacy of combining immune checkpoint inhibitors (ICIs) and anti- 
angiogenic agents in treating lung cancer patients with bone metastases (BMs), as it is unclear whether 
this combination is effective for this condition. Non-small cell lung cancer patients with BMs receiving ICIs 
were divided into experimental and control groups based on anti-angiogenic treatment. Progression-free 
survival (PFS) and overall survival (OS) were evaluated using the Kaplan-Meier method, with log-rank test 
for comparisons. Prognostic factors were determined by univariate and multivariate Cox regression 
analyses. The study included 95 patients. The experimental group (n = 42) had a higher disease control 
rate (DCR) (90.5% vs. 68.6%, p = .009), objective response rate (ORR) (35.7% vs. 24.5%, p = .235), and 
longer median bone PFS (14.3 months vs. 8.3 months, p = .011) for bone metastasis. However, there were 
no significant differences in overall DCR (92.8% vs. 86.7%, p = .339), ORR (64.3% vs. 62.3%, p = .839), and 
PFS (12.4 months vs. 11.6 months, p = 0.383) between the 2 groups. The experimental group had a lower 
incidence of skeleton-related events (SREs) (28.6% vs. 35.8%, p = .425), and SRE patients had shorter PFS 
(7.7 vs. 14.3 months, p < .001) and OS (12.1 vs. 19.0 months, p = .028). Anti-angiogenic therapy (HR = 0.55, 
p = .012) and SRE (HR = 2.93, p < .001) were identified as independent prognostic factors for bone 
metastatic PFS. Adverse events were slightly higher in the experimental group (29.3% vs. 18.9%, 
p = .238), but not statistically significant. The combination of ICIs and anti-angiogenic agents leads to 
a significant PFS for BMs and potentially decreases SRE.
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Introduction

Lung cancer has a high incidence of morbidity and mortality, 
with a significant number of patients already having distant 
metastases at diagnosis.1 Bone metastasis occurs in approxi
mately 30–40% of advanced non-small cell lung cancer 
(NSCLC) cases, second only to brain metastasis.2,3 The spine 
is the most common site of bone metastasis, followed by the 
ribs, pelvis, limbs, and sternum.4,5 Patients with bone metas
tases (BMs) often suffer from complications, with 30–50% 
developing skeleton-related events (SREs) during treatment, 
such as pathological fractures, spinal cord compression, skele
tal surgery, or bone palliative radiotherapy. These complica
tions significantly impact their quality of life and subsequent 
treatment strategies.6–8

Immune checkpoint inhibitors (ICIs) inhibit the pro
grammed death receptor 1/Programmed death ligand 1 (PD- 
1/PD-L1) or cytotoxic T lymphocyte-associated protein 4 
(CTLA-4) pathways, releasing the inhibitory effect on 
T lymphocytes and exerting antitumor effects.9 Previous stu
dies have demonstrated that ICIs significantly prolong 

progression-free survival (PFS) and overall survival (OS) of 
NSCLC patients, providing hope for those with advanced lung 
cancer.10–14 Anti-angiogenic agents primarily inhibit neovas
cularization and normalize tumor blood vessels, playing an 
anti-tumor role. Additionally, they can modify the immuno
suppressive state of the tumor microenvironment and enhance 
immune cell tumor-killing activity.15,16 Clinical studies have 
shown that combining ICIs with anti-angiogenic agents 
improves the therapeutic effect of NSCLC.17 However, it is 
unclear whether anti-angiogenic agents enhance the efficacy of 
ICIs in treating BMs.

Previous studies have demonstrated that malignant BMs are 
highly vascularized, which creates a favorable environment for 
their growth.18 Moreover, the bone has a unique immune 
microenvironment that differs from other organs, and studies 
have shown that bone is particularly immunocompromised.19 

Anti-angiogenic agents can alleviate hypoxia conditions and 
downregulate the expression of vascular endothelial growth 
factor, which may improve the immunosuppressed state of 
BMs. Therefore, they have the potential to enhance the efficacy 
of immunotherapy. This retrospective study was conducted to 
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evaluate the effectiveness of combining ICIs and anti- 
angiogenic agents in treating BMs in NSCLC.

Patients & methods

Patient and study design

This retrospective study included lung cancer patients with 
BMs who received combined immunotherapy and chemother
apy for at least 2 cycles at the First Affiliated Hospital of 
Guangzhou Medical University from January 2018 to 
June 2021. Patient information, including demographics, clin
ical characteristics, treatment regimens, and outcomes, was 
collected through the electronic medical record system. 
Patients with incomplete information were excluded. The 
study was followed up until September 2022. Patients were 
divided into experimental and control groups based on 
whether they received anti-angiogenic treatment or not. 
During the data collection, we observed that patients who 
received ICIs alone were rarely treated with anti-angiogenic 
agents at the outset. To mitigate this bias, we focused our 
investigation on evaluating the impact of anti-angiogenic 
drugs on BMs, thereby excluding patients who exclusively 
received ICIs. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013) and approved 
by the Ethics Committee of the First Affiliated Hospital of 
Guangzhou Medical University. Written informed consent 
was waived due to the nature of the retrospective study.

Efficacy evaluation

The efficacy of primary lung and bone metastasis lesions was 
assessed using imaging techniques such as computed tomo
graphy (CT), magnetic resonance imaging (MRI), positron 
emission tomography/computed tomography (PET/CT), and 
emission computed tomography (ECT). Immunotherapy effi
cacy was evaluated according to Response Evaluation Criteria 
In Solid Tumors (version 1.1),20 while the efficacy of BMs was 
evaluated using MD Anderson Cancer Center criteria.21 The 
objective response rate (ORR) was calculated as the percentage 
of patients with CR or PR, while disease control rate (DCR) 
was calculated as the percentage of patients with CR, PR, or 
SD. PFS for overall efficacy and bone metastatic PFS (bPFS) 
were calculated from the first ICIs administration to disease 
progression, death, or last follow-up on October 1, 2022. OS 
was estimated from the ICIs start date until death from any 
cause or last follow-up. Patients who had not reached the 
endpoint event at the study cutoff or were lost to follow-up 
were considered censored.

Statistical analysis

Jamovi (version 2.3.13) was used for statistical analysis. The 
independent sample t-test was used for normally distributed 
continuous variables, while the independent sample rank sum 
test was used for non-normally distributed continuous vari
ables. Categorical variables were expressed as frequencies (%), 
and differences between groups were compared using the chi- 
square test (χ2) or Fisher’s exact test. Kaplan-Meier method 

was used to estimate PFS and OS, and Log-rank tests were 
performed to compare differences between groups. Cox 
regression was utilized to identify variables associated with 
PFS, with variables having p < .05 and clinical significance 
included in multivariate analysis to identify PFS-independent 
prognostic factors. All tests were two-tailed, and p < .05 was 
considered statistically significant.

Results

Patient characteristics

The study included 95 patients, with 42 in the experimental 
group and 53 in the control group. The clinical characteristics 
of all patients are presented in Table 1. The majority of the 
overall population was younger than 65 years (67.4%), and 
74.7% were male. Among them, most had an Eastern 
Cooperative Oncology Group Performance Status (ECOG 
PS) score of 0–1, a smoking history, and were diagnosed with 
lung adenocarcinoma, mainly at stage IV B. The proportion of 
patients with EGFR mutation-positive tumors was 16.8%, and 
PD-L1 expression was detected in 50.5% of patients before 
immunotherapy. In addition to BMs, most patients had other 
distant metastases, including brain and liver metastases. ICIs 
were administered as first-line treatment in 52.7% of patients 
and as second-line or beyond therapy in 43.2% of patients. 
There were no significant clinical differences between the 
experimental and control groups.

Status of bone metastases

Figure 1 displays the sites and number of BMs for all 
patients. The spine was the most common site of BMs, 
followed by the ribs, pelvis, limb, and sternum. Among 
spinal metastases, the thoracic vertebra (67.4%) was the 
most common, while the cervical and sacrococcygeal ver
tebrae were the least common. The majority of patients 
(73.7%) had two or more bone lesions, while only 26.3% 
had one.

Efficacy and prognosis

Figure 2a illustrates the evaluation of bone metastasis efficacy, 
with the experimental group demonstrating a higher DCR 
(90.5% vs. 68.6%, p = .009), ORR (35.7% vs. 24.5%, p = .235), 
and longer median bone PFS (mbPFS) (14.3 months vs. 8.3  
months, p = .011) compared to the control group (Figure 2c). 
However, in the overall efficacy evaluation, there was no sig
nificant difference between the experimental and control 
groups, with a DCR of 92.8% vs. 86.7% (p = .339), ORR of 
64.2% vs. 62.2% (p = .839) (Figure 2b), and mPFS of 12.4  
months vs. 11.6 months (p = .383) (Figure 2d). The analysis 
of overall survival revealed that the mOS of the control group 
was slightly longer than the experimental group (19.2 months 
vs. 17.5 months) (Figure 2e), but the difference was not statis
tically significant (p = .932). These findings suggest that the 
combination of ICI and anti-angiogenic drugs (such as bispho
sphonates and RANK-ligand inhibitors) slightly prolonged 
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PFS but showed no significant impact on OS among patients 
with BM.

To account for the potential impact of treatment line on 
outcomes, we included 54 patients who received ICIs as first- 
line treatment, with 20 in the experimental group and 34 in 
the control group. In this subgroup analysis, the experimen
tal group still demonstrated a significantly longer mbPFS 
compared to the control group (20.8 months vs. 8.0 months, 
p = .024) (Figure 2f), and a slightly better overall efficacy 
with a mPFS of 17.0 months vs. 12.4 months (p = .385) 
(Figure 2g). While the experimental group had a longer OS 
than the control group (32.2 months vs. 23.9 months, p  
= .421) (Figure 2h), the difference was not statistically 
significant.

Efficacy and prognosis of skeleton-related events (SREs)

As shown in Table 2, 31 patients (32.6%) experienced at least 
one SRE, including pathological fracture (12.6%), spinal cord 
compression (3.2%), bone surgery (6.3%), and bone radiation 
therapy (10.5%). Of these, 22 patients (23.2%) developed an 
SRE after ICIs treatment. Compared to the control group, the 
experimental group had a slightly lower incidence of SRE 
(28.6% vs. 35.8%, p = .425), but the difference was not statisti
cally significant. In the bone metastasis efficacy and survival 
analysis, patients who experienced at least one SRE had 
a significantly shorter PFS of BMs (7.7 months vs. 14.3  
months, p < .001) and OS (12.1 months vs. 19.0 months, 
p = .028) (Figure 3).

Table 1. Clinical characteristics between the experimental group and control group.

Characteristic All (N = 95) ICIs (n = 53) ICIs + Anti-angiogenic agents (n = 42) p

Sex, Male, n (%) 71 (74.7%) 31 (74.7%) 40 (73.8%) .853
Age, ≤65, n (%) 64 (67.4%) 35 (66.0%) 29 (69.0%) .756
Smoking, Yes, n (%) 45 (47.4%) 29 (54.7%) 16 (38.1%) .107
ECOG PS .463

0–1 84 (88.4%) 48 (90.6%) 36 (85.7%)
≥2 11 (11.6%) 5 (9.4%) 6 (14.3%)

Histology .285
Adenocarcinoma 73 (76.8%) 39 (73.6%) 34 (81.0%)
Squamous carcinoma 15 (15.8%) 11 (20.8%) 4 (9.5%)
Other 7 (7.4%) 3 (5.7%) 4 (9.5%)

Clinical stage .152
IVa 11 (11.6%) 9 (17.0%) 3 (7.1%)
IVb 84 (88.4%) 44 (83.0%) 39 (92.9%)

Treatment line .106
1 54 (56.8%) 34 (64.2%) 20 (47.6%)
≥2 41 (43.2%) 19 (35.8%) 22 (52.4%)

EGFR status, Yes, n (%) 16 (16.8%) 7 (13.2%) 9 (21.4%) .288
PD-L1 expression .936

<1% 18 (18.9%) 11 (20.8%) 7 (16.7%)
1–49% 13 (13.7%) 7 (13.2%) 6 (14.3%)
≥50% 17 (17.9%) 10 18.9%) 7 (16.7%)
NA 47 (49.5%) 25 (47.2%) 22 (52.4%)

Other distant metastases, Yes, n (%) 71 (74.7%) 39 (73.6%) 32 (76.2%) .772
Pleura, Yes, n (%) 52 (54.7%) 33 (62.3%) 19 (45.2%) .098
Brain metastases, Yes, n (%) 24 (25.3%) 12 (22.6%) 12 (28.6%) .509
Liver metastases, Yes, n (%) 21 (22.1%) 10 (18.9%) 11 (26.2%) .393
Adrenal metastases, Yes, n (%) 10 (10.5%) 4 (7.5%) 6 (14.3%) .288

ECOG PS, Eastern Cooperation Oncology Group performance status; EGFR, epidermal growth factor receptor; PD-L1, programmed cell death-ligand 1; 
ICIs, immune checkpoint inhibitors.

Figure 1. Sites (A) and number of bone metastases (B) in all patients (n = 95).
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Univariate and multivariate analyses

The univariate analysis encompassed clinical variables includ
ing the utilization of bone targeting agents, which may have an 
effect on BMs and overall PFS. More than half of the patients 
received bone targeting agents (bisphosphonates and RANK- 
ligand inhibitors), and the use of other bone agents was com
parable in the two groups (Table 3). In the univariate analysis, 
ECOG PS score (HR = 2.70, p < .021), squamous cell carci
noma (HR = 1.89, p = .059), anti-angiogenic therapy (HR =  
0.49, p = .012), SRE (HR = 2.93, p < .001), and pleural metas
tases (HR = 2.05, p = .014) exhibited significant correlations 

with PFS of bone metastasis lesions. These factors, along with 
those deemed clinically significant, were included in the multi
variate analysis. The results revealed that anti-angiogenic ther
apy (HR = 0.55, p = .047) and SRE (HR = 2.93, p = .002) 
remained as independent prognostic factors for PFS of bone 
metastasis lesions.

Adverse events (AEs)

We recorded and evaluated severe AEs ≥ Grade 3 after differ
ent treatments in this study, as presented in Table 4. These 

Figure 2. Bone metastases and overall efficacy and survival characteristics of two group patients. Response rate of BMs (a) and overall efficacy (b). PFS of BMs (c) and 
overall efficacy (d), and OS (e) of two group patients. PFS of BMs (f) and overall efficacy (g), and OS (h) of two group patients receiving first-line therapy.

Table 2. Comparison of SRE between the two groups.

Type of SRE All (N = 95) ICIs (n = 53) ICIs + Antiangiogenic agents (n = 42) p

All SRE 31 (32.6%) 19 (35.8%) 12 (28.6%) .425
Pathological fractures 12 (12.6%) 8 (15.1%) 4 (9.5%) .417
Spinal cord compression 3 (3.2%) 1 (1.9%) 2 (4.8%) .426
Surgery 6 (6.3%) 4 (7.5%) 2 (4.8%) .579
Palliative bone radiotherapy 10 (10.5%) 6 (11.3%) 4 (9.5%) .777
SRE after ICIs 22 (23.2%) 15 (28.3%) 7 (16.7%) .182

SRE, skeletal-related event; ICIs, immune checkpoint inhibitors.
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Figure 3. Bone metastases efficacy and survival characteristics of patients with or without SRE. (a) PFS of BMs and OS (b) of two group patients.

Table 3. Univariate and multivariate analysis of bPFS in all patients.

Characteristic n (%)

Univariable Multivariable

HR（95%CI） p HR（95%CI） p

Sex（Female VS. Male) 24 (25.3) 1.31 (0.71–2.43) .392
Age (>65 VS. ≤65) 31 (32.6) 1.02 (0.57–1.84) .947
Smoking, Yes, n (%) 45 (47.4) 1.24 (0.72–2.14) .444
ECOG PS (≥2 VS.0–1) 11 (11.6) 2.70 (1.16–6.30) .021 2.07 (0.86–4.96) .103
Clinical stage (IVb VS. IVa) 83 (87.4) 1.20 (0.51–2.81) .679
Pathology

Adenocarcinoma 73 (76.8) -
Squamous 15 (15.8) 1.89 (0.98–3.64) .059 1.59 (0.81–3.15) .179
Other 7 (7.4) 0.89 (0.27–2.90) .847 1.91 (0.54–6.74) .311

EGFR, Yes, n (%) 16 (16.8) 1.64 (0.79–3.41) .185
KRAS, Yes, n (%) 11 (11.6) 0.42 (0.15–1.17) .098
PD-L1 expression

<1% 18 (18.9) -
1–49% 13 (13.7) 1.14 (0.44–2.98) .783
≥50% 17 (17.9) 0.60 (0.22–1.63) .316
NA 47 (49.5) 1.10 (0.55–2.21) .795

anti-angiogenic agents, Yes, n (%) 42 (44.2) 0.49 (0.28–0.86) .013 0.55 (0.30–0.99) .047
Line (≥2 VS.1) 41 (43.2) 1.11 (0.63–1.94) .719
Bone targeting agents, Yes, n (%) 55 (57.9) 0.86 (0.49–1.49) .583 0.64 (0.34–1.20) .165
Number (≥2 VS.1) 70 (73.7) 0.99 (0.54–1.84) .984
SRE, Yes, n (%) 31 (32.6) 2.93 (1.67–5.17) <.001 2.93 (1.50–5.70) .002
Other metastases, Yes, n (%) 71 (74.7) 1.22 (0.65–2.28) .544
Brain, Yes, n (%) 24 (25.3) 1.45 (0.80–2.65) .223
Liver, Yes, n (%) 21 (22.1) 1.41 (0.75–2.66) .286
Adrenal glands, Yes, n (%) 10 (10.5) 0.60 (0.22–1.68) .331
Pleura, Yes, n (%) 52 (54.7) 2.05 (1.16–3.63) .014 1.54 (0.83–2.86) .174

bPFS, progression-free survival of bone metastases lesions; ECOG PS, Eastern Cooperation Oncology Group performance status; EGFR, epidermal 
growth factor receptor; KRAS, Kirsten rat sarcoma viral oncogene homolog; PD-L1, programmed cell death-ligand 1; SRE, skeletal-related event.

Table 4. Comparison of severe AEs between the two groups.

Type of AEs All (N = 95) ICIs (n = 53) ICIs + Antiangiogenic agents (n = 42) p

All severe AEs 22 (23.4%) 10 (18.9%) 12 (29.3%) .238
Dermatitis 5 (5.3%) 2 (3.8%) 3 (7.3%) .448
Embolism 3 (3.2%) 1 (1.9%) 2 (4.9%) .413
Hemoptysis 4 (4.3%) 1 (1.9%) 3 (7.3%) .196
Diarrhoea 2 (2.1%) 0 (0.0%) 2 (4.9%) .104
Hypohepatia 1 (1.1%) 1 (1.9%) 0 (0.0%) .377
Bone marrow suppression 3 (3.2%) 1 (1.9%) 2 (4.9%) .413
Immune pneumonia 2 (2.1%) 1 (1.9%) 1 (2.4%) .854
Immune myocarditis 1 (1.1%) 0 (0.0%) 1 (2.4%) .253
Immune-related myositis 1 (1.1%) 1 (1.9%) 0 (0.0%) .377
Immune-related ophthalmia 1 (1.1%) 1 (1.9%) 0 (0.0%) .377
Hypothyroidism 2 (2.1%) 2 (3.8%) 0 (0.0%) .209

AEs, adverse events; ICIs, immune checkpoint inhibitors.
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included dermatitis (5.3%), embolism (3.2%), hemoptysis 
(4.3%), diarrhea (2.1%), hypohepatia (1.1%), bone marrow 
suppression (3.2%), immune pneumonia (2.1%), immune 
myocarditis (1.1%), immune-related myositis (1.1%), 
immune-related ophthalmia (1.1%), and hypothyroidism 
(2.1%). The probability of severe AEs in the experimental 
group was slightly higher than that in the control group 
(29.3% vs. 18.9%, p = .238), particularly in hemoptysis (7.3% 
vs. 1.9%, p = .196) and severe diarrhea (4.9% vs. 0%, p = .104), 
but the differences were not statistically significant.

Discussion

Currently, ICIs are widely used in advanced lung cancer, 
particularly in NSCLC. Compared to no anti-angiogenic 
agents, combining immunotherapy with anti-angiogenic ther
apy has shown certain benefits for advanced lung cancer 
patients.17 In patients with distant metastases, the combination 
of ICIs and anti-angiogenic therapy has demonstrated good 
efficacy in those with brain metastases.22 However, the benefit 
of combining ICIs and anti-angiogenic therapy in patients 
with BMs is currently unknown. Our findings suggest that 
the combination of ICIs with anti-angiogenic agents may sig
nificantly prolong the PFS of BMs lesions and reduce the 
incidence of SRE in BMs. Furthermore, our study shows that 
after achieving stabilization of BMs with anti-angiogenic 
agents at an early stage, these lesions can remain stable for an 
extended period of time.

Previous studies have demonstrated the effectiveness of 
anti-angiogenic therapy in treating BMs during the period 
when chemotherapy was the primary treatment. Takaaki 
et al. found that the combination of chemotherapy and bev
acizumab resulted in a median time to progression (TTP) of 
BMs of 13.7 months with an ORR of 23%, compared to a TTP 
of 4.3 months and an ORR of 0% without the combination.23 

Nowadays, immunotherapy is widely used in advanced lung 
cancer patients, but most studies have suggested that bone 
metastasis is a negative factor in immunotherapy.24–26 

Furthermore, ICIs alone are not effective for BMs and do not 
provide long-lasting benefits. A study of 48 patients with 
malignant BMs treated with ICIs alone found that the ORR 
of BMs was only 23%, the DCR was 69%, and the mPFS was 
only 6 months.27 Our study also revealed that the DCR and 
mPFS of BMs in the control group were only 67.9% and 8.3  
months, respectively, significantly lower than those in the 
experimental group (DCR: 90.5%, mPFS: 14.3 months). 
Furthermore, our results showed a lower incidence of SRE in 
the experimental group, although this was not statistically 
significant. Further analysis revealed that patients who devel
oped SRE had worse treatment outcomes and prognoses. 
Finally, both univariate and multivariate analyses demon
strated that anti-angiogenic therapy was an independent pro
tective factor for BMs. These results suggest that the 
combination of immunotherapy and anti-angiogenic therapy 
can improve the efficacy of BMs.

The role of anti-angiogenic agents in the immunotherapy of 
BMs is still not fully understood. Bone is an organ that is rich 
in blood vessels, particularly in the axial bone of the spine, ribs, 
and other parts of the body where there is a rich blood supply 

and slow blood flow, making it easier for tumor cells to 
metastasize and proliferate.4 A previous study has shown that 
BMs in malignant tumors contain a more complex and richer 
vascular system than normal bone marrow and surrounding 
bone tissue.18 These findings suggest that angiogenesis plays 
an important role in the occurrence and development of BMs 
in malignant tumors. Additionally, as bone is the primary site 
of hematopoiesis production, the skeletal immune microenvir
onment is continually in a state of suppression to prevent 
immune cells from destroying new blood cells.28,29 Previous 
studies have shown that anti-angiogenic agents can not only 
inhibit tumor angiogenesis and normalize tumor vasculature 
but also alter the tumor microenvironment and reverse its 
immunosuppressive state, thereby enhancing the anti-tumor 
effects of the body’s immune cells.15,16 Therefore, we speculate 
that based on the combination of anti-angiogenic agents, ICIs 
may further alleviate the immunosuppressive state of BMs and 
enable immune cells to more effectively kill tumor cells.

In our analysis of overall therapeutic efficacy, we found 
that the ORR and DCR in the experimental group were 
slightly improved, and the mPFS was also slightly pro
longed compared to the control group (12.4 m VS 11.6 m, 
p = .383), which was consistent with previous studies.30–32 

However, there was no significant difference in survival 
between the two groups in our study, which may be due 
to the smaller sample size and the fact that more patients 
in the experimental group had received second-line and 
above treatments. It is worth noting that the ORR and 
DCR of overall efficacy were better than those of BMs in 
both groups, and the overall mPFS was longer than the 
mPFS of BMs lesions in the control group, while the over
all mPFS was shorter than those of BMs lesions in the 
experimental group. This indicates that BMs are still less 
sensitive to drug treatment than other metastases. It also 
suggests that after obtaining stabilization of BMs with anti- 
angiogenic agents at an early stage, BMs can remain stable 
for a long time in the future even if the tumor in the 
primary lesion progresses during subsequent treatment. 
Finally, regarding adverse events, although the experimen
tal group had slightly higher severe AEs such as thrombo
sis, hemoptysis, and diarrhea, we found that these adverse 
reactions could be alleviated by symptomatic treatment.

Although there was no significant increase in overall PFS, the 
increase in bPFS may have a positive impact on patients’ quality 
of life by reducing a series of bone-related events brought about 
by the progression of BM and reducing pain. Moreover, there is 
evidence to suggest that anti-angiogenic agents may enhance the 
efficacy of ICI. Previous studies have demonstrated that malig
nant BM are highly vascularized, which creates a favorable envir
onment for their growth. Moreover, the bone has a unique 
immune microenvironment that differs from other organs, and 
studies have shown that bone is particularly immunocompro
mised. Anti-angiogenic agents can alleviate hypoxia conditions 
and downregulate the expression of VEGF, which may improve 
the immunosuppressed state of BM. Therefore, they have the 
potential to enhance the efficacy of immunotherapy. Therefore, 
we recommend considering the addition of anti-angiogenic 
agents in the early treatment stage for lung cancer patients with 
BM, as this may result in stable control of BM. Future studies may 
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consider exploring the immune microenvironment of BM to 
elucidate the mechanism underlying the efficacy.

To the best of our knowledge, this study is the first to 
investigate the effect of combining ICIs with anti- 
angiogenic agents on the efficacy of BMs. Our findings 
suggest that combining these therapies in patients with 
BMs is necessary and that adverse effects can be managed. 
However, our study has several limitations. First, as 
a retrospective study, some clinical data may be missing 
or incomplete, which could limit the interpretation of the 
results. Second, the efficacy of BMs was evaluated using 
the MD Anderson criteria, which do not accurately measure 
the size of BMs lesions, and empirical judgment by clinical 
and imaging physicians may introduce bias. Finally, due to 
the small sample size, future studies with larger sample sizes 
or relevant prospective studies are needed to validate our 
findings.

Conclusions

In summary, our study suggests that the combination of ICIs 
with anti-angiogenic agents can significantly prolong the PFS 
of BMs lesions, and that after obtaining stabilization of BMs 
with anti-angiogenic agents at an early stage, BMs lesions can 
remain stable for a long time. Furthermore, the incidence of 
SRE could be decreased with the combined treatment, 
although adverse events might increase, they could be mana
ged and controlled with symptomatic treatment.
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