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Abstract
Background  Several studies have indicated that intrapleural infusion of bevacizumab is an effective treatment for 
non-small cell lung cancer (NSCLC) with malignant pleural effusion (MPE). However, the impact of bevacizumab 
administered through an indwelling pleural catheter (IPC) on the prognosis of these patients is unknown.

Methods  Consecutive advanced NSCLC patients with symptomatic MPE receiving an IPC alone or bevacizumab 
through an IPC were identified in a tertiary hospital. The patient characteristics and clinical outcomes were collected.

Results  A total of 149 patients were included, and the median age was 60.3 years. Males and nonsmokers accounted 
for 48.3% and 65.8%, respectively. A total of 69.8% (104/149) of patients harbored actionable mutations, including 
92 EGFR-activating mutations, 11 ALK fusions, and 1 ROS1 fusion. A total of 81.9% (122/149) of patients received IPC 
alone, and 18.1% (27/149) received bevacizumab through an IPC. The incidence of spontaneous pleurodesis during 
the first 6 months was greater in the bevacizumab-treated group than in the IPC-treated group in the subgroup 
with actionable mutations (64.3% vs. 46.9%, P = 0.28). The median overall survival (OS) in patients with actionable 
mutations treated with bevacizumab through an IPC was 42.2 months, which was significantly longer than the 26.7 
months in patients who received an IPC alone (P = 0.045). However, the median OS did not differ between the two 
arms in the subgroup without actionable mutations (10.8 vs. 41.0 months, P = 0.24). No significant difference between 
the bevacizumab through an IPC group and the IPC group was detected in the number of participants who had 
adverse events, either in patients with actionable mutations (14.3% vs. 8.4%; P = 0.42) or in patients without actionable 
mutations (16.7% vs. 12.8%; P = 1.00).

Conclusions  Bevacizumab through an IPC resulted in a significantly improved prognosis for NSCLC patients with 
MPE and actionable mutations. However, patients without actionable mutations do not benefit from bevacizumab 
through IPC.
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Introduction
Malignant pleural effusion (MPE) is a common compli-
cation of advanced tumors [1] that accounts for approxi-
mately 126,800 hospital admissions per year in the USA 
and is the second most common cause of pleural effusion 
in China [2, 3]. Lung cancer is the leading cause of MPE, 
and approximately one-third of MPE cases are caused by 
non-small cell lung cancer (NSCLC) [4]. MPE was asso-
ciated with increased morbidity and mortality. Generally, 
the average survival of patients with MPE is only 3–12 
months [5, 6].

Currently, the standard treatment strategy recom-
mended for MPE is still the use of an indwelling pleu-
ral catheter (IPC), especially in China, where talc is 
unavailable [7, 8]. Since the occurrence of MPE indicates 
advanced disease, the standard treatment strategies are 
mostly palliative and do not improve the prognosis of 
NSCLC patients with MPE [7, 9].

With advances in the understanding of the pathogen-
esis of MPE [10, 11], intrapleural administration of beva-
cizumab has become a new treatment strategy for MPE 
[5, 12]. Several clinical trials have shown that intratho-
racic injection of bevacizumab is effective at control-
ling NSCLC-induced MPE [10, 12, 13]. Du N et al. [10] 
compared the efficacy of intrapleural administration of 
bevacizumab plus cisplatin with that of cisplatin alone 
for NSCLC-mediated MPE and reported a significantly 
greater response rate in the combination treatment 
group. A randomized trial also reported a higher MPE 
remission rate in patients who were intracavitary per-
fused with bevacizumab and cisplatin than in those with 
cisplatin alone [14]. Although intracavitary infusion of 
bevacizumab may improve the MPE response rate, there 
is no evidence to show whether bevacizumab adminis-
tered through an IPC can prolong overall survival (OS). 
Additionally, large, randomized studies recently reported 
that the addition of bevacizumab to EGFR tyrosine kinase 
inhibitors (TKIs) substantially improved PFS in patients 
with EGFR-mutant NSCLC [15, 16]. A randomized 
CTONG1509 phase III study [16] indicated that patients 
with EGFR L858R-related mutations derived more ben-
efits from bevacizumab plus erlotinib than did those with 
a deletion within exon 19. Therefore, it is also important 
to understand how specific mutations might affect the 
efficacy of bevacizumab.

Therefore, we conducted a retrospective study to assess 
the impact of bevacizumab through an IPC on the prog-
nosis of patients with NSCLC and MPE and sought to 
evaluate whether the impact was different in patients 

with actionable mutations than in those without action-
able mutations.

Methods
Patients and data collection
We included consecutive patients with NSCLC and MPE 
who received bevacizumab through an IPC or who had 
an IPC alone between January 2015 and December 2022 
at West China Hospital of Sichuan University. Histo-
logical diagnosis was evaluated based on the 2015 World 
Health Organization Classification of Lung Tumors, and 
the tumor stage was evaluated according to the eighth 
edition of the TNM staging system [17, 18]. The key eli-
gibility criteria were pathologically confirmed NSCLC, 
MPE diagnosis by cytology and/or histological examina-
tion of pleural biopsy tissue, completion of at least one 
cycle of bevacizumab treatment through an IPC, and 
no history of IPC placement or intrapleural adminis-
tration of bevacizumab. Patients were excluded if they 
were treated with intrapleural chemotherapy or without 
treatment. Clinical data at the time of treatment initia-
tion, the time of MPE recurrence requiring intervention, 
and information on clinical follow-up were collected 
through medical records. Patients were divided into two 
subgroups based on whether they had oncogenic driver 
mutations; the actionable mutation group and the no 
actionable mutation group were defined as patients with 
or without sensitizing EGFR mutations or ALK/ROS1 
fusions, respectively.

Our study was carried out according to the Declaration 
of Helsinki (2013 EDITION). This study was approved 
by the Ethics Committee of West China Hospital (No. 
2022 − 1085). The need to obtain individual consent for 
this study was waived by the Ethics Committee of West 
China Hospital, as the privacy of the patients was not 
disclosed.

Detecting EGFR/ALK/ROS1
Sensitizing EGFR mutations or ALK/ROS1 fusions were 
detected by DNA-based next-generation sequencing 
(NGS). The NGS-detected samples included histological 
specimens and MPE samples.

Treatment and assessments
All procedures were performed at the bedside with 
B-ultrasound guidance. Under appropriate local anesthe-
sia, an IPC was inserted into the intercostal space, which 
was subsequently attached to a thoracic drainage bag. In 
the patients in the IPC group, MPE was drained via the 
IPC every day. After the MPE was fully drained through 
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the IPC, patients in the bevacizumab through IPC group 
were given bevacizumab (100  mg-300  mg) dissolved in 
60 ml of 0.9% saline solution through the IPC once every 
three weeks for one to four cycles. Patient rotation is not 
necessary after intrapleural instillation of bevacizumab.

All of the patients received systemic anticancer therapy 
as a first-line treatment according to established guide-
lines [19, 20]. The radiological response of the tumors 
was evaluated using computed tomography (CT) and 
brain magnetic resonance imaging (MRI) every 8–10 
weeks. The evaluation of MPE was based on thoracic CT 
or ultrasound. The cutoff date was January 2023; patients 
without radiographic disease progression at the latest 
date were considered censored.

Spontaneous pleurodesis was defined based on previ-
ous studies [21, 22] and was defined if there was a lack 
of ipsilateral reaccumulation of MPE and if the patient 
did not require intervention for ipsilateral MPE during 
the follow-up period after IPC removal; pleurodesis fail-
ure was defined as recurrent and symptomatic ipsilateral 
MPE that needed pleural intervention within the follow-
up period after IPC removal.

The efficacy assessment was based on the Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1 
[23]. As defined previously [24, 25], the disease control 
rate (DCR) was calculated as the percentage of patients 
with CR plus PR plus stable disease (SD) among all 
patients. OS was defined as the period from the date of 
treatment initiation until death from any cause or the last 
follow-up.

Statistical analysis
Continuous variables are presented as medians and inter-
quartile ranges (IQRs). Frequencies and percentages were 
used to describe categorical variables. Baseline character-
istics were compared between patients who received bev-
acizumab through an IPC or who had an IPC alone using 
the chi-square test or Fisher’s exact test. Differences in 
the incidences of spontaneous pleurodesis and DCR 
were compared by the chi-square test. OS was estimated 
using the Kaplan‒Meier method, and differences in vari-
ables were analyzed using the log-rank test. The results 
are presented as hazard ratios (HRs) and 95% confidence 
intervals (CIs). The characteristics and clinical outcomes 
were also assessed in subgroups that were stratified by 
the actionable mutation status.

All the statistical analyses were performed using the 
statistical software SPSS version 26.0 (SPSS, Inc., Chi-
cago, IL, USA) and R version 4.2.2. Statistical tests were 
two-tailed, and a P < 0.05 indicated statistical significance.

Results
Patient characteristics
A total of 358 consecutive patients with NSCLC and 
MPE were included; 149 asymptomatic patients who did 
not receive any intrathoracic treatment and 60 patients 
who were treated with intrathoracic chemotherapy 
were excluded. A total of 149 patients were included in 
our research. A total of 149 patients were included, and 
the median age was 60.3 years. Males and nonsmokers 
accounted for 48.3% and 65.8%, respectively. A total of 
81.9% (122/149) of patients received an IPC alone, and 
18.1% (27/149) received bevacizumab through an IPC 
(Fig. 1). A total of 69.8% (104/149) of patients harbored 

Fig. 1  The workflow of patient selection
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actionable mutations, including 92 EGFR-activating 
mutations, 11 ALK fusions, and 1 ROS1 fusion (Fig.  2). 
There was no statistically significant difference in age, 
sex, history of smoking, Eastern Cooperative Oncology 
Group Performance Status (ECOG PS) score, clinical 
stage, pathological subtype, site of metastasis or systemic 
anticancer therapy between patients who received beva-
cizumab via an IPC and those who received an IPC alone 
(all P > 0.05) (Table 1).

The incidence of spontaneous pleurodesis at 3 months and 
6 months
In the cohort, 86 patients and 77 patients were evaluated 
for spontaneous pleurodesis at 3 months and 6 months, 
respectively. In the whole cohort, spontaneous pleurode-
sis developed in 63.2% of those who received bevaci-
zumab through an IPC at 3 months and developed in 
59.7% of patients who were treated with an IPC alone at 
3 months (P = 0.80) (Fig. 3A). In the subgroup of patients 
without actionable mutations, the rates of spontaneous 
pleurodesis at 3 months were 60.0% in the bevacizumab 
through an IPC arm and 53.1% in the IPC alone arm 
(P = 1.00) (Fig. 3A). However, in the subgroup of patients 
with actionable mutations, spontaneous pleurodesis 
was more common in those treated with bevacizumab 
through an IPC than in those treated with an IPC alone 
(64.3% vs. 46.9%, respectively) at 6 months but not at 3 
months (64.3% vs. 65.7%, respectively) (Fig. 3A and B).

Comparison of DCRs and OS
A total of 138 patients were evaluated for treatment 
efficacy in the cohort. The DCR was 95.9% in the beva-
cizumab through an IPC group and 85.0% in the IPC 
alone group (P = 0.20) (Additional file 1: Figure S1). No 
significant difference was found in the DCR between the 
patients in these two groups.

The median follow-up period was 17.5 (7.4–26.8) 
months. There was no difference in the median OS 
between the patients who received bevacizumab through 
an IPC or who an IPC alone (42.2 months [95% CI: 30.8 
to not reached (NR)] and 30.4 months [95% CI: 25.7 to 
53.2], respectively) (HR = 0.64; 95% CI: 0.32 to 1.26; 
P = 0.19) (Fig. 4A).

Subgroup analyses of patients without actionable 
mutations
Forty-five patients were divided into subgroups with-
out actionable mutations. The bevacizumab through an 
IPC group and the IPC alone group included 6 and 39 
patients, respectively (Fig. 1). The baseline clinical char-
acteristics were well-balanced between the two groups 
(Additional file 2: Table S1). The DCR was 80.0% in the 
bevacizumab through the IPC group and 77.1% in the 
IPC alone group (P = 1.00) (Additional file 1: Figure S1).

The median OS was similar in the bevacizumab 
through an IPC group compared with the IPC alone 
group (10.8 months (95% CI: 4.6 to NR) and 41.0 months 

Fig. 2  Mutation distribution of the 149 patients
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Clinical characteristics Bevacizumab through IPC (N = 27) IPC
(N = 122)

Total
(N = 149)

P

Age (median [IQR]) 61.62 [51.74, 68.89] 60.03 [50.95, 70.50] 60.30 [50.77, 70.45] 0.63
Age, n (%) 0.76
  < 60 12 (44.4) 61 (50.0) 73 (49.0)
  ≥ 60 15 (55.6) 61 (50.0) 76 (51.0)
Gender, n (%) 0.51
  Female 16 (59.3) 61 (50.0) 77 (51.7)
  Male 11 (40.7) 61 (50.0) 72 (48.3)
Smoking, n (%) 0.15
  Never 21 (77.8) 77 (63.1) 98 (65.8)
  Former/Current smoking 6 (22.2) 45 (36.9) 51 (34.2)
Smoking index, n (%) 0.45
  < 400 23 (85.2) 93 (76.2) 116 (77.9)
  ≥ 400 4 (14.8) 29 (23.8) 33 (22.1)
ECOG PS, n (%) 0.96
  ≥ 2 7 (25.9) 35 (28.7) 107 (71.8)
  0–1 20 (74.1) 87 (71.3) 42 (28.2)
Pathology, n (%) 0.43
  adenocarcinoma 24 (88.9) 115 (94.3) 139 (93.3)
  Squamous 3 (11.1) 6 (4.9) 9 (6.0)
  Others 0 (0.0) 1 (0.8) 1 (0.7)
Stage, n (%) 0.35
  IVA 20 (74.1) 76 (62.3) 96 (64.4)
  IVB 7 (25.9) 46 (37.7) 53 (35.6)
Brain metastasis, n (%) 0.70
  No 24 (88.9) 102 (83.6) 126 (84.6)
  Yes 3 (11.1) 20 (16.4) 23 (15.4)
Live metastasis, n (%) 1.00
  No 26 (96.3) 117 (95.9) 143 (96.0)
  Yes 1 (3.7) 5 (4.1) 6 (4.0)
Bone metastasis, n (%) 1.00
  No 19 (70.4) 87 (71.3) 106 (71.1)
  Yes 8 (29.6) 35 (28.7) 43 (28.9)
Adrenal metastasis, n (%) 0.82
  No 25 (92.6) 117 (95.9) 142 (95.3)
  Yes 2 (7.4) 5 (4.1) 7 (4.7)
Pericardial metastasis, n (%) 1.00
  No 26 (96.3) 117 (95.9) 143 (96.0)
  Yes 1 (3.7) 5 (4.1) 6 (4.0)
Intrapulmonary metastasis, n (%) 0.89
  No 20 (74.1) 86 (70.5) 106 (71.1)
  Yes 7 (25.9) 36 (29.5) 43 (28.9)
MPE site, n (%) 0.90
  Bilateral 3 (11.1) 12 (9.8) 15 (10.1)
  Left 14 (51.9) 59 (48.4) 73 (49.0)
  Right 10 (37.0) 51 (41.8) 61 (40.9)
Systemic anticancer therapy, n (%) 0.13
  Target therapy 20 (74.1) 80 (65.5) 100 (67.1)
  Target therapy
  + chemotherapy
  + antiangiogenic therapy

0 2 (1.6) 2 (1.3)

  Target therapy
  + antiangiogenic therapy

2 (7.4) 5 (4.1) 7 (4.7)

  Chemotherapy 0 13 (10.7) 13 (8.7)

Table 1  Baseline characteristics of patients with NSCLC and MPE who received bevacizumab through IPC or the IPC alone
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(95% CI: 13.0 to NR)) (HR = 2.08; 95% CI: 0.59 to 7.40; 
P = 0.24) (Additional file 1: Figure S2).

Subgroup analyses of patients with actionable mutations
Among the 104 patients with actionable mutations, 21 
patients were treated with bevacizumab through an IPC, 
and 83 patients received an IPC alone (Fig. 1). The base-
line clinical characteristics were well balanced between 
the treatment arms (Additional file 2: Table S2). No sig-
nificant differences were observed in the DCR between 
the bevacizumab through an IPC group and the IPC 
alone group (100.0% vs. 88.6%, P = 0.20; Additional file 1: 
Figure S1).

However, the median OS was significantly longer in 
patients who received bevacizumab via an IPC than in 
those treated with an IPC alone (42.2 months (95% CI: 
36.3 to NR) vs. 26.7 months (95% CI: 25.6 to NR), respec-
tively) (HR = 0.44; 95% CI: 0.19 to 1.00; P = 0.045; Fig. 4B). 
Additionally, the subgroup analyses revealed that com-
pared to the IPC alone group, there was a consistent 
improvement in OS with bevacizumab through an IPC 
across the majority of the clinical subgroups, except for 
patients who had bilateral MPE, in whom bevacizumab 
through an IPC did not improve OS (Fig. 5).

Adverse events
Among patients with actionable mutations, 3 of the 21 
patients in the bevacizumab through an IPC group expe-
rienced any adverse events, whereas 9 of the 83 patients 
in the IPC group experienced adverse events. For patients 
without actionable mutations, 1 of the 6 patients experi-
enced any adverse events in the bevacizumab through 
an IPC group, and 5 of the 39 patients in the IPC group 
experienced adverse events. Pain, catheter blockage and 
fever were the most common adverse events associated 
with bevacizumab in the IPC group (Additional file 2: 
Table S3).

No significant difference between the bevacizumab 
through an IPC group and the IPC group was detected 
in the number of participants who had adverse events, 
either in patients with actionable mutations (14.3% vs. 
8.4%; P = 0.42) or in patients with no actionable muta-
tions (16.7% vs. 12.8%; P = 1.00) (Additional file 1: Figure 
S3).

Discussion
To the best of our knowledge, we first assessed the impact 
of bevacizumab through an IPC on the prognosis of 
patients with NSCLC and MPE. This study showed that 
the efficacy of bevacizumab through an IPC was similar 
to that of IPC alone in patients without actionable muta-
tions. However, the incidence of spontaneous pleurode-
sis during the first 6 months was greater, and the median 
OS was significantly longer with bevacizumab through 
an IPC than with IPC alone in patients with actionable 
mutations. Additionally, the subgroup analyses revealed 
a consistent improvement in OS with bevacizumab 
through an IPC across the majority of clinical subgroups, 
and the safety of bevacizumab through an IPC was com-
parable to that of IPC alone. As shown in previous stud-
ies, intrapleural therapy with bevacizumab was found 
to be safe for managing NSCLC-mediated MPE [10, 
26]. Together with these results, it is suggested that the 
option of intrapleural use of bevacizumab through an 
IPC be considered for NSCLC patients with symptomatic 
MPE and actionable mutations, except for those patients 
with bilateral MPE.

As observed in our study, bevacizumab through an 
IPC significantly prolonged OS when compared with 
IPC alone in patients with an actionable mutation. These 
results are in line with those of Xiang Z et al. [27], who 
revealed that intrapleural antiangiogenic therapy plus cis-
platin significantly prolonged the OS of Lewis lung can-
cer (LLC)-induced MPE model mice by reducing MPE. 
We considered that the favorable OS in NSCLC patients 

Clinical characteristics Bevacizumab through IPC (N = 27) IPC
(N = 122)

Total
(N = 149)

P

  Chemotherapy
  + antiangiogenic therapy

2 (7.4) 3 (2.5) 5 (3.4)

  Chemotherapy
  + immunotherapy

2 (7.4) 16 (13.1) 18 (12.1)

  Immunotherapy 0 3 (2.5) 3 (2.0)
  Immunotherapy
  + antiangiogenic therapy

1 (3.7) 0 1 (0.7)

Tumor-driver mutations status 0.32
  Actionable mutation 21 (77.8) 83 (68.0) 104 (69.8)
  Without actionable mutation 6 (22.2) 39 (32.0) 45 (30.2)
NSCLC: non-small cell lung cancer; MPE: Malignant pleural effusions; IPC: indwelling pleural catheter; IQR: interquartile range; ECOG PS: Eastern Cooperative 
Oncology Group Performance Status; Actionable mutation: patients with sensitizing EGFR mutation or ALK/ROS1 fusion; Without actionable mutation: patients 
without sensitizing EGFR mutation or ALK/ROS1 fusion

Table 1  (continued) 
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with MPE and an actionable mutation was attributed to 
bevacizumab administered through an IPC but was not 
related to systemic anticancer therapy. An observational 
study showed that systemic anticancer treatment was not 
related independently to MPE resolution in pharmaco-
logically sensitive tumors [28]. Similarly, the phase 3 trials 
NEJ026 [29] and ATLAS [30] revealed that intravenous 
bevacizumab plus erlotinib did not prolong OS compared 
with erlotinib alone in patients with metastatic EGFR-
mutant NSCLC. A randomized clinical study demon-
strated that intrapleural bevacizumab therapy was more 
effective than intravenous infusions of bevacizumab in 
patients with NSCLC and MPE [12]. Furthermore, there 

was no statistically significant difference in the systemic 
anticancer therapy between patients who received beva-
cizumab via an IPC and those who received IPC alone.

Although intrapleural administration of bevacizumab 
is an effective treatment strategy for NSCLC patients 
with MPE [13, 31, 32], whether specific mutations affect 
the efficacy of bevacizumab has not been reported. Inter-
estingly, we found that only patients with actionable 
mutations could benefit from bevacizumab through an 
IPC. Stratified analysis of the phase 3 IMpower150 study 
[33] demonstrated that the median OS in patients with 
EGFR mutations who received bevacizumab plus car-
boplatin and paclitaxel was longer than that in patients 

Fig. 3  Comparison of the rates of spontaneous pleurodesis at 3 months (A) and at 6 months (B) between the bevacizumab through an IPC group and the 
IPC alone arm in the whole cohort, in patients without actionable mutations, and in patients with actionable mutations. IPC: indwelling pleural catheter
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with wild-type EGFR who received the same treatment 
regimen [34]. Additionally, Chen et al. [35] reported 
that gefitinib plus bevacizumab inhibited MPE-induced 
endothelial angiogenesis better than gefitinib alone in the 
EGFR mutation subgroup. Thus, intracavitary infusion 
of bevacizumab may be more beneficial in patients with 
tumor driver mutations, which is consistent with our 
findings.

Almost all approved antiangiogenic drugs target the 
VEGF pathway; thus, the efficacy of bevacizumab is 
likely related to the level of VEGF in MPE [31]. As dem-
onstrated by Du N et al. [10], intrapleural bevacizumab 
therapy was more effective in MPE patients with high 

VEGF expression than in those patients who were VEGF 
negative. Interestingly, studies have suggested that EGFR 
can upregulate VEGF expression via MAPK and PI3K 
signaling [36]. Similarly, Watanabe H et al. [37] showed 
that the protein levels of VEGF-A, a member of the 
VEGF family [38], were elevated in NSCLC cell lines 
harboring EGFR, ALK, or ROS1 alterations. Therefore, it 
can be inferred that patients with MPE and an actionable 
mutation may have high VEGF expression and thus are 
most likely to benefit from intrapleural administration of 
bevacizumab.

Our study has several limitations. Because this was a 
retrospective study with a relatively small sample size, 

Fig. 4  K‒M analyses of OS in the bevacizumab through an IPC group versus the IPC alone arm. OS in the whole cohort (A) and in patients with actionable 
mutations (B). OS: overall survival; IPC: indwelling pleural catheter
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especially for patients without actionable mutations, 
the results should be interpreted cautiously, and further 
validation is needed in a larger population. However, 
the results of our study are consistent with those of pub-
lished phase III clinical studies of patients with NSCLC, 
suggesting that antiangiogenic therapy may improve 
the clinical outcome of NSCLC patients with actionable 
mutations [33, 34, 39]. Additionally, we did not com-
pare the VEGF levels in MPE patients with and without 
actionable mutations because of the limited number of 
MPE samples.

Conclusions
Bevacizumab through an IPC significantly improved 
the prognosis of NSCLC patients with MPE and action-
able mutations, and the safety of bevacizumab through 
an IPC was comparable to that of an IPC alone. How-
ever, patients without actionable mutations do not ben-
efit from bevacizumab through an IPC. Therefore, an 
IPC alone is likely to remain the standard treatment for 

patients without actionable mutations to avoid additional 
adverse effects of intracavitary infusions of bevacizumab.
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