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Background: Malignant pleural effusion (MPE) remains a negative prognostic factor in non-small cell lung 
cancer (NSCLC), even after the emergence of immune checkpoint inhibitors. Vascular endothelial growth 
factor (VEGF) plays a pivotal role in the pathogenesis of MPE. Bevacizumab, a humanized monoclonal 
antibody against VEGF, is a key agent for patients who develop MPE. However, it is unclear whether MPE 
is a poor prognostic factor in patients with advanced non-squamous NSCLC receiving treatment with 
the atezolizumab plus bevacizumab, carboplatin, and paclitaxel (ABCP) regimen. Moreover, the effect of 
ABCP on MPE control is unknown. This study aimed to elucidate the efficacy and safety of ABCP for non-
squamous NSCLC patients with MPE.
Methods: We retrospectively analyzed consecutive patients with advanced non-squamous NSCLC who 
received treatment with ABCP (January 2019–September 2023). Patients were divided into two groups (non-
MPE and MPE), and treatment outcomes were compared. In the MPE group, treatment efficacy for MPE 
control and toxicity were evaluated. 
Results: Of the 46 patients enrolled, 17 and 29 were included in the non-MPE and MPE groups, respectively. 
The objective response and disease control rates were not significantly different between the non-MPE 
and MPE groups (76.5% vs. 51.7%, P=0.13; 88.2% vs. 82.8%, P>0.99; respectively). Similarly, the median 
progression-free survival and median overall survival were not significantly different (9.9 vs. 10.1 months, 
P=0.87; 16.0 vs. 19.9 months, P=0.87, respectively). In the MPE group, 25 patients (86.2%) achieved MPE 
control lasting >8 weeks from the initiation of treatment with ABCP; the median progression-free survival 
without an unequivocal increase in MPE was 15.0 months. The incidence rates of grade ≥3 non-immune- and 
immune-related adverse events were 83% and 17%, respectively. There was no treatment-related death. 
Conclusions: The ABCP regimen may be a promising treatment option for non-squamous NSCLC 
patients with MPE. 
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Introduction

Malignant pleural effusion (MPE) is found in approximately 
10–40% of non-small cell lung cancer (NSCLC) cases 
and is associated with poor prognosis (1-3). Vascular 
endothelial growth factor (VEGF) plays a crucial role in the 
development of MPE (4-7). Prior to the advent of immune 
checkpoint inhibitors (ICIs), several phase 2 trials were 
conducted to evaluate the efficacy of platinum-combination 
chemotherapy plus bevacizumab (a humanized anti-VEGF 
monoclonal antibody) in the treatment of advanced non-
squamous NSCLC patients with MPE. In these studies, 
the rate of MPE control ranged approximately 80–90% 
(8-10). Therefore, bevacizumab is considered a key agent 
for patients with advanced non-squamous NSCLC who 
develop MPE. 

Multiple treatment regimens consisting of ICIs with or 
without platinum-combination chemotherapy have been 
approved as standard therapy for advanced NSCLC (11). 
Atezolizumab [anti-programmed cell death-ligand 1 (anti-
PD-L1) antibody] plus bevacizumab, carboplatin, and 
paclitaxel (ABCP) is a representative regimen combining 
an ICI and a VEGF inhibitor (12). MPE remains an 
unfavorable prognostic factor in patients with advanced 

NSCLC treated with therapies including ICIs (13-15).  
Prognostic analysis of advanced NSCLC patients with 
MPE treated with immunochemotherapy with or 
without bevacizumab failed to reveal a benefit of adding 
bevacizumab on survival (15,16). Consequently, it has 
been suggested that the synergistic effect of bevacizumab 
and ICIs may be limited in patients with NSCLC who 
suffer from MPE. However, in these studies, various 
regimens were used and few patients received bevacizumab-
containing therapy.

To the best of our knowledge, the prognostic impact of 
MPE in patients with advanced non-squamous NSCLC 
treated with ABCP, as well as the controlling effect of 
this regimen on MPE, remain uncertain. Therefore, we 
conducted a retrospective study to elucidate the efficacy and 
safety of ABCP in patients with advanced non-squamous 
NSCLC who develop MPE. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://tlcr.amegroups.com/article/view/10.21037/tlcr-
24-347/rc).

Methods

Patient selection and treatment

We enrolled consecutive patients with stage IV or recurrent 
non-squamous NSCLC who received treatment with ABCP 
at Nippon Medical School Tamanagayama Hospital (Tama, 
Japan) between January 2019 and September 2023. Patients 
who underwent ABCP therapy in the second- or later-line 
settings were also eligible for enrollment. The dosage and 
administration schedule of each drug were based on the 
protocol of the IMpower 150 study (12). Dose reduction, 
omission, postponement, and discontinuation of the 
treatment were decided by the treating physician according 
to the condition of the patient. All clinical data were retrieved 
from the medical records of patients. The treatment 
outcomes were compared between patients with and without 
MPE. The presence of MPE at the initiation of treatment 
with ABCP was confirmed by chest computed tomography. 
Patients who exhibited positive pleural fluid cytology results, 
exudative pleural effusion, or presented with pleural nodules 
and nodular pleural thickening along with pleural effusion 
on a computed tomography scan were diagnosed with MPE. 
Informed consent for participation in this study was provided 
by the patients through an opt-out method. This study was 
approved by the Ethics Committee of Nippon Medical 
School Tamanagayama Hospital (approval number: F-2023-
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086). The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Study assessments

Tumor response was determined according to The Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1. 
Objective response and disease control rates were defined as 
the proportions of patients achieving complete response or 
partial response, and complete response, partial response, or 
stable disease, respectively. MPE control rate was defined as 
the percentage of patients without an unequivocal increase 
in MPE for 8 weeks after the initiation of treatment with 
ABCP. This rate was assessed only in patients with MPE at 
baseline (10,17). Unequivocal increase in MPE was defined 
as equivalent to progressive disease in RECIST (version 1.1). 
The assessment of unequivocal increase in MPE compared 
with baseline was performed using chest X-ray or computed 
tomography. Progression-free survival (PFS) was defined as 
the period from the initiation of treatment with ABCP until 
disease progression, death from any cause, or last follow-
up. Pleural progression-free survival (PPFS), defined as the 
period from the initiation of treatment with ABCP until an 
unequivocal increase in MPE, death from any cause, or last 
follow-up, was assessed only in patients with MPE at baseline 
(10,17). Overall survival (OS) was defined as the period from 
the initiation of treatment with ABCP until death from any 
cause or last follow-up. Data regarding outcomes (i.e., death, 
disease progression, or unequivocal increase in MPE) were 
censored at the date of the last follow-up. The date of data 
cut-off was December 31, 2023. Adverse events (AEs) were 
assessed according to the Common Terminology Criteria 
for Adverse Events version 5.0. In addition, data concerning 
immune-related adverse events (irAEs) of all grades and 
non-irAEs of grade ≥3 were extracted. 

Statistical analysis

All comparisons between proportions were evaluated with 
the Pearson’s χ2 test or Fisher’s exact test, as appropriate. 
Kaplan-Meier plots were employed for survival analyses; 
differences in survival were compared with the log-rank 
test. Multivariate analyses for survival were performed using 
the Cox proportional hazards model with variables. P values 
<0.05 represented statistical significance. All statistical 
analyses were conducted using the JMP software (version 
11; SAS Institute, Cary, NC, USA).

Results

Patient characteristics

A total of 46 patients were included in this study. Patient 
characteristics are shown in Table 1. Overall, the median 
age was 70 years; 36 (78%) and 10 (22%) patients were 
male and female, respectively; 38 (83%) patients had an 
Eastern Cooperative Oncology Group performance status 
(PS) 0–1. Histologically, the majority of cases (91%) were 
adenocarcinomas. Among the patients, 14 (30%) and 1 (2%) 
had epidermal growth factor receptor (EGFR) mutation 
and echinoderm microtubule-associated protein-like 
4-anaplastic lymphoma kinase (EML4-ALK) rearrangement, 
respectively. Of note, 11 (24%) patients experienced 
disease recurrence (post surgery in 10 cases, post 
chemoradiotherapy in 1 case). Finally, 21 (46%) patients 
received the ABCP regimen as 2nd- or later-line therapy. 
Next, we divided the entire population into two groups 
according to the presence of MPE. MPE was found in  
29 patients (63%). There were no significant differences 
in clinical factors between the two groups, except for the 
status of disease (Table 1). In the MPE group, drainage 
of MPE at the initiation of treatment with ABCP was 
performed in 15 patients (52%). Pleurodesis prior to the 
administration of ABCP was not performed in any of the 
patients. 

Comparison of treatment efficacy and survival based on the 
presence of MPE

Tumor responses to treatment with ABCP are listed in  
Table 2. The objective response and disease control rates 
were not significantly different between the non-MPE and 
MPE groups (76.5% vs. 51.7%, P=0.13; 88.2% vs. 82.8%, 
P>0.99, respectively). The median follow-up time was  
11.1 months (range, 0.4–53.8 months). Similarly, there were 
no statistically significant differences in PFS (median: 9.9 
vs. 10.1 months, P=0.87) (Figure 1A) and OS (median: 16.0 
vs. 19.9 months, P=0.87) (Figure 1B).

Factors predicting survival in patients with MPE

Table 3 shows the results of the multivariate analyses of 
valuables for PFS and OS in the MPE group. Eastern 
Cooperative Oncology Group PS was identified as an 
independent prognostic factor for PFS and OS, whereas the 
other factors were not correlated with survival. 
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Table 1 Patient characteristics

Parameter
All patients 

(N=46)
Non-MPE 

group (N=17)
MPE group 

(N=29)
P value

Age, years, median 
[range]

70 [45–80] 69 [45–76] 72 [46–80]

Age 0.75

<65 years 16 [35] 5 [29] 11 [38]

≥65 years 30 [65] 12 [71] 18 [62]

Sex 0.72

Male 36 [78] 14 [82] 22 [76]

Female 10 [22] 3 [18] 7 [24]

Smoking history 0.16

Ever 34 [74] 15 [88] 19 [66]

Never 12 [26] 2 [12] 10 [34]

ECOG performance status 0.97

0 10 [22] 4 [24] 6 [21]

1 28 [61] 10 [58] 18 [62]

2 8 [17] 3 [18] 5 [17]

Histology 0.62

Adenocarcinoma 42 [91] 15 [88] 27 [93]

Other 4 [9] 2 [12] 2 [7]

PD-L1 tumor proportion score 0.33

<1% 16 [35] 9 [52] 7 [24]

1–49% 16 [35] 4 [24] 12 [41]

≥50% 9 [19] 1 [6] 8 [28]

Unknown 5 [11] 3 [18] 2 [7]

EGFR mutation 0.14

Positive 14 [30] 5 [29] 9 [31]

Negative 31 [68] 11 [65] 20 [69]

Unknown 1 [2] 1 [6] 0 [0]

EML4-ALK rearrangement 0.13

Positive 1 [2] 0 [0] 1 [3]

Negative 43 [94] 15 [88] 28 [97]

Unknown 2 [4] 2 [12] 0 [0]

Disease stage 0.02

IVA 17 [37] 4 [24] 13 [45]

IVB 18 [39] 5 [29] 13 [45]

Recurrence 11 [24] 8 [47] 3 [10]

Table 1 (continued)

Table 1 (continued)

Parameter
All patients 

(N=46)
Non-MPE 

group (N=17)
MPE group 

(N=29)
P value

Treatment line of ABCP 0.56

1st 25 [54] 8 [47] 17 [59]

2nd or later 21 [46] 9 [53] 12 [41]

Data are presented as numbers (%), unless otherwise 
indicated. MPE, malignant pleural effusion; ECOG, Eastern 
Cooperative Oncology Group; PD-L1, programmed cell death-
ligand 1; EGFR, epidermal growth factor receptor; EML4-ALK, 
echinoderm microtubule-associated protein-like 4-anaplastic 
lymphoma kinase; ABCP, atezolizumab plus bevacizumab, 
carboplatin, and paclitaxel.

Table 2 Best response to treatment

Response
Non-MPE 

group (N=17)
MPE group 

(N=29)
P value

Complete response, N 3 2

Partial response, N 10 13

Stable disease, N 2 9

Progressive disease, N 1 3

Not evaluated, N 1 2

Objective response rate, % 76.5 51.7 0.13

Disease control rate, % 88.2 82.8 >0.99

MPE, malignant pleural effusion.

Treatment efficacy for the control of MPE

Among 29 patients in the MPE group, the MPE control rate 
was 86.2% (25/29). MPE control was not achieved in only 
four (13.8%) patients; interestingly, the MPE control rate 
was not evaluable in those patients. Of those, three patients 
expired within 8 weeks after initiating treatment with ABCP 
due to primary disease, primary disease with bacterial 
pneumonia, or coronavirus disease-2019, respectively. The 
remaining patient was transferred to a different hospital at 
their request, and progress was unknown; hence, the data of 
this patient were censored. In other words, the MPE control 
rate was 100% in the 25 patients who were evaluable. Fifteen 
(52%) patients had confirmed progressive disease (PD) by 
the last-follow up. At the time of PD, MPE was controlled 
in eight (53%) patients, an unequivocal increase in MPE 
was observed in five (33%) patients, and no evaluation of 
MPE was recorded in the remaining two (13%) patients. 
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Pleurodesis was performed in two (7%) patients. The time 
from the initiation of treatment with ABCP to pleurodesis 
was 7.6 and 16.5 months, respectively. The median PPFS in 
the MPE group was 15.0 months (Figure 2). 

Treatment toxicity in patients with MPE

AEs related to treatment with ABCP in the MPE group 
are summarized in Table 4. The incidence rate of grade 3 
or 4 non-irAEs was 83%. Grade 3 or 4 neutropenia and 
febrile neutropenia occurred in 48% and 17% of patients, 
respectively. Other grade 3 or 4 non-irAEs were as follows: 
anemia (7%); decreased appetite (7%); and proteinuria (3%). 
In total, irAEs of any grade occurred in 38% of patients. 
The incidence rate of grade 3 irAEs was 17%. Grade 3 
pneumonitis, rash, increased alanine aminotransferase, 

and increased aspartate aminotransferase occurred in 
7%, 3%, 3%, and 3% of patients, respectively. There was 
no occurrence of grade 4 irAEs. The rate of steroid use 
due to irAEs was 10%. Moreover, the rate of treatment 
discontinuation due to AEs was 10%. There was no 
occurrence of treatment-related death in this study. 

Discussion

In our study, the presence of MPE was not identified as 
an unfavorable predictor of response to treatment with 
ABCP and survival in patients with advanced non-squamous 
NSCLC. Moreover, the ABCP regimen exerted short- and 
long-term effects on the control of MPE. Importantly, the 
toxicity of this therapy in patients with MPE was acceptable.

Recent retrospective studies revealed that MPE 
affected poor outcomes in patients with advanced NSCLC 
receiving ICI treatment with or without chemotherapy 
(13-15). However, only a small number of patients 
were treated with a bevacizumab-containing regimen 
(i.e., ABCP); furthermore, prognostic analysis was not 
specifically performed for the patient populations in these 
studies. To our knowledge, the present study is the first to 
demonstrate that the effect of the ABCP regimen may not 
be diminished by the presence of MPE. In the previous 
studies, for patients with MPE, there was no significant 
difference in survival between the bevacizumab-containing 
immunochemotherapy group and non-bevacizumab 
immunochemotherapy group (15,16). These findings 
indicated that the synergetic effect of bevacizumab and ICIs 
may be limited; however, to date, there is no basic research 
directly supporting this hypothesis. In addition, at present, 
there are no clinical trials demonstrating the superiority of 
ABCP over other immunochemotherapy regimens without 
bevacizumab in NSCLC patients with or without MPE. 

Tumor angiogenesis decreases anti-tumor immune factors 
[e.g., T cell infiltration by high interstitial fluid pressure 
from leaky nascent vessels and loose pericyte coverage, T 
cell extravasation by adhesion molecules, PD-L1 expression, 
interleukin 6 (IL6) and IL10, and dendritic cell maturation] 
and increases pro-tumor immune factors [e.g., regulatory 
T (Treg) cell recruitment, M2-like tumor-associated 
macrophage enrichment, and effector CD8+ T cell apoptosis 
by Fas ligand (FASLG) on the tumor endothelial barrier], 
thereby inducing the development of an immunosuppressive 
microenvironment (18). VEGF is a key pro-angiogenic 
molecule secreted by tumor cells and involved in several 
of the immune steps noted above. For example, VEGF 

Figure 1 Kaplan-Meier curves for PFS (A) and OS (B) according 
to the presence of MPE. MPE, malignant pleural effusion; PFS, 
progression-free survival; CI, confidence interval; HR, hazard 
ratio; OS, overall survival.
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Table 3 Multivariate analyses of factors for progression-free survival and overall survival in patients with MPE

Parameter N
Progression-free survival Overall survival

HR (95% CI) P value HR (95% CI) P value

Age 0.32 0.82

<65 years 11 0.47 (0.08–2.01) 0.82 (0.12–3.99)

≥65 years 18 – –

Sex 0.83 0.11

Male 22 1.15 (0.30–4.49) 4.05 (0.73–30.6)

Female 7 – –

Smoking history 0.68 0.43

Ever 19 1.29 (0.38–4.37) 1.73 (0.44–7.76)

Never 10 – –

ECOG performance status 0.007 0.042

0–1 24 0.11 (0.02–0.52) 0.13 (0.01–0.93)

2 5 – –

PD-L1 tumor proportion score† 0.44 0.47

<50% 19 1.80 (0.40–9.34) 1.77 (0.37–10.3)

≥50% 8 – –

EGFR or ALK gene alteration 0.45 0.21

Yes 10 1.98 (0.35–16.1) 4.31 (0.47–107)

No 19 – –

Treatment line of ABCP 0.30 0.23

1st 17 0.35 (0.05–2.92) 0.16 (0.01–4.25)

2nd or later 12 – –

Drainage of MPE at the initiation of treatment with ABCP 0.59 0.71

Yes 16 1.40 (0.42–5.28) 1.28 (0.36–5.16)

No 13 – –
†, the PD-L1 status of two patients was unknown. MPE, malignant pleural effusion; HR, hazard ratio; CI, confidence interval; ECOG, 
Eastern Cooperative Oncology Group; PD-L1, programmed cell death-ligand 1; EGFR, epidermal growth factor receptor; ALK, anaplastic 
lymphoma kinase; ABCP, atezolizumab plus bevacizumab, carboplatin, and paclitaxel.

modulates the expression of inhibitory checkpoints [e.g., 
programmed cell death 1 (PD-1), cytotoxic T-lymphocyte 
associated protein 4 (CTLA-4), T-cell immunoglobulin 
mucin family member 3 (Tim-3), and lymphocyte-activation 
gene 3 (Lag-3)] on intratumoral CD8+ T cells (19). VEGF 
blockade reduces Treg cell proliferation in the peripheral 
blood of patients with metastatic colorectal cancer (20). 
VEGF impedes the functional maturation of dendritic cells 
in human cancer (21). Based on the interaction between 

angiogenesis and tumor immunity, anti-VEGF could 
enhance the effect of ICIs. Several clinical trials, including 
the IMpower 150 study, have shown that this combination 
strategy is promising for the treatment of cancer (12,18). The 
exploratory analysis of the IMpower 150 trial demonstrated 
survival benefits in the ABCP treatment arm compared 
with the BCP (bevacizumab, carboplatin, and paclitaxel) 
treatment arm among patients with EGFR mutations and 
liver metastases (22). EGFR mutation is linked to VEGF 
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expression in lung cancer (23). The reduced efficacy of 
ICIs in the treatment of liver metastasis is associated 
with the immune suppression caused by Treg cells (24). 
Based on these findings, it is hypothesized that the ABCP 
regimen may exert a sufficient anti-tumor effect even in the 
immunosuppressive microenvironment. MPE is generated 
by integrated interactions between tumor cells and host cells 

(e.g., macrophages, mesothelial cells, and lymphocytes) (25). 
VEGF is released from tumor cells and innate immune cells 
(e.g., natural killer cells and tumor-associated macrophages), 
contributing to the development of MPE through vascular 
permeability and angiogenesis (6,7,26). Several suppressive 
innate and adaptive immune signaling pathways have 
been identified in the microenvironment of MPE (26). In 
fact, previous clinical studies have shown only a minimal 
effect of ICI monotherapy (intravenous or intrapleural) in 
NSCLC patients with MPE (13,14,27). The mechanism 
through which VEGF is involved in the formation of an 
immunosuppressive microenvironment in the presence of 
MPE remains elusive. However, considering that VEGF is a 
core molecule in the pathogenesis of MPE, the combination 
of bevacizumab and ICIs appears a reasonable strategy for 
the treatment of patients who develop MPE, which was 
validated by the present findings. 

In the multivariate analyses, PD-L1 status was not 
associated with survival in patients with MPE. PD-L1 
expression is a versatile predictor for ICI response in clinical 
settings (28). However, ICI monotherapy or ICIs plus 
chemotherapy for NSCLC patients with MPE showed low 
efficacy even in those with high PD-L1 expression (≥50%) 
(14,15). Interestingly, previous evidence indicated that the 

Table 4 Adverse events in patients with MPE (N=29)

Toxicity Grade 1, N Grade 2, N Grade 3, N Grade 4, N Grade ≥3, N [%]

Non-irAEs (grade ≥3)

All 13 11 24 [83]

Neutropenia 3 11 14 [48]

Febrile neutropenia 5 0 5 [17]

Anemia 2 0 2 [7]

Decreased appetite 2 0 2 [7]

Proteinuria 1 0 1 [3]

irAEs (any)

All 0 6 5 0 5 [17]

Pneumonitis 0 0 2 0 2 [7]

Rash 0 2 1 0 1 [3]

Increased alanine aminotransferase 0 0 1 0 1 [3]

Increased aspartate aminotransferase 0 0 1 0 1 [3]

Hypothyroidism 0 3 0 0 0 [0]

Diarrhea 0 1 0 0 0 [0]

MPE, malignant pleural effusion; irAE, immune-related adverse event.

Figure 2 Kaplan-Meier curves for PPFS in patients with MPE. 
CI, confidence interval; MPE, malignant pleural effusion; PPFS, 
pleural progression-free survival.
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PFS and OS of patients with MPE receiving ICIs plus 
chemotherapy tended to be shorter in patients with high 
PD-L1 expression (≥50%) than in those with low PD-L1 
expression (<50%) (statistical analysis was not performed) (15).  
Nevertheless, this trend was not observed in our analysis. 
Hence, PD-L1 expression may be less important in 
determining the selection of treatment regimens for 
patients with MPE. Our results suggested that the ABCP 
regimen may exert a therapeutic effect in the presence of 
MPE regardless of PD-L1 status.

In this study, the ABCP regimen showed effectiveness 
in controlling MPE. The definition of MPE control rate 
and patient background in NSCLC patients treated with 
bevacizumab-containing therapy vary between studies; 
nonetheless, the reported MPE control rate ranges 80–95% 
(8-10,16,17,29). Our results were broadly consistent with 
those previously reported. In addition, more than half of the 
patients had retained MPE control at the time of RECIST 
PD, thus leading to a longer PPFS compared with PFS. This 
finding has been reported in patients with NSCLC receiving 
bevacizumab-containing regimens without ICI (9,29). 
MPE control is essential for preventing the deterioration of 
symptoms and quality of life of the patients, as well as for 
maintaining a good PS (10). Poor PS is a strong unfavorable 
prognostic factor in patients with MPE (30,31). In our 
analysis, poor PS was associated with shorter survival. Two 
of five patients with poor PS (i.e., 2) experienced early 
death (i.e., <8 weeks); of note, the MPE control rate was 
not evaluated in those patients. Conversely, the other three 
patients achieved MPE control. Further investigations are 
warranted to evaluate the effectiveness of the ABCP regimen 
in controlling MPE in patients with poor PS.

Drainage of MPE is required for symptomatic MPE as 
palliative care. Pleurodesis is considered in case lung re-
expansion is achieved with drainage of MPE (32). However, 
pleurodesis is associated with several demerits, including 
pain, fever, acute respiratory distress syndrome, and a 
certain risk of failure (33,34). Therefore, our policy is to 
avoid pleurodesis as much as possible in patients who can 
be treated with anti-cancer drugs (particularly angiogenesis 
inhibitors). Indeed, pleurodesis prior to treatment with 
ABCP was not performed in any of the patients in this study. 
Subsequently, only two patients underwent pleurodesis at 
their terminal state. In the multivariate analysis, patients 
who required drainage of MPE at the initiation of treatment 
with ABCP were not associated with shorter survival. We 
emphasize that pleurodesis is not necessary before the 

initiation of ABCP due to the reliable MPE control effect 
of this treatment.

In the present study, the toxicity of the ABCP regimen 
among patients in the MPE group was tolerable. The 
toxicity profile in the non-MPE group was generally similar 
to that in the MPE group (Table S1). Concerning the 
hematological toxicity, the rates of grade ≥3 neutropenia 
and febrile neutropenia were relatively high compared with 
those reported in the IMpower 150 trial (12). This may be 
because the present study included more elderly patients 
and patients with poor PS. The rates of other AEs were not 
significantly different between the present study and the 
IMpower 150 trial (12).

This study has certain limitations. Firstly, this was a 
retrospective study involving a small number of cases. 
Secondly, some patients with relatively short follow-up 
periods were included in this analysis. Thirdly, the diagnosis 
of MPE was not confirmed by pathological analysis in all 
patients. However, some patients did not have sufficient 
pleural fluid volume to allow safe and adequate drainage. 
Moreover, the diagnostic accuracy of pleural fluid cytology 
is limited (32). Thus, prospective clinical trials assessing the 
significance of the ABCP regimen in patients with MPE are 
warranted.

Conclusions

This study revealed that the ABCP regimen may be an 
effective and safe treatment for patients with advanced 
non-squamous NSCLC even in the presence of MPE. In 
particular, the control effect of MPE by the ABCP regimen 
in the short and long term was encouraging. Almost all 
patients were able to avoid pleurodesis. Hence, the ABCP 
regimen may be a promising treatment option for non-
squamous NSCLC patients with MPE. 
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