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Immune checkpoint inhibitor plus
chemotherapy as first-line treatment for non-
small cell lung cancer with malignant pleural
effusion: a retrospective multicenter study
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Abstract

Background Immune checkpoint inhibitors (ICl) combined with chemotherapy are efficacious for treating advanced
non-small cell lung cancer (NSCLC); however, the effectiveness of this approach in the malignant pleural effusion
(MPE) population is unclear. This study evaluated ICl plus chemotherapy in NSCLC patients with MPE.

Methods Patients from 3 centers in China with NSCLC and MPE who received ICI plus chemotherapy (ICl Plus
Chemo) or chemotherapy alone (Chemo) between December 2014 and June 2023 were enrolled. Clinical outcomes
and adverse events (AEs) were compared.

Results Of 155 eligible patients, the median age was 61.0 years old. Males and never-smokers accounted for 73.5%
and 39.4%, respectively. Fifty-seven and 98 patients received ICl Plus Chemo or Chemo, respectively. With a median
study follow-up of 10.8 months, progression-free survival (PFS) was significantly longer with ICI Plus Chemo than with
Chemo (median PFS: 7.4 versus 5.7 months; HR=0.594 [95% Cl: 0.403-0.874], P=0.008). Median overall survival (OS)
did not differ between groups (ICl Plus Chemo: 34.2 versus Chemo: 28.3 months; HR=0.746 [95% Cl: 0.420-1.325],
P=0.317). The most common grade 3 or worse AEs included decreased neutrophil count (3 [5.3%] patients in the IC|
Plus Chemo group vs. 5 [5.1%] patients in the Chemo group) and decreased hemoglobin (3 [5.3%] versus 10 [10.2%)]).

Conclusions In patients with untreated NSCLC with MPE, ICI plus chemotherapy resulted in significantly longer PFS
than chemotherapy and had a manageable tolerability profile, but the effect on OS may be limited.
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Introduction

Malignant pleural effusion (MPE) is a common compli-
cation of advanced tumors and significantly shortens life
expectancy [1]. Approximately 125,000 hospital admis-
sions in the USA alone are due to MPE [2]. MPE is most
commonly caused by lung cancer, with non-small cell
lung cancer (NSCLC) accounting for approximately one-
third of case [3-5]. Patients with MPE have an average
survival time of approximately 4 to 9 months, and the
management of MPE is challenging in clinical practice [1,
6].

Immune checkpoint inhibitors (ICI) are an excit-
ing new development that has dramatically altered how
advanced NSCLC patients are treated in the absence
of actionable oncogenic drivers. Administering ICI to
patients with NSCLC and MPE is a promising treatment
strategy. However, Epaillard et al. [7] conducted a study
to assess clinical outcomes of patients with NSCLC and
MPE were treated with ICI alone, and found that the
median progression-free survival (PFS) and overall sur-
vival (OS) were just 1.8 and 6.3 months, respectively.
In a retrospective multicenter study, Kawachi et al. [8]
also showed that MPE was an independent predictor of
reduced PFS in NSCLC patients receiving pembroli-
zumab alone. Thus, ICI monotherapy does not appear to
be a suitable first-line treatment for NSCLC patients with
MPE.

Many well-designed multi-national trials have shown
that ICI plus chemotherapy substantially improves PFS
and OS compared with chemotherapy alone in advanced
NSCLC, irrespective of programmed cell death-ligand 1
(PD-L1) expression levels [9-11]. However, patients with
pleural effusions that are uncontrolled with appropriate
interventions are usually excluded from clinical trials,
resulting in limited research on the efficacy and safety
of the systemic combination of ICI and chemotherapy in
advanced NSCLC patients with MPE [12—16]. Therefore,
we conducted a retrospective study to assess the effi-
cacy and safety of a combination therapy in patients with
NSCLC and MPE.

Methods

Patient selection

This retrospective multicenter cohort study was con-
ducted at 3 centers in China. We retrospectively col-
lected medical records of NSCLC patients with MPE
(stage IVA-IVB, according to the eighth edition [17]) who
received a combination therapy of ICI plus chemother-
apy (ICI Plus Chemo) or chemotherapy alone (Chemo) as
first-line therapy between December 2014 and June 2023.
The follow-up period ended on Sep 25, 2023. The inclu-
sion criteria were as follows: (1) pathologically proven
NSCLC; (2) MPE verified by histological examination
of pleural tissue or cytological examination of pleural
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effusion; (3) no sensitizing EGFR mutation, ALK fusion
or ROSI fusion; (4) patients receiving chemotherapy or
ICI plus chemotherapy as a first line treatment; and (5)
patients with comprehensive clinical data and follow-up
information. Patients were excluded if they were treated
with ICI alone, received less than 2 treatment cycles or
were less than 18 years old. This study was approved by
the West China Hospital Ethics Committee (permission
number: 2022 —1085), and informed consent was waived
in accordance with the Helsinki Declaration as updated
in 2013.

Data regarding age, sex, smoking status, clinical stage,
metastatic sites, Eastern Cooperative Oncology Group
Performance Status (ECOG PS), histological subtype,
expression level of PD-L1 and treatment regimen, labora-
tory test results and time of commencement/progression
were collected.

End points and assessments

The primary objective was to investigate PFS and OS.
Secondary outcome variables included disease control
rate (DCR), objective response rate (ORR), pleurodesis
success at 3 months and safety. The DCR combined rates
of patients with confirmed complete response (CR), par-
tial response (PR) and stable disease (SD). The ORR was
the percentage of patients who had a confirmed CR and
PR.

In the three participating research centers, patients
diagnosed with advanced lung cancer are systematically
followed up by their attending physicians every 8-10
weeks. During these follow-ups, a CT scan is scheduled
to monitor disease progression. Radiological assessments
are independently conducted by radiologists, while
the attending physician evaluates the treatment effi-
cacy based on the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1 [18]. MPE was evaluated
was based on thoracic CT or ultrasound. The National
Cancer Institute Common Terminology Criteria for
Adverse Events (version 5.0) was used to grade the fre-
quency, nature, and severity of adverse events (AEs) [19].
Pleurodesis was defined according to previous studies
[20, 21]. If there was a lack of ipsilateral re-accumulation
of MPE and the patient did not require an interven-
tion for ipsilateral MPE during the follow-up period,
pleurodesis was considered to have occurred. Recur-
rent and symptomatic ipsilateral MPE required pleural
intervention within the follow-up period was considered
pleurodesis failure. Patients without radiographic disease
progression at the latest date were considered censored.

Statistical analyses

Baseline characteristics were compared between the
two groups using the Chi-Squared Test or Fisher’s
exact test for categorical variables. Converting age into
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a dichotomous variable was performed by the age of
60 years as the cutoff point. Categorical variables are
expressed as frequencies and percentages. The Kaplan-
Meier method was used to analyze median PFS and
median OS. Differences in proportions of pleurode-
sis succuss, ORR and DCR were compared by the Chi-
square test. Cox proportional hazards models were used
to calculate the hazard ratio (HR) and associated 95%
confidence intervals (CI). The threshold for a statistically
significant difference was a two-tailed P<0.05. All statis-
tical analyses were performed with R software (version
4.2.2).

Results

Patient characteristics

At the end of the data collection time period, data from
177 consecutive NSCLC patients with MPE who did
not have EGFR mutation, ALK fusion or ROSI fusion
were collected. Of these, 4 patients received less than 2
treatment cycles, and 18 patients who were treated with
ICI alone were excluded. A total of 155 patients were
included in our study (Fig. 1). Of the 155 patients, the
median age was 61.0 years old. A total of 114 (73.5%)
were male, and 41 (26.5%) were female. Current smok-
ers, former smokers and patients who had never smoked
accounted for 29.0%, 31.6 and 39.4% of the study popu-
lation, respectively. A total of 113 (72.9%) patients were
diagnosed with lung adenocarcinoma, 36 (23.2%) with
squamous cell carcinoma and 6 (3.9%) with other can-
cers. During systemic therapy, 81 (52.3%) patients
received intrathoracic treatment, of which 30 (19.4%)
received intrathoracic administration; 74 patients (47.7%)
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did not. A total of 118 (76.1%) patients did not require
intervention for ipsilateral MPE during the 3-month
follow-up period. Fifty-seven patients received ICI Plus
Chemo, and 98 patients were treated with Chemo as
first-line therapy (Table 1).

Baseline characteristics were generally well balanced
between the groups, except for the proportion of patients
with a PD-L1 tumor proportion score of 1% or higher (16
[28.1%] of 57 patients in the ICI Plus Chemo group vs. 13
[13.3%] of 98 patients in the Chemo group) and the per-
centage of patients who were administered bevacizumab
intravenously (0 of 57 patients in the ICI Plus Chemo
group vs. 18 [18.4%] of 98 patients in the Chemo group)
(Table 1). Among these patients, there were missing val-
ues for PD-L1 tumor proportion score (TPS); the Fisher
test was performed after excluding the missing values for
each item, and no significant difference between the two
groups for PD-L1 TPS was observed.

Efficacy and response assessment

The ORR was 42.6% in the ICI Plus Chemo group and
35.2% in the Chemo group (P=0.484) (Fig. S1A). The
DCRs were 85.2% and 81.8%, respectively (P=0.773) (Fig.
S1B). A similar rate of pleurodesis success at 3 months
was observed in ICI Plus Chemo (78.2%) compared with
Chemo alone (78.9%) (P=1.000) (Fig. S1C).

With a median study follow-up of 10.8 (5.7, 22.2)
months, PFS was significantly longer with ICI Plus
Chemo than with Chemo (median PFS: 7.4 versus 5.7
months; HR=0.594 [95% CI: 0.403-0.874], P=0.008)
(Fig. 2A). In most subgroups evaluated, the observed
PFS benefit was maintained with ICI Plus Chemo versus

NSCLC patients with MPE who received Chemo or ICI Plus Chemo as first-line
treatment from 3 centers (N = 177)

Excluded

Patient's treatment cycle<2 (n)=4
Patients only receive ICI (n)=18

155 patients were enrolled

Treated with ICI Plus Chemo (n)
=57

Treated with Chemo
(n) =98

Fig. 1 The workflow of patient selection. NSCLC, non-small cell lung cancer; MPE, malignant pleural effusion; Chemo, chemotherapy; ICl, immune check-

point inhibitor
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Table 1 Patient characteristics comparison between chemotherapy group and ICl plus chemotherapy group

Patient Characteristics Overall Chemo (N=98) ICI Plus Chemo (N=57) p
(N=155)

Age (median [IQR]) 61.00 [52.50, 68.00] 61.00 [51.00, 67.00] 64.00 [56.00, 68.00] 0.062

Age (%) 0335
<60y 69 (44.5) 47 (48.0) 22 (386)
> 60y 86 (55.5) 51(52.0) 35(614)

Gender (%) 0.591
Female 41 (26.5) 24(24.5) 17 (29.8)
Male 114 (73.5) 74 (75.5) 40 (70.2)

Smoking (%) 0.109
Current smoker 45 (29.0) 29 (29.6) 16 (28.1)
Former smoker 49 (31.6) 36 (36.7) 13(22.8)
Never smoker 61(394) 33(33.7) 28 (49.1)

Smoking index (%) 0.223
<400 73 (47.1) 42 (42.9) 31 (54.4)
>400 82 (52.9) 56 (57.1) 26 (45.6)

ECOG PS (%) 0.944
0-1 126 (81.3) 79 (80.6) 47 (82.5)
2-4 29(18.7) 19 (19.4) 10(17.5)

Pathology (%) 0.864
Adenocarcinoma 113(72.9) 70(71.4) 43 (75.4)
Other 6(3.9) 4(4.) 2(3.5)
Squamous 36 (23.2) 24 (24.5) 12 (21.1)

PD-L1TPS (%) 0.026
<1% 40 (25.8) 22 (22.4) 18 (31.6)
>50% 8(5.2) 4(4.1) 4(70)
1-49% 21(13.5) 9(9.2) 12 (21.1)
Unknown 86 (55.5) 63 (64.3) 23 (40.4)

Stage (%) 0.564
IVA 109 (70.3) 71(72.4) 38(66.7)
VB 46 (29.7) 27 (27.6) 19 (33.3)

Brain metastasis (%) 045
No 136 (87.7) 84 (85.7) 52(91.2)
Yes 19(12.3) 14 (14.3) 5(8.8)

Bone metastasis (%) 0.764
No 115 (74.2) 74 (75.5) 41(71.9)
Yes 40 (25.8) 24 (24.5) 16 (28.1)

Liver metastasis (%) 1
No 145 (93.5) 92 (93.9) 53(93.0)
Yes 10 (6.5) 6(6.1) 4(7.0)

Metastasis 0.86
Multiple organ metastasis 103 (66.5) 64 (65.3) 39 (684)
Single organ metastasis 52(33.5) 34 (34.7) 18 (31.6)

NLR 0.968
<5 105 (67.7) 67 (68.4) 38 (66.7)
>5 50 (32.3) 31(316) 19 (33.3)

Bevacizumab (%) 137 (88.4) 80 (81.6) 57 (100.0) 0.001
No 18 (11.6) 18 (18.4) 0(0.0)
Yes

Intrathoracic treatment (%) 0.812
No 74 (47.7) 48 (49.0) 26 (45.6)
Yes 81(52.3) 50(51.0) 31 (54.4)

Intrathoracic administration (%) 0518
No 125 (80.6) 77 (78.6) 48 (84.2)
Yes 30(194) 21(214) 9(15.8)

Pleurodesis success at 3 months (%) 0.983

Fail 32(20.6) 20 (20.4) 12(21.1)
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Table 1 (continued)
Patient Characteristics Overall Chemo (N=98) ICI Plus Chemo (N=57) p
(N=155)
Success 118 (76.1) 75 (76.5) 43 (75.4)
Unknown 5(3.2) 3(3.0) 2(3.5)

Abbreviations: ICl Immune checkpoint inhibitor, Chemo Chemotherapy, QR interquartile range, ECOG PS Eastern Cooperative Oncology Group Performance Status,
PD-LT TPS Programmed cell death-Ligand 1 Tumor cell Proportion Score, NLR Neutrophil to Lymphocyte ratio
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Fig. 2 Kaplan-Meier curve of PFS (2 A) and OS (2B) in Chemo group and ICl Plus Chemo group. PFS, progression-free survival, OS, overall survival; Chemo,

chemotherapy; ICl, immune checkpoint inhibitor

Chemo (Fig. 3A). The median OS did not differ between
the ICI Plus Chemo and Chemo groups (median OS: 34.2
versus 28.3 months; HR=0.746 [95% CI: 0.420-1.325],
P=0.317) (Fig. 2B). Additionally, the results of the sub-
group analyses were also consistent, except for patients
younger than 60, in whom ICI Plus Chemo showed
improved OS versus Chemo (Fig. 3B). In addition, in
patients with a PD-L1 TPS of less than 1%, the HRs for
PFS and OS were 0.625 (95% CI: 0.303—1.291) and 0.558
(95% CI 0.102-3.059), respectively, for patients treated
with ICI Plus Chemo versus Chemo. In patients with
PD-L1 TPS expression levels between 1% and 49%, the
HRs for PFS and OS were 0.700 (95% CI: 0.252—1.941)
and 0.749 (95% CI: 0.185-3.025), respectively.

Furthermore, to explore the effect of intravenous infu-
sion of bevacizumab on PFS and OS, we divided patients
in the Chemo group into a chemotherapy group and a
chemotherapy plus bevacizumab group. PFS was also
significantly longer with ICI Plus Chemo compared
with chemotherapy alone and chemotherapy plus beva-
cizumab (median PFS: 7.4 versus 5.6 months versus 6.5
months, P=0.019) (Fig. S2A). The median OS was not
significantly different among the ICI Plus Chemo, che-
motherapy and chemotherapy plus bevacizumab groups
(median OS: 34.2 months, 28.3 months and 26.1 months,
respectively, P=0.460) (Figure S2B).

Safety assessment

There was no obvious distinction between the two
groups in grade>3 AEs, with 14.0% (8/57) of patients in
the ICI Plus Chemo group and 15.3% (15/97) of patients
in the Chemo group experiencing at least one (P=1.000)
(Fig. 4A).

The most common types of the grade>=3 AEs included
decreased neutrophil count (3 [5.3%] patients in the ICI
Plus Chemo group vs. 5 [5.1%] patients in the Chemo
group) and decreased hemoglobin (3 [5.3%] versus 10
[10.2%]). The grade>3 AEs that had a difference of 2%
or more between the ICI Plus Chemo group and Chemo
group was decreased hemoglobin (Fig. 4B).

Discussion

To our knowledge, this is the first study to examine the
efficacy and safety of ICI plus chemotherapy compared
with chemotherapy as a first-line treatment for NSCLC
patients with MPE. In this retrospective multicenter
cohort study, we found that ICI plus chemotherapy
resulted in a significant, clinically meaningful improve-
ment in PFS in patients with advanced NSCLC with
MPE. However, the effect of the combined therapy on OS
was limited.

It is well known that MPE is associated with high levels
of IL-6, CCL2, VEGE, TGEF-B, and HIF, all of which are
associated with maintaining a tumor phenotype resem-
bling stem cells [22, 23]. According to Bruschini and
colleagues, the total number of effector cells in MPE,
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Fig. 4 The histogram of treatment-related adverse events rate of all grade and grade >3 in Chemo group and ICl Plus Chemo group

including T lymphocytes and NK cells, declines [24]. On
the other hand, a large percentage of M2 polarized mac-

There are many possible reasons to explain the find-
ings of this study. First, a previous study discovered that

rophages are discovered in MPE, which are well-known
to engage in proangiogenic and metastatic pathways.
The above studies show that the MPE of NSCLC is an
immunosuppressive and tumor-promoting environment.
Nevertheless, our study demonstrated that ICI plus che-
motherapy prolonged the PFS of patients with NSCLC
and MPE compared with Chemo.

PD-L1 expression was highly consistent across histologi-
cal specimens and matched pleural fluid from NSCLC
patients, implying that if the primary tumor is responsive
to anti-PD-L1 treatment, MPE may also respond [25].
Second, Li and colleagues conducted a study of intra-
thoracic injections of anti-PD1 monoclonal antibody
(mAb) to manage MPE, and it is worth noting that caudal
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intravenous and intrathoracic injections of anti-PD1
mAb vyielded similar results in MPE control [4]. These
results suggested that systemic anticancer agents such
as ICI may be efficacious in MPE patients. Additionally,
chemotherapy can enhance the efficacy of ICIs. Several
preclinical studies have suggested that chemotherapy
may alter the tumor microenvironment [26]. Chemo-
therapy can trigger the release of the chemokine CXCL10
and the rapid secretion of type I IFNs, which can recruit
CD8+and CD4+effector T cells to tumor sites and boost
antitumor immunity [27]. Research has demonstrated
that chemotherapy can disrupt the activity of regulatory
T cells (Tregs) and improve early dendritic cell matura-
tion and function via TLR4 signaling [28, 29]. Further-
more, chemotherapy may boost the immune response
by inducing apoptosis in tumor cells and increasing
the expression of MHC class I molecules of the cGAS-
STING pathway, which is essential in this process [30,
31]. Previous investigations have shown that chemother-
apy can stimulate the tumor immune microenvironment,
resulting in a synergistic enhancement of ICI.

Notably, our study revealed that in patients with
NSCLC and MPE, the role of ICI plus Chemo for OS may
be limited compared with chemo. Similarly, Kawachi et
al. conducted a multicenter retrospective study to evalu-
ate the efficacy of ICIs with or without chemotherapy for
patients with NSCLC and MPE [32]. They demonstrated
that the group receiving ICI and chemotherapy showed
a similar median OS compared with patients receiv-
ing ICI monotherapy (22.7 months versus 19.9 months,
P=0.071). While overall survival (OS) is indeed consid-
ered the definitive criterion for evaluating treatment effi-
cacy, practical challenges often preclude its use as the
sole endpoint in clinical studies [33—-35]. This discrepancy
can be attributed to several factors. Firstly, the impact of
subsequent lines of therapy can dilute OS results, compli-
cating the achievement of statistically significant differ-
ences without negating the therapeutic benefit. Secondly,
non-cancer-related mortality can also influence OS out-
comes. Lastly, the requirement for a large sample size to
demonstrate a difference using OS as a primary endpoint
poses its own set of challenges. In our study, the limited
number of events within each treatment group suggests
that the follow-up duration may have been insufficient
to fully assess long-term survival benefits. Future stud-
ies with larger cohorts are anticipated to provide more
definitive insights. It is well known that MPE has his-
torically been associated with a grim prognosis. Previous
studies have shown that the presence of MPE is related to
reduced ICI efficacy, notably reduced OS [36, 37]. In the
era of immunotherapy and antiangiogenic therapy, future
studies should focus on establishing a series of intrapleu-
ral therapies and systemic therapies to improve the OS of
MPE patients.

Page 7 of 9

Our study’s safety data are detailed in Fig. 4, where
we noted a lower incidence of treatment-related adverse
events (TRAEs) Grade>3 compared to recent clinical
trials, as evidenced by Camrelizumab combined with
chemotherapy showing a 29.3% incidence (60 patients)
and chemotherapy alone showing an 11.1% incidence
(23 patients) [38]. In our study, the incidence was 14.0%
(8/57) in the ICI Plus Chemo group and 15.3% (15/97) in
the Chemo group. Given the retrospective nature of our
study, it is acknowledged that adverse events may not be
captured with the same granularity as in prospective clin-
ical trials. This inherent limitation may contribute to the
observed discrepancy in the rate of TRAEs. Nonetheless,
the adverse events recorded in our study align with those
reported in clinical trials, suggesting that the safety pro-
file of ICI plus chemotherapy in advanced NSCLC with
MPE remains manageable.

The are several limitations to our study. First, this study
included patients only in China, which precludes the gen-
eralizability of the results to patients in other countries.
Second, the effectiveness of ICI plus chemotherapy in
treating MPE is still subject to clinical trials, as this was
a retrospective study with a somewhat limited sample
size. And then the rate of adverse reactions in this study
was lower than in clinical trials as this was a retrospective
study that did not adequately identify adverse reactions.
Despite these findings, our study maintained sufficient
statistical power to show a significant PES difference
between the ICI Plus Chemo group and Chemo group.
Finally, no patients received antiangiogenic therapy in the
ICI Plus Chemo group. Therefore, we could not explore
whether ICI plus chemotherapy and antiangiogenic ther-
apy improves the OS of patients with MPE.

Conclusion

In untreated NSCLC patients with MPE, ICI plus chemo-
therapy resulted in significantly longer PFS than chemo-
therapy alone and had a manageable tolerability profile.
However, the effect of the combined therapy on OS may
be limited. Randomized clinical trials using ICI plus che-
motherapy for patients with NSCLC and MPE are needed
to further elucidate the clinical effect of our findings.
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