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Eosinophilic pleural effusion due to lung cancer has a better prognosis
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Abstract

Objective Tumor-related eosinophilia may have extended survival benefits for some cancer patients. However, there has been
no report on the prognosis difference between eosinophilic pleural effusion (EPE) and non-EPE in lung cancer patients. Our
study aimed to investigate the prognosis difference between EPE and non-EPE due to lung cancer.

Patients and methods We retrospectively reviewed patients diagnosed with lung cancer who presented with malignant
pleural effusion (MPE) between May 2007 and September 2020 at the National Hospital Organization Kochi Hospital. EPE
is defined as pleural fluid with a nucleated cell count containing 10% or more eosinophils.

Results A total of 152 patients were included: 89 were male (59%). The median age was 74.4 years (range 37-101), and all
patients were pathologically shown to have MPE. Most patients (140; 92%) had an Eastern Cooperative Oncology Group
(ECOG) Performance Status (PS) of 0/1. Twenty patients had EPE. The median overall survival (OS) of all 152 lung cancer
patients with MPE was 298 days. The median OS of the patients with EPE was 766 days, and the median OS of the patients
with non-EPE was 252 days. Kaplan—Meier univariate analysis showed that lung cancer patients with EPE had a significantly
better prognosis than patients with non-EPE (P <0.05). Cox proportional regression analysis showed that EPE, ECOG PS,
sex, and the neutrophil-to-lymphocyte ratio in the serum (sSNLR) may be independent prognostic factors affecting survival
in patients with MPE.

Conclusion Lung cancer patients with EPE have a better prognosis than those with non-EPE.
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List of symbols
ALK : Anaplastic lymphoma kinase
CI : Confidence interval

ECOG : Eastern Cooperative Oncology Group
EGFR : Epidermal growth factor receptor
EPE : Eosinophilic pleural effusion

IL : Interleukin

ILC2  : Group 2 innate lymphoid cells

MPE  : Malignant pleural effusion

oS : Overall survival

PS : Performance Status

sNLR : Neutrophil-to-lymphocyte ratio in the serum
TME : Tumor microenvironment

Introduction

Eosinophilic pleural effusion (EPE) is defined as pleural
fluid with a nucleated cell count containing 10% or more
eosinophils [1]. It is estimated that approximately 10% of
exudative pleural effusions are eosinophilic [1]. Causes of
EPE include pleuritis, trauma (e.g., pneumothorax, hemo-
thorax, thoracic surgery), and malignancies. According to a
meta-analysis of 687 cases of EPE, the most common cause
was malignancy (26%), followed by idiopathic (25%) and
pneumonia (13%) [2].

On the other hand, it has been shown that tumor-related
eosinophilia may have extended survival benefits for some
cancer patients [3-5]. In recent years, it has been demon-
strated that peripheral blood eosinophils before admin-
istration are a potential predictive marker for a beneficial
clinical response in cancer immunotherapy, particularly
immune checkpoint inhibitors [6—11]. This finding sug-
gested malignant pleural effusion (MPE) is an essential tool
for investigating the tumor microenvironment (TME). In a
previous prospective study, the survival of patients with EPE
was better than that of patients with non-EPE [1]. However,
there has been no study on the prognosis difference between
EPE and non-EPE in lung cancer patients. Therefore, in this
study, we investigated the prognosis difference between EPE
and non-EPE due to lung cancer.

Materials and methods
Patients

We retrospectively reviewed all patients diagnosed with
lung cancer who presented with malignant pleural effusion
between May 2007 and September 2020 at the National Hos-
pital Organization Kochi Hospital. Only patients with malig-
nant cells confirmed in the pleural fluid or pleural biopsy
were included to maintain study quality. We performed
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conventional cytology examination or histological analyses
independently to identify malignant cells in the effusion fluid
or pleural biopsy tissue. For conventional cytologic exami-
nation, 5 ~ 10 mL of effusion fluid obtained by diagnostic
thoracentesis was centrifuged at 2500 rpm for 10 min. We
prepared a minimum of two thin smears from the sediment.
According to the hospital pathology laboratory’s standard
protocol, one smear was air-dried and stained with Leish-
man-Giemsa stain. The other smear was immediately fixed
in 95% alcohol and stained with Papanicolaou stain. For the
histological analysis, tissue specimens obtained during the
pleural biopsy were processed after formalin fixation, and
the sections were stained with hematoxylin—eosin dye. The
institutional review board of the National Hospital Organiza-
tion Kochi Hospital approved the study protocol. Informed
consent was waived because of the retrospective nature of
the study.

Statistical analysis

Categorical and continuous variables are summarized using
descriptive statistics. The independent-samples 7 test was
used to test for differences between continuous variables.
The Pearson’s chi-squared test and Fisher’s exact test were
used to test for associations between categorical variables.
Overall survival (OS) was evaluated as the period from
the day when pleural effusion was collected to the day of
death from any cause using the Kaplan—Meier method. The
log-rank test was used to compare survival curves. A Cox
proportional hazards model was used to estimate the haz-
ard ratio (for eosino > 10% compared with eosino < 10%)
with a 95% confidence interval (CI). All statistical analy-
ses were performed using EZR (developed in 2012 by Y.
Kanda, Saitama Medical Center, Jichi Medical University),
a graphical user interface in R (version 3.6.3, R Founda-
tion for Statistical Computing, Vienna, Austria) or SPSS
statistics version 27.0 (IBM, Armonk, USA). P-values are
presented without adjusting for multiple comparisons in an
exploratory manner.

Results
Patient characteristics

A total of 152 lung cancer patients with MPE were included
in the study. Among the 152 patients, 20 patients had EPE.
The clinical characteristics of the enrolled patients are sum-
marized in Table 1. Among the 152 patients, the mean age
at diagnosis was 74.4 years (range 37-101), 89 patients
(59%) were male, and 67 patients (44%) were former or
current smokers. The majority of patients had an Eastern
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Table 1 Chargcteristics of the Total Eosino >10% Eosino <10% p
study population
n=152 n=20 n=132
Age Mean age, years (range) 74.4 (37-101) 71.4(37-101) 74.8 (45-100) 0.10%*
>65 (%) 126 (82) 16 (80) 110 (83)
<65 (%) 26 (17) 4 (20) 22 (17)
Sex (%) Male 89 (59) 11 (55) 78 (59) 0.81%*
Female 63 (41) 9 (45) 54 (41)
Smoking history (%) Yes 67 (44) 10 (50) 58 (44) 0.827%3#*
No 63 (41) 7(35) 56 (42)
Missing 22 (14) 3(15) 18 (14)
ECOG PS (%) 0 19 (12) 3(15) 16 (12) 0.76%%*
1 121 (80) 17 (85) 104 (79)
2 7(5) 0(0) 7(5)
3 2(1) 0(0) 2(2)
4 3(2) 0(0) 3(2)
pLHD Mean, IU/L 719 538.9 746.5 0.26*
(range) (81-13200) (136-2287) (81-13200)
sNLR Ratio 6.75 7 6.71 0.34*
(range) (0.96-66.62)  (1.17-66.62)  (0.96-63.74)
Histologic type (%)  Adeno 125 (82) 18 (90) 107 (81) 0.36%#*
Squamous 6(4) 1(5) 5@4)
Small 11(7) 0(0) 11 (8)
Others 10 (7) 1(5) 9(7)
Driver mutation (%) EGFR 27 (18) 1(5) 26 (20) 0.20%*
ALK 1(1) 1(5) 0(0) 0.13%*
Pleurodesis (%) Yes 59 (39) 9 (45) 50 (38) 0.63**
No 93 (61) 11 (55) 82 (62)
Treatment (%) Supportive 52 (34) 6 (30) 46 (35) 1.00%*
Systemic chemotherapy 100 (66) 14 (70) 86 (65)

ECOG PS, Eastern Cooperative Oncology Group Performance Status; pLHD, pleural fluid lactate dehy-
drogenase; sNLR, neutrophil-to-lymphocyte ratio in the serum; EGFR, epidermal growth factor receptor;

ALK, anaplastic lymphoma kinase

“Independent-samples ¢ test; ** Fisher’s exact test; *** Chi-squared test

Cooperative Oncology Group (ECOG) Performance Status
(PS) of 0-1 (92%) and exhibited adenocarcinoma histol-
ogy (82%). Twenty-seven patients were harboring epider-
mal growth factor receptor (EGFR) mutations and received
EGFR-tyrosine kinase inhibitors. Fifty-nine patients
(39%) received pleurodesis. Among the patients, 34% and
66% received supportive care only and active treatment,
respectively.

Among the 20 patients with EPE, the mean age at
diagnosis was 71.4 years (range 37-101), 11 patients
(55%) were male, and 10 patients (50%) were former or
current smokers. All patients had an ECOG PS of 0-1,
and 18 patients (90%) exhibited adenocarcinoma histol-
ogy. Only one patient was harboring EGFR mutations and
received EGFR-tyrosine kinase inhibitors. Also, only one
patient was harboring anaplastic lymphoma kinase (ALK)

rearrangement and received ALK-tyrosine kinase inhibi-
tors. Nine patients (45%) received pleurodesis. Among the
patients, 30% and 70% received supportive care only and
active treatment, respectively.

Among the 132 patients with non-EPE, the mean age
at diagnosis was 74.8 years (range 45-100), 78 patients
(59%) were male, and 58 patients (44%) were former or
current smokers. The majority of patients had an ECOG
PS of 0-1 (91%) and exhibited adenocarcinoma histol-
ogy (81%). Of the 132 patients with non-EPE lung cancer,
older patients, small cell carcinoma and EGFR mutations
appeared to be slightly more common than EPE. However,
there was no significant difference in patient characteris-
tics between lung cancer patients with EPE and non-EPE.
Furthermore, there was no bias in the presence or absence
of active treatment in both groups.
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OS of all lung cancer patients with MPE

The OS of all 152 lung cancer patients with MPE was
298 days (95% CI: 144-661) (Fig. 1).

OS of lung cancer patients with EPE
and non-EPE

The OS of lung cancer patients with EPE (n=20) and non-
EPE (n=132) was 766 days (95% CI: 131-not reached) and
252 days (95% CI: 88-368), respectively (Fig. 2). The OS of
lung cancer patients with EPE was significantly longer than
that with non-EPE (P =0.035).

OS of lung cancer patients with MPE
according to the ECOG PS

The OS of PSO (n=19) lung cancer patients with MPE,
PS1 (n=121), and PS2~4 (n=11) were 345 days (95% CI:
171-1162), 323 days (95% CI: 128-774), and 39 days (95%
CI: 6-not reached), respectively (Fig. 3). The OS of PS0/1
lung cancer patients with MPE was significantly longer than
that of PS2-4 lung cancer patients with MPE (P <0.001).

Patient survival according to sex

The OS of female lung cancer patients (n=63) and of
male lung cancer patients (n=89) was 723 days (95% CI:
293-871) and 131 days (95% CI: 78-311), respectively

1.0

Median OS 298 days
(95% CI 144-661)
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| |
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Fig.2 Overall survival of patients with eosinophilic pleural effusion
or non-eosinophilic pleural effusion

(Fig. 4). The OS of female lung cancer patients was sig-
nificantly longer than that of male lung cancer patients
(P <0.0006).
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Fig. 1 Overall survival (OS) of all 152 lung cancer patients
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Fig.4 Patient survival according to sex

Table 2 Cox proportional regression analysis of statically significant
prognostic factors (by univariate analysis) for the survival of 152
patients

Factors Hazard ratios 95% CI of HR P-value
Eosino > 10% 0.45 0.22-0.92 0.02
ECOG PS 4.29 1.08-10.20 <0.001
Sex 1.72 1.08-2.74 0.02
sNLR 1.07 1.04-1.10 <0.001
NSCLC 1.76 0.79-3.91 0.16

ECOG PS, Eastern Cooperative Oncology Group Performance Sta-
tus; sNLR, neutrophil-to-lymphocyte ratio in the serum; NSCLC,
non-small-cell lung cancer

Multivariate analysis

A Cox proportional regression analysis showed that
eosino > 10%, ECOG PS, sex, and the neutrophil-to-lym-
phocyte ratio in the serum (sNLR) may be independent
prognostic factors affecting the survival of patients with
MPE (Table 2). The histological type was not associated
with the prognosis.

Discussion

Our study demonstrates that lung cancer patients with EPE
have a better prognosis than those with non-EPE. To our
knowledge, this is the first study to show a better prognosis
of malignant EPE in lung cancer patients.

EPE is defined as pleural fluid with a nucleated cell count
containing 10% or more eosinophils [1]. It is considered
that about 10% of exudative pleural effusion is EPE [1].
Causes of EPE include pleuritis, trauma (e.g., pneumotho-
rax, hemothorax, thoracic surgery), and malignancies. In a
meta-analysis of 687 cases of EPE, the most common cause
was malignant tumors (26%), followed by idiopathic (25%)
and pneumonia (13%) [2]. On the other hand, the frequency
of EPE (about 2.3-6.8%) was not as high in MPE [12, 13].
However, in EPE, the frequency of malignant tumors was
6-40% [1, 14, 15]. Malignant tumors are found in EPE as
often as in non-EPE [1]. Lung cancer is the most common
malignant tumor associated with EPE [14, 15]. In a review
of 135 EPE cases, 47 were associated with malignancies, 23
of which were associated with lung cancer [15].

Pleural fluid lactate dehydrogenase, histology of the pri-
mary tumor, ECOG PS, and sNLR have been reported to
be predictors of survival in patients with malignant pleu-
ral effusion [16—19]. In our study, a multivariable analy-
sis confirmed that eosino > 10% (P=0.02), PS (P<0.001),
sex (P=0.02), and sNLR (P <0.001) may be independent
predictors of OS. In previous reports, female lung cancer
patients with MPE had a favorable prognosis [18, 19].
These results are consistent with previous studies. Eighteen
females and nine males harbored EGFR mutations, and more
female lung cancer patients harbored EGFR mutations than
males (P <0.001). Lung cancer patients harboring EGFR
mutations have a good prognosis (results not shown), which
may have influenced the prognosis in females. However,
there have been no reports of good prognosis for EPE in
lung cancer patients. We demonstrate for the first time that
lung cancer patients with EPE have a better prognosis than
those with non-EPE.

In recent years, the relationship between eosinophils and
cancer has attracted attention due to cancer immunothera-
pies such as immune checkpoint inhibitors. Although the
functional role of eosinophils in human cancer is not fully
understood, many studies have shown that tumor-related
eosinophilia may provide survival benefits to cancer patients
[3-5]. In oral squamous epithelial cancer, nasopharyngeal
cancer [20], esophageal cancer [21], colorectal cancer [22,
23], lung cancer [24], laryngeal cancer, bladder cancer [25],
prostate cancer [26], and penis cancer [27], similar findings
have been reported. The prognosis was good when there was
eosinophil infiltration into the tissue and eosinophil degranu-
lation in the tumor tissue. Good prognosis with eosinophils
is also independent of common prognostic factors (stage,
age, sex, drinking history, smoking history, histological
grading, angiogenesis, vascular infiltration, and nerve infil-
tration). Interestingly, this findings becomes significant in
the subgroup of patients with poor prognosis [20]. On the
other hand, tumor-related tissue eosinophil infiltration is
a poor prognostic factor in Hodgkin lymphoma [28]. In a
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knockout model, tumor-related tissue eosinophil infiltration
was a risk factor for oral cancer [29]. Eosinophils have been
suggested to play pleiotropic and opposing roles in the TME
[30-32].

In humans, peripheral blood eosinophilia often occurs
when immunotherapy with interleukin (IL)-2 [33, 34],
IL-4 [35], granulocyte macrophage colony-stimulating fac-
tor [36], or tumor vaccine is performed [37]. Intrapleural
administration of IL-2 is also known to cause significant
eosinophilic pleural effusion [38]. In recent years, it has
been shown that the number of peripheral blood eosinophils
before administration is a valuable marker for predicting
the effect when using cancer immunotherapies, especially
immune checkpoint inhibitors [6—11]. Eosinophils infiltrate
the tumor, and their activation there helps T cells infiltrate
the tumor as well [4, 39]. It has also been reported that
activated eosinophils promote tumor-specific CD8*T cell
infiltration and tumor rejection and also prolong survival by
improving the TME [39].

Activated innate lymphoid cell populations accumulate
in human tumor tissues [40]. It has been suggested that lung
group 2 innate lymphoid cells ILC2), which produce IL-5
or IL-13 in response to IL-25 and IL-33, suppress the lung
metastasis of cancer cells [41]. Tissue-specific ILC2 infil-
trate pancreatic ductal adenocarcinomas to activate tissue-
specific tumor immunity, and increased tissue infiltrates of
ILC2 correlate with prolonged survival [42]. Eosinophils
and LC2 may be important cells that modulate innate and
adaptive immunity. Pleural fluid eosinophilia only has a
weak correlation with peripheral blood eosinophilia (results
not shown). Since eosinophils in the pleural effusion are not
normal cells of the lung or pleural tissue, the development of
EPE requires the recruitment of eosinophils from the bone
marrow [43]. The mechanism of eosinophil recruitment into
the pleural space has not yet been fully elucidated. However,
cytokines, chemokines, and adhesion molecules are known
to be involved. The involvement of ILC2 has also been sug-
gested [44]. Furthermore, it has been reported that ILC2 is
present in human MPE and produces type 2 cytokines such
as IL-4, IL-5, and IL-13 [45].

The limitation of this study is that it is a single-center
retrospective analysis conducted with heterogeneous data
regarding patient cohorts. Therefore, the study results are
speculative and not definitive. Furthermore, the observation
period is 14 years, and advances in treatment may affect
the results. However, in previous reports, talc pleurodesis
and active treatment were not factors for better survival in
MPE patients [17, 19]. In our study, patients with active
treatment have a better prognosis than those with supportive
care only (results not shown). However, there was no treat-
ment bias between EPE and non-EPE patients. Additionally,
active treatment was excluded from the multivariate analysis
variables. Finally, the frequency of EPE was not very high
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in malignant pleural effusions. Overall, a prospective con-
trolled study with multiple centers is needed to confirm our
conclusions.

Although we should consider these limitations when
interpreting our study, this is the first study showing a better
prognosis of lung cancer patients with EPE. The mecha-
nism of the onset of malignant EPE has not yet been fully
elucidated, although it is known that host-tumor cell inter-
actions cause eosinophilic pleural effusion. Furthermore,
eosinophils may play an essential role in the modulation of
innate and adaptive immunity. In general, the relationship
between eosinophils and cancer immunology needs further
elucidation.

Conclusion

In conclusion, we demonstrate that lung cancer patients with
EPE have a better prognosis than those with non-EPE. In
recent years, the relationship between eosinophils and cancer
has attracted attention due to cancer immunotherapy, but
further progress in basic and clinical cancer research in this
field is required.
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