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Background: Lung cancer with related pericardial effusion is not rare. Intervention is a crucial step for symptomatic
effusion. It is unknown, however, whether the different invasive interventions for pericardial effusion result in
different survival outcomes. This study analyzed the clinical characteristics and prognostic factors for patients with
non-small-cell lung cancer (NSCLC) who have undergone different procedures.
Methods: From January 2006 to June 2018, we collected data from patients with NSCLC who have received invasive
intervention for pericardial effusions. The patients were divided into three categories: simple pericardiocentesis,
balloon pericardiotomy, and surgical pericardiectomy. KaplaneMeier curve and log-rank test were used to analyze
the pericardial effusion recurrence-free survival (RFS) and overall survival (OS).
Results: A total of 244 patients were enrolled. Adenocarcinoma (83.6%) was the major NSCLC subtype. Invasive
intervention, including simple pericardiocentesis, balloon pericardiotomy, and surgical pericardiectomy, had been
carried out on 52, 170, and 22 patients, respectively. The 1-year RFS rates in simple pericardiocentesis, balloon
pericardiotomy, and surgical pericardiectomy were 19.2%, 31.2%, and 31.8%, respectively (P ¼ 0.128), and the
median RFS was 1.67, 5.03, and 8.32 months, respectively (P ¼ 0.008). There was no significant difference in OS,
however, with the median OS at 1.67, 6.43, and 8.32 months, respectively (P ¼ 0.064). According to the
multivariable analysis, the gravity in pericardial fluid analysis, receiving systemic therapy after pericardial effusion,
and the time period from stage IV lung cancer to the presence of pericardial effusion were independent prognostic
factors for pericardial effusion RFS and OS.
Conclusions: Patients who have undergone simple pericardiocentesis alone for the management of NSCLC-related
pericardial effusion have lower 1-year RFS rates than those who have undergone balloon pericardiotomy and
surgical pericardiectomy. Therefore, balloon pericardiotomy and surgical pericardiectomy should be carried out for
patients with NSCLC-related pericardial effusion if tolerable.
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INTRODUCTION

Malignancy-related pericardial effusion is not rare, occur-
ring in about 10% of all cancer patients,1,2 and with lung
cancer as the most common cause.3-7 The mechanism of
malignancy-related pericardial effusion includes cancer
metastasis, cancer direct invasion, and paramalignant cau-
ses. These paramalignant etiologies include pericardial
effusion due to inflammation, lymphatic or venous drainage
obstruction, or treatment-related effusion.8-13
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Intervention procedures are crucial steps for preventing
death due to pericardial tamponade, and different pro-
cedures show varying success rates, safety, and pericardial
effusion recurrence rates.14-27 Nowadays, simple peri-
cardiocentesis, balloon pericardiotomy, or surgical peri-
cardiectomy are often carried out on patients harboring
symptomatic pericardial effusion. Pericardiocentesis is often
carried out by pigtail insertion to the pericardial space, and
it can be echo-guided, computed tomography-guided,
or fluoroscopy-guided. Pericardiocentesis can immediately
relieve the symptomatic pericardial effusion.28 In
malignancy-related pericardial effusion, some patients
receive pericardial-pleural window creation to prevent the
re-accumulation of pericardial effusion. Percutaneous
balloon pericardiotomy is typically carried out in the cath-
eterization room under fluoroscopy guidance, with the
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procedure replacing the pigtail catheter through an addi-
tional balloon-dilating catheter by guidewire.29 Peri-
cardiectomy can be carried out by open surgery or
thoracoscopic surgery, and the surgical pericardiotomy can
often create a larger pericardial window size than
pericardiotomy.15

It is unknown whether the different invasive in-
terventions for pericardial effusion result in different sur-
vival outcomes in patients with non-small-cell lung cancer
(NSCLC). This study aimed to analyze the clinical charac-
teristics and prognostic factors for patients with NSCLC who
have undergone simple pericardiocentesis, balloon peri-
cardiotomy, or surgical pericardiectomy for symptomatic
pericardial effusion.

METHODS

Study design, setting, and participants

This investigation was approved by the National Taiwan
University Hospital Research Ethics Committee
(201907060RINB) which agreed waiving the informed con-
sent. In this retrospective study, patients with NSCLC aged
�20 years who have undergone simple pericardiocentesis,
balloon pericardiotomy, or surgical pericardiectomy from 1
January 2006 to 31 June 2018 at our institution were iden-
tified. There was no formal protocol of managing NSCLC-
related pericardial effusion in our hospital. The choice of
treatment depended on the physicians’ decision. The exclu-
sion criteria were as follows: patients of other cancers with
lung metastasis, patients who underwent pericardiocentesis
during cardiopulmonary resuscitation, patients with other
clear etiology of pericardial effusion, patients who did not
receive cancer treatment and instead received palliative care,
patients who did not undergo invasive procedures, and pa-
tients with small-cell lung cancer.
Data collection

The medical records data were reviewed, including age at
diagnosis, gender, smoking history, comorbidities, driver
mutation type, intervention procedures type, procedure
date, date stage IV NSCLC diagnosed, pericardial effusion
recurrence date, date of mortality, NSCLC treatment regi-
mens, initial drainage amount of pericardial effusion, car-
diac echography signs (right atrium collapse and right
ventricle collapse signs), pericardial fluid analysis (including
gravity, total nucleated cell, red blood cell count, and
cytology), and pericardial effusion culture. Chest computed
tomography, brain imaging (computed tomography or
magnetic resonance imaging), and whole body bone scans
were carried out for lung cancer staging. The lung cancer
staging followed the eight edition of the TNM (tumoure
nodeemetastasis) stage classification for lung cancer.30
Survival analyses

Patients were enrolled for pericardial effusion-related
recurrence-free survival (RFS) and overall survival (OS) anal-
ysis. Information on survival was obtained through active
2 https://doi.org/10.1016/j.esmoop.2021.100354
follow-up based on the verification of each patient’s vital
status. Pericardial effusion-related RFS was defined as the
duration from the date of first identification of pericardial
effusion until the date of pericardial effusion recurrence or
death. We used 1 year as the cut-off point for RFS. OS was
defined as from the date of first identification of pericardial
effusion until the date of death or the last follow-up.

Statistical analyses

Continuous variables were presented as median with
ranges, and categorical variables were presented as per-
centages of the group from which they were derived.
Continuous variables were compared using the Kruskale
Wallis test. Categorical variables were compared using the
chi-square test or Fisher’s exact test. KaplaneMeier curves
were plotted for OS and RFS at 1 year, and the log-rank test
was used to determine statistical significance. Cox
proportional-hazards regression was used for covariate
analysis to determine the hazard ratio of clinical factors and
RFS and OS. Spearman’s correlation was used to analyze the
correlation between continuous variables. A P value <0.05
was considered significant. All analyses were carried out
using R version 4.0.3 (R core team 2020, Vienna, Austria).

RESULTS

Participants’ characteristics

From 1 January 2006 to 31 June 2018, a total of 18 002
patients in our institution had the lung cancer code. A total
of 274 patients met the inclusion criteria. After excluding
those who met the exclusion criteria, a total of 244 patients
were enrolled in the study for further analysis (Figure 1).
Some 52 patients received simple pericardiocentesis treat-
ment alone, 170 received balloon pericardiotomy treat-
ment, and 22 received surgical pericardiectomy (Table 1).
Among the surgical pericardiectomy: 9 patients received
video-assisted thoracic surgery, 12 patients received tho-
racotomy, and 1 patient received the subxiphoid approach
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2021.100354).

The median age of the patients was 58.9 years. One
hundred and nine patients were female (44.7%). Ninety-
seven patients were smokers (40.9%). Two hundred and
four patients had adenocarcinoma (83.6%). A total of 192
patients had undergone tests for driver mutation, and 95
patients exhibited the wild type (49.5%). Fifty-seven pa-
tients presented with symptomatic pericardial effusion
during lung cancer diagnosis (23.4%). One hundred and
seventy-two patients had received systemic cancer therapy
before the pericardial effusion event (70.5%). A total of 69
patients received their first line of systemic treatment
before the pericardial effusion event (28.3%), and 103 pa-
tients received more than two lines of systemic treatment
before the pericardial effusion event (42.2%). One hundred
and seventy-five patients received systemic therapy after
the pericardial effusion event (71.7%).

There was no difference in age, gender, smoking status,
lung cancer cell type, driver mutations, and systemic
Volume 7 - Issue 1 - 2022
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Data from NTUH Jan 2006 - Jun 2018
Lung cancer
N = 18002

274 Lung cancer patients with pericardial
effusion and received invasive procedure

Exclusion criteria:
18 Patients receive palliative treatment and did 
not receive any cancer treatment
6 Patients with small-cell lung cancer
3 Patients transfer to other hospital for further 
management
2 Patients with pericardiocentesisduring CPR 
1 Patient with CAD-related pericardial effusion

Inclusion criteria:
Age ≥ 20
Lung cancer
Received either simple pericardiocentesis, 
balloon pericardiotomy, or surgical 
pericardiectomy

Simple
pericardiocentesis
N = 52

Balloon 
pericardiotomy
N = 170

Surgical
pericardiectomy
N = 22

244 Patients with NSCLC who received 
treatment during the whole cancer course 

Figure 1. Flowchart of the patient enrollment in this study.
CAD, coronary artery disease; CPR, cardiopulmonary resuscitation; NSCLC, non-small-cell lung cancer; NTUH, National Taiwan University Hospital.
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therapy before the precordial procedures among the three
groups (Table 1). There was, however, a significant differ-
ence in the systemic therapy after pericardial procedures
among the three groups (P < 0.001) (Table 1).

Procedure-related complications

Among the patients who received simple pericardiocentesis,
there was no procedure-related complication. Among the
patients who received balloon pericardiotomy, five patients
(2.9%) encountered supraventricular tachycardia and two
patients (1.2%) encountered pneumothorax after the pro-
cedure. Among the patients who received surgical peri-
cardiectomy, one patient (4.5%) had surgical wound
infection after the surgery; the infection improved after
intravenous antibiotic treatment. There was no procedure-
related mortality (Supplementary Table S2, available at
https://doi.org/10.1016/j.esmoop.2021.100354).
Volume 7 - Issue 1 - 2022
Factors associated with RFS and OS

There were 23 patients (9.4%) with recurrent pericardial
effusion requiring secondary intervention, 174 patients who
encountered pericardial effusion recurrence or death
(71.3%) at the 1-year follow-up period, and 236 patients
who encountered pericardial effusion recurrence or death
(96.7%) by the end of the follow-up period.

Patients who received simple pericardiocentesis had a
higher 1-year RFS rate than those who received pericardial
window creation either by balloon dilatation or surgical
intervention. The 1-year RFS rates in simple pericardiocent-
esis, balloon pericardiotomy, and surgical pericardiectomy
were 19.2%, 31.2%, and 31.8%, respectively (P ¼ 0.128),
whereas the median RFS was 1.67 months, 5.03 months, and
8.32 months, respectively (P ¼ 0.008). There was no signifi-
cant difference in OS, however, with the median OS at 1.67
months (95% CI 0.67-6.87 months), 6.43 months [95%
https://doi.org/10.1016/j.esmoop.2021.100354 3
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Table 1. The demographic data of patients in NSCLC with pericardial effusion, classified by different initial procedures for pericardial effusion

Characteristic Total
N [ 244

Simple
pericardiocentesis
N [ 52

Balloon
pericardiotomy
N [ 170

Surgical
pericardiectomy
N [ 22

P value

Age, median (range), years 58.9 (20-85.9) 56.8 (27.2-76.8) 59 (20 -85.9) 59.9 (31.7-79.4) 0.504
Male gender, n (%) 135 (55.3) 31 (59.6) 94 (55.3) 10 (45.5) 0.532
Smoking, n (%) 97 (40.9) 21 (41.1) 66 (40.2) 10 (45.4) 0.912
Adenocarcinoma, n (%) 204 (83.6) 42 (80.8) 142 (83.5) 20 (90.9) 0.642
Driver mutation 0.104
Wild type 95 (49.5) 17 (45.9) 69 (51.1) 9 (52.9)
EGFR exon 21 L858R mutation 46 (24.0) 10 (29.4) 34 (25.3) 2 (11.8)
EGFR exon 19 deletion 32 (16.7) 6 (16.2) 23 (17.0) 3 (17.6)
EGFR exon 20 insertion 2 (1.0) 0 (0) 0 (0) 2 (11.8)
Other uncommon mutation 7 (3.6) 2 (5.4) 4 (3.0) 1 (5.9)

Anaplastic lymphoma kinase (ALK) mutation 6 (3.1) 1 (2.7) 5 (3.7) 0 (0)
ROS1 mutation 3 (1.6) 0 2 1 (5.9)
RET 1 (0.5) 1 0 0 (0)
Lung cancer presentation with pericardial
effusion initially, n (%)

57 (23.4) 7 (13.5) 44 (25.9) 6 (27.3) 0.156

Systemic therapy before pericardial effusion, n (%) 172 (70.5) 41 (78.8) 117 (68.8) 14 (63.6) 0.297
Chemotherapy, n (%) 140 (57.3) 34 (65.4) 93 (54.7) 13 (59.0) 0.383
TKI, n (%) 100 (41.0) 23 (44.2) 69 (40.6) 8 (36.4) 0.813
Thoracic RT, n (%) 67 (27.5) 20 (38.5) 40 (23.5) 7 (31.8) 0.095
Immunotherapy, n (%) 4 (1.6) 1 (1.9) 3 (1.8) 0 (0) 1.000
Anti-VEGF, n (%) 6 (2.5) 2 (3.8) 3 (1.8) 1 (4.5) 0.290

Treatment lines before pericardial effusion 0.363
0, n (%) 72 (29.5) 10 (19.2) 54 (31.8) 8 (36.4)
1, n (%) 69 (28.3) 15 (28.8) 49 (28.8) 5 (22.7)
�2, n (%) 103 (42.2) 27 (51.9) 67 (39.4) 9 (40.9)

Systemic therapy after pericardial effusion, n (%) 175 (71.7) 25 (48.1) 134 (78.8) 16 (72.7) <0.001
Chemotherapy, n (%) 138 (56.6) 20 (38.5) 105 (61.8) 13 (59.1) 0.012
TKI, n (%) 103 (42.2) 16 (30.8) 76 (44.7) 11 (50.0) 0.145
Thoracic RT, n (%) 11 (4.5) 0 (0) 8 (4.7) 3 (13.6) 0.035
Immunotherapy, n (%) 11 (4.5) 1 (1.9) 9 (5.3) 1 (4.5) 0.602
Anti-VEGF, n (%) 13 (5.3) 1 (1.9) 11 (6.5) 1 (4.5) 0.412

Treatment lines after pericardial effusion <0.001
0, n (%) 69 (28.3) 27 (51.9) 36 (21.2) 6 (27.3)
1, n (%) 79 (32.4) 10 (19.2) 65 (38.2) 4 (18.2)
S2, n (%) 96 (39.3) 15 (28.8) 69 (40.6) 12 (54.5)

Time from stage IV lung cancer to pericardial effusion,
median (range), months

4.1 (0-173.8) 5.3 (0-106.4) 3.9 (0-173.8) 2.0 (0-89.9) 0.279

Data are presented as median (range), number (%).
EGFR, epidermal growth factor receptor; RT, radiation therapy; TKI, tyrosine kinase inhibitor; VEGF, vascular endothelial growth factor.
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confidence interval (CI) 4.17-8.20 months], and 8.32 months
(95% CI 4.00-14.27 months), respectively (P ¼ 0.064)
(Figure 2).

The analysis for the pericardial effusion RFS and OS
using the Cox regression model is shown in
Supplementary Tables S3 and S4, available at https://doi.
org/10.1016/j.esmoop.2021.100354 and Figure 3. In the
univariate analysis, systemic treatment before pericardial
effusion, systemic therapy after pericardial effusion, the
gravity of pericardial effusion, the total protein of peri-
cardial effusion, the intervention procedures (simple
pericardiocentesis, balloon pericardiotomy, or surgical
pericardiectomy), and the period from stage IV lung
cancer to the presence of pericardial effusion were
associated with pericardial effusion RFS (Supplementary
Table S3, available at https://doi.org/10.1016/j.esmoop.
2021.100354). According to the KaplaneMeier method,
the median pericardial effusion RFS in patients with
higher gravity in the pericardial fluid analysis (�median)
and in patients with lower gravity in the pericardial fluid
analysis (<median) was 8.67 and 2.63 months,
4 https://doi.org/10.1016/j.esmoop.2021.100354
respectively (P < 0.001) (Figure 3A); 6.75 and 2.80
months (P lt; 0.001) (Figure 3B) in patients with longer
time from stage IV NSCLC to the detection of pericardial
effusion (�median) and patients with a shorter time from
stage IV NSCLC to the detection of pericardial effusion
(<median), respectively; and 6.67 and 0.67 months (P <
0.001) (Figure 3C) in patients who received systemic
therapy and who did not receive systemic therapy after
the detection of pericardial effusion, respectively.

In the multivariable analysis using the Cox proportional
hazard model, we found that those who received systemic
therapy after pericardial effusion, the gravity in pericardial
fluid, those patients who received surgical pericardiectomy,
and the period from stage IV lung cancer to the detection of
pericardial effusion were independent prognostic factors for
the pericardial effusion RFS (Supplementary Table S3,
available at https://doi.org/10.1016/j.esmoop.2021.100354
and Figure 4).

In the univariate analysis for OS, presentation with
pericardial effusion at the time of lung cancer diagnosis,
systemic treatment before pericardial effusion, systemic
Volume 7 - Issue 1 - 2022
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Median RFS (months)

Simple pericardiocentesis 1.67, 95% CI (0.57-6.53)

Balloon pericardiotomy 5.03, 95% CI (3.97-6.73)

Surgical pericardiectomy 8.32, 95% CI (4.00-NC)

Log-rank test P = 0.008
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Simple pericardiocentesis 1.67, 95% CI (0.60-6.87)

Balloon pericardiotomy 6.43, 95% CI (4.17-8.20)

Surgical pericardiectomy 8.32, 95% CI (4.00-14.27)

Log-rank test P = 0.064
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Figure 2. (A) Pericardial effusion recurrence-free survival of patients with non-small-cell lung cancer who have undergone simple pericardiocentesis, balloon
pericardiotomy, and surgical pericardiectomy. (B) The overall survival of patients with non-small-cell lung cancer who have undergone simple pericardiocentesis,
balloon pericardiotomy, and surgical pericardiectomy.
CI, confidence interval; NC, could not be calculated; OS, overall survival; RFS, recurrence-free survival.

L.-K. Chang et al. ESMO Open

Volume 7 - Issue 1 - 2022 https://doi.org/10.1016/j.esmoop.2021.100354 5

https://doi.org/10.1016/j.esmoop.2021.100354
https://doi.org/10.1016/j.esmoop.2021.100354


Median RFS (months)

Gravity < median 2.63 (95% CI 1.57-4.00)

Gravity ≥ median 8.67 (95% CI 6.43-NC)

Log-rank test P < 0.001

Median RFS (months)

Stage IV – PE time < median 6.75 (95% CI 4.50-11.63)

Stage IV – PE time ≥ median 2.80 (95% CI 1.93-4.97)

Log-rank test P < 0.001

Median OS (months)

Gravity < median 3.22 (95% CI 1.90-4.07)

Gravity ≥ median  9.62 (95% CI 7.63-14.07)

Log-rank test P = 0.004

Log-rank test P < 0.001

Median OS (months)

Stage IV – PE time < median 8.85 (95% CI 6.50-14.00)

Stage IV – PE time ≥ median 3.07 (95% CI 2.10-5.33)

Systemic treatment after 
pericardial effusion

Median RFS (months)

YES 6.67 (95% CI 6.10-9.43)

NO 0.67 (95% CI 0.57-1.07)

Log-rank test P < 0.001 Log-rank test P < 0.001

Systemic treatment after 
pericardial effusion

Median OS (months)

YES 8.00 (95% CI 6.47-10.93)

NO 0.67 (95% CI 0.57-1.13)
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Figure 3. The median RFS and OS in: (A) patients who received and who did not receive systemic treatment after pericardial effusion; (B) patients with specific
gravity in fluid analysis ‡ median and specific gravity < median; (C) patients with pericardial effusion time ‡ median and stage IV to pericardial effusion time <
median.
CI, confidence interval; NC, could not be calculated; OS, overall survival; PE, pericardial effusion; RFS, recurrence-free survival.
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Figure 4. Multivariable analysis of pericardial effusion recurrence-free survival and overall survival, represented by a forest plot.
CI, confidence interval; OS, overall survival; RFS, recurrence-free survival.
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therapy after pericardial effusion, the gravity of pericardial
effusion, and the period from stage IV lung cancer to the
detection of pericardial effusion were associated with
pericardial effusion OS (Supplementary Table S4, available
at https://doi.org/10.1016/j.esmoop.2021.100354). The
median OS in patients with higher gravity in the pericardial
fluid analysis (�median) and in patients with lower gravity
in the pericardial fluid analysis (<median) was 9.62 and
3.22 months, respectively (P ¼ 0.004) (Figure 3A); 8.85 and
3.07 months (P < 0.001) (Figure 3B) in patients with longer
time from stage IV NSCLC to the detection of pericardial
effusion (�median) and patients with a shorter time from
stage IV NSCLC to the presence of pericardial effusion
(<median), respectively; and 8.00 and 0.67 months (P <
0.001) (Figure 3C) in patients who received systemic ther-
apy and who did not receive systemic therapy after the
detection of pericardial effusion, respectively.

Those who received systemic therapy after pericardial
effusion, the gravity in pericardial fluid analysis, and the
period from stage IV lung cancer to the presence of peri-
cardial effusion were independent prognostic factors for OS
in multivariable analysis. Moreover, using surgical peri-
cardiectomy for pericardial effusion in NSCLC demonstrated
an improving OS trend (P ¼ 0.05) (Supplementary Table S4,
Volume 7 - Issue 1 - 2022
available at https://doi.org/10.1016/j.esmoop.2021.100354,
Figure 4).

We found that the specific gravity in pericardial effusion
had a significant relationship with RFS and OS. Further
analysis showed that the specific gravity in pericardial
effusion showed a strong positive correlation with the total
protein (r ¼ 0705, P < 0.001) and very weak correlation
with the total nucleated cell count (r ¼ 0.254, P ¼ 0.002)
and the absolute lymphocyte cell count (r ¼ 0.191, P ¼
0.048) in pericardial effusion. There was no correlation
between the specific gravity and the total neutrophil count
in pericardial effusion (Supplementary Figure S1 and
Supplementary Table S5, available at https://doi.org/10.
1016/j.esmoop.2021.100354).

DISCUSSION

In this study, we found that patients with NSCLC who have
undergone simple pericardiocentesis had lower 1-year RFS
rates. Surgical pericardiectomy as the management of
malignancy-related pericardial effusion in NSCLC showed a
trend of improving OS; however, further study is warranted
to verify this result. To the best of our knowledge, the
comparison of these three procedures has not been re-
ported in a single study before, especially among patients
https://doi.org/10.1016/j.esmoop.2021.100354 7
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with NSCLC.14-27 Labbe et al.27 retrospectively compared
pericardiotomy and pericardiocentesis, and a higher recur-
rence rate was noted in the pericardiocentesis group. The
above study, however, included patients other than those
with lung cancer, and it did not compare the recurrence rate
with surgical pericardiectomy. Our results suggest not per-
forming simple pericardiocentesis alone as the manage-
ment of malignancy-related pericardial effusion in NSCLC.
Patients who had undergone surgical pericardiectomy did
not have any recurrent episodes. Moreover, our results
demonstrated an improving OS trend for this group. Thus,
we suggest that surgical pericardiectomy could be carried
out for malignancy-related pericardial effusion among pa-
tients with NSCLC, if the patient’s clinical condition could
tolerate the procedure. In particular, the thoracoscopic
pericardial window procedure should be considered,
because it is safe and less invasive.31 We show our sug-
gested protocol for managing NSCLC-related pericardial
effusion in Supplementary Figure S2, available at https://
doi.org/10.1016/j.esmoop.2021.100354.

In our study, patients who have undergone lung cancer
therapy before pericardial effusion exhibited a poorer
outcome. Results from patients who received more lines of
cancer therapies may also indicate that those patients had a
longer period from lung cancer diagnosis to pericardial effu-
sion development.Thisfinding is similar to a study byOkamoto
et al.,32 reporting that an interval from cancer diagnosis to
pericardial effusion >200 days in patients with primary lung
cancers was a poor prognosis factor (P ¼ 0.005).

Our study showed that higher pericardial fluid specific
gravity and protein concentration showed longer 1-year RFS;
moreover, patients with higher pericardial effusion specific
gravity had longer RFS and OS. The specific gravity was highly
related with the protein level in pericardial effusion.
Furthermore, the demographic data of the two groups
divided by the pericardial fluid gravity showed nearly no
difference except for tyrosine kinase inhibitor usage before
the detection of pericardial effusion and the treatment lines
after the detection of pericardial effusion (Supplementary
Table S5, available at https://doi.org/10.1016/j.esmoop.
2021.100354). A specific gravity of pericardial effusion
>1.016 is generally attributed to an exudate with a sensi-
tivity of 90%.33,34 In addition, cancer-related pericardial
effusion, the gravity level, and protein level are usually
elevated.34 No previous studies, however, have discussed the
association between the gravity level and the increasing rate
of pericardial effusion or mortality. Our study showed that
the specific gravity has a weak association with the total
nucleated cell count (Supplementary Figure S1B, available
at https://doi.org/10.1016/j.esmoop.2021.100354) and the
absolute lymphocyte cell count (Supplementary Figure S1C,
available at https://doi.org/10.1016/j.esmoop.2021.100354),
but not the absolute neutrophil count (Supplementary Figure
S1D, available at https://doi.org/10.1016/j.esmoop.2021.
100354). Oyakawa et al.35 also reported that lower neutro-
phil and higher lymphocyte counts in malignant pericardial
effusions were associated with favorable effusion failure-free
survival at 1 month. This result may be related to tumor-
8 https://doi.org/10.1016/j.esmoop.2021.100354
infiltrating lymphocytes.36-38 The increased specific gravity
and total protein level may have resulted from more infil-
trative lymphocytes in the malignancy-related pericardial
effusion. Hence, the specific gravity of the pericardial fluid
might be beneficial in the prediction of pericardial effusion
RFS and OS in NSCLC. Nevertheless, further studies may be
needed to confirm this hypothesis.

In East Asia, including Taiwan, the most commonly
detected mutations are deletion in exon 19 (22.1%) and
L858R point mutation in exon 21 (20.9%).39 In pericardial
effusion, however, we found that the incidence of L858R
point mutation in exon 21 (24%) was higher than the
deletion in exon 19 (16.7%) (Table 1). This finding is
consistent with the previous findings in pleural effusion
among patients with NSCLC.40 The case numbers of
anaplastic lymphoma kinase mutations and ROS1 mutations
in our dataset were too small to analyze.

This study has some limitations. First, it had the nature of
a retrospective study design and potential bias. The study
duration lasted for 13 years, and lung cancer treatments
had a rapid evolution during these years. Second, we did
not include patients who had not undergone any invasive
procedures harboring lung cancer malignancy-related peri-
cardial effusion. Third, there were no episodes of relapsed
pericardial effusion in the surgical pericardiectomy group;
thus, it was impossible to analyze the results by competing
risk. Fourth, most of the patients died before recurrence,
and this may also indicate that patients with pericardial
effusion may have a poor survival time after the event.
Fifth, most of the patients who have undergone surgical
pericardiectomy have specific clinical considerations.

CONCLUSIONS

In NSCLC-related pericardial effusion, patients who have
undergone simple pericardiocentesis alone have lower 1-
year RFS rates than those who have undergone balloon
pericardiotomy or surgical pericardiectomy. Surgical peri-
cardiectomy as the management for pericardial effusion in
NSCLC demonstrated an improving OS trend. Receiving
systemic therapy after pericardial effusion and the higher
gravity in pericardial fluid analysis were associated with
favorable outcomes. A longer period from the diagnosis of
stage IV NSCLC to the detection of pericardial effusion was
related to unfavorable outcomes.
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