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Non-significant efficacy of icotinib plus pleurodesis in epidermal 
growth factor receptor positive mutant lung cancer patients after 
malignant pleural effusion drainage compared to icotinib alone
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Background: To investigate the efficacy and safety of icotinib plus pleurodesis or icotinib alone in 
epidermal growth factor receptor (EGFR) positive mutant lung cancer patients after malignant pleural 
effusion (MPE) drainage. 
Methods: In this retrospective study from initially reviewed case reports of 230 lung adenocarcinoma 
patients with MPE who were EGFR mutation positive and treated in our hospital between Jan 2014 and Dec 
2016 consecutively, 51 patients who met the inclusion criteria were divided into treated with oral icotinib 
plus pleurodesis and without pleurodesis after pleural effusion drainage groups. Case records including 
patient gender, age, smoking status and local treatments, as well as adverse events were collected and 
retrospectively analyzed. The clinical outcomes which were measured by progression free survival (PFS), 
objective response rate (ORR) & adverse reactions were analyzed by a Kaplan-Meier curve and a log-rank 
test after follow-ups.
Results: The median PFS of patients who received icotinib plus pleurodesis was 8.4 months, while 
the median PFS of icotinib alone patients was 9.0 months (P=0.996, χ2=7.241). Similarly, the ORR for 
MPEs, with or without pleurodesis were not significantly difference (64.29% vs. 67.57%, P=0.824, 
χ2=0.049). Adverse reactions of pleurodesis were mainly fever, chest pain, gastrointestinal reactions and 
myelosuppression.
Conclusions: Our results suggested that pleurodesis after MPE drainage had no difference on outcomes 
of icotinib therapy patients. However, pleurodesis may increase some adverse reactions, which might be 
inconvenient for patients in clinical practice.
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Introduction

Non-small cell lung cancer (NSCLC) is diagnosed in 80% 
of patients who present with lung cancer (1,2). Distant 
metastasis and malignant pleural effusions (MPEs) usually 
occur at an advanced stage of the disease (3). On the basis 
of risk stratification and the extent of the malignancy the 
median survival time has typically been found to be 1 to  
12 months (4), with the mean overall survival (OS) time for 
patients with MPEs only 3 to 4 months (5-7). 

The symptoms of patients with MPEs have a profound 
impact on their quality of life and include coughing, chest 
distress and gasping (8). To alleviate these symptoms, the 
optimal therapy for MPEs patients should be minimally 
invasive, be well tolerated by the patient, affordable, and 
produce the shortest stay in hospital (9). At present, several 
approaches are available to minimize these symptoms 
namely: catheter drainage; repeated needle drainage 
thoracentesis; thoracoscopy with pleurodesis; chest tube 
thoracostomy; or indwelling pleural catheter (IPC) and 
ATS/STS/STR clinical practice options to manage MPEs 
have been published in 2018 (10). Recently, therapy targeted 
at epidermal growth factor receptor (EGFR)-sensitive 
mutations has become a novel and standard strategy to 
treat EGFR-positive advanced lung cancer. EGFR-specific 
tyrosine kinase inhibitors (TKI) were the first antitumor 
drugs developed to treat patients with EGFR gene-sensitive 
mutations (11-14). Icotinib was reported as a first-line anti-
tumor drug to target EGFR and was developed in China (6),  
with an effective outcome of OS, but there have been a 
paucity of studies that have focused on a comparison of the 
outcomes and adverse events associated with icotinib plus 
pleurodesis in lung cancer patients with MPEs, compared 
to those who received icotinib therapy alone.

This retrospective study analyzed (I) the clinical efficacy 
of the two different methods to treat MPEs in patients with 
advanced lung cancer who received icotinib and (II) the 
adverse reactions to pleurodesis, in order to provide a more 
informed treatment strategy for MPEs in the clinic practice.

Methods

Patient baseline information

We first reviewed the medical records of 51 individuals 
from 230 lung adenocarcinoma patients with MPE who 
were EGFR mutation positive and treated in our hospital 
between Jan 1st 2014 and Dec 31th 2016. The eligible 
criteria were as follows: (I) all patients were histologically 

or cytologically and by imaging examinations confirmed 
NSCLC cases; (II) all patients had clinical symptoms such 
as chest distress and exertional dyspnea; (III) massive MPEs 
were confirmed by computed tomography (CT) imaging 
showing a depth of effusion greater than 50 mm or in X-ray 
images as pleural effusion accounting for more than half of 
one side of the chest, while all MPEs were also confirmed 
cytologically (15,16); (IV) the patients in the study had 
sensitive EGFR gene mutations (19 deletion or exon 21 
point mutation); (V) Eastern Cooperative Oncology Group 
Performance Status score (ECOG PS) of 1–3. All enrolled 
patients were allocated into 2 groups on basis of the 
treatment methods adopted for pleural effusion drainage. 
One group was given pleurodesis and the other group 
was not. After pleural effusion drainage, all patients orally 
administered icotinib as first-line or second-line therapy. 
Our study was approved by the Institutional Review Board 
of Shanghai Chest Hospital (KS1720), and written informed 
consent was obtained from all patients prior to participation 
in our study.

Analysis of EGFR mutations 

For genetic testing, patient tissue samples were excised 
from primary tumors or metastatic sites and embedded in 
paraffin to facilitate sectioning. DNA was extracted from 
the samples using an FFPE DNA kit (AmoyDx, Xiamen, 
China) and the ARMS assay utilized to detect the mutation 
status of EGFR (EGFR 18-21).

Therapeutic method

Thoracic puncture was performed under the guidance of 
B-ultrasound. Pleuro-catheter closed thoracic drainage was 
established, with a central venous catheter for the course 
of treatment (2–5 days: average time, 3±1.6 days). After 
confirmation of no obvious effusions in patients by using 
B-ultrasound and X-ray test, then patients underwent 
different treatments for drainage. The icotinib plus 
pleurodesis group was injected with the antitumor drugs. 
The icotinib group was not administered any drugs after 
careful drainage of the thoracic cavity. For the icotinib plus 
pleurodesis group, we only observed whether the patients 
had symptoms of chest pain, cough, dyspnea, nausea and/
or vomiting. Later, they all subsequently received icotinib  
(125 mg/day, 3 times a day, p.o.) until they developed 
disease progression or the occurrence of intolerable icotinib 
side effects. 
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Tumor response and MPEs response were evaluated 
by CT every 4–8 weeks according to the RECIST  
1.1 guideline. When pleural effusion increased by more 
than one intercostal space or increased by 25% of the 
progression time since grouping, it was defined as the 
time to progress (TTP). During follow-up, we carried 
out a periodic B-ultrasound and X-ray evaluating icotinib 
response and hematologic examination, liver and kidney 
function checks and recorded any adverse reactions 
produced by the medication including rash, diarrhea, 
leukopenia and dry skin.

Evaluation at follow-up 

Progression free survival (PFS) was determined from the 
start day of EGFR-TKI therapy to the confirmed day of 
lesion progression, death, or the last follow-up assessment.

OS was determined from EGFR-TKI therapy initiation 
until the day of death or the last follow-up. If the actual 
survival time could not be determined or if there was no 
disease progression, the patient status was considered to be 
the last monitored day of survival time and/or contact date. 
The OS was updated in December 2018.

Therapeutic evaluation including efficacy and adverse 
reactions 

We first analyzed the PFS after icotinib treatment and then 
the efficacy of local processing of MPEs defined according 
to WHO guidelines thus: (I) complete remission (CR): 
absence of pleural fluid re-accumulation for >4 weeks;  
(II) partial remission (PR): pleural fluid decreased by 
≥50% for >4 weeks; (III) stable disease (SD): pleural fluid 
decreased by ≤50%) or increased ≥25% for more than  
4 weeks; (IV) progressive disease (PD): pleural fluid 
increased by ≥25%. 

The following definitions were employed:
The objective response rate (ORR) = (CR + PR)/N 

×100%. 
The overall control rate (OCR) = (CR + PR + SD)/

N ×100%. Adverse reactions were observed in this study 
and evaluated by normal terminology criteria for adverse 
reactions (CTCAE version 4).

Statistical analysis

Statistical analyses were conducted using SPSS ver. 20.0. 
Measurement data when normally distributed are presented 

as means ± standard deviations and categorical variables as 
percentages. Non-parametric or t-tests were employed to 
compare any differences in continuous variables between the 
two groups. Differences between categorical variables were 
tested using a χ2 test. Variance analysis was used to analyze 
potential differences between groups, was conducted using 
the Kaplan-Meier product method and survival curves were 
drawn. Differences were taken to be statistically significant 
when the P value was <0.05.

Results

Baseline characteristics of patients

In the present study, 51 patients with MPEs were recruited, 
of which 22 were females and 29 males. Fourteen cases 
were in icotinib plus pleurodesis group and 37 cases in the 
icotinib group. The average age was 62.4±13.6 years in 
icotinib plus pleurodesis group and 58.8±13.9 years in the 
other group, ranged from 30 to 79 years. Age stratification 
revealed 17 cases aged ≥65 years and 34 cases <65 years. 
Seventeen patients were smokers and 34 non-smokers. 
Scores of eastern cooperative oncology group performance 
status (ECOG) were 1 score (n=16) and 2 score (n=35). 
Gene detection for EGFR revealed an EGFR mutation 
in 51 patients (an exon 21 point mutation or an exon  
19 deletion). All of the subjects were free of other malignant 
tumors or were prescribed EGFR-TKIs (e.g., gefitinib, 
erlotinib) therapy. The functions of major organs in these 
patients were normal before therapy (data not shown). The 
51 patients all had adenocarcinoma and in stage IV of TNM 
(AJCC seventh edition) were divided into two groups: the 
icotinib plus pleurodesis group (n=14) and icotinib group 
(n=37). The baseline data of patients showed no significance 
differences and the two groups were comparable with 
respect to gender, average age, ECOG scores, pathological 
types, the TNM stage based on classification of the AJCC 
seventh edition (9). EGFR mutations were not significantly 
different between two groups (P=0.242, Table 1).

Comparison of PFS in the icotinib plus pleurodesis and 
icotinib groups

The median PFS of the icotinib plus pleurodesis group 
was 8.4±1.48 months, while that of the icotinib group was 
9.0±0.47 months, with no significant difference (P=0.996, 
χ2=7.241). The PFS survival curve of the two groups is 
shown in Figure 1. Date accord with normal distribution by 
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homogeneity test of variances. There were no significant 
differences in CR PR, SD and PD between the two 
groups (P=0.993, χ2=0.086). The ORR of the icotinib plus 
pleurodesis group was 64.29% and that of the other group 
was 67.57% with no significant difference between the two 

groups (P=0.824, χ2=0.049, Table 2).
In addition, the stratified group based on first and second 

lines of treatment or greater and the outcomes (PFS) of 
pleurodesis or not for MPEs were analyzed. We found that 
in the icotinib group, the median PFS of MPEs treated 
with 2 different lines of treatment showed no statistically 
significant differences (P=0.816). In the icotinib plus 
pleurodesis group, there was also no significant difference 
(P=0.150) in the median PFS of MPEs patients receiving  
2 different lines of treatment (Table 3).

Comparison of OS in the icotinib plus pleurodesis and 
icotinib groups

As shown in Figure 2, the median OS time of the icotinib 
plus pleurodesis group was 28.0±6.55 months, while that 
of the icotinib group was 27.0±1.15 months, with no 
significant difference (P=0.726, χ2=0.123).

Adverse reactions

Adverse reactions to icotinib for the MPEs patients in the 
two groups were found in 14 patients on the icotinib plus 
pleurodesis group, and 37 patients in the icotinib group 
who did not receive pleurodesis. Of the total 51 patients 
undergoing icotinib treatment, the adverse reactions of 
icotinib were: (64.71%: 21 cases of 1 degree, 10 cases of  

Table 1 Clinical characteristics of patients in two groups

Variables Icotinib plus pleurodesis group (n=14) Icotinib group (n=37) χ2/F P value

Male/female (n) 8/6 21/16 0.001 0.980

Smoker/non-smoker 2/12 15/22 3.151 0.076

Average age (years) 62.4±13.6 58.8±10.9 0.453 0.504

ECOG score [n (%)] 0.070 0.791

1 score 4 (28.57) 12 (32.43)

2 score 10 (71.43) 25 (67.57)

Pathology type [n (%)]

Adenocarcinoma 14 [100] 37 [100] -

TNM stage

Stage IV 14 [100] 37 [100]

EFGR gene detection [n (%)] 1.367 0.242

Exon 21 mutation 9 (64.29) 17 (45.95)

Exon 19 deletion 5 (35.71) 20 (54.05)
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Figure 1 Comparison of the PFS of MPEs patients in the two 
groups using Kaplan-Meier survival curves analysis. Green line: 
icotinib group. Blue line: icotinib plus pleurodesis group. χ2=0.114, 
P=0.736. Adjusted for age, sex, HR =0.887, 95% CI (0.466–1.692), 
P=0.716. PFS, progression free survival; MPE, malignant pleural 
effusion.
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2 degree, 2 cases of 3 degree) developed a rash; 20 (39.22%: 
10 case of 1 degree, 10 cases of 2 degree) complained 
of diarrhea, 5 (9.80%, 1 degree) nausea and vomiting, 5 
(9.80%, 1 degree) developed dry skin and 5 (9.80%, 1 

degree) developed leukopenia. Symptoms were relieved 
after expectant treatments. No one refused icotinib 
treatment until PD or death. Adverse reactions in the 2 
groups were not significantly different. In addition, for 
the icotinib plus pleurodesis group, adverse reactions of 
pleurodesis mainly were fever 3 cases (21.43%), chest pain 
1 cases (7.14%), gastrointestinal symptom 3 cases (21.43%) 
and myelosuppression 1 cases (7.14%). The icotinib group 
did not obviously display these adverse reactions (Table 4).

Discussion

Previous studies have shown that the EGFR has higher 
expression levels in many types of tumors and in normal 
tissues its physiological function is intimately associated 
with abnormal cell proliferation, neovascularization, 
distant tumor metastasis and apoptosis (17,18). Published 
research has also reported that the occurrence of pleural 
metastasis in lung cancer is closely related to the mutant 
expression of EGFR. EGFR TKIs selectively inhibit the 
biological activity of EGFR tyrosine kinases and block 
signal transduction pathways in abnormal proliferating 

Table 2 Comparison of local control efficacy between the icotinib plus pleurodesis and icotinib groups

Variables Icotinib plus pleurodesis group (n=14), (%) Icotinib group (n=37), (%) χ2 P value

CR 5 (35.71) 13 (35.14) 0.001 0.969

PR 4 (28.57) 12 (32.43) 0.070 0.791

SD 2 (14.29) 5 (13.51) 0.005 0.943

PD 3 (21.43) 7 (18.92) 0.041 0.840

ORR 9 (64.29) 25 (67.57) 0.049 0.824

OCR 11 (78.57) 30 (81.08) 0.041 0.840

The efficacy of local control of MPEs. CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; ORR: 
objective response rate = (CR + PR)/N ×100%;  OCR, overall control rate = (CR + PR + SD)/N ×100%.

Table 3 Comparison of local control efficacy between the icotinib plus pleurodesis group and icotinib group after different treatments 

Variables
Icotinib plus pleurodesis group (n=14) Icotinib group (n=37)

F P value
Number Medium PFS (months) Number Medium PFS (months)

First-line medication 5 5.70 13 5.93 1.117 0.306

Second-line medication 9 8.70 24 9.95 0.606 0.442

F 2.363 0.055

P value 0.150 0.816

Date accord with normal distribution by homogeneity test of variances.
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Figure 2 Comparison of OS of MPE patients in the two groups 
using Kaplan-Meier survival curves analysis. Green line: icotinib 
group. Blue line: icotinib plus pleurodesis group. OS, overall 
survival; MPE, malignant pleural effusion.
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tumor cells, thereby inhibiting the division and proliferation 
of tumor cells and thus having significant antitumor activity. 
This effect can also suppress the production of pleural 
effusion (12,13,19,20). Icotinib is a first-line, independently 
developed in China, anticancer drug targeting EGFR (21). 
The ICOGEN study established the non-inferiority of 
icotinib when compared with gefitinib, showing that 
icotinib is a valid therapeutic option for patients with 
non-small-cell lung cancer as a second-line or third-line 
treatment. Studies have shown that gefitinib or erlotinib 
have a better therapeutic effect on lung adenocarcinoma 
with MPEs, which may be related to the drug concentration 
achieved in the pleural effusion (22-27). Osimertinib as a 
3rd-generation EGFR-TKI is administered as a standard 
first-line therapy because it improves not only progression-
free survival, but OS compared with conventional EGFR-
TKIs such as gefitinib. However, EGFR-TKIs including 
osimertinib have limited efficacy for patients with malignant 
effusion (28,29). Also in our study, the PFS time of all IV 
stage patients, whether pleurodesis was performed or not, 
was only 8.4 and 9.0 months (P=0.996) and also the OS 
times were not significantly different (P=0.726). The results 
demonstrated also that the ORRs were 64.29% in the 
icotinib plus pleurodesis group and 67.57% in the icotinib 
group without significant difference (P=0.824). 

In our study, PFS of lung adenocarcinoma patients with 
MPEs was not correlated with age, gender or patients being 
smokers (P=0.504, P=0.980, P=0.076, respectively). 

The l imitat ions of  the present  study were the 
retrospective design, the small sample number and that only 
patients treated with icotinib were included.

Conclusions

In summary, after complete drainage of local pleural 
effusion, EGFR mutant lung adenocarcinoma patients with 
MPEs may choose to receive targeted therapy without 
pleurodesis, and can obtain the same therapeutic effect. At 
the same time, the side reactions caused by pleurodesis are 
avoided, thereby avoiding impairment the quality of life of 
patients. However, this study is only a retrospective analysis 
of a small cohort, which needs to be further supported by 
the prospective clinical trials of larger numbers of patients. 
More precise studies are needed, especially if the drugs used 
in phase IV patients are unified.
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