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Introduction

Non-small cell lung cancer (NSCLC) patients with ipsilat-
eral pleural dissemination, including malignant pleural/
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Abstract

Background: Non-small cell lung cancer (NSCLC) patients with ipsilateral pleu-
ral dissemination (M1a) are generally contraindicated for surgery. Recently, sev-
eral studies have demonstrated that these patients might benefit from primary
tumor resection (PTR). However, whether PTR is beneficial for driver oncogene-
positive patients treated with targeted therapy, remains unclear. Here, we investi-
gated the effects of PTR on survival in the era of targeted therapy.

Methods: In total, 105 NSCLC patients with ipsilateral pleural dissemination
were identified. The mode of systemic treatment was assessed in this study.
Survival analysis was performed with the Kaplan-Meier method and Cox
proportional hazards regression. The overall survival (OS) of patients with or
without PTR was compared between propensity score-matched groups
(caliper: 0.02).

Results: In the entire cohort, PTR was associated with improved OS in both
unmatched (median survival time [MST]: 50.0 vs. 29.6 months, P = 0.019) and
matched (MST: 50.0 vs. 34.4 months, P = 0.052) cohorts. Multivariate regression
models showed that surgery was an independent favorable prognostic factor for
OS. A total of 70 patients underwent genetic testing, and targeted therapies, such
as EGFR-TKIs or ALK-TKIs, were used in the driver oncogene-positive patients.
Subgroup analysis showed that PTR did not improve OS in the targeted therapy
group (MST: 57.1 months vs. 50.4 months, P = 0.840). However, surgery signifi-
cantly prolonged survival in the nontargeted therapy group (MST: 39.8
vs. 14.2 months, P = 0.002).

Conclusions: The results of this study indicated that PTR could prolong OS in
stage IV NSCLC patients with ipsilateral pleural dissemination, especially in
patients who are not candidates for targeted therapy.

Key points

o Non-small cell lung cancer patients with ipsilateral pleural dissemination can
benefit from primary tumor resection.

o Primary tumor resection could prolong overall survival (OS) in non-small cell
lung cancer patients with ipsilateral pleural dissemination who are not candi-
dates for targeted therapy.

pericardial effusion and nodules, are defined as M1a in the
eighth edition of the American Joint Committee on Cancer
(AJCC) TNM staging." Traditionally, these patients have
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Surgical benefits for M1a NSCLC patients

extremely poor survival, with median survival time (MST)
of 4-11.5 months and a five-year survival rate of 3%-
10%." * Therefore, surgical intervention has generally been
considered to be contraindicated for patients with pleural
dissemination.” *

In the last few years, several retrospective studies have
demonstrated that patients with pleural dissemination
might benefit from primary tumor resection (PTR), with a
five-year overall survival (OS) of up to 30%-40%.>" In
addition to those previous single-center studies, Ren and
colleagues® showed that the prognosis of NSCLC patients
with malignant pleural effusion were significantly
improved after contraindicated surgery, using the Surveil-
lance, Epidemiology, and End Results (SEER) database.
Recently, our study based on the SEER database also
supported a favorable prognostic effect of PTR for NSCLC
patients with pleural dissemination.” However, the data
from the SEER database does not include adjuvant thera-
peutic information or perioperative outcome.

In the last decade, new multimodality treatment
options, especially targeted therapy for driver oncogene-
positive patients, have significantly improved the survival
of stage IV NSCLC patients.'” ' Recently, Li and col-
leagues'? reported that patients with intraoperatively
diagnosed pleural seeding who underwent PTR had a
three-year progression-free survival (PFS) of 44.5% and a
three-year OS of 82.9%. The extremely long survival may
be related to the high adoption rate (approximately 76%)
of epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitor (TKI).

However, it is unclear whether PTR has a survival benefit
for patients with pleural dissemination treated by targeted
therapy. In the present study, we aimed to investigate
whether resection of the primary tumor improved survival
compared with pleural biopsy alone especially among
patients who received targeted therapy.

Methods

Study population

The patient selection process is shown in Figure 1. From
1 January 2006 to 31 December 2016, a total of 5041
patients underwent surgical resection consecutively in the
Department of Thoracic Surgery, Peking University Peo-
ple’s Hospital, and 105 NSCLC patients with ipsilateral
pleural dissemination receiving surgical treatment were
included.

Assessment procedures included chest radiography,
blood chemistry analysis, brain computed tomography
(CT) or magnetic resonance imaging (MRI), chest CT,
abdominal CT or ultrasound, positron emission
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Figure 1 Flow diagram of the study.
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Cerebellar metastasis (n=1)

tomography (PET) scanning or bone scanning, and pulmo-
nary function testing.

For patients with preoperative ipsilateral pleural
dissemination, surgical intervention was mainly per-
formed for relieving symptoms and harvesting enough
tumor tissue for pathology diagnosis and genetic testing.
Each surgeon decided whether to perform PTR or pleural
biopsy alone at his discretion in the whole cohort
according to the intraoperative findings. A total of
51 patients underwent primary main tumor and visible
pleural nodule resection (PTR group). Pleural nodule
biopsy was performed in the other 54 patients (biopsy
group). It should be noted that visceral pleural nodules
were not totally resected, so both groups were considered
as R1 resection. Stages were classified according to the
AJCC TNM Classification for Lung and Pleural Tumors
(eighth edition). Informed consent was waived for this
retrospective study by the Research Ethics Committee of
the Peking University People’s Hospital.

The patients underwent follow-up adjuvant therapy in
our center or at local hospitals. Results of follow-up evalua-
tions were recorded every six months by phone call or
review of outpatient clinic revisit records.

Statistical analysis

To compare the baseline characteristics between the PTR
group and the biopsy groups, we used Mann-Whitney U
test for continuous variables and Fisher’s exact test for cat-
egorical variables. The Kaplan-Meier method with the log-
rank test was used to compare the survival curves. Propen-
sity score matching (PSM) was carried out to reduce
patient selection bias. A logistic regression model was
established to calculate the propensity score considering
the following covariates: age, clinical M stage, pathological
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T stage, N stage, state of malignant pleural effusion and
pleural nodules, state of chemotherapy, radiotherapy and
targeted therapy. Patients who underwent PTR were
matched with patients who underwent biopsy by a 1:1
algorithm without replacement (caliper:0.02) (Figure S1).
To access factors associated with OS, we constructed a
multivariate Cox proportional hazards model, and no vio-
lation of the assumption was found in the Cox model.

All statistical analyses were performed using Stata/SE 15.1
for Windows (Stata Corp, College Station, TX, USA). P-
values of 5% were considered to be statistically significant.

Results

Demographics and clinicopathological
characteristics

We included a total of 105 patients diagnosed with NSCLC
with ipsilateral pleural dissemination. The median follow-
up time was 49.1 months. The mean age was 58.4 years
(range 29-89 years). A total of 53 patients had suspicious
pleural metastases according to radiographic evidence
(clinical stage Mla, cMla), seven with noted pleural effu-
sion received thoracentesis and were confirmed to have
malignant pleural effusion pathologically, and the
remaining 52 patients were unexpectedly diagnosed with
pleural seeding (clinical stage MO, cM0). Four patients in
the biopsy group suffered from massive pleural effusion
and pulmonary atelectasis, and thus we were unable to
determine the clinical stage (clinical stage Tx in Table 1).

A total of 70 patients underwent genetic testing, and
50 patients were found to have EGFR mutation, three had
ALK arrangement, and two were found to have ROSI arrange-
ment. Driver mutations were not found in the other
15 patients. Malignant pleural effusion was found in
51 patients during surgery. A total of 93 patients (88.6%) had
diffuse parietal pleural metastasis, and 12 patients (11.4%) only
had localized parietal pleural metastasis. There were signifi-
cantly more patients with malignant pleural effusion (59.3%
vs. 37.2%; P = 0.032) and diffused parietal pleural metastasis
(100.0% vs. 76.5%; P < 0.001) in the biopsy group compared
with the PTR group. The clinical T, N and M stage were
higher in the biopsy group than in the PTR group (P = 0.004/
0.04/0.032). After PSM, a total of 52 patients were 1:1 mat-
ched to two groups, and all covariates were well balanced (all
P > 0.05), Demographics and baseline characteristics before
and after PSM are listed in Table 1.

Operative and perioperative results

Of the entire cohort, 99 patients (94.2%) underwent video-
assisted thoracoscopic surgery (VATS), while six patients
(5.7%) underwent thoracotomy. In the PTR group, 12 patients
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underwent lobectomy (n = 11) or pneumonectomy (n = 1)
and systematic lymph node dissection. Sublobar resections
were performed in the remaining 39 patients (37 wedge resec-
tions and two segmentectomies), 16 of whom underwent
mediastinal lymph node sampling at the same time.

Patients in the PTR group had longer operative time
and more operative bleeding than those in the biopsy
group (136 vs. 94 minutes, P <0.001; 86 vs. 43 mlL,
P = 0.045). There were no other statistically significant
between-group differences in perioperative outcomes,
including chest tube duration (4.2 vs. 4.2 days; P = 0.997)
and postoperative hospital stay (P = 0.403). Overall, four
postoperative complications occurred. All four patients
received conservative treatment and recuperated smoothly
without reoperation. There was no perioperative deaths in
the entire short term.

Neoadjuvant and adjuvant treatment

In the whole cohort, three patients underwent neoadjuvant
platinum-based chemotherapy, and all remained as stable
disease before surgery. Patients were recommended for
gene mutation testing postoperatively since 2008. Targeted
therapies were recommended for all driver mutation posi-
tive patients. Platinum-based chemotherapy within one
month postoperatively was recommended for all patients
with driver oncogenes (negative or unknown).

However, considering the patients’ wishes and medical
insurances, the actual situation was different from the rec-
ommendation. In fact, 10 patients in the whole cohort
rejected all adjuvant treatment and received follow-up
only. A total of 70 tumor specimens were tested for muta-
tion. EGFR-TKIs, including gefitinib (Iressa), icotinib
(Conmana), or erlotinib (Tarce-va), or ALK-TKIs, includ-
ing crizotinib (Xalkori), were prescribed for all 55 driver
oncogene-positive patients. One patient with ROS1
arrangement refused TKI therapy. In total, 54 patients
received targeted therapy.

In the targeted therapy group, 36 patients received
targeted therapy as first-line therapy, while the other
18 patients received 1-4 cycles of chemotherapy before
commencing targeted therapy. A total of 34 of 54 patients
experienced disease progression during follow-up, 21 of
whom received a higher level of TKI treatment with drugs
such as osimeritinib (Targisso) or lorlatinib (Lorbrena), as
well as six patients who received salvage chemotherapy.
Adjuvant radiotherapy was administered to seven patients
for local tumor progression or distant metastasis control.

Survival analysis

The three-year OS and five-year OS rates for all patients
were 55.5% and 29.2%, respectively. In the entire cohort,
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Overall Survival by Surgery before PSM

-, HR0.552(95%C10.333-0.913) p=0.021
MST 50.0 vs. 29.6 months
log-rank p=0.019

T T
0 12 24 36 48 60 72
Time(months)

Number at risk

Biopsy
Resection

b

54 41 30 19 10 7 3
51 48 40 25 12 5 3

Overall Survival by Surgery after PSM

HR0.186 (95%CI0.222-1.023 p=0.057
MST: 50.0 vs. 34.4 months
log-rank p=0.052

T T
0 12 24 36 48 60 72
Time (months)

Number at risk

Biopsy 26 23 16 9 4 2 1
Resection 26 25 22 14 7 4 2
Figure 2 Kaplan-Meier survival curves of OS stratified by surgery in the
entire cohort before, (@) and after, (b) matching. 95% Cl, ——Biopsy,
95% Cl, ——Resection. PTR, primary tumor resection; PSM, propensity-
score. matched; Cl, confidence interval; HR, hazard ratio; MST, median
survival time.
Overall Survival by Surgery in taregeted therapy group
n
N HR 0.398 (95%Cl 0.391-2.146) p=0.840
MST: 57.1 vs. 50.4 months
log-rank p=0.840
LD_ 4
9 %
o

0 12 24 36 48 60 72
Time (months)

Number at risk

Biopsy
Resection

24 24 20 14 9 7
30 30 27 16 8 3

N w

Figure 3 Kaplan-Meier survival curves of OS stratified by targeted

therapy.

95% Cl, ——Biopsy, 95% Cl, ——Resection. Cl, confidence

interval; HR, hazard ratio; MST, median survival time.
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a Overall Survival by Surgery in taregeted therapy group

HR 0.398 (95%C10.391-2.146) p=0.840
MST: 57.1 vs. 50.4 months
log-rank p=0.840

T T
0 12 24 36 48 60 72
Time (months)

Number at risk
Biopsy 24 24 20 14 9 7 3
3

Resection 30 30 27 16 8 2
b Overall Survival by Surgery in non-taregeted therapy group
4
) HR 0.349 (95%Cl 0.174-0.698) p=0.003
L MST 39.8 vs. 14.2 months
1 log-rank p=0.002
0 4
['ed
&
o

T T
0 12 24 36 48 60 72
Time (months)
Number at risk
Biopsy 30 17 10 5 1
Resection 21 18 13 9 4

N o
o

Figure 4 Kaplan-Meier survival curves of OS in patients stratified by
surgery in targeted therapy group, (a) and nontargeted therapy
group, (b); 95% Cl, ——Biopsy, 95% Cl, ——Resection. Cl, confi-
dence interval; HR, hazard ratio; MST, median survival time.

Overall survival by procedures in the surgical cohort

(=3
34
el
~ 4
i HR 0.349 (95%Cl 0.174-0.698) p=0.003
MST: 50.4 vs. 28.7 months
o log-rank p=0.036
w4
o
0
N 4
o
(=3
34
o T T T T T T T
0 12 24 36 48 60 72
Time (months)
Number at risk
Lobectomy/pneumonectomy 12 10 6 4 0 0 0
Sublobar resection 39 38 34 21 12 5 3

Figure 5 Kaplan-Meier survival curves of OS stratified by surgical pro-
cedure in the surgical cohort. —— Lobectomy/pneumonectomy,
—Sublobar resection. Cl, confidence interval; HR, hazard ratio; MST,
median survival time.

PTR was associated with significantly improved OS in the
unmatched cohort (MST 50.0 vs. 29.6 months, P = 0.019,
Fig 2a). After PSM, patients who underwent PTR tended

Thoracic Cancer 11 (2020) 3213-3222  © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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Table 2 Multivariate Cox proportional hazard regression of the entire cohort

Surgical benefits for M1a NSCLC patients

Univariate Multivariate

Variable Crude HR 95% Cl P-value Adjusted HR 95% Cl P-value
Age

<65 Reference 0.144 Reference

>65 1.447 0.882-2.377 1.008 0.55-1.845 0.979
Sex

Male Reference 0.379

Female 0.8 0.486-1.316
Smoking status

No Reference 0.232

Yes 1.354 0.824-2.225
Comorbidities

No Reference 0.049 Reference

Yes 0.606 0.368-0.999 0.641 0.342-1.201 0.165
Neoadjuvant chemotherapy

No Reference

Yes 1.718 0.536-5.508 0.363
Clinical M stage

MO Reference Reference

M1 2.232 1.334-3.732 0.002 1.316 0.6-2.888 0.493
Primary tumor resection

No Reference Reference

Yes 0.552 0.333-0.913 0.021 0.515 0.28-0.946 0.033
Pleural nodule

Localized Reference

Diffused 0.937 0.446-1.971 0.86
Malignant pleural effusion

Absent Reference Reference

Present 2.238 1.337-3.745 0.002 1.853 0.901-3.771 0.089
Surgical approach

VATS Reference Reference

Thoracotomy 2.639 1.132-6.151 0.025 3.649 1.14-11.679 0.029
Histologic subtype

Adenocarcinoma Reference Reference

Squamous cell carcinoma 6.058 2.341-15.676 <0.001 6.821 1.674-27.793 0.007

Adenosguamous carcinoma 1.527 0.210-11.117 0.676 2.201 0.232-20.904 0.492
Pathological T stage

T Reference Reference

T2 0.888 0.380-2.076 0.785 1.186 0.421-3.339 0.747

T3 1.431 0.541-3.732 0.475 1.134 0.337-3.815 0.839

T4 1.731 0.753-3.98 0.196 1.763 0.564-5.508 0.329

TX 4112 1.202-14.067 0.024 3.379 0.659-17.328 0.144
Pathological N stage

NO Reference Reference

N1 0.813 0.154-5.204 0.807 0.508 0.612-4.22 0.513

N2 2.672 1.013-7.044 0.047 1.779 0.566-5.595 0.324

Nx 2.002 0.777-5.156 0.151 1.348 0.464-3.911 0.583
Radiotherapy

No Reference

Yes 1.014 0.406-2.532 0.976
Targeted therapy

No Reference Reference

Yes 0.255 0.151-0.432 <0.001 0.21 0.107-0.414 <0.001
Chemotherapy

No Reference Reference

Yes 0.688 0.413-1.145 0.15 0.461 0.315-0.895 0.022
Cl, confidence interval; HR, hazard ratio; VATS, video-assisted thoracoscopic surgery.
Thoracic Cancer 11 (2020) 3213-3222  © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd. 3219
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to have longer OS in the matched cohort (MST 50.0 vs.
34.4 months, P = 0.052, Fig 2b), but there was no signifi-
cant difference. These results suggested that PTR was a
beneficial prognostic factor for Mla NSCLC patients.

Targeted therapy also improved OS significantly (MST
51.7 vs. 23.1 months, P < 0.001, Fig 3). To access the effect
of PTR for patients receiving targeted therapy or not, a sub-
group analysis was performed, which showed that PTR did
not improve OS in the targeted therapy group (MST 57.1 vs.
50.4 months, P = 0.840, Fig 4a). However, surgery signifi-
cantly prolonged survival in the nontargeted therapy group
(MST:39.8 vs. 14.2 months, P = 0.002, Fig 4b). In addition,
in the surgical cohort, patients who underwent sublobar re-
section had significantly better OS than those who under-
went lobectomy/pneumonectomy (P = 0.036, Fig 5).

For the entire cohort, multivariate regression models
adjusted for sociodemographic, tumor features, and thera-
peutic characteristics were established to identify factors
associated with survival. Variables whose P-value <0.20
under univariate test were involved in the multivariate
model. Factors independently associated with improved OS
include PTR (HR: 0.515, 95% CI: 0.280-0.946, P = 0.033),
targeted therapy (HR: 0.210, 95% CI: 0.107-0.414,
P <0.001) and chemotherapy (HR:0. 461, 95% CI: 0.315-
0.895, P = 0.022). Factors independently associated with
declined OS include thoracotomy (HR: 3.649, 95% CI:
1.140-11.679, P = 0.029) and squamous cell carcinoma
(HR: 6.821, 95% CL: 1.674-27.793, P = 0.007). Further
details are listed in Table 2.

Discussion

Owing to the extremely poor survival of NSCLC patients
with pleural dissemination, the seventh edition of the
Union for International Cancer Control (UICC) lung can-
cer staging system reclassified those patients from T4 to
Mla (stage IV)."> '* Surgical intervention for the treatment
of Mla NSCLC patients has traditionally been considered
to be contraindicated according to guidelines.> * NSCLC
patients with ipsilateral pleural dissemination have great
heterogeneity regarding different pleural extension sever-
ities. In general, two clinical scenarios are encountered by
thoracic surgeons. Some patients are preoperatively staged
as resectable but are unexpectedly diagnosed intra-
operatively with pleural dissemination (clinical stage MO,
cMO0). Another is that malignant pleural effusion or pleural
seeding has already been detected in NSCLC patients by
chest CT (clinical stage Mla, cMla). Surgical intervention
is mainly performed in these patients for diagnostic biopsy
to harvest enough tumor tissue for pathology diagnosis
and genetic testing.

The majority of studies on surgical intervention in Mla
patients have focused on clinical stage MO patients. In

3220  Thoracic Cancer 11 (2020) 3213-3222

H. Li et al.

2001, Ichinose et al." first reported an unexpectedly good
prognosis regarding the survival of patients with carcino-
matous pleuritis found during thoracotomy with
100 patients undergoing main tumor resection with three-
and five-year survival rates of 31.8% and 22.8%, respec-
tively. However, Sawabata et al.'® found that patients with
malignant minor pleural effusion detected at thoracotomy,
even with gross complete resection of the tumor, had a
MST of only 13 months. In the last decade, several single-
center retrospective studies with sample sizes ranging from
25 to 110 patients have shown favorable outcomes for M1a
patients undergoing PTR, with MSTs ranging from 15 to
64 months and three-year OSs ranging from 34.2% to
82.9%, respectively.” '> 72 A recent meta-analysis of
nine retrospective studies® also suggested that PTR was a
beneficial prognostic factor among cM0 and pMla NSCLC
patients.

Few studies on cMla NSCLC patients have been
reported. Liu et al.’ retrospectively analyzed the effective-
ness of PTR in 80 Mla patients and found that the five-
year OS reached 31%. Recently, two studies using the SEER
database also suggested that surgery was associated with
improved OS for patients with Mla patients.®> * Our study
also demonstrated that patients who underwent PTR had
significantly better OS than biopsy alone. After PSM, the
PTR group tended to have longer OS but there was no sig-
nificant difference.

The management of advanced lung cancer has changed
dramatically since the development of targeted therapy,
especially given the excellent efficacy of EGFR/ALK-TKIs
for patients harboring EGFR/ALK mutations.'® Therefore,
should the surgical strategy used for M1la NSCLC patients
be changed according to the tumor genotype is a new
question. In 2015, Yun et al® reported a similar rate
(approximately 50%) of EGFR mutation and EGFR-TKI
treatment between a resection and an exploration group in
patients with localized pleural seeding first detected during
surgery. In the most recent study by Li et al.'? approxi-
mately 67% of patients with adenocarcinomas (n = 29)
received EGFR-TKI therapy, which contributed, in part, to
the surprising surgical outcomes of patients with lung ade-
nocarcinoma with intraoperatively diagnosed pleural
seeding. However, the question remains whether main
tumor resection still needs to be performed among EGFR
mutation-positive patients who could have excellent sur-
vival receiving only EGFR-TKI therapy. Therefore, in our
study, we further compared the survival effect of PTR
among the targeted therapy group and the nontargeted
therapy group. The results showed that PTR did not
improve OS in the targeted therapy group, owing to the
excellent survival benefit of targeted therapy regardless of
the type of surgery. However, PTR significantly prolonged
survival in the nontargeted therapy group. The possible
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reason for this survival effect of PTR might be reduction in
tumor burden and the cytoreduction of possible drug-
resistant lesions. These results suggested PTR as a valuable
treatment for oncogene-negative Mla patients who cannot
receive targeted therapy.

Of note, following the development of minimally inva-
sive thoracic surgery, the decreasing rate of perioperative
mortality and morbidity have made it more cost-effective
for surgical intervention of primary tumors. In 2018, Li
et al."* performed PTR in 30 Mla patients using VATS.
No other statistically significant differences in perioperative
parameters except longer operative times in the PTR group
were observed. In the PTR cohort of our study, the rate of
VATS was almost 90% among patients (46 of 51, 90.2%).
The PTR group had a longer operation time and more
bleeding, but there were no significant differences between
the two groups in chest tube duration and postoperative
hospital stay. These results may provide evidence that in
the era of thoracoscopic surgery, PTR for M1la patients will
not cause more harm than biopsy alone.

We further analyzed the prognostic effect of different
surgical procedures among the PTR group of patients who
underwent sublobar resection and they had significantly
better OS than those who underwent lobectomy/pneumo-
nectomy (P = 0.036). This result was opposite to that com-
pared with our previous SEER-based study.” It may be
because of the limited sample size of our retrospective
study. On the other hand, differences such as the stage of
pleural nodules and systemic therapy between the two
groups may also bring bias to survival (Table S1). A greater
percentage of patients who underwent lobectomy/pneumo-
nectomy were stage T3/T4 (58.3%) than those who
received sublobar resection (23.1%). The heavier tumor
burden among patients who received lobectomy/pneumo-
nectomy was probably related to their worse survival.
Which procedure is better for Mla NSCLC patients still
requires more evidence.

Taken together, previous studies and our present study
suggest the following surgical therapeutic strategy for Mla
NSCLC patients. (i) For patients with “unexpected” pleural
dissemination during surgery, surgeons should try to resect
the main tumor to prolong patient survival. (ii) For cMla
patients with ipsilateral pleural dissemination, such as
malignant pleural effusion confirmed by pathology, surgery
should be carefully considered as an important option in
multimodal therapy regimens, especially for patients nega-
tive for driver mutations. (iii) To ensure patients receive
systemic therapy sooner, the VATS technique is preferable
to thoracotomy.

Several inherent limitations were identified due to the
retrospective nature of this study. First, time-trend bias
and patient selection bias were inevitable in this single-
institution retrospective study considering only one decade.
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We set the inclusion period of this study to begin in 2006
to cover most of the targeted therapy era and to achieve
the maximum sample size at the cost of increasing the
time-trend bias. However, we adopted the PSM method to
reduce patient selection bias between the PTR group and
the biopsy group as much as possible. Patient selection bias
still existed in the subgroup analysis of both the targeted
therapy cohort and the nontargeted therapy cohort. These
biases could influence the statistical survival outcome.
Another limitation of this study was the small number of
enrolled patients due to the low incidence of pleural dis-
semination at the surgical center. Such concerns should be
considered in future multi-institutional randomized con-
trolled studies.

In conclusion, this single-institution retrospective study
demonstrated that PTR could prolong OS in stage Mla
NSCLC patients with ipsilateral pleural dissemination,
especially in patients who are not candidates for targeted
therapy. PTR should be included as an important option in
the multimodal therapeutic strategies for carefully selected
patients with ipsilateral pleural dissemination.

Acknowledgments

We would like to thank all the patients and their families
for their cooperation in participating in this study. This
work was supported by the National Natural Science Foun-
dation of China (81772469 to F.Y.) and Beijing Municipal
Science and Technology Commission (Z181100001718190).

Disclosure

All authors declare that there are no conflicts of interest.

References

1 Goldstraw P, Chansky K, Crowley ] et al. The IASLC lung
cancer staging project: Proposals for revision of the TNM
stage groupings in the forthcoming (eighth) edition of the
TNM classification for lung cancer. ] Thorac Oncol 2016; 11
(1): 39-51.

2 Ou SH, Zell JA. Validation study of the proposed IASLC
staging revisions of the T4 and M non-small cell lung cancer
descriptors using data from 23,583 patients in the California
Cancer Registry. ] Thorac Oncol 2008; 3 (3): 216-27.

3 National Comprehensive Cancer Network. NCCN guidelines
for NSCLC. [Cited 1 June 2018.] Available from URL: http://
www.Ncen.Org/professionals/physician_gls/pdf/nscl.Pdf.
Accessed June 1, 2018.

4 Hanna N, Johnson D, Temin S et al. Systemic therapy for
stage IV non-small-cell lung cancer: American Society of
Clinical Oncology clinical practice guideline update. J Clin
Oncol 2017; 35: 3484-515.

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd. 3221


http://www.nccn.org/professionals/physician_gls/pdf/nscl.Pdf
http://www.nccn.org/professionals/physician_gls/pdf/nscl.Pdf

Surgical benefits for M1a NSCLC patients

5 Liu T, Liu H, Wang G, Zhang C, Liu B. Survival of M1a
non-small cell lung cancer treated surgically: A retrospective
single-center study. Thorac Cardiovasc Surg 2015; 63 (7):
577-82.

6 Yun JK, Kim MA, Choi CM et al. Surgical outcomes after
pulmonary resection for non-small cell lung cancer with
localized pleural seeding first detected during surgery.
Thorac Cardiovasc Surg 2018; 66 (2): 142-9. https://doi.org/
10.1055/s-0035-1564928.

7 lida T, Shiba M, Yoshino I et al. Surgical intervention for
non-small-cell lung cancer patients with pleural
carcinomatosis: Results from the Japanese lung cancer
registry in 2004. ] Thorac Oncol 2015; 10 (7): 1076-82.

8 Ren Y, Dai C, Shen J et al. The prognosis after
contraindicated surgery of NSCLC patients with malignant
pleural effusion (M1a) may be better than expected.
Oncotarget 2016; 7 (18): 26856-65.

9 Li H, Sun Z, Yang F, Sui X, Liu T, Wang J. Primary tumour
resection in non-small-cell lung cancer patients with
ipsilateral pleural dissemination (M1a): A population-based
study. Eur ] Cardiothorac Surg 2019; 55 (6): 1121-9.

10 Kris MG, Johnson BE, Berry LD et al. Using multiplexed
assays of oncogenic drivers in lung cancers to select targeted
drugs. JAMA 2014; 311 (19): 1998-2006.

11 Reck M, Rodriguez-Abreu D, Robinson AG et al.
Pembrolizumab versus chemotherapy for PD-L1-positive non-
small-cell lung cancer. N Engl ] Med 2016; 375 (19): 1823-33.

12 Li C, Kuo SW, Hsu HH, Lin MW, Chen JS. Lung
adenocarcinoma with intraoperatively diagnosed pleural
seeding: Is main tumor resection beneficial for prognosis?

J Thorac Cardiovasc Surg 2018; 155 (3): 1238-49 el231.

13 Goldstraw P, Crowley J, Chansky K et al. The IASLC lung
cancer staging project: Proposals for the revision of the
TNM stage groupings in the forthcoming (seventh) edition
of the TNM classification of malignant tumours. J Thorac
Oncol 2007; 2 (8): 706-14.

14 Sobin LH, Wittekind C. TNM Classification of Malignant
Tumours (UICC). New Jersey: Wiley-Blackwell 2002;
99-103.

15 Ichinose Y, Tsuchiya R, Koike T et al. Prognosis of resected
non-small cell lung cancer patients with carcinomatous
pleuritis of minimal disease. Lung Cancer 2001; 32 (1): 55-60.

16 Sawabata N, Matsumura A, Motohiro A. Malignant minor
pleural effusion detected on thoracotomy for patients with

3222 Thoracic Cancer 11 (2020) 3213-3222

H. Li et al.

non-small cell lung cancer: Is tumor resection beneficial for
prognosis? Ann Thorac Surg 2002; 73 (2): 412-5.

17 Mordant P, Arame A, Foucault C, Dujon A, Le Pimpec
Barthes F, Riquet M. Surgery for metastatic pleural
extension of non-small-cell lung cancer. Eur | Cardiothorac
Surg 2011; 40 (6): 1444-9.

18 Okamoto T, Iwata T, Mizobuchi T et al. Pulmonary
resection for lung cancer with malignant pleural disease first
detected at thoracotomy. Eur J Cardiothorac Surg 2011; 41
(1): 25-30.

19 Wang BY, Wu YC, Hung JJ et al. Prognosis of non-small-
cell lung cancer with unexpected pleural spread at
thoracotomy. J Surg Res 2011; 169 (1): el-5.

20 Go T, Misaki N, Matsuura N, Chang SS, Tarumi S,
Yokomise H. Role of surgery in multi-modality treatment
for carcinomatous pleuritis in patients with non-small cell
lung cancer. Surg Today 2015; 45 (2): 197-202.

21 Ren Y], She YL, Dai CY, Jiang GN, Fei K, Chen C. Primary
tumour resection showed survival benefits for non-small-cell
lung cancers with unexpected malignant pleural dissemination.
Interact Cardiovasc Thorac Surg 2016; 22 (3): 321-6.

22 Li S, Zhang S, Huang M, Ma Y, Yang Y. Management of
occult malignant pleural disease firstly detected at
thoracotomy for non-small cell lung cancer patients.

J Thorac Dis 2017; 9 (10): 3851-8.

23 Xu'Y, Chen N, Wang Z et al. Should primary tumor be
resected for non-small cell lung cancer with malignant pleural
disease unexpectedly found during operation?-a systemic review
and meta-analysis. ] Thorac Dis 2016; 8 (10): 2843-52.

Supporting Information

Additional Supporting Informationmay be found in the online
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Figure S1. Histogram of propensity scores for patients between
PTR and biopsy groups; b: Standardized differences of variables
between PTR and biopsy groups. Propensity matching
effectively reduced heterogeneity among variables between two
groups. State of pleural nodules was linearly dependent with
surgery, so it was not showed in the figure. PTR: primary tumor
resection; Targeted: Targeted therapy; Chemo: Chemotherapy;
Radio: Radiotherapy; PE: State of pleural effusion.

Table S1. Baseline characteristics of surgery group
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