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Background: The diagnosis, staging, and therapeutic strategy for synchronous multiple primary non-
small cell lung cancer (SMP-NSCLC) remain unclear. Distinguishing SMP-NSCLC from intrapulmonary
metastasis is difficult but of great importance for selecting the surgical procedure and prognoses.

Methods: Fifty-two patients diagnosed with SMP-NSCLC according to the modified Martini-Melamed
criteria in the thoracic surgery department of the China-Japan Friendship Hospital from November
2004 to December 2015 were enrolled in this retrospective study. A total of 106 tumors were subjected to
pathological examination. Close follow-up and survival analysis were performed.

Results: The perioperative morbidity rate was 5.8%, with no cases of perioperative death. The overall
S-year survival rate was 40.6%, the cancer-specific 5-year survival rate was 54.5%, and the median survival
time was 52 months. Older age (P=0.553), sex (P=0.600), smoking history (P=0.496), tumor distribution
(P=0.461), video-assisted thoracoscopic surgery (VATS) (P=0.398), and adjuvant chemotherapy (P=0.078)
did not affect survival. Preoperative percentage of forced expiratory volume in the first second (P=0.022),
Charlson comorbidity index (P=0.034), surgical procedure (P=0.040), and highest pT stage (P=0.022) were
independent risk factors in the multivariate analysis. Different pathological subtypes were identified in 13 of
18 cases of multiple adenocarcinomas. Different gene mutation types and correlations between tumors were
identified through NGS in those with the same pathological subtype.

Conclusions: Postoperative survival rates in SMP-NSCLC were satisfactory. Non-radical resection might
improve the prognosis for patients with a tolerable general condition and pulmonary function. Higher pT
stage might result in poorer survival rates. Larger sample size and future study are still needed to identify the
prognostic factors. Comprehensive histologic assessment and next generation sequencing (NGS) could be
effective methods for screening SMP-NSCLC.
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Introduction

The detection rate of multiple pulmonary nodules is
increasing rapidly. Clinicopathological assessment, diagnosis,
and management have evolved, but remain severely limited.
Multiple primary lung cancer (MPLC) is defined as primary
lung cancer occurring simultaneously or sequentially in
different areas in unilateral or bilateral lungs. The criteria were
first proposed by Martini and Melamed (1) in 1975, which
categorize MPLC into synchronous multiple primary (SMP)
lung cancer and metachronous MPLC occurring within a
2-year interval. The revised diagnostic criteria proposed by
the American College of Chest Physicians (ACCP) have been
commonly applied for clinical diagnosis since 2003 (2-4). The
distinction of intrapulmonary metastases from independent
primary tumors is difficult but of great clinical importance as
it influences staging and potentially the therapeutic strategy.
Here we studied a cohort of 52 patients with clinically
SMP non-small cell lung cancer (SMP-NSCLC) and
performed a survival analysis aiming to clarify diagnostic
and treatment strategies. We also assessed the possibility of
screening SMP-NSCLC through comprehensive histologic

assessment and next generation sequencing (NGS).

Methods
Ethics statement

This retrospective study was performed after having been
approved by the ethics committee of the China-Japan
Friendship Hospital (2013-MS-076). The methods were
carried out in accordance with the relevant guidelines and
regulations, and written informed consent was given by the
patients for their information to be stored in the hospital
database and used for clinical research.

Patients and clinical features

Between November 2004 and December 2015, 52 patients
were diagnosed as having SMP-NSCLC according to the
Martini-Melamed criteria (1). All patients underwent surgical
resections in the Department of Thoracic Surgery, China-
Japan Friendship Hospital among 3,527 patients (accounting
for 1.5%) who were treated for lung cancer during that
period. Of these, 20 patients were diagnosed as having SMP-
NSCLC of the same histological type, including 18 cases
of multiple primary lung adenocarcinoma. Thirty-two
patients were diagnosed as having two different histological
types. Carcinoid tumors, lung sarcomatoid carcinomas and
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other rare tumors were excluded from the study.

Positron emission tomography-computed tomography
(PET-CT) was performed in 28 cases while mediastinoscopy
or endobronchial ultrasound guided transbronchial needle
aspiration (EBUS-TBNA) was performed in 24 cases
preoperatively to exclude those clinical/pathological N2 stage
cases. All of the 106 nodules from 52 cases were surgically
resected. Detailed clinical information is shown in 7able 1.

All patients underwent a bronchoscopy before the
operation; cranial CT/magnetic resonance imaging (MRI),
abdominal ultrasonography/CT, and a nuclide bone scan
were adopted to rule out extrapulmonary metastasis before
PET-CT was widely adopted. The growing use of PET-CT
provided an effective choice for the evaluation of pulmonary
nodules before surgery. Of the 28 unilateral SMP-MPLC
cases, 6 were diagnosed via CT-guided transthoracic
fine needle aspiration biopsy (I'TFNAB) before surgery,
19 were diagnosed by fast frozen pathology during the surgical
procedure, and 3 were diagnosed by postoperative pathology.
Of the 24 bilateral MPLC cases, 4 were diagnosed by
CT-guided TTFNAB before surgery and 20 were diagnosed
by pathology during or after the surgical procedure. For
patients with lower-limit pulmonary function, preoperative
examinations, such as blood gas analysis, a stairwell test and a
6-minute walking test, were arranged as necessary.

Surgical procedures

Considering the patient’s age and cardiopulmonary function,
in association with the size, quantity, and distribution of
tumors, different surgical procedures were adopted according
to the experience of the surgeons, which included the
following:

% Anatomical lobectomy and systemic mediastinal
lymph node dissection, applicable to multiple tumors
in one lobe;

“ Anatomical bilateral lobectomies (or combined
lobectomies) and systemic mediastinal lymph node
dissection, applicable to patients with multiple tumors
in bilateral lobes (or two right lobes) with tolerable
cardiopulmonary function;

% Anatomical lobectomy together with sublobar resection
(anatomical segmentectomy/wedge resection) and
systemic mediastinal lymph node dissection, applicable
to multiple tumors occurring unilaterally or bilaterally.
While a larger lesion is eligible for lobectomy, a
smaller one is located at the edge of the lung with a
diameter of less than 2 cm;
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Table 1 Clinical data of 52 cases of SMP-NSCLC

Clinical data Statistics
Sex
Male 36 (69.2%)
Female 16 (30.8%)

Age (years) 60.3+8.61 [39-74]
Smoking history

No 14 (26.9%)

Yes 38 (73.1%)
Number of tumors

2 50 (96.2%)

3 2 (3.8%)
Maximum diameter of the tumors (cm) 3.0+1.45 (0.87.5)

Distribution of tumors

Unilateral 28 (53.8%)

Bilateral 24 (46.2%)
Charlson comorbidity index

<6 37 (71.2%)

>6 15 (28.8%)
ECOG performance status

0-1 41 (78.8%)

>2 11 (21.2%)

SMP-NSCLC, synchronous multiple primary non-small cell lung
cancer; ECOG, Eastern Cooperative Oncology Group.

% Multiple sublobar resection and mediastinal lymph
node sampling, applicable to multiple tumors all located
at the edge of the lung with a diameter less than 2 cm,
or elderly patients not eligible for lobectomy owing to
their poor cardiopulmonary function;

+ "Total pneumonectomy and systemic mediastinal lymph
node dissection, applicable to tumors located in more
than one lobe unilaterally, or the central types that
cause difficulty in performing a lobectomy even though
cardiopulmonary function could tolerate surgery.
Video-assisted thoracoscopic surgery (VATS) was first

considered in all cases wherein the lesion was large or

dissection during the operation was difficult; alternatively,
open thoracotomy was adopted. Wedge resection and
anatomical segmentectomy should ensure that the distance

between the margin of the resected lung parenchyma and
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the margin of the tumor was not less than the tumor’s
maximum diameter or more than 2 cm. Wedge resection
was commonly applied previously. With improvements in
surgical technique, anatomical segmentectomy is widely
adopted at present. For bilateral SMP-NSCLC, the time-
window for the second operation was chosen according to
the surgeon’s experience, considering the patient’s general
condition and cardiopulmonary function. Of the 24 bilateral
cases, 18 involved synchronous bilateral procedures,
while 6 cases involved procedures within a 4-10 week
interval. Before the second procedure, a chest CT scan and
re-evaluation of the pulmonary function were required.
For patients with restricted pulmonary function, sublobar
resection was recommended. Adjuvant chemotherapy was
recommended to postoperative patients, except for those
pathologically diagnosed with multiple TINOMO, IA stage
NSCLC. A combination chemotherapy regimen with
platinum was regularly adopted (5,6).

Pathological diagnosis

All of the 106 tumors were surgically resected and received
a definite pathological diagnosis. If tumors were of the
same pathological type, the lymph node metastasis status
was required to determine whether there was metastasis
in mutual lymphatic drainage regions according to the
Martini-Melamed criteria.

Considering the latest revised diagnostic criteria
proposed by ACCP in 2013 (4), pathological subtypes of
the 18 cases of multiple primary lung adenocarcinoma were
identified according to the international multidisciplinary
classification of lung adenocarcinoma (7). Lung
adenocarcinoma was classified as pre-invasive lesion such as
atypical adenomatous hyperplasia and adenocarcinoma in
situ, minimally invasive adenocarcinoma (MIA), and invasive
adenocarcinoma classified by a predominant pattern after
using comprehensive histologic subtyping with lepidic,
acinar, papillary, micropapillary and solid patterns. Variants
of invasive adenocarcinomas were included as well.

NGS was applied to 6 cases of multiple primary lung
adenocarcinomas with similar pathological subtypes for
further differentiation from intrapulmonary metastasis.
Semiconductor sequencing based on the Ion Personal
Genome Machine (PGM™) System (Thermo Fisher
Scientific, USA) was performed with the Ion AmpliSeq
Cancer Panel v2 (Thermo Fisher Scientific, USA) to
sequence more than 2,800 loci from 50 oncogenes and
tumor suppressor genes in tumor DNA.

7 Thorac Dis 2017;9(4):990-1001
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Table 2 Surgical procedure and pathological diagnosis of 52 cases of SMP-MPLC
Surgical procedure
Pathological
diagnosis No. Lobectomn Bilateral/combined  Lobectomy + Sublobar Multiple sublobar Total
y lobectomies resection resection pneumonectomy
Ad. + Ad.” 18 (34.6%) 3 2 4 8 1
Sq. + Ad. 30 (57.7%) 1 2 15 10 2
Sqg. + Sq. 2 (3.8%) 0 0 1 0 1
Adenosq. + Ad. 2 (3.8%) 1 0 0 0 1
Total 52 5(9.6%) 4 (7.7%) 20 (38.5%) 18 (34.6%) 5(9.6%)

*, two patients were diagnosed with 3 adenocarcinomas. SMP-NSCLC, synchronous multiple primary non-small cell lung cancer; Ad.,
adenocarcinoma; Sq., squamous cell carcinoma; Adenosq., adenosquamous carcinoma.

Follow up examination

All patients received regular follow-up. The median follow-up
time was 43 months (range from 6 to 88 months). Chest CT
and serum tumor markers (CEA, cyfra21-1, SCC, CA199,
and CA125) were examined every 3 months. Cranial CT/
MRI, abdominal ultrasonography/CT, and nuclide bone
scans were performed every half year, and whenever
necessary with positive symptoms. The starting point of
follow-up was defined as the date of surgery or second
surgery, while death was defined as the end point.

Statistical analysis

SPSS 19.0 software (IBM, Chicago, USA) was used for
statistical analysis. Kaplan—Meier estimator was used
to draw survival curves. Potential risk factors such as
patient’s age, sex, smoking history, distribution of tumors,
preoperative percentage of forced expiratory volume in the
first second (FEV1%, defined as actual FEV1/predicted
FEVI1 x 100%), the Charlson comorbidity index, Eastern
Cooperative Oncology Group (ECOGQG) performance
status, a minimally invasive approach and different surgical
procedures, highest pT stage, pN stage and postoperative
adjuvant chemotherapy were subject to a univariate analysis
using a log-rank test. A Cox proportional hazards model was
adopted to perform a multivariate analysis on the potential
above mentioned risk factors to identify independent risk
factors. Significance was defined as P<0.05.

Results

The surgical procedures and initial pathological results for
all 52 cases of SMP-MPLC are shown in Tuble 2.
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According to the 7" edition of TNM staging for NSCLC,
if the larger tumor’s pT stage was defined as the highest pT
stage, 27 cases would be classified as pT'1, while there were
24 cases of pT2 and 1 case of pT3. Thirty-six cases were
confirmed as pNO, while the other 16 cases were confirmed
as pN1. Postoperative adjuvant chemotherapy was applied to
6 of 12 pT2-3NOMO cases and 15 of 16 pN1 cases.

Three cases (5.8%) suffered postoperative complications,
including 1 case (a 52-year-old man, with adenocarcinoma
on the right upper lobe together with squamous cell
carcinoma on the left lower lobe, received synchronous
bilateral lobectomies) who required sustained assistance with
a mechanical ventilator due to postoperative hypoxemia. He
was successfully detached from the respirator after a long
term of respiratory function exercises. Two cases sustained
pulmonary air-leakage and recovered after applying negative
pressure suction.

No perioperative mortality was observed.

General survival rate and prognostic factors

The Kaplan-Meier overall survival times and cancer-specific
survival curve are shown in Figure 1. The overall 5-year
survival rate of the 52 cases with SMP-NSCLC was 40.6%,
the cancer-specific 5-year survival rate was 54.5%, and the
postoperative median overall survival time was 52 months.
Patients were divided into groups according to age,
sex, smoking history, distribution of tumors, preoperative
FEV1%, Charlson comorbidity index, ECOG performance
status, a minimally invasive approach, different surgical
procedures, highest pT stage, pN stage, and postoperative
adjuvant chemotherapy. A log-rank test was used for
univariate statistical analysis and the results are shown in
Table 3. Preoperative FEV1% >80% (P=0.002), Charlson

7 Thorac Dis 2017;9(4):990-1001
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Figure 1 Kaplan-Meier overall survival times and cancer-specific survival curve for 52 cases of SMP-NSCLC. SMP-NSCLC, synchronous

multiple primary non-small cell lung cancer.

comorbidity index <6 (P=0.014), ECOG performance status
=0 or 1 (P=0.031), limited extent of resection (P=0.001),
pT1 (P=0.000) and pNO (P=0.030) might be potential
indicators of a better prognosis.

For the purpose of further eliminating the interactions
of variants, a Cox proportional hazards model was used to
perform multivariate analyses on potential risk factors (Zible 4).
Preoperative FEV1% (P=0.022), Charlson comorbidity
index (P=0.034), different surgical procedures (P=0.040) and
highest pT stage (P=0.022) were identified as independent
risk factors for overall survival.

Cox regression overall survival curves drawn from the
differences of preoperative FEV1%, Charlson comorbidity
index, surgical procedure and highest pT stage are shown in
Figure 2.

Further differentiation from intrapulmonary metastasis

Pathological subtypes of the 18 cases of clinically multiple
primary lung adenocarcinomas were identified according
to the international multidisciplinary classification (7).
Detailed results are shown in Table 5.

Patients 1-3 underwent lobectomy, patient 4 underwent
bilateral lobectomies, patient 5 underwent combined
lobectomies, patients Nos. 67 underwent lobectomy together
with wedge resection, patients Nos. 8-9 underwent lobectomy
together with segmentectomy, patient 10 underwent three
wedge resections, patients 11-13 underwent two wedge
resections, patients 14—15 underwent two segmentectomies,
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patient 16 underwent segmentectomy together with wedge
resection, patient 17 underwent segmentectomy together
with two wedge resections and patient 18 underwent left total
pneumonectomy.

As similar pathological subtype of adenocarcinoma was
identified among tumors of patents 7, 9, 10, 12, 14, and 17.
Further differentiation from intrapulmonary metastasis was
performed under NGS. Detailed results are shown in Table 6.

Discussion

Clinical guidelines have been developed to distinguish
independent NSCLCs from metastases. Currently, the
diagnosis of SMP-NSCLC mainly relies on the Martini-
Melamed criteria: (I) histologically, all lesions are
malignant; (II) all lesions exist independently; (III) the
possibility of inter-metastasis is excluded; and (IV) If the
histologic diagnosis is the same, simultaneous lesions must
be located in different segments/lobes with no lymph node
or extrapulmonary metastasis. In fact, the diagnosis of
MPLC is easier to obtain when two tumors are of different
pathological types. For tumors with the same pathological
diagnosis, such as two adenocarcinomas, a differential
diagnosis with intrapulmonary metastasis is difficult, and
there is a lack of a preoperative diagnostic method in
particular.

In the 7" edition of TNM staging for NSCLC, SMP
lung cancer and metastases are not clearly distinguished. It
is known that metastatic cancer has a poor prognosis (8);

7 Thorac Dis 2017;9(4):990-1001
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Table 3 Univariate analysis of potential risk factors using a log-rank test

Clinical data No. Average survival time (month) Median survival time (month) P value

Age(years) 0.553
>60 28 54.6 56
<60 24 49.7 43

Sex 0.600
Male 36 51.8 52
Female 16 53.5 52

Smoking history 0.496
Yes 38 51.5 52
No 14 54.7 52

Distribution of tumors 0.461
Unilateral 28 55.8 60
Bilateral 24 48.1 48

Preoperative FEV1%* 0.002
>80% 35 57.7 60
<80% 17 38.8 35

Charlson comorbidity index 0.014
<6 37 56.5 61
>6 15 42.4 46

ECOG performance status 0.031
0-1 41 55.1 60
>2 11 41.7 46

Minimally invasive approach 0.398

VATS 43 53.6 56

Open thoracotomy 9 43.2 42

Surgical procedure™* 0.001
Extended 9 32.7 38
Limited 43 56.0 60

Highest pT stage™* 0.000
pT1 27 63.4 71
pT2-3 25 41.2 38

pN stage 0.030
pNO 36 56.8 56
pN1 16 42.0 38

Postoperative chemotherapy 0.078
Yes 21 46.1 47
No 31 56.8 61

*, FEV1% = actual FEV1/predicted FEV1 x 100%; **, those who received lobectomy, lobectomy together with sublobar resection and
multiple sublobar resections were classified to the limited lung resection group, others who received bilateral or combined lobectomies
and total pneumonectomy were classified to the extended lung resection group; ***, the larger tumor’s pT stage was defined as the highest
pT stage. FEV1%, percentage of forced expiratory volume in the first second; ECOG, Eastern Cooperative Oncology Group.
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Table 4 Multivariate analysis using a Cox proportional hazards model therefore, systemic adjuvant chemotherapy or targeted

Clinical data Reference OR (95% Cl) P value therapy is the main clinical treatment. For SMP-NSCLC
Preoperative FEV1% 280% 317 (1.18-8.48) 0.022 patients, definite clinical/pathological staging remains

unclear, although in the forthcoming 8" edition of TNM
Charlson comorbidity index <6 236(1.07-5.21) 0.034 staging, it is proposed that for multifocal ground glass/
ECOG performance status 0-1  1.48(0.51-4.31) 0.475 lepidic tumors, the T category be determined by the
Surgical procedure Limited 3.12 (1.05-9.24) 0.040 highest T lesion, and that a single N and M category can
Highest pT stage oT1  2.62(1.15-5.98) 0.022 be used for all lesions collectively, fo'r example, Tlac)

NOMO or T1b(m)NOMO. Only for diffuse pneumonic-
pN stage pNO  1.71(0.71-4.13) 0.233

type lung cancer, is it proposed that the T category be
designated by size (or T3) if in one lobe, as T4 if involving
an ipsilateral different lobe, or as M1a if contralateral (9).

FEV1%, percentage of forced expiratory volume in the first second;
ECOG, Eastern Cooperative Oncology Group.
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Figure 2 Cox regression survival curves of different groups of patients.
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Table 5 Pathological subtypes of the 18 cases of multiple lung adenocarcinomas

No. Distribution AAH/AIS MIA al Variants
Lepidic Acinar Papillary Micropapillary Solid

1 Unilateral 1 1

2 Unilateral 1 1

3 Unilateral 1 1

4 Bilateral 1 1

5 Unilateral 1 1

6 Bilateral 1 1

7 Unilateral 2

8 Unilateral 1 1

9 Bilateral 2

10 Bilateral 3

11 Unilateral 1 1

12 Bilateral 2

13 Unilateral 1 1

14 Bilateral 2

15 Bilateral 1 1

16 Unilateral 1 1

17 Bilateral 2 1

18 Unilateral 1 1

AAH, atypical adenomatous hyperplasia; AlS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IA, invasive adenocarcinoma.

*

papillary, micropapillary and solid patterns.

Positive surgical treatment could benefit the prognosis,
according to the previous literature or our experience.
The postoperative median survival time of SMP-NSCLC
could be more than 60 months (10,11). According to
the international multidisciplinary classification of lung
adenocarcinoma (7), the S-year survival rate after radical
resection of an adenocarcinoma 7z situ and MIA could reach
nearly 100%, making these types of lung adenocarcinomas
close to curable (12-14). For SMP-NSCLC that presents as
multiple ground-glass-nodules (GGNs, mostly preinvasive
lesions/MIAs), the 3-year survival rate after radical resection
was reported to be as high as 92.9% (15), which is inclined
to be classified as early stage lung cancer, with significant
deference to metastases. Even after excluding tumors with
a better prognosis, such as multiple primary GGN-like
adenocarcinomas, carcinoid tumors, and satellite nodules,
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, invasive adenocarcinoma was classified by predominant pattern after using comprehensive histologic subtyping with lepidic, acinar,

previous studies demonstrated that the therapeutic effect of
SMP-NSCLC was satisfactory with a postoperative 5-year
survival rate of nearly 50% (16,17).

The overall 5-year survival rate of the 52 SMP-NSCLC
patients in our cohort was 40.6%, and the postoperative
median survival time was 52 months, which were slightly
lower than the previous reports mentioned above. Although
the cancer-specific 5-year survival rate in our cohort could
reach 54.5%, it was believed that the main cause of the low
survival rate in our cohort might be relatively advanced
staging of lung cancer, as nearly half the patients (25/52)
were discovered with at least one pT2 lesion and nearly one
third of them were classified as pN1, while only a dozen
would be classified as to multiple GGNEs.

In univariate analysis of the prognostic factors of SMP-
NSCLC, >60 years old (P=0.553), sex (P=0.600), smoking

7 Thorac Dis 2017;9(4):990-1001
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Table 6 Next-generation sequencing results for the 6 cases with similar pathological subtypes of adenocarcinoma

Patient No. Distribution Pathological subtypes Tumor 1 (gene/mutation)

Tumor 3

Tumor 2 (gene/mutation) (gene/mutation)

7 Unilateral  Papillary + Papillary EGFR/T > G NOTCH1/GCAC > G -
9 Bilateral Lepidic + Lepidic KRAS/CC > AA TP53/G > A -
TP53/G > A APC/G>C
KDR/C>T
NOTCH1/GCAC > G
10 Bilateral MIA + MIA + MIA HRAS/A > G TP53/G > C None
12 Bilateral Lepidic + Lepidic VHL/C > A None -
14 Bilateral Lepidic + Lepidic KRAS/C >T KRAS/C > T -
TP53/GGTGTAGGAGCT > G TP53/GGTGTAGGAGCT > G
PIK3CA/G > A VHL/C > A
NPM1/A > AT
KDR/T > A
17 Bilateral MIA + MIA + Lepidic ~ EGFR/AGGAATTAAGAGAAGC > A EGFR/AGGAATTAAGAGAAGC >A APC/C>T

TP53/C>T

TP53/C>T

MIA, minimally invasive adenocarcinoma.

history (P=0.496), distribution of tumors (P=0.461),
minimally invasive approach (P=0.398) and postoperative
adjuvant chemotherapy (P=0.078) did not lead to a
statistical difference between the groups. Preoperative
FEV1% (P=0.002), Charlson comorbidity index (P=0.014),
ECOG performance status (P=0.031), different surgical
procedures (P=0.001), highest pT stage (P=0.000) and
pN stage (P=0.030) were identified as potential risk factors.
Advanced age or smoking history might not be an absolute
contradiction for surgery for SMP-NSCLC. Unilateral and
bilateral SMP-NSCLC patients had approximately the same
prognosis, indicating similar staging, and both categories
should not be treated differently in the view of “extent
of metastasis.” Aggressive treatment might improve the
prognosis for carefully selected patients with preoperative
evaluation of the general condition and cardiopulmonary
function. Applying VATS or postoperative adjuvant
chemotherapy would not significantly improve the prognosis.

For further eliminating the interaction of variants,
multivariate analysis was performed using a Cox
proportional hazards model, and preoperative FEV1%
(P=0.022), Charlson comorbidity index (P=0.034), different
surgical procedures (P=0.040) and highest pT stage
(P=0.022) were confirmed as independent risk factors
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affecting the prognosis of SMP-NSCLC patients after
surgical resection. Although such statistical analyzing
method still cannot rule out selection bias completely due
to the limited number of enrolled cases and the specific
characters of SMP-NSCLC, this result again confirmed
the importance of preoperative evaluation of comorbidity
conditions and pulmonary function, which has been clarified
in previous literature (18-20). The prognosis of patients
who received extended resection (total pneumonectomy
and bilateral or combined lobectomies) was significantly
worse than in those who received a limited resection (single
lobectomy, lobectomy together with sublobar resection
and multiple sublobar resections). This indicated the
importance of avoiding a so-called “radical resection” in
the treatment of SMP-NSCLC. The general consensus
was that pneumonectomy had the highest complication and
mortality rate of all elective pulmonary resections. A study
based on the National Cancer Database indicated that the
overall 30-day mortality rate for pneumonectomy in the
treatment of NSCLC was 8.5%, which was far above the
average level (21), while the predicted postoperative forced
expiratory volume in 1 second may be useful for identifying
high risk patients for pulmonary complication development
and adverse outcomes (22). The prognosis of SMP-NSCLC

7 Thorac Dis 2017;9(4):990-1001
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patients with multiple pT1 tumors was far better than
those with pT2/pT3 tumors, which was consistent with
previous reports (11,23) and clinical experience. The result
of multivariate analysis indicated that pN stage might not
be the direct influential factor for the prognosis of SMP-
NSCLC. Enlargement of tumor size is often associated
with lymph node metastasis, while the highest pT stage
should take the leading role in evaluating the prognosis. It
should be noted that the limited sample size and relatively
lower intrapulmonary lobar and segmental lymph node
dissection rate might have a negative impact on this result.
An expanded sample size and more rigorous lymph node
dissection might reconfirm the effect of pN stage in
evaluating the prognosis of SMP-NSCLC patients.

As mentioned above, the overall 5-year survival rate
and postoperative median survival time in our cohort were
slightly lower than the previous reports (16,17). On one
hand, it might be due to relatively advanced staging of lung
cancer in our cohort, as mentioned above. On the other
hand, Martini-Melamed criteria for MPLC is based on
clinical characteristics, which are subjected to the limitation
of lymph node dissection area and false negative results
of common lymphatic drainage areas that could lead to
difficulty distinguishing between intrapulmonary metastasis
and MPLC. The more effective way might rely on further
differentiation of pathological subtypes or a molecular
pathological diagnostic method, as discussed and introduced
in the latest ACCP diagnostic criteria (4). In our cohort,
different pathological subtypes were identified in 13 of the
18 cases of multiple lung adenocarcinomas, making the
detection rate as high as 72.2%, while similar results from
Girard ez al. (24) also indicated that comprehensive histologic
assessment would be a powerful tool to determine whether
multiple lung adenocarcinomas or squamous cell carcinomas
are metastatic or multiple primaries. The remaining 5 cases
had consistent pathological subtypes and 1 case (patient 17)
with 2 nodules of the same pathological subtype. Considering
that different lung cancers in the same individual may have
distinct genomic profiles and can be driven by distinct
molecular events (25), semiconductor sequencing based on
the Ion Torrent Personal Genome Machine (PGM) was
performed with the Ion AmpliSeq Cancer Panel v2 to detect
more than 2,800 hotspot mutations in 50 oncogenes and
tumor suppressor genes in tumor DNA. As shown in 7ible 6,
patients 7, 10, and 12 had completely different mutations.
Patients 9 and 14 each shared one consistent mutation in
TP53, but were both identified as having different mutations
between tumors at the same time. Although patient 17 had
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already been identified as having multiple primary lung
adenocarcinomas with different pathological subtypes of
adenocarcinomas, both MIAs had the same mutation on
EGFR and TP53, which was different from the mutations
detected in the other lepidic predominant invasive
adenocarcinomas.

It was reported that the discrimination rate of genotypes
for MPLC could reach 86.2% when performing combined
detection of p53/EGFR mutations (26), which might help
in estimating the relationship between multiple tumors. A
diagnostic lineage test based on genomic rearrangements
from mate-pair sequencing has previously been applied for
distinguishing independent primary from metastatic lung
cancers (27); therefore, we believe that a single or a few
differences in gene mutations are not sufficient to confirm
the presence of two malignent lesions from different
sources based on the awareness of genetic heterogeneity in
non-small-cell lung cancers (28). NGS and the continuing
upward trajectory of sequencing technology development
is enabling clinical applications that are aimed at improving
medical diagnosis and treatment (29). Future research could
focus on identifying a proper genetic locus and detection
method with satisfactory sensitivity and specificity to
accurately differentiate SMP-NSCLC from intrapulmonary
metastasis.
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