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Abstract
Background: With the popularization of high-resolution computed tomography (HRCT), the detection rate
of synchronous multiple primary lung cancer (SMPLC) is increasing. We retrospectively analyzed the
surgical results of SMPLC patients in our hospital to determine the best treatment for SMPLC.
Methods: A total of 90 SMPLC patients met the diagnostic criteria underwent complete resection and
lymph node dissection or sampling without any preoperative induction therapy in the Department of
Thoracic Surgery, Qilu Hospital, Cheeloo College of Medicine, Shandong University. We analyzed the
postoperative survival rate, and further studied the relationship between survival rates and sex, age,
preoperative symptoms, tumor location, tumor number, tumor size, surgical type, surgical frequency,
histopathologic types, vascular infiltration, visceral pleural invasion and postoperative therapy.
Results: Among 90 patients, the 1- and 3-year disease free survival (DFS) rates were 97.0% and 76.7%
while the 1- and 3-year overall survival (OS) rates were 98.81% and 82.35%. Vascular infiltration
(HR=402.46, p=0.005) and postoperative chemotherapy (HR>1000, p<0.001) were independent risk
factors for DFS, while only postoperative chemotherapy (HR=184.10, p=0.002) was an independent risk
factor for OS.
Conclusions: First, SMPLC is different from intrapulmonary metastasis and its clinical stage is also
different from the 8th (2015) edition TNM classification for lung cancer. Second, when pulmonary
function permits, surgery (complete resection and lymph node dissection) is a significantly beneficial
treatment for patients with SMPLC. Third, for early stage SMPLC patients, vascular infiltration and
postoperative chemotherapy are harmful to the survival.

Introduction
According to global cancer statistics, lung cancer is one of the malignant tumors with the highest
morbidity and mortality in the world [1]. With the popularization of high-resolution computed tomography
(HRCT), the detection rate of synchronous multiple primary lung cancer (SMPLC) is increasing but there is
no clear clinical stage and clinical guidelines for SMPLC. And the latest 8th (2015) edition TNM
classification for lung cancer [2] still classified separate tumor nodules in the same lobe as T3, in the
ipsilateral lung but different lobes as T4 and in the contralateral lung as M1a. Obviously, SMPLC is still
regarded as intrapulmonary metastasis. However, according to related studies, the prognosis of SMPLC
surgery is better than that of patients with high-stage lung cancer [2–7]. So such classification and stage
still need to be further studied. In this study, the clinical data of 90 patients with SMPLC who underwent
thoracic surgery in the Department of Thoracic Surgery, Qilu Hospital, Cheeloo College of Medicine,
Shandong University from January 2013 to August 2019 were collected retrospectively in order to
evaluate the surgical effect and related prognosis of SMPLC and to provide reference for clinical practice.

Materials And Methods
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Patient selection: The clinical data of 90 patients with SMPLC who underwent thoracic surgery in the
Department of Thoracic Surgery, Qilu Hospital, Cheeloo College of Medicine, Shandong University from
January 2013 to August 2019 were collected retrospectively. All patients had postoperative pathology as
the basis for diagnosis. The informed consent of patients had been obtained in this study.
Diagnostic criteria: All patients met the new improved standard of SMPLC [8–9]. The subjects of this
study were SMPLC, with more than 2 independent cancers in the lung at the same time. They were also
considered after multi-disciplinary discussion and met at least one of the following criteria: (1) tumors
with different histology; (2) tumors with similar histology requires that the tumor was located in different
lobes or segments of the lung, without common lymph node metastasis and extrapulmonary metastasis;
(3) tumors originated from different primary cancers; (4) tumors with different histologic subtypes (such
as acinar cell or papillary cell is the main part of the adenocarcinomas, etc.); (5) tumors with different
molecular genetic characteristics (such as epidermal growth factor receptor [EGFR], k-ras, etc.)[10, 11].
Preoperative evaluation: All patients with lung cancer in our hospital underwent relevant preoperative
examinations, including thoracic and abdominal Computed Tomography (CT), cranial magnetic
resonance image (MRI) or CT, bone scintigraphy, electrocardiogram, cardiac ultrasonography, pulmonary
function and so on. Some patients were examined by PET/CT scan. The appropriate operation method
was chosen carefully according to the preoperative examination, the patient's physical condition and the
situation during the operation.
Surgical strategy: The principle of surgery was to remove the tumor as thoroughly as possible and
preserve lung function as much as possible. And the following strategies should be followed: (1) when
pulmonary function permits, the lobes of all lesions should be removed; (2) when pulmonary function did
not allow multi lobectomy, the lobe of major lesion (the tumor with central type or the highest TNM stage)
should be removed, then the secondary lesions should be removed locally, otherwise local resection of
multiple lesions should be performed; (3) when the lesions were on different sides, if the patient's
physical quality permits, the tumors should be removed at the same time. If the physical quality of the
patient was not allowed, the main lesions should be removed first and then remove the secondary lesions
in another time. According to the preoperative discussion and intraoperative conditions, thoracotomy or
video-assisted thoracoscopic surgery (VATS) was selected. No matter which operation method was
chosen, all patients underwent radical pneumonectomy and lymph node dissection or sampling.
Postoperative pathological stages: We staged every lesion independently using the 8th edition TNM
classification [2] for each patient. Each tumor was staged and the highest stage was taken as the final
stage of the patient.
Postoperative follow-up: The patients were checked every 3 months within 2 years, every 6 months within
2–5 years, and every 1 year after 5 years. The follow-up items included tumor markers, thoracic CT,
abdominal ultrasound, cranial MRI, and bone scintigraphy (if necessary).
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Statistical analysis: Disease-free survival (DFS) was defined as the time from the first operation to
postoperative recurrence or distant metastasis or the last follow-up. Overall survival (OS) was defined as
the time from the first operation to death or the last follow-up. The follow-up time at the end of this study
was August 4, 2020. The kaplan-Meier method was used to estimate the survival curve, and log-rank test
was used to compare the survival curve of each group. The cox proportional hazard regression model
was used to analyze the prognostic factors for survival. The data were analyzed by SPSS20.0 statistical
software, and the value of P < 0.05 was considered statistically significant.

Results
General clinical characteristic data: The general clinical features of all the researched 90 patients with
SMPLC are shown in Table 1. A total of 90 patients were included in the study, including 32 (35.56%)
males and 58 (64.44%) females. The median age was 62.5 years (30–80 years). There were 24 (26.67%)
patients with smoking history and 66 (73.33%) patients without. 30 (33.33%) patients had clinical
symptoms (fever, cough, expectoration, hemoptysis, chest tightness, shortness of breath, chest pain, etc.)
and 60 (66.67%) had no clinical symptoms before operation. There were 6 (6.67%) patients with a family
history of malignant tumor and 84 (93.33%) without. 24 (26.67%) patients had elevated tumor markers
before surgery (first surgery), 14 (15.56%) had no increase and 52 (57.78%) had not tested the
preoperative tumor markers.
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Table 1
General patient characteristics of the 90 patients with SMPLC
Variables

Total (n = 90)

Age, yrs, median(range)

62.5 (30–80)

Sex, n (%)
Male

32 (35.56)

Female

58 (64.44)

Symptom†, n (%)
Yes

30 (33.33)

No

60 (66.67)

Smoking, n (%)
Yes

24 (26.67)

No

66 (73.33%)

Family history of cancer ‡, n (%)
Yes

6 (6.67)

No

84 (93.33)

Preoperative tumor marker, n (%)
Rise§

24 (26.67)

No-rise

14 (15.56)

Not sure

52 (57.78)

†: Including fever, cough, expectoration, hemoptysis, chest tightness, shortness of breath, chest pain,
etc.
‡: First degree relatives.
§: Squamous cell carcinoma antigen (SCCA) > 1.5 ng/ml; alpha-fetoprotein (AFP) > 20 ng/ml;
carcinoembryonic antigen(CEA) > 5 ng/ml; ferritin (Ferr) > 400 ng/ml; carbohydrate antigen 199 (CA199) > 39 U/ml; carbohydrate antigen 125 (CA-125) > 35 U/ml; carbohydrate antigen 724 (CA-724) >
6.9 U/ml; sialic acid (SA) > 75.4 mg/dl.

Operation and tumor characteristics: The operation, tumor features and pathological data of 90 patients
are shown in Table 2. Of all the patients, 85(94.44%) had the single-stage operation and 5(5.56%) had the
two-stage operation (bilateral tumors). There were 83 (92.22%) people with tumors on the same side and
7 (7.78%) people with tumors on both sides. As for the choice of surgical methods, when the tumors were
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on the same side, there were 27 (30.00%) patients underwent thoracotomy and 56 (62.22%) people
underwent VATS; when the tumors were on different sides, 0 (0%) People underwent thoracotomy +
thoracotomy, 1 (1.11%) underwent thoracotomy + VATS, and 6 (6.67%) underwent VATS + VATS. Among
the 90 SMPLC patients, 28 (31.11%) had all tumors located in the same lobe, and 55 (61.11%) had
tumors located in different lobes, and 7(7.78%) had tumors located in mixed lobes (3 or more primary
lung cancers with at least 2 lesions located in the same lung lobe and the other lesions were located in
different lung lobes). There were 76 (84.44%) patients with double primary lung cancers, 13 (14.44%)
patients with triple primary lung cancers, and 1 (1.11%) patients with four or more primary lung cancers.
When multiple primary tumors were located in the same lobe, 24 (26.67%) people underwent lobectomy,
and 1 (1.11%) underwent sublobar resections (segmentectomy or wedge resection). When multiple
primary tumors were located in different lung lobes, 11 (12.22%) patients underwent lobectomy +
lobectomy, 45 (50.00%) underwent lobectomy + sublobar resection, and 9 (10.00%) people underwent
multiple sublobar resections. Among all pathological diagnoses, adenocarcinoma was the most common
type of pathology. There were 87 (96.67%) patients suffering from adenocarcinoma. Among them, there
were 81 (90.00%) patients with multiple adenocarcinoma, 2 (2.22%) with multiple squamous cell
carcinoma, 4 (4.44%) with adenocarcinoma + squamous cell carcinoma, 2 (2.22%) with adenocarcinoma
+ others cancer (neuroendocrine cancer, mucoepidermoid carcinoma), no one with squamous cell
carcinoma + other cancers, and 1 (1.11%) with other cancers + other cancers (carcinoid + carcinoid).
According to the highest pT stage of every SMPLC, 78 (86.67%) patients were at T1 (d ≤ 3 cm) stage,
among which, 15(16.67%) were at T1a (d ≤ 1 cm) stage, 44(48.89%) were at T1b (1 < d ≤ 2 cm)
stage,19(21.11%) were at T1c (2 < d ≤ 3 cm) stage. 11(12.22%) patients were at T2 (3 < d ≤ 5 cm) stage,
among which, 6(6.67%) were at T2a (3 < d ≤ 4 cm) stage, 5(5.56%) were at T2b (4 < d ≤ 5 cm) stage and
only 1 patient was at T3 + 4 (d > 5 cm) stage. Among 90 patients with SMPLC, only 1 (1.11%) had positive
lymph node metastasis (N1), and 89 (98.89%) had no lymph node metastasis. After the operation, 4
(4.44%) people had tumor pathology showing vascular infiltration, and 86 (95.56%) had no vascular
infiltration. 10 (11.11%) people showed pathologically visceral pleura invasion, and 80 (88.89%) had no
visceral pleura invasion. After surgery, 26 (28.89%) patients underwent the epidermal growth factor
receptor (EGFR) gene test but just in the main lesion, 18 (69.23%) were found to be mutation-positive, 8
(30.77%) were tested to be wild-type. 64 (71.11%)people had not performed genetic testing and no
patients were tested for multiple lesions one by one. In postoperative treatments, 27 (30.00%) patients
received postoperative adjuvant anti-tumor therapy, 20 (22.22%) received chemotherapy only, 6 (6.67%)
patients received targeted therapy only, 1 (1.11%) patient received chemotherapy + targeted therapy, 58
(64.44%) patients did not receive anti-tumor treatment after surgery, and another 5 (5.56%) patients had
unknown postoperative treatment.
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Table 2
Surgical and pathological details of the 90 patients with SMPLC
Variables

Total (n = 90)

Staging Operation, n (%)
Single-stage

85 (94.44)

Two-stage

5 (5.56)

Laterality, n (%)
Unilateral

83 (92.22)

Bilateral

7 (7.78)

Approach, n (%)
Unilateral
Thoracotomy

27 (30.00)

VATS

56 (62.22)

Bilateral
Thoracotomy + Thoracotomy

0 (0)

Thoracotomy + VATS

1 (1.11)

VATS + VATS

6 (6.67)

No. of tumor, n (%)
2

76 (84.44)

3

13 (14.44)

≥4

1 (1.11)

Abbreviations: VATS, video-assisted thoracic surgery. ADC, adenocarcinoma. SCC, squamous cell
carcinoma. pT, tumor; pN, lymph node; d, maximum diameter.
†: More than 2 cancers, at least 2 tumors were located at the same lobe and the other or others
located at the different.
‡: Segmentectomy and wedge resection.
§: neuroendocrine cancer, mucoepidermoid carcinoma.
¶: carcinoid + carcinoid
#: The new revision of T stage in the forthcoming 8th TNM system.
&: Pemetrexed, gemcitabine, or paclitaxel combined with platinum.
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Variables

Total (n = 90)

Location of lobe, n (%)
Same lobe

28 (31.11)

Different lobe

55 (61.11)

Combined lobe†

7 (7.78)

Type of surgical resection, n (%)
Single lobe
lobectomy

24 (26.67)

Sublobar resection ‡

1 (1.11)

Multi-lobe
Multi-lobectomy

11 (12.22)

Lobectomy + sublobar resections ‡

45 (50.00)

Sublobar resections

9 (10.00)

Histology type, n (%)
ADCs (multiple)

81 (90.00)

SCCs (multiple)

2 (2.22)

ADC + SCC

4 (4.44)

ADC + other§

2 (2.22)

SCC + other

0 (0.00)

other + other ¶

1 (1.11)

Abbreviations: VATS, video-assisted thoracic surgery. ADC, adenocarcinoma. SCC, squamous cell
carcinoma. pT, tumor; pN, lymph node; d, maximum diameter.
†: More than 2 cancers, at least 2 tumors were located at the same lobe and the other or others
located at the different.
‡: Segmentectomy and wedge resection.
§: neuroendocrine cancer, mucoepidermoid carcinoma.
¶: carcinoid + carcinoid
#: The new revision of T stage in the forthcoming 8th TNM system.
&: Pemetrexed, gemcitabine, or paclitaxel combined with platinum.
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Variables

Total (n = 90)

Highest pT stage#(d, cm),n(%)
T1a(d ≤ 1)

15 (16.67)

T1b(1<d ≤ 2)

44 (48.89)

T1c(2<d ≤ 3)

19 (21.11)

T2a(3<d ≤ 4)

6 (6.67)

T2b(4<d ≤ 5)

5 (5.56)

T3 + 4(d>5)

1 (1.11)

pN stage
N0

89 (98.89)

N1

1 (1.11)

N2

0 (0.00)

Vascular invasion, n (%)
No

86 (95.56)

Yes

4 (4.44)

Visceral pleural invasion, n (%)
No

80 (88.89)

Yes

10 (11.11)

EGFR gene detection, n (%)
mutation-positive

18 (69.23)

wild-type

8 (30.77)

Abbreviations: VATS, video-assisted thoracic surgery. ADC, adenocarcinoma. SCC, squamous cell
carcinoma. pT, tumor; pN, lymph node; d, maximum diameter.
†: More than 2 cancers, at least 2 tumors were located at the same lobe and the other or others
located at the different.
‡: Segmentectomy and wedge resection.
§: neuroendocrine cancer, mucoepidermoid carcinoma.
¶: carcinoid + carcinoid
#: The new revision of T stage in the forthcoming 8th TNM system.
&: Pemetrexed, gemcitabine, or paclitaxel combined with platinum.
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Variables

Total (n = 90)

Not test

64 (71.11)

Adjuvant therapy, n (%)
Yes

27 (30.00)

Chemotherapy&

20 (22.22)

Targeted therapy

6 (6.67)

Chemotherapy& + Targeted therapy

1 (1.11)

No

58 (64.44)

Not sure

5 (5.56)

Abbreviations: VATS, video-assisted thoracic surgery. ADC, adenocarcinoma. SCC, squamous cell
carcinoma. pT, tumor; pN, lymph node; d, maximum diameter.
†: More than 2 cancers, at least 2 tumors were located at the same lobe and the other or others
located at the different.
‡: Segmentectomy and wedge resection.
§: neuroendocrine cancer, mucoepidermoid carcinoma.
¶: carcinoid + carcinoid
#: The new revision of T stage in the forthcoming 8th TNM system.
&: Pemetrexed, gemcitabine, or paclitaxel combined with platinum.

Prognostic survival analysis：
In the whole group, the median follow-up time was 22.0 months (range: 7.9–62.7 months), and a total of
84 patients were followed up, with a follow-up rate of 93.33%. 6 patients finally experienced recurrence,
metastasis and death during the follow-up. The 1-year and 3-year DFS rates were 97.62% and 70.59%,
respectively. The 1-year and 3-year OS rates were 98.81% and 82.35%, respectively. The early data was
little and no 5-year survival rate was calculated.
The results of univariate analysis of prognostic factors related to OS and DFS were showed in Table 3.
The results showed that male patients (HR = 9.96, P = 0.012), smoking history (HR = 13.96, P = 0.004),
larger maximum tumor diameter, advanced pT stage (P = 0.024), vascular infiltration (HR = 30.56, P =
0.004), and postoperative adjuvant chemotherapy (P < 0.001) were adverse prognostic factors affecting
the DFS rates of patients with SMPLC. While men (HR = 9.45, P = 0.014), smoking history (HR = 12.20, P =
0.006) and postoperative adjuvant chemotherapy (P = 0.003) were adverse prognostic factors affecting
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the OS rates. There were no statistically significant differences in age, preoperative symptoms, family
history of cancer, preoperative tumor markers, tumor laterality, tumor location, surgical method, surgical
frequency, tumor number, tumor histopathological type and visceral pleural invasion. The clinical
characteristics with statistical differences in univariate analysis were classified into multivariate analysis
(Table 4) and the results showed that vascular infiltration (HR = 402.46, p = 0.005) and postoperative
chemotherapy (HR > 1000, p < 0.001) were independent risk factors affecting the DFS rate, while
postoperative chemotherapy (HR = 184.10, P = 0.002) was an independent risk factor affecting the OS of
SMPLC patients.
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Table 3
Univariate analysis of predictors for disease free survival and overall survival rates in patients with
SMPLC
Variables

Total

Disease free survival
HR

95%CI

Sex

Overall survival

P value

HR

95%CI

0.012

0.014

Female

58

1.00

Reference

1.00

Reference

Male

32

9.96

1.16–
85.43

9.45

1.10-81.03

Age,yrs

0.797

0.832

< 60

35

1.00

Reference

1.00

Reference

>=60

55

1.25

0.23–6.81

1.20

0.22–6.56

0.076

Symptoms†

0.067

No

60

1.00

Reference

1.00

Reference

Yes

30

4.09

0.75–
22.36

4.64

0.84–25.67

Smoking

0.004

0.006

No

66

1.00

Reference

1.00

Reference

Yes

24

13.96

1.63-119.63

12.20

1.42–105.00

0.412

Family history of cancer‡

0.301

No

84

1.00

Reference

1.00

Reference

Yes

6

2.74

0.32–
23.46

3.79

0.42–33.99

Preoperative tumor marker

0.328

0.337

Not rise

14

1.00

Reference

1.00

Reference

Rise§

24

44.73

0.00>1000

43.39

0.00>1000

Laterality

0.496

0.692

Unilateral

83

1.00

Reference

1.00

Reference

Bilateral

7

2.27

0.26–
19.45

1.59

0.18–13.96

Lobe

0.289
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P value

0.251

Variables

Total

Disease free survival
HR

95%CI

Overall survival

P value

HR

95%CI

Same lobe

28

1.00

Reference

1.00

Reference

Different lobe

55

0.41

0.08–2.09

0.35

0.07–1.79

Combined¶

7

0.00

0.00–0.00

0.00

0.00–0.00

No. of tumor

0.859

0.991

2

14

1.00

Reference

1.00

Reference

>=3

76

0.82

0.10–7.09

1.01

1.11–9.12

Type of resection

0.211

0.286

Single/multi
lobectomy

35

1.00

Reference

1.00

Reference

Lobectomy + sublobar
resections#

45

0.27

0.03–2.61

0.26

0.03–2.55

Sublobar resections#

10

1.98

0.33–
11.91

1.45

0.24–8.79

Staging Operation

0.192

0.23

Single-stage

85

1.00

Reference

1.00

Reference

Two-stage

5

5.68

0.66–
48.63

4.91

0.54–44.28

Histology type

0.134

0.208

All ADCs

81

1.00

Reference

1.00

Reference

Not all ADCs

9

4.24

0.77–
23.31

3.53

0.56–21.61

Highest pT stage

0.024

1.000

T1a + b (d ≤ 2)

59

1.00

Reference

1.00

Reference

T1c (2<d ≤ 3)

19

6.29

0.57–
70.07

1.00

0.13–7.55

T2a(3<d ≤ 4)

6

5.99

0.36–
98.46

1.00

0.09–10.61

T2b(4<d ≤ 5)

5

44.01

3.49-555.47

1.00

0.00-456.11

T3 + 4(d>5)

1

small quantity, not
analyze

pN stage

small quantity, not analyze
-
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P value

-

Variables

Total

Disease free survival
HR

95%CI
Reference

Overall survival

P value

HR

95%CI

1.00

Reference

P value

N0

89

1.00

N1

1

small quantity, not
analyze

small quantity, not analyze

N2

0

-

-

-

Adjuvant therapy

-

< 0.001

0.002

No

58

1.00

Reference

1.00

Reference

Chemotherapy&

20

381.20

0.03>1000

184.10

0.07->1000

Targeted therapy

6

1.00

0.00-3.10

0.91

0->1000

Vascular invasion

0.004

1.000

No

86

1.00

Reference

1.00

Reference

Yes

4

30.56

4.09-228.25

1.00

0.001->1000

visceral pleural invasion

0.408

0.376

No

80

1.00

Reference

1.00

Reference

Yes

10

2.79

0.32–
24.69

3.07

0.34–28.11

Abbreviations: HR, Hazard ratio; CI, confidence interval; ADC, adenocarcinoma; SCC, squamous cell
cancer; pT, tumor; pN, lymph node; d, maximum diameter.
†: Including fever, cough, expectoration, hemoptysis, chest tightness, shortness of breath, chest pain,
etc.
‡: First degree relatives.
§: Squamous cell carcinoma antigen (SCCA) > 1.5 ng/ml; alpha-fetoprotein (AFP) > 20 ng/ml;
carcinoembryonic antigen(CEA) > 5 ng/ml; ferritin (Ferr) > 400 ng/ml; carbohydrate antigen 199 (CA199) > 39 U/ml; carbohydrate antigen 125 (CA-125) > 35 U/ml; carbohydrate antigen 724 (CA-724) >
6.9 U/ml; sialic acid (SA) > 75.4 mg/dl.
¶: More than 2 cancers, at least 2 tumors were located at the same lobe and the other or others
located at the different.
#: Segmentectomy and wedge resection.
&: Pemetrexed or gemcitabine or paclitaxel combined with platinum.

Page 14/22

Table 4
Univariate analysis of predictors for disease free survival and overall survival rates in patients
with SMPLC
Variables

Total

Disease free survival
HR

95%CI

Sex

P value

Overall survival
HR

95%CI

0.120

0.159

Female

58

1.00

Reference

1.00

Reference

Male

32

-

-

-

-

Smoking

0.068

0.092

No

66

1.00

Reference

1.00

Reference

Yes

24

-

-

-

-

Highest pT stage

0.937

-

T1a + b (d ≤ 2)

60

1.00

Reference

-

-

T1c (2༜d ≤ 3)

20

-

-

-

-

T2a(3d ≤ 4)

7

-

-

-

-

T2b(4d ≤ 5)

5

-

-

-

-

T3 + 4(d༞5)

1

-

-

-

-

Vascular invasion

0.005

-

No

86

1.00

Reference

-

-

Yes

4

402.46

0.03->1000

-

-

Advent therapy

P value

< 0.001

0.002

No

58

1.00

Reference

1.00

Reference

Chemotherapy†

20

> 1000

0.00->1000

184.10

0.07->1000

Targeted therapy

6

0.12

0.00->1000

0.91

0->1000

Abbreviations: HR, Hazard ratio; CI, confidence interval.
†: Pemetrexed or gemcitabine or paclitaxel combined with platinum.

Discussion
At present, according to the latest t 8th (2015) edition TNM classification for lung cancer2, same as the
7th edition [12], SMPLC is still regarded as intrapulmonary metastasis in T and M stages. Multiple tumor
nodules in the same lobe were classified as T3, in the different lobe but ipsilateral as T4 and in the
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bilateral lobe were classified as M1a (8th and 7th edition). In our study, the 1-year and 3-year DFS rates
were 97.62% and 70.59%, respectively, and the 1-year and 3-year OS rates were 98.81% and 82.35%.
These were basically consistent with other researches [2–7]. The research of Shintani, T. et al [13] found
that in SMPLC patients only treated with stereotactic body radiotherapy (SBRT), the 3-year OS rate and
DFS rate were 69.1% and 43.2%, far lower than the surgical-based comprehensive treatment. Other
studies also supported this conclusion [14–15].Comprehensive studies had shown that the prognosis of
patients with SMPLC was better than that of patients with lung cancer recurrence or metastasis [2–7].
Therefore, whether to treat multiple primary lung cancer as intrapulmonary metastasis for clinical staging
remains to be further studied and discussed. At present, there is no systematic and authoritative
treatment guideline for SMPLC, but our study showed that surgery can bring a great survival benefit.
Therefore, for patients with SMPLC, it should never treat them as lung cancer recurrence or metastasis
and give up surgery. Further research and discussion of clinical guidelines for SMPLC are still needed.
For DFS, vascular infiltration and postoperative chemotherapy were independent risk factors. For OS,
postoperative chemotherapy was the only independent risk factor. The malignant tumors with vascular
infiltration had a relatively high risk of vascular metastasis, so the patients had a relatively low DFS.
However, the study did not find vascular infiltration was an influential factor for OS, which maybe
because the patients underwent subsequent adjuvant therapy after discovering recurrence. But it was
undeniable that vascular infiltration would affect the prognosis of patients. This study showed that
postoperative chemotherapy reduced DFS and OS rates, which may be related to the toxic and side
effects of chemotherapy drugs themselves. Some literatures have shown that postoperative
chemotherapy can bring survival benefits [6, 16–17]. According to their research subjects, postoperative
chemotherapy may benefit patients with late stage and positive lymph node metastasis. In our study,
most of the primary tumors were in T1-2N0M0 stage. Only one tumor’s diameter was more than 5 cm and
only one patient was in N1 stage. Therefore, for patients with early stage and negative lymph node
metastasis, this study confirmed that postoperative chemotherapy was not conducive to the prognosis of
patients. This problem still needs to be further studied, but in the process of operation, radical dissection
of relevant lymph nodes should be performed, so as to perform accurate lymph node staging and guide
the follow-up treatment.
Related studies had shown that tumor size was not conducive to the prognosis of patients6–7, 18.
According to their research subjects, the reason may come from the fact that there were many late stage
tumors. While in our study, most of the subjects were in T1-2N0M0 stage, so the effect of tumor size on
the prognosis was not significant.
It was found that the number of operations was not an adverse factor for DFS and OS in SMPLC patients.
In our study, only 2 patients underwent bilateral surgery at the same time, and more patients chose
surgeries in different times. The study of Peng, Y. et al [4] showed that simultaneous operation of bilateral
lesions was feasible. There was no significant statistical difference in postoperative hospital stay
between synchronous surgery and non-synchronous surgery. However, the study did not mention other
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postoperative conditions, such as extubation time and postoperative complications and the study was
more based on clinical experience with no more significant statistical studies.
In the choice of surgical methods, the principle was radical resection of tumor and maximum
preservation of pulmonary function at the same time. In our study, there was no significant difference in
prognosis among patients who underwent multi lobectomy, lobectomy + sublobar resection and only sub
lobectomy. The results may be due to the popularity of early screening in recent years, the early diagnosis
and treatment of SMPLC make the prognosis difference small. The review of Chen, T. F. et al [19]
suggested that sublobar resection was acceptable for patients with SMPLC at an early stage, with the
equivalent prognosis to the standard resection and better pulmonary function preservation. While the
study of Ishikawa, Y. et al [20] suggested that lobectomy was an independent risk factor for poor
prognosis. In our study, considering the relatively small sample size, it is not considered that multi
sublobar resection can achieve the same survival time as multi lobectomy.
Gene detection is using specific molecular markers or gene mutation sites to differentiate SMPLC and
intrapulmonary metastasis. In our study, a total of 26 (28.89%) patients underwent postoperative gene
detection but only the main tumor was detected without detected separately which may relate to the high
price of gene detection. Because of the intratumoral heterogeneity cannot be avoided in PCR or DNA
sequencing analysis, the diagnosis of SMPLC cannot completely rely on molecular genetic
characteristics. However, some studies still show that there were different gene mutations in different
lesions of the same patient, and molecular gene detection can be used for the diagnosis of SMPLC [4,
21–22].
This study has not found that age, preoperative symptomatic, family history of cancer, preoperative
tumor markers, tumor laterality, tumor location, surgical type, surgical frequency and visceral pleural
invasion have no significant impact on the prognosis of SMPLC, which still need further study.
Limitations: First of all, the sample size is insufficient, and there is a bias in the selection of patients.
Patients with high pT stage and positive lymph node metastasis are not enough in the study. The number
of SMPLC patients with more than 5-year survival is less, so we did not count the 5-year survival rate.
Secondly, we did not compare patients with SMPLC who underwent surgery with patients who only
received non-surgical treatment (such as chemotherapy, radiotherapy, targeted therapy, etc.)

Conclusion
First, SMPLC is different from intrapulmonary metastasis and its clinical stage is also different from the
8th (2015) edition TNM classification for lung cancer. Second, when pulmonary function permits, surgery
(complete resection and lymph node dissection) is a significantly beneficial treatment for patients with
SMPLC. Third, for early stage SMPLC patients, vascular infiltration and postoperative chemotherapy are
harmful to the survival.
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Figure 1
Comparison of disease free survival (DFS) curves of patients with different clinical characteristics
(A,B,C,D,E) A: Comparison of the disease free survival (DFS) curve of patients with different gender B:
Comparison of the disease free survival (DFS) curve of patients with different smoking history C:
Comparison of the disease free survival (DFS) curve of patients with different pT stage D: Comparison of
Page 21/22

the disease free survival (DFS) curve of patients with different postoperative adjuvant therapy E:
Comparison of the disease free survival (DFS) curve of patients with different vascular invasion

Figure 2
Comparison of the overall survival (OS) curve of patients with different clinical characteristics (F,G,H) F:
Comparison of the overall survival (OS) curve of patients with different gender G: Comparison of the
overall survival (OS) curve of patients with different smoking history H: Comparison of the overall
survival (OS) curve of patients with different postoperative adjuvant therapy
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