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Abstract

Introduction The 8th edition lung cancer staging system was the first to describe the detailed diagnosis and staging
of multiple primary lung cancers (MPLC). However, the characteristics and prognosis of MPLC categorized according
to the new system have not been evaluated.

Method We retrospectively analyzed data from surgically treated MPLC patients in a single center from 2011 to 2013
and explored the characteristics and outcomes of different MPLC disease patterns.

Results In total, 202 surgically treated MPLC patients were identified and classified into different groups according
to disease categories and diagnostic time (multifocal ground glass/lepidic (GG/L) nodules: n=139, second primary
lung cancer (SPLC): n=63, simultaneous MPLC (sMPLC): n=171, and metachronous MPLC (mMPLC): n=31). There
were significant differences in clinical characteristics between SPLC and GG/L nodule patients and simultaneous and
metachronous MPLC patients. The overall 1-, 3-, and 5-year lung cancer-specific survival rates of MPLC were 97.98%,
90.18%, and 82.81%, respectively. Five-year survival was better in patients with multiple GG/L nodules than in those
with SPLC (87.94% vs. 71.29%, P < 0.05). Sex was an independent prognostic factor for sSMPLC (5-year survival, female
vs. male, 88.0% vs. 69.5%, P <0.05), and in multiple tumors, the highest tumor stage was an independent prognostic
factor for all categories of MPLC.

Conclusions The different disease patterns of MPLC have significantly different characteristics and prognoses.
Clinicians should place treatment emphasis on the tumor with the highest stage as it is the main contributor to the
prognosis of all categories of MPLC patients.

Keywords Multiple primary lung cancer, Prognosis, Lung cancer staging system

Yalong Wang, Lingling Fang and Xiao Hu contributed equally to this
work.

*Correspondence:
Hongliang Wu
13466556785@qq.com
Jie He
profjiehe@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13019-024-02652-8&domain=pdf&date_stamp=2024-4-9

Wang et al. Journal of Cardiothoracic Surgery (2024) 19:200

Introduction

Lung cancer is the most commonly diagnosed cancer and
the leading cause of cancer death worldwide [1]. Mul-
tiple primary lung cancer (MPLC), first introduced by
Beyreunther in 1924, is a special type of lung cancer in
which a single patient presents with at least two primary
lung cancers [2]. The cohort of patients diagnosed with
MPLC has been growing because of the use of high-res-
olution chest imaging systems and lung cancer screening
programs [3]. For a long time, the accurate diagnosis of
MPLC has been a dilemma in clinical practice due to the
lack of accurate diagnostic criteria. The previously used
clinical diagnostic criteria were proposed by Martini and
Melamed in 1975 [4]. Although that standard has a strong
clinical practical value, it is imprecise and cannot reflect
the true relationship between multiple lung cancers. Fin-
ley et al. proposed that the relationship between multiple
lung lesions could be judged according to the pathologi-
cal subtypes of multifocal tumors; others have reported
that gene analysis of tumor cells can be used to identify
MPLC and lung cancer metastasis [5—8]. However, these
methods have drawbacks related not only to histopatho-
logical analysis but also to gene analysis. Although the
main histopathologic subtypes and gene variations of
multiple metastases are generally the same as those of
the primary tumor, some independent tumors also show
similar histopathological or genetic characteristics. The
heterogeneity of homologous tumors and the homoge-
neity among different tumors affects the interpretation
of the relationships among different lung tumors. With
regard for the recognition of MPLC, the reality is that we
are working blind and have been trying to characterize an
entity that we are not (yet) able to observe in its entirety
[9].

Due to the lack of a unified diagnosis and staging stan-
dard for multiple lung cancers, the diagnostic criteria
used in published articles are not consistent. To make
the diagnostic and staging criteria of MPLC clearer, the
IASLC organized experts to conduct a detailed analysis,
and in the 8th edition of the lung cancer staging system
released in 2017, multifocus lung cancers were described
in detail as a single entity for the first time [10]. In the
new version of the staging system, multifocus lung can-
cer is divided into four distinct disease entities according
to patients’ clinicopathological characteristics: second
primary lung cancer (SPLC), multiple ground glass/lep-
idic (GG/L) nodules, separate tumor nodules, and diffuse
pneumonic-type lung cancer. Among these, the first two
categories are MPLC, and the latter two are lung can-
cer with pulmonary metastasis [10]. MPLC can also be
further divided into simultaneous MPLC (sMPLC) and
metachronous MPLC (mMPLC) according to the time of
occurrence of multiple lesions. Although MPLC is classi-
fied into different categories in the new staging system, to
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date, there has been no comprehensive comparative anal-
ysis of the clinicopathological characteristics, prognosis
and prognostic factors of the different MPLCs diagnosed
according to the 8th edition staging system. The current
retrospective study was conducted to fill this gap.

Patients and methods

Patients

The data of 5047 consecutive lung cancer patients who
underwent surgery in a single center between 2011 and
2013 were reviewed, and 258 (5.1%) patients with mul-
tiple lung cancers were identified. According to the 8th
edition of the lung cancer staging system, in our cohort,
multiple lung cancers were divided into three types: mul-
tifocal GG/L nodules, SPLC, and separate tumor nodules.
The diagnostic criteria for the three types of multifocal
lung cancer were as follows: for multifocal GG/L nod-
ules, the imaging feature was multiple ground glass or
part-solid nodules, and the pathologic features were ade-
nocarcinomas with prominent lepidic components (typi-
cally varying degrees of AIS, MIA, LPA); for SPLC, the
imaging features were two or more distinct masses with
imaging characteristics of lung cancer (e.g., spiculated),
and the pathological features were different histotypes
or different morphological features based on compre-
hensive histological assessment; for separate tumor
nodules, the imaging features were typical lung cancer
(e.g., solid, spiculated) with separate solid nodules, and
the pathological features were distinct masses with the
same morphologic features on comprehensive histologi-
cal assessment [12]. The flow chart of patient selection is
shown in Fig. 1. From January 1, 2011, to December 31,
2013, a total of 258 patients with multifocal lung cancer
underwent surgical treatment. Among them, 206 cases
were synchronous lung cancers, and 52 cases were meta-
chronous lung cancers. Among the 206 cases of synchro-
nous lung cancers, 126 cases presented with multifocal
GG/L nodules, 45 cases were classified as SPLC, 9 cases
were separate tumor nodules, and 26 cases were multifo-
cal lung cancers with relationships not sure. Among the
52 cases of metachronous lung cancers, 13 cases exhib-
ited multifocal GG/L nodules, 18 cases were SPLC, and
21 cases were multifocal lung cancers with relationships
not sure. Among the selected 258 patients, 139 (53.9%)
had multifocal GG/L nodules (adenocarcinoma), and 63
(24.4%) had SPLC. The above two categories of multifocal
lung cancers were classified as MPLC (n=202, Fig. 2-A),
and 171 were sMPLC, while 31 were mMPLC. Among
the 258 patients, 9 (3.5%) had separate tumor nodules,
47 (18.2%) had multiple lung non-adenocarcinomas,
and the pathological types of different tumors were the
same (e.g., squamous cell carcinoma plus squamous cell
carcinoma or small cell carcinoma plus small cell carci-
noma), and the relationship between these lesions could
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Fig. 1 Flow chart of patient selection

not be accurately determined. If multiple lung lesions
were diagnosed on chest CT simultaneously, they were
diagnosed as simultaneous multiple lung cancers. If the
second tumor appeared at a different time (e.g., when
the first lesion was diagnosed, no other tumors were
clearly observed on chest CT), we diagnosed the patient
as metachronous multiple lung cancers (this judgment
was interpreted by radiologists). The clinicopathological
features of all patients are shown in Table 1. In the fol-
lowing analysis, this study focused on 202 MPLC patients
diagnosed according to the 8th lung cancer staging sys-
tem. Fully informed written consent was obtained from
all involved patients, and this study was approved by the
medical ethics committee (23/406—-4149).

Clinical information and follow-up

The clinical information of all patients was extracted
from the electronic medical record system. The lung
cancer-specific overall survival (OS) time of patients was
defined as the time from the first operation to the time of
death due to lung cancer. Patients were recommended to
undergo a postoperative examination every 3 months for
2 years after surgery, every 6 months in years 2-5, and
every year after 5 years of follow-up.

(n=26) multifocal lung cancers
(2011-2013)
(n=258)
Multifocal GG/L nodules .
(n=13)
. Metachronous lung cancers
Second primary lung cancer (n=52)
(n=18) 1=
Multifocal lung cancers with
relationship not sure —

Statistical analysis

Categorical variables are presented as a number and per-
centage and were analyzed using the Chi-square test or
Fisher’s exact test. Continuous variables are presented
as the mean and standard deviation and were compared
among different groups using the t test. Survival curves
were estimated via the Kaplan—Meier method and com-
pared using a log-rank test. Potential factors affecting
survival were explored using Cox regression model anal-
ysis. All statistical tests were two-sided, and p values of
less than 0.05 were considered statistically significant.
Statistical analyses were performed using SPSS version
(IBM Corp, Armonk, NY) and GraphPad Prism (Version
6.01, GraphPad Software).

Results

Comparison of clinicopathological characteristics of
different categories of MPLC

Comparison of multifocal GG/L nodules and SPLC

We compared the clinicopathological features of 139
multifocal GG/L nodule patients and 63 SPLC patients
(Table 2). The results showed that compared with SPLC
patients, patients with multifocal GG/L nodules were
more likely to be women and nonsmokers, to have more
SMPLCs and early stage tumors, to have more unre-
sected nodules, to be more likely to undergo VATS
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and sublobectomy surgery, to be asymptomatic and to
undergo a one-time operation (P<0.05).

Comparison of sMPLC and mMPLC

There were 171 sMPLC and 31 mMPLC patients included
in this study. The clinicopathological features of the two
groups were compared; the results showed that com-
pared with the mMPLC group, the sMPLC group had a
higher incidence in women, nonsmokers and nondrink-
ers, more GG/L type tumors, more ipsilateral tumors,
lower patient BMI, more people without a personal
malignant tumor history, and more people who under-
went VATS and sublobectomy surgery (Table 3). We also
compared the second primary lung adenocarcinoma and
second primary lung cancers with different pathologi-
cal types, and the results showed that there were more
patients with a smoking history in the second primary
lung non-adenocarcinoma group, and BMI was lower in

the former group than in the latter group (Supplemen-
tary Table 1).

Prognosis and prognostic factors of different disease
categories of MPLC

The 1-, 3-, and 5-year OS rates of 202 MPLC patients
were 97.98%, 90.18%, and 82.81%, respectively. Patients
with GG/L nodules had significantly better survival
than was found in SPLC patients (1-, 3-, and 5-year OS,
P<0.05) (Fig. 2-B).

Prognosis and prognostic factors of GG/L lung cancer and
SPLC

The 1-, 3-, and 5-year OS rates of 139 GG/L lung can-
cer patients were 99.27%, 94.76%, and 87.94%, respec-
tively. Univariate analysis suggested that the presence of
symptoms, the tumor location relationship (bilateral or
ipsilateral), and the highest tumor stage were prognostic
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Table 1 Clinical features of the 258 patients with multiple lung cancers
Patient characteristics Results
Age (y), mean+SD 60.0+8.0
BMI, mean+SD 249+6.1
Male, n (%) 139 (53.9%)
Smoker, n (%) 121 (46.9%)
Drinking history, n (%) 62 (24.0%)
Personal history of neoplasia, n (%) 24 (9.3%)
Family history of neoplasia, n (%) 64 (24.8%)
Family history of lung cancer, n (%) 39 (15.1%)
Past medical history, n (%) 89 (34.5%)
Presented symptoms before the first surgery, n (%) 106 (41.1%)
Prime symptoms before the first surgery, n (%)

Cough 66 (25.6%)

Expectoration 40 (15.5%)

Bloody sputum 20 (7.8%)

Chest pain 14 (5.4%)

Fever 7 (2.7%)

Hemoptysis 4 (1.6%)
Number of resected tumors, n (%)

2 208 (80.6%)

3 37 (14.3%)

4 10 (3.9%)

5 2 (0.8%)

6 1 (0.4%)
Times the patient underwent surgery, n (%)

1 136 (52.7%)

2 121 (46.9%)

3 1 (0.4%)
Types of multiple cancers (simultaneous/metachronous)

Simultaneous lung cancers 206 (79.8%)

Metachronous lung cancers 52 (20.2%)
Types of surgery (thoracotomy/VATS)

VATS 100 (38.8%)

Thoracotomy 120 (46.5%)

Thoracotomy and VATS 38 (14.7%)
Type(s) of resection of multiple lesions

Lobectomy + sublobar resection 127 (49.2%)

Lobectomy +lobectomy 54 (20.9%)

Sublobar resection + sublobar resection 36 (14.0%)

Lobectomy 31 (12.0%)

Pneumonectomy 10 (3.9%)

Relationship of the locations of multiple lesions
Ipsilateral tumors
Bilateral tumors
Pathological type
Adenocarcinoma
Squamous cell carcinoma

Adenocarcinoma and squamous cell carcinoma
Adenosine carcinoma and adenocarcinoma
Adenocarcinoma and large cell carcinoma
Adenocarcinoma and sarcomatoid carcinoma

Small cell carcinoma

Squamous cell carcinoma and large cell carcinoma
Squamous cell carcinoma and pleomorphic carcinoma

159 (61.6%)
99 (38.4%)

183 (70.9%)
37 (14.3%)
14 (5.4%)
11 (4.3%)
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Table 1 (continued)

Patient characteristics Results
Squamous cell carcinoma and carcinoid 1 (0.4%)
Squamous cell carcinoma and small cell carcinoma 1 (0.4%)
Adenocarcinoma and carcinoid 1 (0.4%)
Adenocarcinoma and inflammatory myofibroblastoma 1 (0.4%)

Location of lesions
Right upper lobe
Left upper lobe
Right inferior lobe
Left inferior lobe
Right middle lobe
Types of multiple cancers (according to 8th TNM stage)
Multifocal GG/L nodules
Second primary lung cancer

Multifocal lung cancers with relationship not sure

Separate tumor nodule
With lung nodules not resected”

Yes

No
TNM stage

\

I

Il

Not sure

187 (32.1%)
126 (21.6%)
111 (19.0%)
89 (15.3%)
70 (12.0%)

139 (53.9%)
63 (24.4%)
47 (18.2%)
9 (3.5%)

42 (16.3%)
216 (83.7%)

151 (58.5%)
23 (89.1%)
37 (14.3%)
47 (18.2%)

"With lung nodules not resected: the number of patients with unresected nodules in the lungs

factors. Multivariate analysis suggested that the highest
tumor stage was an independent prognostic factor. OS
was significantly better in stage I patients (#=116) than
in stage II-III patients (n=23) (5-year survival, 90.2%
vs. 75.8%, P=0.051). (Supplementary Table 2, Fig. 2-C).
The 1-, 3-, and 5-year survival rates of 63 SPLC patients
were 95.11%, 78.20%, and 71.29%, respectively. Univari-
ate analysis suggested that the type of MPLC (sMPLC or
mMPLC) and the highest tumor stage were prognostic
factors, while multivariate analysis demonstrated that the
highest tumor stage was an independent prognostic fac-
tor. The prognosis was better in stage I patients (n=35)
than in stage II-III patients (n=28) (5-year survival, 78.5%
vs. 58.0%, P=0.008) (Supplementary Table 3, Fig. 2-D).

Prognosis and prognostic factors of sMPLC and mMPLC

The 1-, 3-, and 5-year OS rates of 171 sMPLC patients
were 97.60%, 88.34%, and 80.88%, respectively. Univari-
ate analysis suggested that sex, smoking history, fam-
ily history of cancer, symptoms, category of MPLC
(GG/L nodules or SPLC), and the highest tumor stage
were prognostic factors for OS (P<0.05). Multivariate
analysis demonstrated that sex (P=0.003) and the high-
est tumor stage (P<0.001) were independent prognostic
factors for OS. The prognosis was significantly better in
female patients (#=102) than in male patients (n=69)
(5-year survival, 88.0% vs. 69.5%, P=0.003). The progno-
sis was significantly better in stage 1 (n=127) (the highest

tumor stage) patients than in stage II-III patients (n=44)
(5-year survival, 86.9% vs. 66.2%, P<0.001) (Table 4 and
Supplementary Fig. 1). The 1-, 3-, and 5-year OS rates
of 31 mMPLC patients were 100%, 100%, and 93.10%,
respectively. Univariate analysis identified no significant
prognostic factors for mMPLC patients. Although the
difference in prognosis between stage I (#=24) patients
and stage II-III (n=7) patients was not significant, the
prognosis was better in stage I patients than in stage II-
III patients (5-year survival, 89.2% vs. 32.1%, P=0.051)
(Supplementary Table 4).

Discussion

This study systematically describes the landscape of clini-
copathological characteristics and prognoses of different
disease entities of MPLC. The results show that differ-
ent categories of MPLC have different characteristics
and outcomes. It seems that multiple GG/L nodules and
single ground glass nodule patients have similar clinical
characteristics; the nonsmokers in our study accounted
for 62.9% and women accounted for 55.9% of the 202
MPLC patients [11]. It is commonly thought that mul-
tiple adenocarcinomas with ground glass components
are more likely to be diagnosed as sMPLC [12]. How-
ever, in our study, although most patients with multiple
GG/L nodules had sMPLC, a substantial proportion of
mMPLC patients (41.9%) had multiple GG/L nodules. It
is well known that most lung cancers with ground glass
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Table 2 Comparison of multifocal GG/L nodules and second primary lung cancer

Patient characteristics Multifocal GG/L nodules (n=139) Second primary lung cancer (n1=63) P value**

Age 0.361
<60 61 (43.9%) 32 (50.8%)
>60 78 (56.1%) 31 (49.2%)

BMI 0114
<249 87 (62.6%) 32 (50.8%)
>249 52 (37.4%) 31 (49.2%)

Sex 0.002
Male 51 (36.7%) 38 (60.3%)
Female 88 (63.3%) 25 (39.7%)

Smoking history 0.000
Yes 40 (28.8%) 35 (55.6%)
No 99 (71.2%) 28 (44.4%)

Drinking history 0.404
Yes 24 (17.3%) 14 (22.2%)
No 115 (82.7%) 49 (77.8%)

Personal history of neoplasia 0.370
Yes 12 (8.6%) 8(12.7%)
No 127 (91.4%) 55 (87.3%)

Family history of neoplasia 0462
Yes 40 (28.8%) 15 (23.8%)
No 99 (71.2%) 48 (76.2%)

Family history of lung cancer 0.346
Yes 25 (18.0%) 8(12.7%)
No 114 (82.0%) 55 (87.3%)

Past medical history 0.785
Yes 48 (34.5%) 23 (36.5%)
No 91 (65.5%) 40 (63.5%)

Presenting symptoms before the first surgery 0.022
Yes 47 (33.8%) 32 (50.8%)
No 92 (66.2%) 31 (49.2%)

Number of resected tumors, n (%) 0.224
2 104 (74.8%) 56 (88.9%)
3 26 (18.7%) 6 (9.5%)
4 6 (4.3%) 1 (1.6%)
5 2 (1.4%) 0(0.0%)
6 1(0.7%) 0 (0.0%)

Times the patient underwent surgery, n (%) 0.043
1 83 (59.7%) 28 (44.4%)
2 56 (40.3%) 35 (55.6%)

Types of multiple cancers (simultaneous/metachronous) 0.000
Simultaneous lung cancers 129 (92.8%) 46 (73.0%)
Metachronous lung cancers 10 (7.2%) 17 (27.0%)

Types of surgery (thoracotomy/VATS) 0.000
VATS 73 (52.5%) 15 (23.8%)
Thoracotomy 52 (37.4%) 32 (50.8%)
Thoracotomy and VATS 14 (10.1%) 16 (25.4%)

Type(s) of resection of multiple lesions 0.023
Lobectomy + sublobar resection 75 (54.0%) 29 (46.0%)
Lobectomy +lobectomy 21 (15.1%) 17 (27.0%)
Sublobar resection + sublobar resection 28 (20.1%) 7(11.1%)
Lobectomy 14 (10.1%) 6 (9.5%)
Pneumonectomy 1(0.7%) 4 (6.3%)

Relationship of the locations of multiple lesions 0213
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Table 2 (continued)
Patient characteristics Multifocal GG/L nodules (n=139) Second primary lung cancer (n1=63) P value**
Ipsilateral tumors 90 (64.7%) 35 (55.6%)
Bilateral tumors 49 (35.3%) 28 (44.4%)
With lung nodules not resected” 0.014
Yes 34 (24.5%) 6 (9.5%)
No 105 (75.5%) 57 (90.5%)
The highest stage tumor 0.000
| 116 (83.5%) 35 (55.6%)
Il 7 (5.0%) 12 (19.0%)
Il 16 (11.5%) 16 (25.4%)

"With lung nodules not resected: the number of patients with unresected nodules in the lungs. **P values of less than 0.05 were considered statistically significant.

components are in situ or microinvasive adenocarcino-
mas, and it is therefore rational to assume that patients
with multiple GG/L nodules will usually be in an early
stage. Our study suggests that multiple GG/L nodules
have unique clinical characteristics, and some other stud-
ies found that this kind of tumor also have independent
molecular characteristics, and the most common genetic
mutations are EGFR, ERBB2, TP53, BRAF, RBM10, and
KRAS [13, 14]. . These results may support the notion
that multiple GG/L nodules should be viewed as an inde-
pendent disease.

In our study, we also compared the clinicopathologi-
cal characteristics of patients with second primary lung
adenocarcinoma and second primary lung cancers with
different pathological types. We found that there were
more smokers in the group of second primary lung can-
cers with different pathological types. Because second
primary lung cancers with different pathological types
include squamous cell carcinoma and neuroendocrine
carcinoma, and there is solid evidence indicating that
smoking is closely related to squamous cell and neuroen-
docrine carcinoma of the lung, this result is reasonable
[15].

When comparing the similarities and differences
between sMPLC and mMPLC. We found that the major-
ity of SsMPLC were GG/L nodules, and these patients
therefore showed characteristics similar to those seen in
ground glass lung adenocarcinoma patients. Because all
of the patients included in this study underwent surgery
and had tumors that were diagnosed pathologically, the
mMPLC patients underwent regular examination after
the first operation. Additionally, there was usually no
recurrence or metastasis of the first tumor at the time
of the second operation. Therefore, second primary lung
cancer is usually identified at an early stage, and these
patients have a good prognosis. This result is similar to
that of previous studies [16].

We found that sex and the highest tumor stage were
independent prognostic factors of SMPLC. Although the
ground glass component was not an independent fac-
tor for patients in multivariate analysis, prognoses were

better in patients with a ground glass component than in
those without (5-year survival, 87.5% vs. 59.7%, P=0.066).
Therefore, we speculate that the ground glass compo-
nent plays an important role in judging the prognosis
of sMPLC. The prognostic value of sex in SsMPLC has
rarely been previously evaluated [17]. To further explore
the reason for the better prognosis of female patients,
we compared the differences between male and female
patients and found that more bilateral cases of SsMPLC
are more common in males than females(Supplementary
Table 5), and these may explain the better prognosis of
female SsMPLC patients.

The proportion of multiple GG/L nodules was higher
in female patients than in male patients, and it is known
that multiple GG/L lung cancer has an indolent clinical
course; thus, these patients have a better prognosis. The
results of this study suggest that regardless of the MPLC
category, the highest tumor stage plays a decisive role in
predicting prognosis. Therefore, we believe that the prog-
nosis of MPLC mainly depends on the highest stage of
the tumor lesions. This conclusion also provides a basis
for prioritizing the resection and treatment of the main
lung lesions.

Given that this was a retrospective, single-institute
study, selection bias and time-trend bias were inevitable.
For example, our conclusion is based on results obtained
in a Chinese population, and the proportions of never
smokers and adenocarcinoma were relatively high. In the
future, larger patient cohorts, longer follow-up times, and
multicenter data are needed to fully explain the clinical
characteristic spectrum and prognostic factors of MPLC
to provide more guidance for the accurate diagnosis and
rational treatment of patients.
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Table 3 Comparison of simultaneous and metachronous multiple primary lung cancers

Patient characteristics Simultaneous multiple primary  Metachronous multiple primary P
lung cancers (n=171) lung cancers (n=31) value**

Age 0.064
<60 74 (43.3%) 19 (61.3%)
>60 97 (56.7%) 12 (38.7%)

BMI 0.013
<249 107 (62.6%) 12 (38.7%)
>249 64 (37.4%) 19 (61.3%)

Sex 0.013
Male 69 (40.4%) 20 (64.5%)
Female 102 (59.6%) 11 (35.5%)

Smoking history 0.027
Yes 58 (33.9%) 17 (54.8%)
No 113 (66.1%) 14 (45.2%)

Drinking history 0.037
Yes 28 (16.4%) 10 (32.3%)
No 143 (83.6%) 21 (67.7%)

Personal history of neoplasia 0.048
Yes 20 (11.7%) 0 (0.0%)
No 151 (88.3%) 31 (100.0%)

Family history of neoplasia 0.847
Yes 47 (27.5%) 8 (25.8%)
No 124 (72.5%) 23 (74.2%)

Family history of lung cancer 0.574
Yes 29 (17.0%) 4 (12.9%)
No 142 (83.0%) 27 (87.1%)

Past medical history 0.966
Yes 60 (35.1%) 11 (35.5%)
No 111 (64.9%) 20 (64.5%)

Presented symptoms before the first surgery 0.211
Yes 70 (40.9%) 9 (29.0%)
No 101 (59.1%) 22 (71.0%)

Number of resected tumors, n (%) 0.751
2 134 (78.4%) 26 (83.9%)
3 27 (15.8%) 5(16.1%)
4 7 (4.1%) 0 (0.0%)
5 2(1.2%) 0 (0.0%)
6 1 (0.6%) 0 (0.0%)

Types of multiple cancers (GG/L nodules or second primary lung cancer) 0.000
Multifocal GG/L nodules 126 (73.7%) 13 (41.9%)
Second primary lung cancer 45 (26.3%) 18 (58.1%)

Type(s) of surgery (thoracotomy/ VATS) 0.000
VATS 86 (50.3%) 2 (6.5%)
Thoracotomy 69 (40.4%) 15 (48.4%)
Thoracotomy and VATS 16 (9.4%) 14 (45.2%)

Type(s) of resection of multiple lesions 0.046
Lobectomy + sublobar resection 84 (49.1%) 20 (64.5%)
Lobectomy + lobectomy 31 (18.1%) 7 (22.6%)
Sublobar resection + sublobar resection 34 (199%) 1(3.2%)
Lobectomy 19 (11.1%) 1(3.2%)
Pneumonectomy 3(1.8%) 2 (6.5%)

Relationship of the locations of multiple lesions 0.037
Ipsilateral tumors 111 (64.9%) 14 (45.2%)

Bilateral tumors 60 (35.1%) 17 (54.8%)
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Patient characteristics

Simultaneous multiple primary

Metachronous multiple primary P

lung cancers (n=171) lung cancers (n=31) value**

With lung nodules not resected” 0.147

Yes 37 (21.6%) 3(9.7%)

No 134 (78.4%) 28 (90.3%)
The highest stage tumor 0.499

| 127 (74.3%) 24 (77.4%)

Il 15 (8.8%) 4(12.9%)

I 29 (17.0%) 3(9.7%)

“With lung nodules not resected: the number of patients with unresected nodules in the lungs. **P values of less than 0.05 were considered statistically significant.

Table 4 Prognostic factors of simultaneous multiple primary lung cancers

Variable Univariate cox regression analysis Multivariate cox regression
analysis
N (%) HR (95% Cl) P value**  HR (95% Cl) P value**
Age (years) 0.325
<60 74 (43.3%) Ref. Ref.
>60 97 (56.7%) 1.404 (0.721-2.688)
Sex 0.003 0.038
Female 102 (59.6%)  Ref. Ref. Ref.
Male 69 (40.4%) 2.686 (1.447-5.603) 3.115(1.063-9.126)
Smoking history 0.006 0.639
Yes 58 (33.9%) Ref. Ref.
No 113 (66.1%) 0412 (0.184-0.751)
Family history of neoplasia 0.021
Yes 47 (27.5%) Ref. Ref.
No 124 (72.5%)  3.171(1.148-4.889)
Family history of lung cancer 0.050
Yes 29 (17.0%) Ref. Ref.
No 142 (83.0%)  3.742 (1.004-5.490)
Presented symptoms before the first surgery 0.003
No 101 (59.1%)  Ref. Ref.
Yes 70 (40.9%) 0.378(0.193-0.739)
Types of multiple cancers (GG/L nodules or second primary lung cancer) <0.001 0.066
Second primary lung cancer 45 (26.3%) Ref. Ref. Ref.
Multifocal GG/L nodules 126 (73.7%)  0.278 (0.088-0.407) 0.308 (0.088-1.083)
Relationship of locations of multiple lesions 1.736
Bilateral tumors 60 (35.1%) Ref. Ref.
Ipsilateral tumors 111(64.9%) 1.736 (0.825-3.649)
The highest stage tumor <0.001 0.007
| 127 (74.3%)  Ref. Ref. Ref.
111l 44 (25.7%) 6.127 (2.723-13.790) 2695 (1.317-5.517)
Type(s) of surgery (thoracotomy/ VATS) 0.070
VATS only 86 (50.3%) Ref. Ref.

Thoracotomy (with or without VATS)

85 (49.7%)

1.842 (0.952-3.562)

**P values of less than 0.05 were considered statistically significant

Supplementary Information

The online version contains supplementary material available at https://doi.

0rg/10.1186/513019-024-02652-8.

Supplementary Material 1

Supplementary Material 2

Author contributions

Study concepts: Yalong Wang, Jie He. Study design: Yalong Wang, Xiao Hu, Jie
He. Data acquisition: Yalong Wang, Lingling Fang, Xiao Hu, Lina Zhou. Quality
control of data and algorithms: Yalong Wang, Qi Xue, Shugeng Gao, Jie He.
Data analysis and interpretation: Yalong Wang, Hongliang Wu and Jie He.
Statistical analysis: Yalong Wang, Lingling Fang. Manuscript preparation: Yalong
Wang, Lingling Fang, Xiao Hu. Manuscript editing: Yalong Wang, Lingling Fang,
Xiao Hu. Manuscript review: Yalong Wang, Lingling Fang, Xiao Hu, Hongliang

Wu and Jie He.


https://doi.org/10.1186/s13019-024-02652-8
https://doi.org/10.1186/s13019-024-02652-8

Wang et al. Journal of Cardiothoracic Surgery (2024) 19:200

Funding

This work was supported by the National Natural Science Foundation of China
(8220103747), the Beijing Hope Run Special Fund of Cancer Foundation of
China (No. LC2022B19), Beijing Natural Science Foundation (No. 7224342),
National Anti-Tumor Drug Surveillance System of National Cancer Center
(DSS-YSF-2023022).

Declarations

Competing interests
The authors declare no competing interests.

Author details

'Department of Anesthesiology, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing, China

’Department of Thoracic Surgery, National Cancer Center/National
Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, Beijing, China
3Department of Diagnostic Radiology, National Cancer Center/National
Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, Beijing, China

“Key Laboratory of Carcinogenesis and Translational Research (Ministry of
Education), Department of Pathology, Peking University Cancer Hospital
& Institute, Beijing, China

Received: 30 July 2023 / Accepted: 19 March 2024
Published online: 10 April 2024

References

1. BrayF, Ferlay J, Soerjomataram |, et al. Global cancer statistics 2018: GLOBO-
CAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries[J]. CA Cancer J Clin. 2018,68(6):394-424.

2. Hans Beyreuther. Multiplicitdt Von Carcinomen bei einem fall von
s0g. Schneeberger Lungenkrebs Mit Tuberkulose Virchows Arch[J].
1924;250:230-43.

3. ChenC Huang X, Peng M, et al. Multiple primary lung cancer: a rising
challenge[J]. J Thorac Dis. 2019;11(Suppl 4):5523-36.

4. Martini N, Melamed MR. Multiple primary lung cancers[J]. J Thorac Cardio-
vasc Surg. 1975;70(4):606-12.

5. Finley DJ, Yoshizawa A, Travis W, et al. Predictors of outcomes after surgi-
cal treatment of synchronous primary lung cancers[J]. J Thorac Oncol.
2010;5(2):197-205.

Page 11 of 11

6. AraiJ, TsuchiyaT, Oikawa M, et al. Clinical and molecular analysis of synchro-
nous double lung cancers[J]. Lung Cancer. 2012;77(2):281-7.

7. Girard N, Deshpande C, Azzoli CG, et al. Use of epidermal growth factor
receptor/Kirsten rat sarcoma 2 viral oncogene homolog mutation testing to
define clonal relationships among multiple lung adenocarcinomas: compari-
son with clinical guidelines[J]. Chest. 2010;137(1):46-52.

8. Murphy SJ, Aubry MC, Harris FR, et al. Identification of independent primary
tumors and intrapulmonary metastases using DNA rearrangements in non-
small-cell lung cancer[J]. J Clin Oncol. 2014;32(36):4050-8.

9.  Detterbeck FC. Multifocal adenocarcinoma: perspectives, assumptions and
elephants[J]. J Thorac Dis. 2018;10(3):1193-7.

10. Detterbeck FC, Bolejack V, Arenberg DA, et al. The IASLC Lung Cancer Staging
Project: background data and proposals for the classification of Lung Cancer
with separate tumor nodules in the Forthcoming Eighth Edition of the TNM
classification for Lung Cancer[J]. J Thorac Oncol. 2016;11(5):681-92.

11. Tomohiro Miyoshi K, Aokage S, Katsumata et al. Ground-Glass opacity is a
strong prognosticator for Pathologic Stage IA Lung Adenocarcinoma. Ann
Thorac Surg,108 (1), 249-55.

12. Hattori A, Matsunaga T, Takamochi K, et al. Radiological classification of
multiple lung cancers and the prognostic impact based on the presence of a
ground glass opacity component on thin-section computed tomography[J].
Lung Cancer. 2017;113:7-13.

13.  Eunhyang Park S, Ahn H, Kim, et al. Targeted sequencing analysis of Pulmo-
nary Adenocarcinoma with multiple Synchronous Ground-Glass/Lepidic
Nodules[J]. J Thorac Oncol. 2018;13(11):1776-83.

14. Hu G, Zhao L, Liu W, et al. Genomic profiles and their associations with TMB,
PD-L1 expression, and immune cell infiltration landscapes in synchronous
multiple primary lung cancers[J]. J Immunother Cancer. 2021,9(12):e003773.

15.  Jyoti Malhotra M, Malvezzi E, Negri, et al. Risk factors for Lung Cancer
Worldwide[J]. Eur Respir J. 2016;48(3):889-902.

16.  Masatsugu Hamaji SO, Ali, Bryan M, Burt. A Meta-analysis of Resected
Metachronous Second Non-small Cell Lung Cancer[J]. Ann Thorac Surg.
2015;99(4):1470-8.

17. Tawee Tanvetyanon DJ, Finley T, Fabian, et al. Prognostic Nomogram to Pre-
dict Survival after surgery for synchronous multiple lung cancers in multiple
Lobes[J]. J Thorac Oncol. 2015;10(2):338-45.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The characteristics and prognosis of different disease patterns of multiple primary lung cancers categorized according to the 8th edition lung cancer staging system
	﻿Abstract
	﻿Introduction
	﻿Patients and methods
	﻿Patients
	﻿Clinical information and follow-up
	﻿Statistical analysis

	﻿Results
	﻿Comparison of clinicopathological characteristics of different categories of MPLC
	﻿Comparison of multifocal GG/L nodules and SPLC
	﻿Comparison of sMPLC and mMPLC


	﻿Prognosis and prognostic factors of different disease categories of MPLC
	﻿Prognosis and prognostic factors of GG/L lung cancer and SPLC
	﻿Prognosis and prognostic factors of sMPLC and mMPLC

	﻿Discussion
	﻿References


