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Abstract

Background Although surgery has been widely applied for SPLC therapy, there is still no uniform treatment
approach. Whether SPLC and primary lung cancer have similar prognostic characteristics remains controversial.
Herein, based on a systematic review and meta-analysis, we aimed to enucleate the influences of diverse surgical
strategies and underlying prognostic factors on the prognosis of patients with both the first primary lung cancer and
SPLC underwent surgical resection.

Methods A comprehensive and systematic literature search was implemented in three databases (MEDLINE,
EMBASE, and Cochrane), and eligible studies were screened following inclusion and exclusion criteria. Meanwhile, we
extracted the hazard ratios (HR) together with 95% confidence intervals (Cl) for each prognostic factor, either directly
or indirectly, from the enrolled literature.

Results Eleven studies (published between 2000 and 2022) were included in this study, including 1,131 SPLC
patients. The overall survival (OS) exhibited no difference between patients with lobectomy and sublobar resection
after SPLC (HR: 0.87, 95%Cl: 0.62-1.21, P=0.41). The patients after completion pneumonectomy had a poor prognosis
(HR: 1.85,95% Cl: 1.34-2.55, P<0.01). Poor prognostic factors after SPLC surgery included synchronous SPLC (HR: 3.38,
95%Cl: 1.53-7.46, P<0.01), tumor diameter > 2 cm (HR: 2.44, 95%Cl: 1.73-3.44, P<0.01), solid predominant in CT mor-
phology (HR: 3.08, 95% Cl: 1.14-8.33, P=0.03), lymph node metastasis (HR: 2.79, 95%Cl: 1.40-5.56), and smoking (HR:
2.37,95%Cl: 1.08-26.82, P<0.01). Tumor disease-free interval (DFI), tumor histological type, and gender had no impact
on the prognosis of patients received SPLC surgery.

Conclusions Patients with SPLC, especially those with poor cardiopulmonary function reserve, should be prioritized
for sublobar resection for treatment. These patients should also try to avoid completion pneumonectomy. Patients
with synchronous SPLC, tumor diameter > 2 cm, solid predominant in CT morphology, lymph node metastasis, and
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smoking had a poor prognosis. Meanwhile, SPLC has similar prognostic characteristics with single primary lung can-
cer. However, the study has some limitations and more evidence is warranted to verify the findings.

Keywords Second primary lung cancer, Prognosis, Surgery, Meta-analysis

Introduction

Primary bronchial lung cancer is a malignant neoplasm
with a high prevalence rate and death rate in the world
and poses a grave threat to human health [1]. Patients
with early non-small cell lung cancer have more than 90%
of the 5-year survival rate after complete resection [2].
With the advances in imaging techniques such as posi-
tron emission tomography (PET) and high-resolution
computed tomography (HRCT), concerns about lung
cancer screening, as well as the improved postoperative
survival rate post primary lung cancer resection, the risk
of second primary lung cancer (SPLC) is elevated with
the increase of follow-up time [3]. There is approximately
1%-2% incidence of SPLC after primary lung cancer
resection annually [4, 5].

Through intensive investigation of SPLC, Martini and
Melamed [6] first proposed the diagnostic standard of
SPLC, which was modified and improved by Antakli
et al. [7]. This version is generally accepted and sum-
marized in Table 1. SPLC can be divided into two types
under the diagnostic standard: synchronous SPLC
(sSPLC) and metachronous SPLC (mSPLC). The eighth
edition of the American Joint Committee on Cancer
(AJCC) for lung cancer staging defines other nodules

in different locations,and they are staged differently.
Tumor nodules, positioned in the same lobe, different
lobes on the same side, and the opposite lobe on the
different lobes, were defined as T3MO0, T4MO, as well as
Mla, respectively. The staging system, under the guide-
lines, has been ineffective in distinguishing between
SPLC and intrapulmonary metastasis (IM). These
nodules are considered IM of primary lung cancer,
and surgical treatment is not generally recommended.
SPLC and IM have different biological behaviors and
prognoses [8—10]. Currently, it is generally believed
that surgery is the first-line therapy for SPLC patients
with sufficient lung function reserve and without dis-
tant metastasis [11-14]. A number of previous studies
have mixed SPLC and IM, resulting in vastly different
results. For SPLC, none of these diagnostic criteria and
guidelines suggests a specific diagnostic strategy. At
present, the resection range of SPLC is still controver-
sial [14—17]. Moreover, the overall prognosis of patients
after SPLC surgery varied greatly, and the prognostic
effects of diverse clinical features were also inconsist-
ent. Nevertheless, whether SPLC and single primary
lung cancer have similar prognostic characteristics
remains controversial.

Table 1 Criteria for the definition of second primary lung cancer (SPLC)

Martini and Melamed criteria

Antakli et al. Modifications

Synchronous SPLC (sSPLC)
A. Tumors physically distinct and separate

B. Histological type

1. Different

2.Same, but in different segment, lobe or lung if

a. Origin from carcinoma in situ

b. No carcinoma in common lymphatics

. No extrapulmonary metastases at the time of diagnosis
Metachronous SPLC (mSPLC)

A. Histologically different

B. Histologically identical, if

1. Free interval between cancers > 2 years, or

2. Origin from carcinoma in situ

3. Second cancer in different lobe or lung, but:

a. No carcinoma in common lymphatics

b. No extrapulmonary metastases at the time of diagnosis

A. Different histological conditions

B. Same histological condition
with two or more of the following

1. Anatomical distinct

2. Associated premalignant lesion
3. No systemic metastases

4. No mediastinal spread

5. Different DNA ploidy
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In this research, based on a systematic review and
meta-analysis, we aimed to elucidate the impacts of
diverse surgical approaches and various underlying
prognostic factors on the prognosis of SPLC patients
with both the first primary lung cancer and SPLC
underwent surgical resection.

Materials and methods

Search strategy

This meta-analysis was implemented following the guide-
lines of the preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [18]. A com-
prehensive online search of MEDLINE, EMBASE, and
Cochrane databases identified studies on the prognosis
of SPLC surgery between January 2000 and August 2022.
The search term combination: (second primary lung
cancer OR multiple primary lung cancer OR MPLC OR
SPLC OR separate primary lung cancer OR multifocal
lung cancer) AND (wedge resection OR segmentectomy
OR lobectomy OR sublobar resection OR pneumonec-
tomy OR surgery OR operative).

JZ and WW independently performed study screen-
ing. The titles and abstracts of all identified publications
were screened through an online search, followed by
reading the full text of all preliminary screening stud-
ies. During this process, any differences encountered
were discussed and resolved with the senior author (LY).
This systematic review with a meta-analysis of the data
from an individual patient was registered on INPLASY
(INPLASY?2022110047).

Study eligibility

Publications selected for inclusion meet the following
standards: (1) SPLC must be clearly defined in the article;
(2) There are cases with mSPLC and/or sSPLC in the arti-
cle; (3) Both the primary lung cancer and SPLC need to
be surgically resected in the article; (4) Five-year overall
survival (OS) rate, calculated from the start of the SPLC
surgery, should be provided in the study. Publications
were excluded for these reasons: (1) Letters, reviews, edi-
torials, case reports, and conference abstracts; (2) Arti-
cles published in non-English; (3) The study included
primary malignancies of other organs or IM; (4) Incom-
plete prognostic data, or failing to extract the the risk
ratio (HR) and 95% confidence intervals (CI).

Data acquisition and quality evaluation

Two authors (ZS and YY) carefully read the full text of
the study and extracted the data independently. The
extracted data consisted of the first author, study area,
publication year, year of study start and end, number of
patients, 5-year OS, as well as prognostic factors (gender,
smoking status, histological type, tumor size, lymph node
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metastasis (LNM), type of surgery, and tumor CT mor-
phology) with their HR and 95% CIL.

Two authors (CZ and WW) independently com-
pleted the quality evaluation, and any disagreement
was discussed and resolved with the author (LY).
Following the standards recommended by the New-
castle—Ottawa Scale (NOS), the quality of selected
publications was modified There were 3 domains for
NOS, including patient selection (0—4 points), compa-
rability of subjects (0—2 points), as well as clinical out-
come (0-3 points). There were nine points in total for
NOS scores, and studies with equal to or more than 5
points were regarded with high quality.

Statistics

HR and standard error (SE) are utilized for data con-
solidation. HR and 95% CI were taken directly from
the study. If HR information is not available, we indi-
rectly converted Kaplan—Meier survival curve profiles
into x and y coordinates using Engauge Digitizer soft-
ware to extract time-specific survival rates to convert
them into HR and 95% CI [19, 20]. The Cochrane Q
test combined with the I2 value were implemented
for the evaluation of the heterogeneity between the
selected studies. If there was no significant hetero-
geneity between studies (P>0.1, I12<50%), the fixed
effects model was used for combinatorial analysis.
Otherwise, the random effects model is used [21]. The
assessment of publication bias was realized by Begg’s
funnel plot along with Egger’s test. R software (version
4.1.2) was implemented for statistical analysis. P<0.05
was defined with statistical significance.

Results

Study traits

Through the search of MEDLINE, EMBASE, and
Cochrane databases, 710 potential related studies were
retrieved. We have formulated a detailed retrieval flow
chart (Fig. 1). Eleven articles, also retrospective studies,
published between 2001 and 2021 were qualified in our
meta-analysis following inclusion and exclusion criteria,
including 1,131 SPLC patients. Tables 2, 3 and 4 summa-
rizes the features of the enrolled publications. Concern-
ing the data of 11 studies [22-32], the 5-year OS rate of
the first primary lung cancer was 77% (73-85.2%) and the
rate after mSPLC surgery was 51% (37.7-63.4%).

Quality estimation and risk of bias

A modified NOS scale was utilized for the quality esti-
mation of the enrolled literature, with the results shown
in Table 2. All selected articles had a NOS score of equal
to or more than 5 points, suggesting their high quality,
which indicated a reduced risk of bias in this study.
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Records identified through
database searching
MEDLINE (n=268) ,
EMBASE (n=405) ,

Cochrane

(n=37)

Additional records identified
through other sources

(n=0)

A A

y

Records after duplicates removed (n = 494)

Records screened(n = 342)

l

Full-text articles d for

> Records excluded (n = 273)

Full-text articles excluded, with reasons(n = 58)

eligibility (n=69)

l

Studies included in qualitative
synthesis(n = 11)

l

Studies included in
quantitative synthesis
(meta-analysis)(n = 11)

Fig. 1 Flow chart of the screening of enrolled studies

Table 2 Clinicopathologic traits of included articles

Surgery was not the main treatment(n= 32)
No details of prognosis (n=13)

Case report(n= 3)

No full articles(n= 4)

Containing overlapping datasets(n= 6)

Study (year) Period Region Cases Male/Female  Second Intervention Smoker NOS Scale
Mean Age(years)
Total mSPLC sMPLC
Hamaji et al.(2013) [31] 2000-2009  USA 161 161 NR 88/73 70 138 7
Yang et al.(2014) [30] 2006-2011  China 143 143 NR 106/37 60 69 7
Zhao et al.2017) [23] 2001-2014  China 115 115 NR 55/60 60 35 6
Sato et al.(2021) [28] 2005-2017  Japan 61 61 NR 39/22 68.9+1.1 39 7
Doddoli et al.(2001) [27] 1985-1999  France 38 38 NR 35/3 63+8 NR 6
Lee et al.(2009) [32] 1995-2008  USA 58 58 NR 23/35 67 NR 6
Zuin et al.(2013) [24] 1995-2010  ltaty 121 98 23 105/16 68499 NR 5
Aziz et al.(2002) [25] 1986-1999 UK 51 41 10 45/6 64+£6.9 51 6
Riquet et al.(2008) [26] 1983-2005  France 234 116 118 194/40 63.7£9.1 NR 7
Battafarano et al.(2004) [22] ~ 1988-2002  USA 69 69 NR 36/33 67.5+89 NR 5
Rea et al.(2001) [29] 1971-2002  ltaly 80 61 19 72/8 63 NR 6

NR Not reported, NOS Newcastle-Ottawa scale

Surgical methods for SPLC

The OS of the mSPLC was calculated from the second
operation. A total of six studies compared the OS of
lobectomy and sublobar resection (segmentectomy or

wedge resection) in the treatment of SPLC [24, 27, 29—
32], and no significant difference was witnessed in OS
after sublobar resection in contrast to lobectomy for
SPLC patients (HR: 0.87, 95%CI: 0.62-1.21, P=0.41)
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Table 4 Fistopathological types of included articles
Study (year) Histology of first tumor Histology of second tumor Histology

AC scc other AC scc other same different
Hamaji et al.(2013) [31] 105 37 19 98 41 22 123 38
Yang et al.(2014) [30] 65 56 22 64 54 25 NR NR
Zhao et al.2017) [23] NR NR NR NR NR NR 93 22
Sato et al.(2021) [28] 48 1 NR NR NR 53 8
Doddoli et al.(2001) [27] 14 20 14 17 23 15
Lee et al.(2009) [32] 47 5 48 6 4 42 12
Zuin et al.(2013) [24] NR NR NR 49 38 34 NR NR
Aziz et al.(2002) [25] 14 32 5 15 24 12 28 23
Riquet et al.(2008) [26] NR NR NR NR NR NR 136 98
Battafarano et al.(2004) [22] NR NR NR NR NR NR 43 26
Rea et al.(2001) [29] NR NR NR NR NR NR NR NR

AC Adenocarcinoma, SCC Squamous cell carcinoma

SE Weight IV, Fixed, 95% CI

A

Study TE

Hamaji,2013 -0.58 0.2280 55.4%
Yang,2014 -0.17 0.5980 8.0%
Doddoli,2001  0.55 0.5911 8.2%
Lee,2009 0.79 0.5786 8.6%
Zuin,2013 0.39 0.6709 6.4%
Rea,2001 0.43 0.4638 13.4%
Total (95% CI) 100.0%

Heterogeneity: Tau® = 0.212; Chi? = 9.80, df = 5 (P = .08); I* = 49%
Test for overall effect: Z =-0.82 (P = .41)

B
Study TE SE Weight
Yang,2014 1.13 0.4253 14.9%
Riquet, 2008 0.52 0.1779 85.1%

Total (95% Cl)

100.0%
Heterogeneity: Tau? = 0.080; Chi® = 1.75, df = 1 (P =.19); 1 = 43%
Test for overall effect: Z = 3.75 (P <.01)

IV, Fixed, 95% CI

Hazard Ratio
v,
0.56 [0.36, 0.88]
0.84 [0.26, 2.71]

Hazard Ratio

Fixed, 95% CI

1.73[0.54, 5.51]
2.20[0.71, 6.84]

1.48 [0.40, 5.51]
1.54[0.62, 3.82]

0.87 [0.62, 1.21]

0.2

Hazard Ratio
\"A

3.11[1.35, 7.16]
1.69 [1.19, 2.40]

1.85 [1.34, 2.55]

0.5

Hazard Ratio

Fixed, 95% ClI

-
-

0.2

05 1 2 5

Fig. 2 Forest plot of HR of OS for surgery methods: A sublobar resection vs lobectomy in SPLC; B completion pneumonectomy vs non-completion

pneumonectomy in SPLC

by using a fixed effect model (I>=49%, P=0.08)

(Fig. 2A).

Two studies compared the OS of SPLC treated by
and non-completion

completion pneumonotomy

pneumonotomy [26, 30],

and patients who received

completion pneumonectomy had worse OS in com-

parison to those who received non-completion pneu-
monectomy (HR: 1.85, 95%CI: 1.34-2.55, P<0.01)
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by using the fixed effects model (I*>=43%, P=0.19)
(Fig. 2B).

sSPLC vs mSPLC
The part aimed to investigate OS starting from the first
and second tumor operations for mSPLC and compare
the prognosis between sSPLC and mSPLC.

The OS of the mSPLC was calculated from the first
primary tumor operation. There were two studies com-
paring the OS of sSPLC and mSPLC [24, 29]. There was

Page 7 of 13

a ldecreased OS in patients with sSPLC in comparison
to those with mSPLC (HR: 8.47, 95% CI: 4.55-15.74,
P<0.01) by using the fixed effect model (I*= 0%, P=0.77)
(Fig. 3A: First).

The OS of mSPLC was calculated from the second pri-
mary tumor surgery. There were three studies comparing
the OS of sSPLC and mSPLC [25, 26, 29]. A lower OS was
also observed in sSPLC patients in contrast to the mSPLC
patients (HR: 1.66, 95% CI: 1.25-2.20, P<0.01) using the
fixed effect model (I>=47%, P=0.15) (Fig. 3A: Second).

A
Study or Hazard Ratio Hazard Ratio
Subgroup TE  SE Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Zuin,2013 2.05 0.4359 9.0% 7.76[3.30, 18.23] , ——
Rea,2001 2.23 0.4599 8.1% 9.33[3.79, 22.98] e
17.1% 8.47 [4.55, 15.74] | —
Aziz,2002 1.32 0.4524 8.4% 3.76[1.55, 9.13] .
Riquet,2008  0.44 0.1640 63.7% 1.55[1.12, 2.14] s 3
Rea,2001 0.29 0.3977 10.8% 1.33[0.61, 2.90] S
82.9% 1.66 [1.25, 2.20] -
Total (95% ClI) 100.0% 2.20 [1.70, 2.84] -
Heterogeneity: Tau® = 0.666; Chi = 25.80, df = 4 (P < .01); I? = 84% ! ! !
Test for overall effect: Z=6.01 (P <.01) 0.1 051 2 10

Test for subgroup differences: Chi? = 21.96, df = 1 (P <.01)

B Hazard Ratio Hazard Ratio
Study TE SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hamaji,2013 0.42 0.2667 60.5% 1.52[0.90, 2.56] Hl-
Sato,2021 0.86 0.5220 15.8% 2.38][0.85, 6.61] +———
Doddoli,2001 0.04 0.6461 10.3% 1.04[0.29, 3.69] ——
Lee,2009 -0.43 1.2134 2.9% 0.65][0.06, 7.01] * '
Battafarano,2004 -0.71 0.6384 10.5% 0.49[0.14, 1.71] ——
Total (95% CI) 100.0% 1.36 [0.90, 2.04] IS
Heterogeneity: Tau? = 0.030; Chi® = 4.41, df =4 (P = .35); ° = 9% ! ' ' '
Test for overall effect: Z=1.47 (P = .14) 0.1 051 2 10

Fig. 3 Forest plot of HR of OS: A sSPLC vs mSPLC. B DFI > 2 years vs DFI <2 years
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The OS of MSPLC based on the disease-free interval(DFI)
There were 5 studies that compare OS difference between
DFI less than or greater than 2 years [22, 27, 28, 31, 32].
HR and 95% CI of SPLC patients with DFI > 2 years and
DFI<2 years were extracted or calculated from each
study. Using the fixed effect model (I?=9%, P=0.35), no
marked difference was witnessed in OS between patients
with DFI > 2 years and those with DFI <2 years (HR: 1.36,
95% CI: 0.90-2.04, P=0.14) (Fig. 3B).

Similarity and difference in histology in primary

and second primary tumors

Six studies have compared histological similarities and
differences in OS between primary and secondary pri-
mary tumors [22, 25, 28, 29, 31, 32]. From each study,
HR and 95% CI of OS were extracted or calculated in
patients with primary lung cancer and SPLC with the
same or different histologies. The histological similarities
and differences exhibited no difference in OS between
primary lung cancer and SPLC (HR: 1.00, 95% CI: 0.72—
1.41, P=0.98) by using the fixed effect model (I>=29%,
P=0.22) (Fig. 4A).

Tumor size

Three studies have compared the influence of SPLC
tumor size on OS [28, 30, 31]. From each study, HR and
95% CI of OS for SPLC patients with tumor size>2 cm
and < 2 cm were extracted or calculated. There was worse
OS of SPLC patients with tumor size of>2 cm in con-
trasct to those with tumor size <2 cm (HR: 2.44, 95%CI:
1.73-3.44, P<0.01) by using the fixed-effect model
(I’=9%, P=0.33) (Fig. 4B).

CT morphology

Following the CT morphology and consolidation/
tumor ratio (CTR), SPLCs were subsequently classi-
fied into solid predominant (Solid-p; containing tumors
with CTR>50% and pure solid) and ground glass opac-
ity predominant (GGO-p; containing pure GGO and
CTR<50% GGO). Two studies have compared the dif-
ference between Solid-p and GGO-p in the CT morphol-
ogy of SPLC patients [23, 28]. Using the random effect
model (I’=56%, P=0.13), different CT appearances
of SPLC disclosed that there was a worse OS of Solid-p
patients versus that of GGO-p patients (HR: 3.08, 95%
CI: 1.14-8.33, P=0.03) (Fig. 4C).

LNM status

The HR and 95% CI of OS in LNM-positive and negative
patients were only extracted or calculated from one study
[31]. Using the fixed-effect model, LNM-positive patients
harbored a worse OS versus LNM-negative patients (HR:
2.79, 95%CI: 1.40-5.56) (Fig. 4D).
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Smoking status

Two studies have compared the OS of smokers and non-
smokers in SPLC patients [28, 30]. From each study, HR
and 95% CI of the OS of the smokers and non-smokers
were extracted or calculated. Using the fixed effect
model (I2=13%, P=0.13), there exhibited a lower OS of
the smokers in SPLC patients in contrast to that of the
non-smokers (HR: 2.37, 95% CI: 1.08-26.82, P<0.01)
(Fig. 5A).

Gender

Three studies compared the effects of male and female
SPLC patients on OS [28, 30, 31]. The extraction or cal-
culation of HR and 95% CI for OS of male and female
patients was conducted in each study. No difference was
witnessed in OS between the genders of SPLC patients
(HR: 2.00, 95%CI: 0.97-4.12, P=0.06) with a random-
effects model (I> =60%, P=0.08) (Fig. 5B).

Publication bias

Since there were fewer than 10 studies for each prognos-
tic factor in this meta-analysis, funnel plots could not be
implemented for the estimation of publication bias. The
publication bias was assessed by the Egger test for each
prognostic factor, and no marked publication bias was
witnessed in the evaluation of SPLC type, DFI, pathologi-
cal type, tumor size, gender, etc. (all P>0.05). Publication
bias was found in SPLC surgery (P<0.05).

Discussion

SPLC, as a distinctive type of lung cancer, is independent of
primary lung cancer. Multiple publications have disclosed
that SPLC patients harbor a better prognostic outcomes
than those with local recurrence or metastasis [33—35]. The
eighth edition lung cancer staging system does not distin-
guish between SPLC and IM, resulting in the failure to truly
evaluate the patient’s condition and a delay in treatment.
Currently, there are no standards for the diagnosis and
therapy of SPLC, and the strategies remain controversial
for these aspects [13]. Surgery remains the first-line treat-
ment for SPLC. This systematic review and meta-analysis
first evaluated the prognostic factors after SPLC surgery,
involving 11 studies (including 1,131 patients).

As mentioned before, surgery is the preferred treat-
ment for SPLC. Nevertheless, a unified surgical strategy
for SPLC has not been established due to the lack of evi-
dence-based medical evidence such as related clinical tri-
als. At present, the extent of surgical resection of SPLC
mainly depends on the status and tumor characteristics
of patients [24, 36]. Sublobar resection includes segmen-
tectomy and wedge resection. Chen et al. [37] supported
that the OS of SPLC patients received sublobar resection
was comparable to those received lobectomy. However,



Zhao et al. BMC Surgery (2023) 23:95 Page 9 of 13
A Hazard Ratio Hazard Ratio
Study TE  SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% ClI
Hamaiji,2013 -0.29 0.2822 37.4% 0.75[0.43, 1.30] —
Sato,2021 -0.57 0.6386 7.3% 0.56[0.16, 1.97] i
Lee,2009 -0.46 0.9547 3.3% 0.63[0.10, 4.09] #
Aziz,2002 0.68 0.3151 30.0% 1.98[1.07, 3.67] ——
Battafarano,2004 -0.14 0.3948 19.1% 0.87 [0.40, 1.89] ———
Rea,2001 -0.31 1.0273 2.8% 0.73[0.10, 5.47] +
Total (95% Cl) 100.0% 1.00 [0.72, 1.41] -
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this study included therapeutic method of primary lung In SPLC treatment,
cancer, and not all patients received surgical treatment
for SPLC. In this research, the patients with the first pri-

mary lung cancer were all received surgical resection.

the findings of this study unveiled

that sublobar resection can replace lobectomy with-
out affecting OS. The same conclusion was obtained
in patients with mSPLC. Therefore, sublobar resection
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provides a better choice for patients whose cardiopul-
monary function cannot tolerate the second operation.
Meanwhile, this study also found that completion pneu-
monectomy is a poor prognostic factor due to the high
risk of surgery and the high incidence of postopera-
tive complications, which should be avoided by SPLC
patients. Therefore, for the selection of surgical meth-
ods for SPLC patients, more lung functions should be
retained as far as possible according to the actual situa-
tion of patients, and more accurate surgical evaluation
should be performed with the help of experienced multi-
disciplinary teams [38, 39].

SPLCs were classified into sSPLCs and mSPLCs based
on the time of lesion occurrence. The starting point of the
study on the survival rate of mSPLC is controversial due
to the existence of the DFI of mSPLC. Rosengart et al.
[40] believed that the alleviation of OS may be related to
the increased time interval between primary lung cancer
and mSPLC. Through this meta-analysis, we observed
that the OS in mSPLC patients outperformed that of
sSPLC patients regardless of OS counted from the opera-
tion of primary lung cancer or SPLC. This is not consist-
ent with the findings obtained from the systematic review
and meta-analysis by Jiang et al. [41]. This research con-
cluded that no difference was witnessed in OS between
mSPLC and sSPLC patients when OS was calculated
from the start of SPLC surgery. Therefore, more research
is warranted for further verification.

Currently, the generally accepted diagnostic standards
for SPLC was put forward by Martini and Melamed [6].
The recommended diagnostic criteria are at least 2 years
of SPLC free interval between cancers. In 2013, the
American College of Chest Physicians (ACCP) updated
the diagnostic standards to change the diagnostic inter-
val to 4 years between mSPLC and primary lung cancer
[13]. Unfortunately, this standard has not been widely
accepted, and most current studies still recommend
2 years as the standard for distinguishing between sSPLC
and mSPLC. This meta-analysis revealed no marked dif-
ference in OS between patients with DFI>2 years and
those with less than 2 years. This conclusion indicates
that with the deepening understanding of SPLC, it is
worth further discussion on whether to continue to use
DFI>2 years as the time to distinguish mSPLCs and
sSPLCs.

Although TNM staging of lung cancer is vital to the
prognosis of patients with lung cancer, the SPLC included
in this article is evaluated by histology, tumor size, LNM
status, as well as CT morphology of SPLC because it can-
not be evaluated according to the unified TNM staging.
This meta-analysis disclosed that the same or different
histological subtypes between primary and second pri-
mary tumors had no effect on the prognosis. However,
tumor diameter>2 cm, solid predominant in CT mor-
phology, and LNM were considered to be poor prog-
nostic factors for SPLC. On account of the diagnostic
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standards of Martini and Melamed [6], SPLC can pre-
sent the same or diverse histology as the primary tumor.
When the histology is the same or similar, the following
aspects shall be met to distinguish primary cancer from
IM: SPLC development of the novel lesion from an in situ
carcinoma; Neither had a common lymphangiocarci-
noma; no extra-pulmonary metastasis during diagnosis.
Many studies have found that molecular analysis meth-
ods (including TP53 mutation analysis, DNA microsatel-
lite analysis, genomic breakpoint analysis, and especially
NGS) are used to identify SPLC and IM [42-45]. After
the exclusion of IM, the primary lung cancer and SPLC
had relatively independent biological characteristics, and
thus different/identical histological types or subtypes had
no significant effect on prognosis. Similarly, the impacts
of tumor size, CT morphology, and LNM status on the
prognosis of SPLC should be similar to those of primary
lung cancer. The results of this work also confirm this
view. In related studies of primary lung cancer, it has
been found that solid predominant (solid-p) has more
malignant potential (eg. vascular infiltration or LNM)
than ground glass opacity predominant (GGO-p), even if
the tumor size is<2 cm [46]. In other words, CT mor-
phologic GGO-p has a greater survival advantage than
solid-p. This is the same conclusion as found in the meta-
analysis of CT morphology in SPLC in this study. Recent
studies (JCOGO0802/WJOG4607L) [47] have shown that
patients with early peripheral NSCLC (tumor diame-
ter <2 cm, CTR>50%) harbor a high 5-year OS rate of
segmentectomy versus that of lobotomy, but the local
recurrence rate of segmentectomy is significantly higher
than lobotomy. However, there is no similar study on
SPLC. Meanwhile, the need for postoperative adjuvant
therapy in SPLC patients with large tumors and LNMs
also deserves further discussion.

This meta-analysis also demonstrated that gender dif-
ferences did not affect the survival rate of SPLC patients.
Smoking is an adverse factor for influencing the progno-
sis of SPLC patients. Aredo et al. [48] found that smoking
is regarded as a risk factor for SPLC among survivors of
primary lung cancer, which is the same as our conclusion.
Besides, this study also unveiled that the risk of SPLC in
patients smoking after early primary lung cancer treat-
ment has an elevated risk of SPLC compared to advanced
primary lung cancer. Therefore, it is an effective pre-
vention strategy for SPLC to actively quit smoking for
primary lung cancer patients, and to conduct SPLC
monitoring for high-risk patients (eg. active smokers and
early primary lung cancer) during diagnosis [4].

From the above studies, it can be inferred that SPLC has
relatively independent biological characteristics, which is
not associated with the first primary lung cancer. There-
fore, SPLC has similar prognostic characteristics with
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single primary lung cancer, providing a basis for assessing
the T, N, M staging separately for each lesion of multiple
primary lung cancer and guiding SPLC treatment.

Limitations are also found in our meta-analysis. First of
all, all the selected studies were retrospective studies, and
there may be selection bias. The propensity score match-
ing was not implemented to eliminate the impacts of
other factors on the observation findings. Secondly, this
meta-analysis only includes articles published in Eng-
lish, which inevitably increases publication bias. Third,
there is publication bias in the surgical method due to the
long time span with the inclusion of the study. The surgi-
cal effect is affected by the technology and the surgeon
level. Additionally, according to this meta-analysis, the
OS after sSPLC is superior to mSPLC, which may lead to
publication bias. Fourth, prognostic factors are included
in the study with a small sample size so conclusions
should refer carefully.

Conclusion

In summary, this meta-analysis highlights that sublobar
resection should be given priority for SPLC patients,
especially in those with oor cardiopulmonary func-
tion because of the similar prognosis between sublobar
resection and lobectomy. SPLC patients should try to
avoid completion pneumonectomy. Patients with sSPLC,
tumor diameter>2 cm, solid predominant CT mor-
phology, smoking, and LNM had a poor prognosis. This
research provides a basis for surgical treatment of SPLC.
Besides, SPLC has similar prognostic characteristics
with single primary lung cancer, which offers a basis for
evaluating the T, N, M staging separately for each lesion
of multiple primary lung cancer. However, the study has
some limitations and more research is warranted to ver-
ify the conclusion.
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