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Abstract
The number of patients with multiple primary lung cancers (MPLC) is rising. We stud-
ied the clinical features and factors related to outcomes of MPLC patients using the 
database of surgically resected lung cancer (LC) cases compiled by the Japanese Joint 
Committee of Lung Cancer Registry. From the 18  978 registered cases, 9689 pa-
tients with clinical stage I non-small-cell lung cancer who achieved complete resec-
tion were extracted. Tumors were defined as synchronous MPLC when multiple LC 
was simultaneously resected or treatment was carried out within 2 years after the 
initial surgery; metachronous MPLC was defined as second LC treated more than 
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1  | INTRODUC TION

Lung cancer is a leading cause of death worldwide.1 With the soar-
ing incidence of LC, the number of patients diagnosed with MPLC is 
also rising.2,3 There are two subsets of patients with MPLC, referred 
to as synchronous MPLC and metachronous MPLC according to the 
time of occurrence of foci. The rate of synchronous MPLC ranges 
from 0.2% to 8% and is increasing because of the widespread use of 
multislice spiral CT.4 After or during treatment for LC, patients could 
develop a second primary LC, namely metachronous MPLC.5 It is es-
timated that between 4% and 10% of patients with LC subsequently 
have metachronous MPLC.6,7

Although surgical resection becomes necessary to prolong pa-
tients’ survival, controversies related to diagnosis, patient selection, 
treatment, and outcomes still exist.8 Although surgery offers the 
best chance for potential cure of MPLC and provides the most suf-
ficient samples for diagnosis,9 the prognosis of MPLC after surgery 
has not been studied in detail. In this study, the aim was to iden-
tify factors related to MPLC treatment outcomes, as well as the 
clinical features of affected patients, using the database of cases of 
surgically resected NSCLC cases in the year 2010 compiled by the 
JJCLCR.

2  | MATERIAL S AND METHODS

A nationwide retrospective registry study of patients with primary 
LC who underwent pulmonary resection in 2010 was carried out 
by the JJCLCR in 2016.10 The registry followed the ethical guide-
lines for epidemiologic studies was approved by the review board of 
Osaka University Hospital (approval no. 15321). The registry and the 

retrospective study using the registered data were also approved by 
each institutional review board of all participating institutions. The 
committee registered 18 973 patients from 297 hospitals. The reg-
istry data included the basic background characteristics of patients, 
tumor size (total and consolidation sizes) and other clinical T, N, and 
M descriptors in the 8th edition, surgery and intraoperative infor-
mation, pathological T, N, and M descriptors in the 7th edition, sur-
vival data, and information regarding recurrent disease, as well as 
regarding resected synchronous MPLC and treated metachronous 
MPLC. The patients with MPLC were classified and registered using 
the following criteria basically according to the previous reports11,12: 
(i) tumors with different histology or subtypes; (ii) tumors with the 
same histology without distant or mediastinal lymph node metasta-
sis; and (iii) tumors with the same histology and different molecular 
genetic characteristics. In the registry database, MPLC patient data 
were registered as synchronous resection of MPLC or metachronous 
treatment of MPLC, thus we could not clarify whether metachro-
nous treated MPLC was present when the primary LC was resected 
and defined MPLC according to the following criteria. Tumors were 
defined as synchronous MPLC when multiple LC was simultane-
ously resected or treated within 2 years after the initial surgery, or 
as metachronous MPLC when the second LC was separately treated 
more than 2 years after the initial surgery. The database of surgi-
cally resected LC cases was searched to obtain data for patients 
with c-Stage IA1, IA2, IA3, and IB NSCLC in whom R0 resection 
was achieved. In our database, patients with pTx or Nx or Mx were 
classified into undetermined p-Stage. Those who underwent preop-
erative induction therapy, those with an LC history, and those with 
small cell LC were excluded. Of the 18 978 registered LC cases, 9689 
were extracted and analyzed. Of those, 579 (6.0%) were synchro-
nous MPLC and 477 (5.0%) metachronous MPLC during the period 

2 years after the initial surgery. Of these cases, 579 (6.0%) were synchronous MPLC 
and 477 (5.0%) metachronous MPLC, with 51 overlapping cases. Female sex, non-
smoker, low consolidation-tumor ratio (CTR), and adenocarcinoma were significantly 
more frequent in the synchronous MPLC group, whereas patients with metachronous 
MPLC had higher frequencies of male sex, smoker, chronic obstructive pulmonary 
disease (COPD), and nonadenocarcinoma. There was no significant difference in sur-
vival rate between patients with and without synchronous or metachronous MPLC. 
Age, gender, CTR for second LC, and histological combination of primary and second 
LC were prognostic indicators for both types of MPLC. Logistic regression analysis 
showed that female sex, history of malignant disease other than LC, and COPD were 
risk factors for MPLC incidence. The present findings could have major implications 
regarding MPLC diagnosis and identification of independent prognostic factors, and 
provide valuable information for postoperative management of patients with MPLC.

K E Y W O R D S

metachronous multiple primary lung cancer, non-small-cell lung cancer, registry, surgery, 
synchronous multiple primary lung cancer
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TA B L E  1   Characteristics of patients with and without synchronous multiple primary lung cancer (MPLC)

SPLC, n = 9110 (%) Synchronous MPLC, n = 579 (%) P value

Gender

Male 5405 59.3 266 45.9 <.001

Female 3702 40.6 313 54.1

Age (years) 68.7 ± 9.4 — 69.2 ± 8.7 — .228

Smoking history

No 3522 38.7 273 47.2

Yes 5394 59.2 289 49.9 <.001

Unknown 191 2.1 17 2.9

Brinkman index 1002 ± 653 — 934 ± 684 — .086

Body mass index 22.6 ± 3.3 — 22.5 ± 3.1 — .651

Diabetes mellitus

No 7866 86.3 503 86.9 .802

Yes 1241 13.6 76 13.1

COPD

No 7829 85.9 522 90.2 .004

Yes 1278 14.0 57 9.8

Interstitial pneumonia

No 8710 95.6 569 98.3 .001

Yes 397 4.4 10 1.7

Malignant disease other than LC

No 7354 80.7 449 77.5 .065

Yes 1753 19.2 130 22.5

%VC 107 ± 18 — 110 ± 17 — <.001

FEV1% 73.5 ± 10.5 — 74.6 ± 9.5 — .013

CEA (mg/mL) 5.1 ± 9.4 — 4.8 ± 7.6 — .413

Tumor size (cm) 2.3 ± 0.9 — 2.3 ± 0.9 — .564

Consolidation size (cm) 1.9 ± 0.9 — 1.8 ± 1.0 — <.001

CTR 0.84 ± 0.25 — 0.77 ± 0.28 — <.001

CTR (category)

≤0.5 1402 15.4 134 23.1 <.001

>0.5 7705 84.6 445 76.9

c-Stage

IA1 1804 19.8 157 27.1 <.001

IA2 3172 34.8 198 34.2

IA3 2262 24.8 123 21.2

IB 1869 20.5 101 17.4

Surgical procedure

≥Lobectomy 7150 78.5 401 69.3

Sublobar resection 1952 21.4 178 30.7 <.001

Others 5 0.1 0 0.0

p-Stage

I 6847 75.2 428 73.9 .073

II 717 7.9 39 6.7

III 587 6.4 32 5.5

Undetermined 956 10.5 80 13.8

(Continues)
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of observation, with 51 overlapping cases (Figure S1). The median 
follow-up period after surgery in censored patients was 66 months 
(25th-75th percentile, 58-72 months).

Clinicopathologic factors associated with NSCLC with synchro-
nous MPLC and metachronous MPLC were evaluated to identify 
prognostic indicators related to outcome. Potential risk factors for 
MPLC, including gender, malignant disease other than LC, diabetes, 
COPD, IP, smoking history, CTR on chest CT, histology of primary 
LC, and carcinoembryonic antigen level, were noted and then com-
pared between patients with and without MPLC. These variables 
were then subjected to logistic regression analysis to identify inde-
pendent risk factors.

The descriptive statistics used included medians and ranges 
for continuous variables and percentages for categorical variables, 
which were compared using Wilcoxon tests and χ2 tests, respec-
tively. Unreported patient data were treated as missing values. 
Overall survival curves were estimated according to the Kaplan-
Meier method, and differences in survival were tested using the log-
rank method. Univariate and multivariate analyses for prognostic 
factors were carried out using Cox proportional hazards regression 
models to estimate hazard ratios and 95% CIs. Logistic regression 
analysis was used to estimate odds ratios and 95% CIs and define 
significant factors associated with the presence of MPLC. A P value 
less than .05 was considered significant.

3  | RESULTS

3.1 | Synchronous MPLC

The characteristics of patients with synchronous MPLC were com-
pared to those with SPLC (Table 1). Female gender and nonsmoker 
status were significantly more frequent in the synchronous MPLC 
group, and lower frequencies of comorbidity, such as COPD or IP, 

were noted in that group. Primary LC tumor consolidation size and 
CTR shown by CT were also significantly lower in the MPLC group, 
thus c-Stage in patients with synchronous MPLC was lower than in 
those with SPLC. Regarding the pathological diagnosis of primary 
LC, adenocarcinoma was the more predominant histological type 
in MPLC patients. Furthermore, patients with synchronous MPLC 
more often underwent metachronous treatment for LC. Of the 579 
patients with synchronous MPLC, 555 underwent simultaneous re-
section of MPLC and 24 received treatment for MPLC within 2 years 
after the initial surgery. Detailed analysis of the characteristics of 
cases of MPLC resected simultaneously with primary LC showed 
adenocarcinoma along with the same histology of primary LC and 
second LC to be the predominant histological combination in that 
group (Table S1). Contralateral resection was simultaneously carried 
out in 52 (9.4%) patients. Wedge resection was frequently under-
taken for second LC as an additional procedure. The mean CTR of 
second LC in chest CT findings was 0.42, and preinvasive LC or ad-
enocarcinoma was the more predominant histological type in sec-
ond LC; thus, the predominant histological combination for patients 
with synchronous MPLC was adenocarcinoma-adenocarcinoma or 
adenocarcinoma-preinvasive LC. The characteristics of metachro-
nous MPLC cases treated within 2 years after primary LC surgery 
also showed adenocarcinoma along with the same histology of pri-
mary and second LC to be the predominant histological combination 
(Table S2). Contralateral resection was carried out in 22 (91.7%) pa-
tients and a lobectomy in 13 (54.2%).

Although there was no significant difference in survival rates 
between patients with and without synchronous MPLC (Figure 1A), 
univariate analysis showed age, gender, c-Stage, CTR for primary and 
second LC, histology of primary LC or second LC, p-Stage, and the 
histological combination of primary LC and second LC as prognos-
tic indicators for synchronous MPLC cases (Table  2). Multivariate 
analysis revealed that gender, CTR for second LC, and the histolog-
ical combination of primary LC and second LC were independent 

SPLC, n = 9110 (%) Synchronous MPLC, n = 579 (%) P value

Histology of primary LC

Squamous 1589 17.4 45 7.8 <.001

Adeno 7104 78.0 512 88.4

Large 248 2.7 11 1.9

Adenosquamous 166 1.8 11 1.9

Histology of primary LC (category)

Adeno 7104 78.0 512 88.4 <.001

Non-adeno 2006 22.0 67 11.6

Metachronous MPLC

No 8681 95.3 528 91.2 <.001

Yes 426 4.7 51 8.8

Abbreviations: Adeno, adenocarcinoma; Adenosquamous, adenosquamous carcinoma; CEA, carcinoembryonic antigen; COPD, chronic obstructive 
pulmonary disease; CTR, consolidation-tumor ratio; FEV1, forced expiratory volume in 1 s; Large, large cell carcinoma; LC, lung cancer; MPLC, 
multiple primary lung cancer; SPLC, solitary primary lung cancer; Squamous, squamous cell carcinoma; VC, vital capacity.
The results of continuous variables represent the mean ± SD.

TA B L E  1   (Continued)
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prognostic indicators. When analyzing specific factors for MPLC, 
patients with higher CTR for second LC and histological type of pri-
mary LC or second LC including nonadenocarcinoma had a worse 
prognosis (Figure 1B,C).

3.2 | Metachronous MPLC

Characteristics were also compared between patients with and 
without metachronous treatment for MPLC (Table 3), which showed 
higher frequencies of male patients, smokers, comorbidities such as 
COPD, IP, nonadenocarcinoma, and resection for synchronous LC in 
the MPLC group. Forced expiratory volume in 1 second was lower 

and a sublobar resection was more frequently carried out for primary 
LC in metachronous MPLC patients compared to patients without 
MPLC. The predominant metachronous treatment for patients with 
MPLC was surgery, with a wedge resection or segmentectomy car-
ried out frequently for second LC (Table S3). Although contralateral 
MPLC was more frequent, 76 of the 338 MPLC patients underwent 
surgery for ipsilateral metachronous treatment. The predominant 
histological combination for patients with metachronous MPLC was 
adenocarcinoma-adenocarcinoma. There was no significant differ-
ence regarding survival rate between patients with and without 
metachronous MPLC (Figure 2A). Similar to the synchronous MPLC, 
the CTR value for second LC and their histological combination were 
prognostic indicators for patients with metachronous treatment for 
MPLC (Figure 2B,C). Multivariate analysis revealed that age, gender, 
and the histological combination of primary LC and second LC were 
independent prognostic indicators (Table 4).

3.3 | Risk factors for MPLC

To determine significant factors associated with the presence of 
synchronous or metachronous MPLC, logistic regression analysis 
was carried out. Of the enrolled cohort, 579 had synchronous MPLC 
and 477 metachronous MPLC during the period of observation, with 
51 overlapping cases, thus 1005 patients were defined as MPLC and 
compared to 8684 with SPLC. Independent risk factors for MPLC 
incidence in the present cohort were female gender, history of ma-
lignant disease other than LC, and COPD (Table 5).

4  | DISCUSSION

The present study identified the characteristics of patients with 
synchronous MPLC, as well as of those with metachronous MPLC. 
Although synchronous MPLC and metachronous MPLC affected the 
incidence rate of each other in this cohort, the characteristics of the 
present patients with synchronous MPLC and metachronous MPLC 
were different. It can be difficult to distinguish between a second 
primary and IPM in patients with NSCLC who have more than one 
pulmonary site of cancer13,14; thus, it might be important to know 
the patient characteristics of MPLC, which are critical for develop-
ing a therapeutic strategy to treat multiple pulmonary sites of in-
volvement. As pulmonary nodules with ground glass opacity could 
often be diagnosed as synchronous MPLC and would be indicated 
for surgical resection, this bias in the surgical indication might have 
affected the characteristics of patients with synchronous MPLC in 
the present study. However, the present data suggest that nonad-
enocarcinoma might more frequently develop metachronous MPLC 
after resection of primary LC; thus, it might be reasonable that male 
gender, smoker, COPD, and IP were significantly more frequent in 
the metachronous MPLC group.

The surgical outcome for node-negative patients with synchro-
nous MPLC is excellent and comparable to that for solitary primary 

F I G U R E  1   A, Survival curves for patients with (red) and without 
(blue) synchronous multiple primary lung cancer (MPLC). Overall 
survival curves were estimated according to the Kaplan-Meier 
method, and differences in survival were tested using the log 
rank method. B, Survival curves for patients with synchronous 
MPLC according to the consolidation-tumor ratio (CTR) of the 
second lung cancer (LC). Red, CTR > 0.5; blue, CTR ≤ 0.5. C, 
Survival curves for patients with synchronous MPLC according 
to histological combination of primary and second LC. Red, 
histological combination without nonadenocarcinoma (non-Ad); 
blue, histological combination including non-Ad
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TA B L E  2   Univariate and multivariate analysis of patients with synchronous multiple primary lung cancer (MPLC)

Univariate analysis Multivariate analysis

N HR 95% CI P value N HR 95% CI P value

Age (years)

≤70 313 1 — — .009 265 1 — — .024

>70 266 1.647 1.130 2.400 204 1.630 1.067 2.489

Gender

Male 266 1 — — <.001 209 1 — — <.001

Female 313 0.252 0.164 0.387 260 0.336 0.206 0.548

c-Stage

IA1 157 1 — — — — — — — —

IA2 198 1.857 1.025 3.365 .041 — — — — —

IA3 123 3.170 1.749 5.743 <.001 — — — — —

IB 101 3.023 1.621 5.636 .001 — — — — —

CTR of primary LC

≤0.5 134 1 — — .001 109 1 — — .216

>0.5 445 2.802 1.538 5.103 360 1.553 0.773 3.121

Procedure for primary LC

Limited resection 178 1 — — .199 — — — — —

≥Lobectomy 401 0.774 0.524 1.144 — — — — —

Primary LC

Ad 512 1 — — <.001 — — — — —

Non-Ad 67 4.215 2.776 6.400 — — — — —

p-Stage

I 428 1 — — — 344 1 — — —

II 39 1.963 1.038 3.715 .038 31 1.404 0.684 2.883 .355

III 32 2.874 1.555 5.311 .001 29 1.880 0.974 3.662 .060

Undetermined 80 1.645 0.989 2.737 .055 65 1.354 0.760 2.412 .304

Histology of 2nd LC

Pre 93 1 — — — — — — — —

Ad 427 1.250 0.692 2.258 .459 — — — — —

Non-Ad 55 4.492 2.284 8.837 <.001 — — — — —

CTR of 2nd LC

≤0.5 273 1 — — <.001 109 1 — — .009

>0.5 197 3.295 2.121 5.118 360 1.934 1.178 3.176

Histology combination of primary LC and 2nd LC

Not included 
non-Ad

487 1 — — <.001 403 1 — — .008

Included non-Ad 88 4.444 2.995 6.595 — 66 1.933 1.186 3.152

Number of synchronous MPLCs

1 456 1 — — — — — — — —

2 66 1.394 0.815 2.386 .233 — — — — —

≥3 33 0.819 0.332 2.023 .665 — — — — —

Resected within 2 y 24 2.611 1.310 5.205 .006 — — — — —

Metachronous LC

No 528 1 — — .547 — — — — —

Yes 51 0.811 0.410 1.604 — — — — — —

Abbreviations: Ad, adenocarcinoma; CI, confidence interval; CTR, consolidation-tumor ratio; HR, hazard ratio; LC, lung cancer; Pre, preinvasive 
lesion.
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TA B L E  3   Characteristics of patients with and without metachronous multiple primary lung cancer (MPLC)

Non-metachronous LC, n = 9209 (%) Metachronous MPLC, n = 477 (%) P value

Gender

Male 5356 58.2 315 66.0 .001

Female 3853 41.8 162 34.0

Age 68.7 ± 9.4 — 69.6 ± 8.3 — .018

Smoking history

No 3653 39.7 142 29.8

Yes 5351 58.1 332 69.6 <.001

Unknown 205 2.2 3 0.6

Brinkman index 994 ± 656 — 1067 ± 628 — .050

Body mass index 22.6 ± 3.3 — 22.4 ± 3.2 — .327

Diabetes mellitus

No 7972 86.6 397 83.2 .040

Yes 1237 13.4 80 16.8

COPD

No 7974 86.6 377 79.0 <.001

Yes 1235 13.4 100 21.0

Interstitial pneumonia

No 8833 95.9 446 93.5 .014

Yes 376 4.1 31 6.5

Malignant disease other than LC

No 7436 80.7 367 76.9 .044

Yes 1773 19.3 110 23.1

%VC 107 ± 18 — 108 ± 18 — .155

FEV1% 73.7 ± 10.4 — 71.0 ± 10.9 — <.001

CEA (ng/mL) 5.1 ± 9.4 — 5.1 ± 7.8 — .891

Tumor size (cm) 2.3 ± 0.91 — 2.4 ± 0.91 — .110

Consolidation size (cm) 1.9 ± 0.95 — 2.0 ± 0.91 — .052

CTR 0.83 ± 0.26 — 0.85 ± 0.24 — .058

CTR (category)

 ≤ 0.5 1475 16.0 61 12.8 .062

 > 0.5 7734 84.0 416 87.2

c-Stage

IA1 1884 20.5 77 16.1 .007

IA2 3210 34.9 160 33.5

IA3 2238 24.3 147 30.8

IB 1877 20.4 93 19.5

Procedure for primary LC

≥Lobectomy 7217 78.4 334 70.0 —

Sublobar resection 1987 21.6 143 30.0 <.001

Others 5 0.1 0 0.0 —

p-Stage

I 6925 75.2 350 73.4 .001

II 719 7.8 37 7.8

III 602 6.5 17 3.6

Undetermined 963 10.5 73 15.3

(Continues)
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LC.15 We also showed that there was no significant difference in re-
gard to survival rate between patients with and without synchronous 
MPLC. Zhang et al16 reported that lymph node involvement and sub-
type other than lepidic predominant were independent prognostic 
predictors. As the present study included c-Stage I NSCLC patients 
with MPLC, CTR was one of the independent prognostic predic-
tors. In addition, although the main pathologic type of synchronous 
MPLC was adenocarcinoma-adenocarcinoma and adenocarcinoma-
preinvasive LC, it was found that patients in whom the histological 
type of primary or second LC included nonadenocarcinoma had a 
worse prognosis. Tanvetyanon et al17 reported that adenocarcinoma 
was independently associated with better outcomes, which is in 
agreement with the present results. The proportion of adenocarci-
noma in situ and minimally invasive adenocarcinoma in synchronous 
MPLC is high, which supports the trend of multiple cancers of lung 
adenocarcinoma,18 which is associated with good prognosis of syn-
chronous MPLC. To the best of our knowledge, the present study is 
the largest series reporting surgical outcomes for stage I synchro-
nous MPLC.

It has been reported that the most common histological combina-
tion of primary LC and metachronous second LC is adenocarcinoma-
adenocarcinoma,19 similar to synchronous MPLC, which is in 
agreement with the present findings. Primary lung adenocarcinomas 
or squamous cell carcinomas most frequently had second lung ad-
enocarcinomas or squamous cell carcinomas, respectively.20 In the 
present study, although there was no significant difference between 
patients with and without metachronous occurrence, those with a 
nonadenocarcinoma as primary or second LC had poorer progno-
sis. Furthermore, approximately 37% of patients who underwent 
metachronous treatment had the histological combination of first 
or second LC including nonadenocarcinoma, which might affect the 
prognosis. Hattori et al also showed that the combination of the 
same lesion types with pure solid nodule plus pure solid nodule was 
associated with worse survival than other combinations in surgically 
resected stage I MPLC, probably because IPM was present in those 

Non-metachronous LC, n = 9209 (%) Metachronous MPLC, n = 477 (%) P value

Histology of primary LC

Squamous 1526 16.6 108 22.6 .004

Adeno 7267 78.9 349 73.2

Large 244 2.6 15 3.1

Adenosquamous 172 1.9 5 1.0

Histology of primary LC (category)

Adeno 7267 78.9 349 73.2 .003

Non-Adeno 1942 21.1 128 26.8

Synchronous MPLC

No 8681 94.3 426 89.3 <.001

Yes 528 5.7 51 10.7

Abbreviations: Adeno, adenocarcinoma; Adenosquamous, adenosquamous carcinoma; CEA, carcinoembryonic antigen; COPD, chronic obstructive 
pulmonary disease; CTR, consolidation-tumor ratio; FEV1, forced expiratory volume in 1 s; Large, large cell carcinoma; LC, lung cancer; Squamous, 
squamous cell carcinoma; VC, vital capacity.
The results of continuous variables represent the mean ± SD.

TA B L E  3   (Continued)

F I G U R E  2   A, Survival curves for patients with (red) and without 
(blue) metachronous multiple primary lung cancers (MPLC). B, 
Survival curves for patients with metachronous MPLC according 
to the consolidation-tumor ratio (CTR) of the second lung cancer 
(LC). Red, CTR > 0.5; blue, CTR ≤ 0.5. C, Survival curves for 
patients with metachronous treatment for MPLC according to 
the histological combination of primary and second LC. Red, 
histological combination without nonadenocarcinoma (non-Ad); 
blue, histological combination including non-Ad
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TA B L E  4   Univariate and multivariate analysis of patients with metachronous multiple primary lung cancer (MPLC)

Univariate analysis Multivariate analysis

N HR 95% CI P value N HR 95% CI P value

Age (years)

≤70 242 1 — — <.001 190 1 — — <.001

>70 235 2.682 1.764 4.078 182 2.355 1.466 3.782

Gender

Male 315 1 — — <.001 241 1 — — .026

Female 162 0.284 0.156 0.482 131 0.465 0.237 0.912

c-Stage

IA1 77 1 — — — — — — — —

IA2 160 1.431 0.762 2.687 .264 — — — — —

IA3 147 1.338 0.702 2.550 .376 — — — — —

IB 93 1.222 0.603 2.474 .578 — — — — —

CTR of primary LC

≤0.5 61 1 — — .014 55 1 — — .284

>0.5 416 3.074 1.251 7.554 317 1.768 0.623 5.014

Procedure for primary LC

Limited resection 143 1 — — .035 — — — — —

≥Lobectomy 334 0.649 0.434 0.969 — — — — —

Primary LC

Ad 349 1 — — <.001 — — — — —

Non-Ad 128 3.621 2.451 5.349 — — — — —

p-Stage

I 350 1 — — — — — — — —

II 37 1.963 0.489 0.179 .163 — — — — —

III 17 2.874 0.269 2.703 .786 — — — — —

Undetermined 73 1.645 0.884 2.372 .142 — — — — —

Treatment for metachronous LC

Surgery 338 1 — — .036 — — — — —

Others 139 1.533 1.028 2.287 — — — — —

Histology of 2nd LC

Pre 15 1 — — — — — — — —

Ad 273 0.911 0.219 3.787 .459 — — — — —

Non-Ad 143 3.229 0.788 13.233 .103 — — — — —

CTR of 2nd LC

≤0.5 116 1 — — <.001 109 1 — — .297

>0.5 287 3.791 1.961 7.330 263 1.465 0.715 3.004

Histology combination of primary LC and 2nd LC

Not included 
non-Ad

254 1 — — <.001 225 1 — — <.001

Included non-Ad 177 4.528 2.879 7.121 147 2.707 1.611 4.547

Synchronous MPLC

No 426 1 — — .532 — — — — —

Yes 51 0.804 0.406 1.594 — — — — —

Abbreviations: Ad, adenocarcinoma; CI, confidence interval; CTR, consolidation-tumor ratio; HR, hazard ratio; LC, lung cancer; Pre, preinvasive 
lesion.
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tumors.21 Although the present univariate analysis results showed 
that the CTR value for second LC was a prognostic indicator for pa-
tients with metachronous treatment for MPLC, multivariate analysis 
did not show that indication, likely because the histology of meta-
chronous LC could be a confounding factor related to the CTR value 
for second LC.

According to the 8th TNM staging system, patients should 
be staged as T3 with additional tumor(s) within the same lobe, T4 
with an ipsilateral lesion in a separate lobe, and M1a with a con-
tralateral tumor in a separate lobe.22 However, this staging system 
could probably cause inaccurate assessment and treatment of pa-
tients with actual MPLC, who are considered to have local disease 
and could benefit the most from surgical resection.3,16 Detterbeck 

et al proposed tailoring the TNM classification of multiple pulmo-
nary sites of LC according to clinical and pathological criteria.23 
Application of the algorithm based on comprehensive information 
on clinical and imaging variables can also allow differentiation be-
tween MPLCs and IPMs. When both of two suspected malignant 
lesions appear as solid predominant lesions without spiculation or 
air-bronchograms on CT, IPM should be considered.14,24 Goto et al25 
showed that LC mutation analysis by targeted deep sequencing is 
useful for distinction of the clonality of individual pulmonary tumors. 
Whereas a good or poor prognosis after resection of two pulmo-
nary sites of cancer strongly suggests either stage I MPLC or IPM, 
clinical and pathologic criteria should be developed to identify two 
foci as separate primary lung cancers vs a metastasis. In the present 

TA B L E  5   Logistic analysis for multiple primary lung cancer (MPLC) compared to solitary primary lung cancer (SPLC)

Univariate analysis Multivariate analysis

N OR 95% CI P value N OR 95% CI P value

Gender

Male 5671 1 — — .034 5671 1 — — .047

Female 4015 1.153 1.011 1.315 4015 1.156 1.002 1.333

Age (years)

≤70 5174 1 — — .469 — — — — —

>70 4512 1.050 0.921 1.196 — — — — —

History of malignant disease other than LC

No 7803 1 — — .003 7803 1 — — .002

Yes 1883 1.270 1.086 1.485 1883 1.284 1.097 1.502

Diabetes mellitus

No 8369 1 — — .270 — — — — —

Yes 1317 1.110 0.992 1.335 — — — — —

COPD

No 8351 1 — — .228 8351 1 — — .025

Yes 1335 1.120 0.932 1.345 1335 1.251 1.029 1.522

Interstitial pneumonia

No 9279 1 — — .838 — — — — —

Yes 407 0.966 0.695 1.343 — — — — —

Smoking history

No 3795 1 — — .956 — — — — —

Yes 5683 1.004 0.877 1.148 — — — — —

Histology of primary LC

Ad 7616 1 — — .053 7616 1 — — .133

non-Ad 2070 0.849 0.72 1.002 2070 0.871 0.728 1.043

CTR of primary LC

≤0.5 1536 1 — — .025 1536 1 — — .079

>0.5 8150 0.823 0.694 0.976 8150 0.855 0.717 1.018

CEA (ng/mL)

≤5 6819 1 — — .325 — — — — —

>5 2576 1.076 0.930 1.246 — — — — —

Abbreviations: Ad, adenocarcinoma; CEA, carcinoembryonic antigen; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CTR, 
consolidation-tumor ratio; LC, lung cancer; OR, odds ratio.
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cohort, female gender, history of malignant disease other than LC, 
and COPD were independent risk factors for incidence of MPLC. 
This information could have major implications regarding the diagno-
sis of MPLC, considering that current guidelines are geared towards 
concern about the recurrence of IPM rather than the development 
of MPLC.20 It would be beneficial to establish a risk profile for the 
development of MPLC.

Whereas lobectomy remains the most effective treatment for 
patients with resectable primary LC, the optimal extent of resec-
tion for MPLC has not been established.9 Generally, the extent 
of resection was based on the balance of the risks and benefits 
of surgery, mainly considering characteristics of the tumor and 
the patient’s PS, as well as pulmonary function. Surgical indica-
tions might also be different depending on individual surgeons. 
Sublobar resections are often selected when a patient’s lung 
function is too poor to allow the patient to tolerate lobectomy, 
suggesting that prior surgery might have impacted the lung func-
tion of patients with MPLC to the point that lobectomy could not 
be safely offered.26 Although previous reports showed that sub-
lobar resection is acceptable with a comparable prognosis to an-
atomic lobar resection for MPLC, some studies of patients with 
surgically treated metachronous MPLC reported somewhat worse 
outcomes. Compared to primary LC, metachronous MPLC under-
went less frequent surgical resection but received treatment more 
often with radiotherapy or systemic chemotherapy, probably due 
to poor PS.27 While 71% of patients who received metachronous 
MPLC treatment underwent surgery for second LC, a wedge re-
section or segmentectomy was frequently carried out for second 
LC, which might affect the prognosis after surgery for second LC. 
Sublobar resection was reported to offer sufficient local control 
and prognosis for peripheral low-CTR LC on chest CT.28,29 Thus, 
considering these findings, we could try to carry out a limited re-
section for primary LC in patients with a high risk of MPLC, espe-
cially with a lower-CTR primary LC.

The present study has several limitations. First, this was a ret-
rospective study using registry data. Second, individual surgeons 
diagnosed second LC as MPLC from clinical and pathological 
features. Third, patients with MPLC who did not undergo surgi-
cal intervention were not included, which caused selection and 
information biases. Finally, data were not completely registered 
for some categories, such as CTR for second LC and histology for 
metachronous LC.

In conclusion, this study determined the clinical features and 
outcomes of synchronous resected MPLC and metachronous 
treated MPLC. Although the characteristics of the present patients 
with synchronous MPLC and metachronous MPLC were different, 
surgical resection remains the primary treatment choice for MPLC, 
and the treatment results for those cases were acceptable and 
compatible with those for the SPLC patients. Age, gender, CTR of 
second LC, and histological combination of primary and second LC 
were shown to be prognostic indicators for both types of patients. 
In addition, gender, history of malignant disease other than LC, and 
COPD were independent risk factors for incidence of MPLC. These 

findings could have major implications regarding diagnosis of MPLC 
and identification of independent prognostic factors, and are con-
sidered to provide valuable clues for postoperative management of 
patients with MPLC.
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