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ABSTRACT

Background. The tumor-node-metastasis classification

system has proposed that lung cancers presenting as mul-

tifocal ground-glass nodules (multi-GGN) on computed

tomography scan should be staged as multiple primaries

instead of intrapulmonary metastases. However, the prob-

lem still exists for those synchronous multiple lung

adenocarcinomas (SMLA) involving solid lesions. This

study aimed to explore the distinct features of SMLA to

better define the diagnosis and staging of this disease.

Methods. Between 2008 and 2016, consecutive patients

with complete resection of SMLA were prospectively

enrolled in the study. The patients were divided into three

groups based on CT images as follows: multi-GGN, one solid

nodule plus one or more GGNs (solid-GGN), and multiple

solid lesions with or without GGN (multi-solid). Clinico-

pathologic features and survival outcomes were compared

between these groups. Multivariate Cox proportional haz-

ards analyses using bootstrap internal validation were

performed to identify independent predictors for recurrence-

free survival (RFS) and overall survival (OS).

Results. Of the 695 patients who met the inclusion crite-

ria, 486 (69.9%) presented with multi-GGN tumor, 124

(17.9%) with solid-GGN tumor, and 85 (12.2%) with

multi-solid tumor. The three groups had distinguished

clinicopathologic features of gender, smoking history,

nodal metastases, tumor size, subtype, and location (all

P\ 0.001). Multivariate analyses demonstrated that multi-

solid tumor was an independent predictor for both

decreased RFS [hazard ratio (HR) 2.941; 95% confidence

interval (CI) 1.07–8.08; P = 0.036] and poor OS (HR 6.13;

95% CI 1.15–32.63; P = 0.034), but neither RFS

(P = 0.384) nor OS (P = 0.811) differed between solid-

GGN and multi-GGN tumors.

Conclusions. Both multi-GGN and solid-GGN tumors

should be staged as multiple primaries, whereas multi-solid

tumor was indicated to be advanced disease.

Recent advances in computed tomography (CT) and

widespread screening for lung cancer have led to an

increased detection of synchronous multiple lung adeno-

carcinomas (SMLAs).1 When multiple tumors are present,

it is important to distinguish multiple primary lung cancers

(MPLCs) from a single cancer with intrapulmonary

metastasis because multiple tumors with metastatic desig-

nation might benefit from systemic therapy alone, whereas

a surgical approach to MPLC may result in prolonged

survival.
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We previously developed a histologic-mutational strat-

egy for identification of MPLCs.2 However, problems still

remain in that all the reported methods rely mainly on

pathologic examination of resected specimens to settle this

issue.3–9 Knowing how to identify the differentiation

before surgery in order to develop an appropriate treatment

plan based on the initial perception of the disease is

challenging.

The new edition of the tumor-node-metastasis (TNM)

classification has proposed that multiple tumors with

prominent ground-glass (multi-GGN) features shown on

CT scan should not be staged as intrapulmonary metasta-

sis.10 Survival analysis also has shown that invasive

adenocarcinoma presenting as a solid nodule on CT with

multifocal ground-glass lesions (solid-GGN) does not

behave as advanced disease.11 We hypothesized that these

GGN-associated features may serve as a preoperative

indicator implying MPLC. Thus, we analyzed 695 con-

secutive patients with SMLA and explored the

clinicopathologic features and survival outcomes. These

investigations allowed us to compare the preoperative

imaging data and the postoperative pathologic findings

with the aim to determine the optimal strategy for identi-

fication of multiple primary lung adenocarcinomas.

METHODS

Patients Inclusion Criteria

From January 2008 to December 2016, data of consec-

utive patients with pulmonary tumors were prospectively

collected. After intensive preoperative workups (enhanced

thin-sliced thoracic CT, abdominal ultrasonography, brain

magnetic resonance imaging [MRI], and radionuclide bone

scan for all patients and positron emission tomography

[PET]/CT for some), to exclude mediastinal metastasis and

systemic disease, patients underwent surgery with curative

intent at Fudan University Shanghai Cancer Center.

The inclusion criteria for this study specified syn-

chronous multiple pulmonary tumors resected completely

with curative intent, final pathology confirmed through

immunohistochemistry (IHC) methods, and accessible

imaging data of preoperative thoracic CT. The survival

period was recorded based on follow-up evaluation from

the day of the last operation. For the first 2 years, clinical

follow-up procedures included physical examination, chest

CT, and abdominal ultrasonography every 3 months, then

every 6 months during the years 3–5 and every year in the

subsequent years. Brain MRI or CT scan and radionuclide

bone scan were performed every year. The Institutional

Review Board of Fudan University Shanghai Cancer

Center approved this study. All the patients provided

written informed consent.

Radiologic Review

All the CT scan images were reviewed and interpreted

by two thoracic radiologists (G. L., Q.L.), who were blin-

ded to the pathology. The study defined GGN lesions using

the same method described in our previous publications,

including both pure and part-solid GGNs.12–14 The patients

were divided into three groups based on radiologic patterns

as follows: multiple lesions with ground-glass components

including both pure GGNs and mixed GGNs (multi-GGN),

multiple tumors including one solid nodule plus one or

more GGNs (solid-GGN), and multiple solid tumors

(multi-solid) (Fig. 1). The diagnostic agreement of the two

radiologists was measured by the Spearman correlation

coefficient.

Surgical Approach and Pathologic Review

The surgical indications for the SMLA patients were as

follows: all solid and sub-solid nodules suspected to be

malignant, easily accessible ipsilateral pure ground-glass

nodule (GGN), and contralateral GGN with increasing size

or solid component during the follow-up period. The sur-

gical strategy was determined based on the size, location,

and CT features of tumors, as well as the performance

status and pulmonary function of the patient. The extent of

pulmonary resection (lobectomy or sublobar resection

including wedge and segmentectomy) and nodal resection

was selected depending on the frozen section diagnosis

during the operation.15 Adjuvant chemotherapy was sug-

gested for those who had pathologic nodal metastasis.16

All the resected tumors were histologically reviewed

based on the classification of lung adenocarcinoma by the

2011 International Association for the Study of Lung

Cancer (IASLC)/American Thoracic Society (ATS)/Euro-

pean Respiratory Society (ERS).17 According to this

classification of lung adenocarcinoma and the survival

reports,17–22 the different histologic subtypes were cate-

gorized into three groups: a low-risk group consisting of

adenocarcinoma in situ (AIS), minimally invasive adeno-

carcinoma (MIA), and lepidic-predominant

adenocarcinoma; a medium-risk group consisting of acinar,

papillary, and invasive-mucinous adenocarcinoma; and a

high-risk group consisting of tumors containing 5% or

more micropapillary or solid component. The diagnostic

strategy for MPLC was determined according to the radi-

ologic and pathologic features of the paired tumors2,10

(Fig. 2).
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Statistical Analysis

The patients were characterized by demographic and

clinical variables. Differences in patient characteristics

among the groups were evaluated using Chi square tests for

categorical variables and one-way analysis of variance

(ANOVA) tests for continuous variables. The patients who

had a follow-up period longer than 1 year since the last

surgery were selected for prognostic analysis because the

survival data of the patients in recent years was not suffi-

ciently mature.

Overall survival (OS) was defined as the time from the

last surgery until death from any cause, with the patients

who did not die during the study period censored at the date

of the last available follow-up evaluation. Recurrence-free

survival (RFS) was defined as the time from surgery until

Groups Tumor site 1 Tumor site 2

Multi-GGN

Solid-GGN

Multi-Solid

Multiple ground-glass

nodles, including both

pure GGN and part-

solid GGN

One solid lesion plus

one or more ground-

glass nodles

Multiple solid tumors

with or without GGN

FIG. 1 Classification based on

computed tomography (CT)

features. The patients were

divided into three groups based

on the following radiologic

patterns: multiple lesions with

ground-glass components

including both pure ground-

glass nodules (GGN) and mixed

GGNs (multi-GGN), multiple

tumors including one solid

nodule plus one or more GGNs

(solid-GGN), and multiple solid

tumors with or without GGN

(multi-solid)

Diagnostic strategy

Before surgery

After surgery

Frozen
sections

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

GGN-associated features on CT?

Either tumor is AIS/MIA ?

Major subtype/variant different?

Both tumors have lepidic background ?

Early-gained genetic features different ?

Metastasis ?

Multiple primaries

FIG. 2 Diagnostic strategy.

The radiologic and histologic

indications for multiple

primaries were ground-glass

nodule (GGN)-associated

features on computed

tomography (CT) images

(multi-GGN or solid-GGN),

with either of paired tumors

showing adenocarcinoma in situ

(AIS) or minimally invasive

adenocarcinoma (MIA), major

subtypes or variants that differ,

or both tumors harboring a

noninvasive lepidic background

(growth of neoplastic cells

along preexisting alveolar

structures)
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recurrence/metastasis or death from any cause. Both OS

and RFS were estimated using the Kaplan–Meier method

and compared across groups using uni- and multivariate

Cox proportional hazards models for the full cohort to

identify independent prognostic factors. Internal validation

using the bootstrap method was applied to confirm the Cox

model outcomes. All statistical analyses were two-sided

and performed using SPSS (version 22.0; IBM Corpora-

tion, Armonk, NY, USA). A P value of 0.05 or lower

indicated statistical significance,.

RESULTS

Patient Demographics

From January 2008 to December 2016, 695 patients who

met the inclusion criteria were included in the study. Of

these patients, 486 (69.9%) presented as multi-GGN, 124

(17.9%) as solid-GGN, and 85 (12.2%) as multi-solid. The

patient demographic characteristics are summarized in

Table 1. With the appearance and increase in the number

of solid nodules, the proportion of females (78.6% vs.

60.5% vs 37.6%; P\ 0.001) and nonsmokers (85.4% vs.

69.4% vs. 50.6%; P\ 0.001) decreased, whereas nodal

metastases increased (1% vs. 29% vs. 61.2%; P\ 0.001).

Notably, nearly half of the multi-solid patients were found

to have pathologic N2 metastasis (49.4%) (Table 1).

Tumor Characteristics

From the 695 patients, 1695 tumors were resected. Of

the 695 patients, 494 (71.1%) had two tumors, 123 (17.7%)

harbored three nodules, and 62 (11.2%) carried four to nine

tumors. The number of resected tumors among the three

groups did not differ statistically (P = 0.363). However,

the location and size of the tumors varied. Whereas SMLA

TABLE 1 Patients’

demographics and tumor

characteristics

Characteristics Multi-GGN

(n = 486)

n (%)

Solid-GGN

(n = 124)

n (%)

Multi-solid

(n = 85)

n (%)

P Value

Females 382 (78.6) 75 (60.5) 32 (37.6) \ 0.001

Mean age (years) 58.6 ± 9.6 62.9 ± 8.3 58.7 ± 10.4 0.080

Smoking history 71 (14.6) 38 (30.6) 42 (49.4) \ 0.001

Highest pN stage \ 0.001

N0 481 (99.0) 88 (71.0) 33 (38.8)

N1 2 (0.4) 9 (7.2) 10 (11.8)

N2 3 (0.6) 27 (21.8) 42 (49.4)

No. of resected tumors 2.4 ± 0.8 2.4 ± 0.7 2.5 ± 0.9 0.363

Tumor location \ 0.001

Same lobe 125 (25.7) 19 (15.3) 42 (49.4)

Unilateral lobes 275 (56.6) 75 (60.5) 32 (37.6)

Bilateral lung 86 (17.7) 30 (24.2) 11 (12.9)

Dominant tumor size (cm) 1.5 ± 0.8 2.3 ± 1.2 3.1 ± 1.5 \ 0.001

Dominant tumor subtype \ 0.001

Low risk 268 (67.3) 0 0

Medium risk 125 (31.4) 91 (81.3) 49 (66.7)

High risk 5 (1.3) 20 (18.0) 24 (32.9)

Subtype consistency \ 0.001

Same 161 (33.1) 19 (15.3) 66 (77.6)

Different 325 (66.9) 105 (84.7) 19 (22.4)

Both tumors have lepidic background 486 (100) 112 (90.3) 0 \ 0.001

Subtype category: ‘‘low risk’’ includes adenocarcinoma in situ (AIS), minimally invasive adenocarcinoma

(MIA), and lepidic-predominant adenocarcinoma; ‘‘medium risk’’ includes acinar, papillary-predominant,

and invasive mucinous adenocarcinoma; ‘‘high risk’’ refers to any types of adenocarcinoma that con-

tain C 5% of micro-papillary or solid component

A radiographically solid appearance and the specific histologic subtype of solid adenocarcinoma denote

different things

GGN ground-glass nodule; solid-GGN, multiple tumors including one solid nodule plus one or more GGNs;

multi-solid, multiple solid tumors with or without GGN
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presented as multi-GGN, and solid-GGN seemed to be

located more often in different pulmonary lobes, multi-

solid tumors seemed to be found more often in one single

lobe (P\ 0.001). Tumors were found to be larger with an

increasing number of the solid nodules (P\ 0.001).

According to the IASLC/ATS/ERS classification of lung

adenocarcinoma, most tumors in the multi-GGN group

(98.7%) belonged to low- or medium-risk cancer subtypes,

whereas 100% of the tumors in the multi-solid group were

medium- or high-risk tumors (P\ 0.001) (Table 1).

Determination of MPLCs

According to the diagnostic strategy in Fig. 2, for the

610 patients (87.8%) in the multi-GGN and solid-GGN

groups, multiple primaries were diagnosed based on CT

images by our radiologist blinded to the patients’ infor-

mation. We used the Spearman correlation coefficient to

measure the diagnostic agreement between the two radi-

ologists, which showed significant correlation (correlation

coefficient, 0.925; P\ 0.001). However, they were not

able to reach definite diagnoses solely on the basis of CT

images for the 85 patients in multi-solid group. These

paired tumors underwent comprehensive pathologic

assessment, with 19 cases (22.4%) found to be harboring

different subtypes suggestive of independent malignancies.

Multiple primaries were diagnosed in 629 patients (90.5%),

and the findings for 66 patients (9.5%), using the diagnostic

strategy in Fig. 2, were highly suggestive of intrapul-

monary metastases. The CT findings for MPLC in this

cohort showed a sensitivity of 97%, a specificity of 100%,

a negative value of 77.6%, a positive predictive value of

100%, and an accuracy of 97.3%.

Surgical Procedures and Survival Outcomes

For the 186 (26.8%) patients with multiple tumors in the

same lobe, lobectomy was the most commonly used pro-

cedure (73.2%), especially for the patients with solid

tumors (97.6%). However, more than half of the patients

with same-lobe GGNs received sublobar resections

(54.4%). The 382 (55%) patients with tumors in the uni-

lateral different lobes underwent lobectomy combined with

one sublobar resection (50.8%), multiple sublobar resec-

tions (40%), or bilobectomy (9.2%). All 127 bilateral-

tumor patients (18.2%) underwent two-stage operations.

Most of these patients received lobectomy combined with

one sublobar resection (59.8%). Notably, 409 (84.2%) of

the 486 multi-GGN patients had undergone at least one

sublobar resection. All tumors were R0 resected with

negative margins.

Of the 448 patients who met the follow-up criteria for at

least 12 months since their last lung surgery, 6 (1.3%) were

lost to contact and excluded from the survival analysis.

Thus, 442 patients finally were enrolled for the survival

analysis. The median follow-up time was 21 months (range

12–89 months). No patient died during the perioperative

period.

Recurrence for 65 patients included 22 cases of pul-

monary dissemination, 10 mediastinal recurrences, 2

pleura/chest wall cases, 4 supra-clavicular mass cases, and

7 cases of brain metastases, as well as 10 bone, 2 adrenal

gland, 1 eye, and 2 liver cases. For five cases of multiple

metastases, the study could not determine which was the

initial malignancy.

The whole cohort had an estimated 5-year RFS rate of

72.6% (95% CI 53.8–91.4%) for CT-defined multiple pri-

maries and 26.6% (95% CI 9.7–43.4%) for multi-solid

cases, which CT was unable to define. (P\ 0.001;

Fig. 2a). During the follow-up period, 30 patients died,

including 3 (1.1%) in multi-GGN group, 4 (4.3%) in solid-

GGN group, and 22 (32.8%) in multi-solid group.

In the Kaplan–Meier survival analysis for the whole

cohort, the estimated 5-year RFS rate was 88.5% (95% CI

78.3–98.7%) for the multi-GGN group, 51.8% (95% CI

20.0–83.6%) for the solid-GGN group, and 22.9% (95% CI

5.7–40.1%) for the multi-solid group. The corresponding

estimated 5-year OS rates were respectively 96% (95% CI

90.5–100%), 92.3% (95% CI 84.5–100%), and 39% (95%

CI 13.7–64.3%).

For a better evaluation of surgical resection for SMLA,

we selected patients who had pathologic N0 disease and at

least one invasive adenocarcinoma (excluding AIS/MIA).

For these selected patients, the estimated 5-year RFS rate

was 79.5% (95% CI 61.3–97.7%) for the multi-GGN

group, 63.8% (95% CI 27–100%) for the solid-GGN group,

and 41.7% (95% CI 16.0–67.4%) for the multi-solid group.

The corresponding estimated 5-year OS rates were

respectively 95% (95% CI 85.4–100%), 91.6% (95% CI

81.8–100%), and 71.2% (95% CI 48.5–93.3%).

In the multivariate survival analysis for RFS after

adjustment for sex, age, tumor size and location, surgical

approach, subtype, nodal status, and lymphovascular

invasion, multi-solid tumor proved to be an independent

predictor of worse RFS (HR, 2.941; 95% CI 1.07–8.08;

P = 0.036). In addition, dominant subtype (HR, 5.174;

95% CI 1.29–20.7; P = 0.02) and pathologic N stage (HR,

2.99; 95% CI 1.604–5.574; P = 0.001) were independent

factors that affected tumor recurrence. These significant

predictors were rechecked by bootstrap internal validation

(Table 2).

In the multivariate analysis for OS, the independent

predictors of poor OS were male sex (HR, 2.81; 95% CI

1.10–7.19; P = 0.031), nodal metastases (HR, 2.84; 95%

CI 1.16–6.95; P = 0.022), and multi-solid tumor (HR, 6.13;

95% CI 1.152–32.63; P\ 0.001), but only multi-solid
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tumor was confirmed to be positive by bootstrap internal

validation (P = 0.007) (Table 3).

DISCUSSION

Synchronous lung cancers were reported for 3.7% to

8.0% of lung cancer patients.23 With the development of

thin-slice CT technology and the popularity of lung cancer

screening, the detection rate for SMLA has been increasing

rapidly. In this study, we prospectively enrolled 695 con-

secutive patients with SMLA who underwent surgery. We

found that most of the multiple primary lung adenocarci-

nomas could be defined through preoperative CT analysis

and characterized as multi-GGN or solid-GGN tumor. The

multi-solid tumor was indicated as an independent pre-

dictor of poor survival, implying advanced disease.

Identification of MPLC from a single cancer with

metastasis poses a significant challenge to chest physi-

cians.2 The new edition of the TNM classification10 has

specifically represented four patterns of the disease as

follows: MPLC, separate tumor nodules (STNs, defined as

intrapulmonary metastasis), multifocal lung cancer pre-

senting as multiple ground-glass/lepidic nodules (multi-

GGN), and diffuse pneumonia-type adenocarcinoma

(PTA). It also has formulated detailed instructions for each

pattern of the disease in the supplementary articles.24–26

Several questions still challenge clinicians when multi-

ple pulmonary tumors are present. First, it is difficult to

differentiate SPLC from STN without comprehensive

histopathologic and genetic analysis before surgery, espe-

cially when the lesions have a similar histology.25 Second,

although patients with lung adenocarcinoma with multiple

pulmonary sites of involvement have been reported by a

series of literatures,10 controversy remains regarding

appropriate treatment strategies and postsurgical outcomes

because information on the risks of recurrence and factors

influencing survival is sparse, especially for patients who

would benefit from a surgical resection.

TABLE 2 Predictors for recurrence-free survival

Predictors Univariate analysis Multivariate analysis Internal validation by

bootstrap

P Value HR 95% CI P Value HR 95% CI P Value 95% CI

Male versus female sex 0.001 2.48 1.48 4.17 0.222 1.43 0.81 2.52

Age 0.458 0.991 0.967 1.015

CT feature

Multi-GGN \ 0.001 0.065

Solid-GGN \ 0.001 4.59 2.08 10.15 0.384 1.51 0.59 3.83 0.386 –0.48 1.69

Multi-solid \ 0.001 12.83 6.31 26.08 0.036 2.94 1.07 8.08 0.047 0.025 2.52

Location

Same lobe 0.402

Unilateral lobes 0.319 0.75 0.43 1.31

Bilateral lobes 0.207 0.64 0.32 1.28

Dominant tumor size \ 0.001 1.37 1.21 1.55 0.655 0.950 0.759 1.19

Dominant tumor subtype

Low risk \ 0.001 0.043

Medium risk \ 0.001 11.92 3.67 38.65 0.020 5.17 1.29 20.72 0.023 0.090 10.97

High risk \ 0.001 21.35 6.36 71.62 0.077 3.89 0.86 17.62 0.099 –0.50 10.56

Highest pN stage

N1/N2 versus N0 \ 0.001 7.56 4.56 12.52 0.001 2.99 1.60 5.57 0.002 0.45 1.88

Dominant tumor surgery: sublobar versus

lobectomy

0.048 0.563 0.32 0.99 0.885 0.956 0.516 1.77

Subtype category: ‘‘low risk’’ includes adenocarcinoma in situ (AIS), minimally invasive adenocarcinoma (MIA), and lepidic-predominant

adenocarcinoma; ‘‘medium risk’’ includes acinar, papillary-predominant, and invasive mucinous adenocarcinoma; ‘‘high risk’’ refers to any types

of adenocarcinoma that contain C 5% of micro-papillary or solid component

A radiographically solid appearance and the specific histologic subtype of solid adenocarcinoma denote different things

GGN ground-glass nodule; solid-GGN, multiple tumors including one solid nodule plus one or more GGNs; multi-solid, multiple solid

tumors with or without GGN
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In the current study, SMLA showing one solid nodule

plus one or more GGNs on CT scan (solid-GGN)

accounted for 20.3% of the whole cohort. We deemed this

type of lung adenocarcinoma to be MPLC. On one hand,

the imaging and histologic features were distinct between

the solid and the ground-glass nodules. On the other hand,

the surgical outcome for these patients was fairly good,

which supported the recommendation that solid-GGN

adenocarcinomas be treated as separate tumors. Notably,

the prognosis for these patients was dominantly determined

by the stage of the solid tumor. Thus, we updated our

previous strategy for MPLC presented as Fig. 2. Using

these methods, most of the SMLA patients (90.5% in this

cohort) can have a definite diagnosis before or during

surgery.

In this study, SMLA with the multi-solid pattern was

proved to be associated with a high rate of pathologic nodal

metastasis even if the preoperative imaging showed no

evidence of metastases. This implied that it is more likely

to be intrapulmonary metastatic disease. However, we must

admit that with the current methods, the differential diag-

nosis of multiple solid tumors with the same histology

is really challenging, even by molecular approaches such

as the gene test. Assessment of biomarkers (driver gene

mutations) is only suggestive because a substantial rate of

discordance exists among different samples of the same

tumor, whereas concordance exists among clearly separate

tumors.25 Thus, mutational profiling should not be con-

sidered definitive and must be considered together with

other information.10

Considering the tumor size and nodal metastases of

multiple solid lesions in this study, we concluded that in

most instances, multiple lesions were highly suggestive of

a relation with each other and should be treated as

advanced disease. Further work on this problem by our

study team is ongoing. From a therapeutic perspective, we

can see that after the integrated treatment consisting of

surgery, adjuvant chemotherapy, and targeted therapy after

recurrence, these patients achieved survival outcomes

comparable with those from the IASLC global database,27

TABLE 3 Predictors for overall survival

Predictors Univariate analysis Multivariate analysis Internal validation by

bootstrap

P Value HR 95% CI P Value HR 95% CI P Value 95% CI

Male versus female sex 0.002 3.69 1.62 8.40 0.031 2.81 1.10 7.19 0.065 - 2.55 0.06

Age 0.971 1.00 0.96 1.04

CT feature

Multi-GGN \ 0.001 0.016

Solid-GGN 0.112 3.38 0.75 15.18 0.811 1.23 0.218 7.00 0.725 - 1.73 9.29

Multi-solid \ 0.001 19.5 5.78 65.86 0.034 6.13 1.15 32.6 0.007 0.518 11.1

Location

Same lobe 0.009 0.210

Unilateral lobes 0.033 0.428 0.19 0.93 0.479 0.710 0.276 1.83 0.510 - 1.64 0.97

Bilateral lobes 0.008 0.181 0.05 0.63 0.077 0.282 0.069 1.15 0.061 - 12.5 0.13

Dominant tumor size 0.019 1.26 1.04 1.54 0.187 0.753 0.495 1.15

Dominant tumor subtype

Low risk 0.004 0.147

Medium risk 0.011 13.8 1.84 104.2 0.181 5.18 0.46 57.8

High risk 0.002 26.6 3.43 207.4 0.453 2.65 .21 34.2

Highest pN stage

N1/N2 versus. N0 \ 0.001 8.45 3.89 18.36 0.022 2.84 1.16 6.95 0.056 - 0.07 2.53

Dominant tumor surgery sublobar versus

lobectomy

0.341 0.673 0.298 1.52

Subtype category: ‘‘low risk’’ includes adenocarcinoma in situ (AIS), minimally invasive adenocarcinoma (MIA), and lepidic-predominant

adenocarcinoma; ‘‘medium risk’’ includes acinar, papillary-predominant, and invasive mucinous adenocarcinoma; ‘‘high risk’’ refers to any types

of adenocarcinoma that contains C 5% of micro-papillary or solid component

A radiographically solid appearance and the specific histologic subtype of solid adenocarcinoma denote different things

GGN ground-glass nodule; solid-GGN, multiple tumors including one solid nodule plus one or more GGNs; multi-solid, multiple solid

tumors with or without GGN
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implying that these patients still may benefit from com-

prehensive treatment based on surgery. Importantly,

standard lobectomy without limited resections is preferred

for each solid nodule to prevent tumor spread through air

spaces.28 However, randomized-controlled trials are

required to determine which treatment strategy would bring

the greatest benefits to the patients with refractory disease.

A series of previous studies have reported favorable OS

and RFS for both Asian29 and Caucasian11 patients with

multi-GGN tumors. In the current study, the multi-GGN

pattern was presented by the majority of the SMLAs

(67.6%). This type of tumor often contained low-risk

subtypes of adenocarcinoma, such as the lepidic compo-

nent, and rarely had nodal, airway, or vascular

dissemination. Thus, only if the frozen section showed

lepidic-predominant tumors were sublobar resection and

selective lymphadenectomy expected to yield a good

prognosis for these patients.15,30 This surgical strategy

would be specially suitable for patients with multiple lung

lesions and poor pulmonary reserve.31 As a result, the new

TNM classification, which proposes that multi-GGN ade-

nocarcinoma be classified by the T category of the lesion

with the highest T and a single N and M for all of the

pulmonary lesions, has definite value for the prognosis of

these patients. According to the data of this study, the same

staging rule and treatment strategy could be applied for the

solid-GGN patients as well.

In this study, tumors were classified by their predomi-

nant histologic subtype in the multivariate model for

survival analysis. This could result in some bias because a

tumor can have multiple components. However, we believe

this bias would be small and may not affect the outcomes.

On the one hand, we defined the predominant subtype

based on the criteria of 2011 IASLC/ATS/ERS classifica-

tion, which emphasizes describing the most invasive

component as the predominant subtype. On the other hand,

many publications, from both our study team and others,

have demonstrated that the predominant histologic sub-

types, according to the 2011 IASLC/ATS/ERS

classification, have strong prognostic value.12–15,17,21,32

Additionally, this approach made the model operational

and practical compared with assigning each tumor to

multiple histologic subtypes in the survival analysis.

Several limitations of our study need to be addressed.

First, although this study may have had the largest number

of enrolled patients with SMLAs, it was inevitable that

selection bias would be present due to the nature of a

single-institution study. Second, the study population was

limited to East Asians, thereby raising concerns about the

generalizability of our results because disease spectra may

differ among different ethnicities. Third, the short follow-

up period and small sample for some of the subgroups

hampered the analysis of overall survival and limited the

power of the survival analysis. Therefore, a larger cohort

with a longer follow-up period is needed (Fig. 3).
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FIG. 3 Kaplan-Meier curves including recurrence-free survival

(RFS) and overall survival (OS) for the whole cohort. a The

estimated 5-year RFS rates were 88.5% (95% CI 78.3–98.7%) for

multi-GGN group, 51.8% (95% CI 20.0–83.6%) for solid-GGN

group, and 22.9% (95% CI 5.7–40.1%) for multi-solid group. b The

corresponding estimated 5-year OS rates were respectively 96% (95%

CI 90.5–100%), 92.3% (95% CI 84.5–100%), and 39% (95% CI

13.7–64.3%)
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In summary, this study presented a comprehensive

analysis of clinicopathologic characteristics, surgical

treatment, and prognosis of SMLA in large cohort of

patients. The results showed that among the three groups

classified by the CT features, both the multi-GGN and

solid-GGN tumors should be staged as multiple primaries,

whereas the multi-solid tumors indicate advanced disease.

Based on both these data and our previous work,2 we

proposed a diagnostic strategy for SMLA (Fig. 2) that

could practically and effectively stratify the stages of

patients before, during, and after surgery. Future studies to

investigate biologic mechanisms of the multiple tumors are

warranted, and clinical trials that enroll more patients and

have a longer follow-up period are needed to evaluate and

improve the staging and management of the disease.
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