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Introduction

Adenocarcinoma is the most common histologic type of 
non-small cell lung cancer (1). Recently, the use of chest 
computed tomography (CT) for lung cancer screening and 
early-stage lung cancer detection has increased (2). The 
presence of air density areas known as ground glass opacity 

(GGO) nodules has been used as a screening indicator for 
lung cancer. With advances in technology, detection of 
GGO has been increased remarkably, especially in Korea. 
Several studies have shown that persistent GGO nodules 
on CT had a high risk of malignancy (3,4), and almost of 
these nodules were adenocarcinoma, which is characterized 
by histologic heterogeneity. The International Association 
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for the Study of Lung Cancer (IASLC), American Thoracic 
Society (ATS), and European Respiratory Society (ERS) 
proposed new classification of adenocarcinoma in 2011 (5),  
and in 2015 the classification was adopted in World 
Health Organization (WHO) classification of Tumors 
of the Lung, Pleura, Thymus and Heart 4th edition (6). 
With these changes, malignant nodules presenting as 
GGO are regarded as low-grade malignancies with three 
subtypes: adenocarcinoma in situ (AIS), minimally invasive 
adenocarcinoma (MIA) or lepidic adenocarcinoma. This 
group of tumors are correlated with a favorable prognosis 
after surgical resection. However, evidence suggests 
that other more invasive, non-lepidic growth patterns of 
adenocarcinoma such as acinar and papillary have presented 
as GGO nodules (7-11). 

In many institutions, surgical treatment of lung cancer 
is planned by radiologic findings because histomorphologic 
subtypes are only confirmed postoperatively. Within 
our institution, GGO is regarded as a suitable candidate 
for curative treatment by means of sublobar resection. 
However, with recent evidence that some GGOs may 
be associated with non-lepidic invasive adenocarcinoma, 
there is likely a percentage of tumors presenting as GGOs 
in which sublobar resection may not represent the best 
treatment of choice. Therefore, it is of interest to assess the 
tumor characteristics and prognosis of non-lepidic invasive 
adenocarcinoma presenting as GGO nodules.

We herein report the clinicopathological characteristics 
and survival  outcomes from non-lepidic  invasive 
adenocarcinoma tumors which were GGO-predominant 
nodules on chest CT. These results were compared with 
tumors that were solid-predominant on chest CT. The aim 
of this study was to clarify the clinical significance of lung 
adenocarcinoma presenting with GGO, specifically with 
regard to prognosis. 

Methods

Patients

This retrospective study was approved by the institutional 
Review Board of Seoul St. Mary’s Hospital (The Catholic 
University of Korea, ID: KC16RISI0263). A total of 
857 consecutive patients at Seoul St. Mary’s Hospital in 
Korea were diagnosed with non-small cell lung cancer 
and underwent surgical resection between January 2010 
and December 2014. Of this population, 334 patients 
were diagnosed as pathologic stage I adenocarcinoma and 

underwent anatomical complete resection via lobectomy 
or bilobectomy with mediastinal lymph node dissection. 
Disease staging was based on the 7th American Joint 
Committee on Cancer (AJCC) guidelines (12). Complete 
resection was defined as an absence of residual cancer both 
macroscopically and microscopically. Among 334 patients 
with stage I adenocarcinoma, tumor sizes of 281 patients 
were ≤3 cm. We excluded tumors classified according to 
the 2015 WHO classification as AIS (8 patients), MIA 
(48 patients) or lepidic adenocarcinoma (57 patients). 
The remaining 168 patients were divided into two groups 
according to the extent of radiologic findings of GGO 
on chest CT preoperatively: GGO-predominant invasive 
adenocarcinoma (Group A) and solid-predominant invasive 
adenocarcinoma (Group B). Clinicopathological features 
and survival were compared among the two groups. 

Radiologic evaluation

Primary lesions were evaluated using thin-section CT 
images. All chest CT scans were obtained at full inspiration 
and were retrospectively examined for GGO nodules. GGO 
is defined on a CT scan by hazy increased opacities in the 
lung parenchyma, with preservation of bronchial structures 
and vascular margins (13). The diameter of the tumor (T) 
was defined as the largest axial diameter of the lesion on 
the lung window setting. The diameter of consolidation 
(C) on the axial image on the lung window setting was 
also measured, where consolidation was defined as an area 
of increased opacification which completely obscured 
underlying bronchial structures and vascular markings. 
GGO-predominant tumors were those with a C/T ratio 
<0.5 and solid-predominant tumors were those with a C/T 
ratio ≥0.5. Each lung nodule on preoperative CT scans was 
reviewed blindly by two thoracic surgeons. 

Histologic evaluation

All clinical specimens were examined by pathology 
specialists, whose observations were recorded. Each tumor 
was reviewed for size, location, differentiation, lymph node 
status, pleural invasion, lymphatic invasion, and vascular 
invasion. To describe histomorphologic patterns of tumors, 
the occupancy ratio of each component (lepidic, acinar, 
papillary, micropapillary, and solid) in the total tumor 
area was measured and recorded semiquantitatively in 5% 
increments, according to the 2015 WHO classification of 
lung tumors (6). AIS and MIA defined as small (≤3 cm), and 
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solitary adenocarcinomas that consisted of lepidic growth 
pattern without invasion (AIS) or with ≤5 mm invasion 
(MIA). Invasive adenocarcinomas classified into several 
subtypes (acinar adenocarcinoma, papillary adenocarcinoma, 
micropapillary adenocarcinoma, lepidic adenocarcinoma, 
etc.). Non-lepidic invasive adenocarcinoma defined as 
invasive adenocarcinomas except lepidic adenocarcinoma. 

Statistical analysis

Clinicopathological factors were for each group were 
analyzed with the Student’s t-test or the Wilcoxon rank-sum 
test for continuous variables and the χ2 test or Fisher’s exact 
test for categorical variables. Data for the interval between 
surgical resection and last follow-up visit were analyzed via 
the Kaplan-Meier method using confirmed recurrences/
deaths to calculate recurrence-free survival (RFS) and 
overall survival. Survival of each group was compared by 
log-rank test and the Cox proportional hazards model 
of multivariate analysis was engaged to determine risk of 
recurrence. A value of P<0.05 was considered statistically 
significant. Statistical analyses were performed using SPSS 
19.0 software (IBM Corp., Armonk, NY, USA).

Results

A comparison of clinicopathological characteristics between 
groups A and B is shown in Table 1. Of the 168 subjects, 
a total of 31 had nodules classified as GGO-predominant 
(Group A) and the remaining 137 had nodules classified 
as solid-predominant (Group B). Of the 31 subjects in the 
GGO-predominant group, the mean age was 60.2 years 
(SD, 7.5) and 58.1% were women. Smoking history was 
present in 7 (22.6%) of the subjects. The mean serum 
carcinoembryonic antigen (CEA) level was 1.7 ng/mL 
(SD, 1.2). Of this group 5 subjects (16.1%) had pure GGO 
nodules and 26 subjects (83.9%) had mixed GGO nodules. 
All tumors were peripherally located and treated with 
lobectomy; video-assisted thoracoscopic surgery (VATS) 
was used in 87.1% of all cases. In the 137 subjects assigned 
to the solid-predominant group, the mean age was 65.1 
(SD, 10.5), and 53.3% were women. Within this group, 
32.1% were current or former smokers. The mean serum 
CEA level was 2.0 ng/mL (SD, 1.9). A total of 65 subjects 
(47.4%) had mixed GGO and 72 patients (52.6%) had pure 
solid nodules. Of the total 137 subjects, 128 (93.4%) had 
peripherally located tumors, 3 underwent bilobectomy, and 
VATS was used in 77.4% of all cases. The mean maximum 

standardized uptake value (SUVmax) of fluorodeoxyglucose 
on PET scanning was lower in Group A than Group B [1.4 
(±0.9) vs. 4.4 (±3.3), respectively; P<0.001]. Otherwise, there 
were no significant differences between groups with regard 
to sex, smoking status, mean serum CEA, involved lobes, 
complication rate, postoperative mortality, or frequency of 
adjuvant therapy.

Pathologic characteristics of the tumors in both groups are 
shown in Table 2. The mean tumor size was significantly less 
in Group A than in Group B (1.7 vs. 2.0 cm, P=0.001). More 
moderately- to poorly-differentiated tumors were present 
in Group B (P<0.001). The mean total number of lymph 
nodes removed per patient was 13.1 (±8.7) and 12.5 (±7.3),  
respectively (P=0.652). The distribution of subtypes of 
adenocarcinoma (acinar, papillary, micropapillary, solid, 
lepidic, or other types) was not different between the two 
groups (P=0.365). We compared the mean percentages 
of the volume of the five histomorphologic components 
(acinar, papillary, micropapillary, solid, and lepidic) in the 
tumors. Acinar and papillary tumor components were 
present in similar percentages in both groups. However, 
micropapillary and solid components were present more 
frequently in Group B, and a lepidic component was present 
more frequently in Group A. Specifically, the incidence of a 
micropapillary component ≥5% within the tumors was 7.7% 
(2 cases) in Group A and 26.3% (35 patients) in Group B 
(P=0.040). The distribution of pathologic stage between 
the groups differed, where T1bN0M0 and T2aN0M0 
were more frequently diagnosed in Group B (P=0.007). 
Solid-predominant tumors had pleural invasion, lymphatic 
invasion, and vascular invasion more frequently than GGO-
predominant tumors (P=0.029, 0.026, 0.075). 

Median follow-up time for all patients was 875 days 
(range, 12–1,957 days) and recurrences were noted in 
21 patients (Table 3). None of the patients with GGO-
predominant tumors experienced a recurrence (3-year RFS, 
100%). Of the patients with solid-predominant tumors, 
80.4% had a 3-year RFS (Figure 1). 

Table 4 shows univariate and multivariate analysis using 
the Cox proportional hazards model to determine factors 
associated with recurrence of ≤3 cm non-lepidic invasive 
adenocarcinoma presenting as GGO nodules on chest CT. 
Multivariate analysis with grade of tumor differentiation, 
percentage of micropapillary pattern in the tumor, 
percentage of lepidic pattern in the tumor, lymphatic 
invasion, and vascular invasion indicated that micropapillary 
pattern [hazard ratio (HR) =1.036, 95% confidence 
interval (CI) 1.000–1.073; P=0.050] and lymphatic 
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Table 1 Clinical characteristics of invasive adenocarcinoma except lepidic adenocarcinoma

Variables Group A (n=31) Group B (n=137) P value

Age (± SD) (years) 60.2 (±7.5) 65.1 (±10.5) 0.028

Gender, n (%) 0.630

Male 13 (41.9) 64 (46.7)

Female 18 (58.1) 73 (53.3)

Smoking history, n (%) 0.297

Current or former 7 (22.6) 44 (32.1)

Serum CEA level (ng/mL) (± SD) 1.7 (±1.2) 2.0 (±1.9) 0.374

SUVmax (± SD) 1.4 (±0.9) 4.4 (±3.3) <0.001

Radiologic feature, n (%) <0.001

Pure GGO 5 (16.1) 0

Mixed GGO 26 (83.9) 65 (47.4)

Pure Solid 0 72 (52.6)

Tumor location, n (%) 0.213

Central 0 9 (6.6)

Peripheral 31 (100.0) 128 (93.4)

Involved lobe, n (%) 0.141

Right upper 16 (51.6) 49 (35.8)

Right middle 0 18 (13.1)

Right lower 5 (16.1) 30 (21.9)

Left upper 6 (19.4) 24 (17.5)

Left lower 4 (12.9) 16 (11.7)

Operation, n (%) 1.000

Lobectomy 31 (100.0) 134 (97.8)

Bilobectomy 0 3 (2.2)

VATS, n (%) 27 (87.1) 106 (77.4)
0.229

Open thoracotomy, n (%) 4 (12.9) 31 (22.6)

Complications, n (%) 2 (6.5) 20 (14.6) 0.375

Postoperative mortality 0 0

Adjuvant therapy, n (%) 1 (3.2) 4 (2.9) 1.000

Group A, GGO-predominant tumor group; Group B, solid-predominant tumor group; SD, standard deviation; CEA, carcinoembryonic 
antigen; SUVmax, maximum standardized uptake value; VATS, video-assisted thoracoscopic surgery.

invasion (HR =3.436; 95% CI, 1.149–10.278; P=0.027) 
were significant risk factors for recurrence. In multivariate 
analysis, replacement of percentages of the micropapillary 
component of the tumor (continuous variable) with the 
designation of micropapillary positive (categorical variable, 

micropapillary component ≥5% in tumor) resulted in 
micropapillary positive (HR =2.619; 95% CI, 1.035–6.627; 
P=0.042) and lymphatic invasion (HR =3.260; 95% CI, 
1.105–9.619; P=0.032) as statistically significant risk factors 
for recurrence (Table 5). Overall, risk factors for recurrence 
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Table 2 Pathologic characteristics of invasive adenocarcinoma except lepidic adenocarcinoma

Variables Group A (n=31) Group B (n=137) P value

Tumor size (± SD) (cm) 1.7 (±0.4) 2.0 (±0.5) 0.001

Grade, n (%) <0.001

Well differentiated 21 (67.7) 42 (30.7)

Moderately differentiated 10 (32.3) 81 (59.1)

Poorly differentiated 0 14 (10.2)

Number of dissected lymph nodes (± SD) 13.1 (±8.7) 12.5 (±7.3) 0.652

Subtypes, n (%) 0.365

Acinar adenocarcinoma 23 (74.2) 89 (65.0)

Papillary adenocarcinoma 6 (19.4) 24 (17.5)

Micropapillary adenocarcinoma 0 2 (1.5)

Solid adenocarcinoma 0 14 (10.2)

Others 2 (6.5) 8 (5.8)

Histomorphologic component (± SD) (%)

Acinar 57.5 (±25.0) 52.2 (±30.6) 0.344

Papillary 12.3 (±30.3) 16.0 (±27.7) 0.539

Micropapillary 0.4 (±1.4) 3.8 (±8.8) <0.001

Solid 0 8.8 (±21.9) <0.001

Lepidic 29.8 (±16.6) 13.4 (±14.6) <0.001

Others 4.3 (±19.1) 7.3 (±22.2) 0.500

Micropapillary positive, n (%) 2 (7.7) 35 (26.3) 0.040

Pathologic stage, n (%) 0.007

T1aN0M0 23 (74.2) 60 (43.8)

T1bN0M0 6 (19.4) 44 (32.1)

T2aN0M0 2 (6.5) 33 (24.1)

Visceral pleural invasion, n (%) 2 (6.5) 33 (24.1) 0.029

Lymphatic invasion, n (%) 4 (12.9) 45 (33.1) 0.026

Vascular invasion, n (%) 0 14 (10.2) 0.075

Group A, GGO predominant tumor group; Group B, solid predominant tumor group; SD, standard deviation; Subtypes, subtypes of 
adenocarcinoma (2015 WHO classification of lung tumors); Histomorphologic component, mean percentage of the volume of the tumors 
that contained those microscopic components; Micropapillary positive, micropapillary component ≥5% in tumor.

were present more frequently in Group B, the solid-
predominant tumors. 

Discussion

In the present study, our aim was to elucidate the prognosis 

of invasive adenocarcinoma presenting clinically as GGO 
nodules on chest CT. Prior studies have shown outcomes 
of 100% RFS after surgical resection for AIS and MIA, 
and among the five subtypes of adenocarcinoma, lepidic 
adenocarcinoma showed the most favorable prognosis 
(14,15). Some reports also determined that the degree 
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of lepidic pattern in a tumor was related to disease 
prognosis, where greater than 50% lepidic pattern was 
a favorable prognostic indicator in cases of invasive 
adenocarcinoma (16-18). Generally, GGO on a chest CT 
is considered a lepidic component suggestive of AIS, MIA, 
or lepidic adenocarcinoma, which are grouped along a 
continuum as minimally invasive tumors. As a result, many 
surgeons choose sublobar resection (wedge resection or 
segmentectomy) for curative treatment of GGO nodules. 
However, GGO nodules do not always represent AIS, MIA 
or lepidic adenocarcinoma. Indeed, in some cases, GGO 
nodules have been associated with non-lepidic invasive 
adenocarcinoma. For those reasons, recent studies have 
been conducted to ascertain the predictive factors for the 
presence of invasive adenocarcinoma when GGO nodules 
are present (19-21). 

We defined GGO-predominant nodules as those with a 
C/T ratio <0.5 and solid-predominant nodules as those with 
a C/T ratio ≥0.5. These criteria were adopted based on 

the National Comprehensive Cancer Network guidelines 
for non-small cell lung cancer (Version 4.2016) which state 
that segmentectomy or wedge resection is appropriate in 
selected patients. One of those indications is for nodules 
with greater than 50% GGO appearance on CT. Moreover, 
two ongoing studies (JCOG 0802, JCOG 0804) have also 
adopted C/T ratio to select sublobar resection (14,22). 
Clinically, it is practical for thoracic surgeons to use the C/T  
ratio to classify nodules on CT as GGO-predominant or 
solid-predominant. 

In this study, we found that a micropapillary component 
and lymphatic invasion are the significant risk factors 
for recurrence in non-lepidic invasive adenocarcinoma 
of ≤3 cm. Solid-predominant nodules (Group B) had 
more risk factors for recurrence when compared with 
GGO-predominant nodules (Group A). The incidence 
of micropapillary positive tumors and the presence of 
lymphatic invasion within the tumor were greater in Group 
B than Group A. In addition, SUV max, which is a known 
prognostic factor in non-small cell lung cancer (23,24), 
was greater in Group B than Group A. Other factors 
such as larger tumor size, poor tumor differentiation, and 
visceral pleural invasion also supported poorer prognosis 
of Group B when compared with Group A. Interestingly, 
the 3-year RFS for individuals with GGO-predominant 
nodules (Group A) was 100% in this study, considering 
all cases were those of known invasive adenocarcinoma. 
We therefore concluded that GGO nodules have a lesser 
malignant potential when compared with solid nodules on 
chest CT, despite the fact that GGO nodules are associated 
with non-lepidic invasive adenocarcinoma. 

We analyzed the f ive  major  his tomorphologic 
growth patterns of adenocarcinoma (acinar, papillary, 
micropapillary, solid and lepidic component) and compared 
the distribution of these growth patterns between the 
two study groups. Although the distribution of WHO’s 
classifications of adenocarcinoma (acinar adenocarcinoma, 
papillary adenocarcinoma, micropapillary adenocarcinoma, 
and solid adenocarcinoma) were similar between both 
groups, the mean percentages of each of the growth 
patterns in the tumors were significantly different between 
the two groups, especially with respect to the presence of 
micropapillary, solid and lepidic components. Specifically, 
the mean percentages of micropapillary and solid 
components were higher in Group B. Conversely, the mean 
percentage of a lepidic component was lower in Group 
B. These findings are congruent with prior studies which 
have demonstrated that micropapillary and solid tumor 

Table 3 Summary of recurrence

Site of recurrence Group A Group B (%)

Overall recurrence 0 21 (15.3)

Locoregional recurrence 0 11 (8.0)

Distant 0 2 (1.5)

Both 0 8 (5.8)

Group A, GGO predominant tumor group; Group B, solid 
predominant tumor group; Locoregional, recurrence within 
ipsilateral hemithorax including pleura and mediastinal lymph node.

Figure 1 3-year recurrence free survival of non-lepidic invasive 

adenocarcinoma.
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components have a higher malignant potential than acinar, 
papillary, and lepidic components (14,25). Therefore, 
from a histomorphologic perspective, solid-predominant 
tumors (Group B) have a greater malignant potential than 
GGO-predominant tumors (Group A). In the case of pure 
GGOs (n=5), acinar, papillary, and lepidic components 
were only present in the tumor, and overall in Group A, 
micropapillary and solid components were seldom present. 
We adopted the presence of a micropapillary component 
as an independent variable, because some studies reported 
that tumor prognosis changes when a small amount of 
micropapillary component (micropapillary ≥5%) is present 
(14,26,27). In our study, micropapillary positive designation 
was a significant prognostic factor for recurrence and was 
more frequently present in Group B.

Historically, GGO may be a transient finding, and 

Table 4 Univariate and multivariate analysis for recurrence of non-lepidic invasive adenocarcinoma (Cox-proportional hazard model)

Variables
Univariate analysis Multivariate analysis

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

Age 0.990 0.948–1.033 0.635 – – –

Sex (female) 0.509 0.211–1.229 0.133 – – –

Smoker 1.811 0.763–4.302 0.178 – – –

CEA 1.022 0.825–1.268 0.840 – – –

SUVmax 1.094 0.976–1.226 0.123 – – –

Tumor location (central) 2.549 0.744–8.733 0.136 – – –

Tumor size 0.900 0.408–1.989 0.795 – – –

Grade – – 0.025 – – 0.497

Well differentiated 1 1

Moderately differentiated 5.570 1.273–24.370 0.023 2.235 0.465–10.742 0.315

Poorly differentiated 10.419 1.906–56.956 0.007 3.127 0.465–21.044 0.241

Acinar (%) 0.999 0.984–1.014 0.849 – – –

Papillary (%) 0.995 0.977–1.013 0.587 – – –

Micropapillary (%) 1.069 1.037–1.103 <0.001 1.036 1.000–1.073 0.050

Solid (%) 1.009 0.992–1.026 0.292 – – –

Lepidic (%) 0.968 0.936–1.002 0.064 0.975 0.938–1.013 0.187

Visceral pleural invasion 1.185 0.433–3.244 0.740 – – –

Lymphatic invasion 4.896 2.007–11.940 <0.001 3.436 1.149–10.278 0.027

Vascular invasion 5.092 1.970–13.161 0.001 1.446 0.454–4.599 0.532

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; SUVmax, maximum standardized uptake value.

Table 5 Multivariate analysis after replacement of the variable 

micropapillary pattern (%) to the designation micropapillary positive 

Variables HR 95% CI P value

Grade – – 0.448

Well differentiated 1

Moderately differentiated 2.194 0.461–10.428 0.323

Poorly differentiated 3.346 0.517–21.655 0.205

Micropapillary positive 2.619 1.035–6.627 0.042

Lepidic component (%) 0.978 0.941–1.017 0.269

Lymphatic invasion 3.260 1.105–9.619 0.032

Vascular invasion 2.066 0.653–6.535 0.217

HR, hazard ratio; CI, confidence interval; Micropapillary positive, 
micropapillary component ≥5% in tumor.
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when persistent is considered to represent a precancerous 
growth that may progress down the spectrum of lepidic 
adenocarcinoma. However, on final pathology after surgical 
resection, GGO may at times be diagnosed as non-lepidic 
invasive adenocarcinoma. Our study showed that non-
lepidic invasive adenocarcinoma presenting as GGO had an 
excellent prognosis (100% 3-year RFS). In other words, the 
presence of GGO on a chest CT is a good prognostic factor 
for lung cancer irrespective of the tumor’s histomorphologic 
classification. Therefore, in preoperative evaluation, chest 
CT considering GGO as a low-grade malignant tumor may 
be reasonable. 

In this study, we evaluated RFS instead of overall survival 
because in the case of stage I disease, more patients die from 
other causes than from the cancer during the follow-up  
period (14). Also, RFS is a more accurate measurement of 
survival analysis, since it reflects the biological behavior of 
the cancer rather than death due to unrelated factors. 

This study has several limitations that should be 
considered. First, we used a retrospective study design. 
Second, we obtained the data from a single institution and 
the number of cases was relatively small. For instance, the 
number of patients with GGO-predominant nodules was 
31, therefore a 100% 3-year RFS may not be representative 
of the true survival outcome when extrapolated to a 
larger population. However, our results indicate a better 
prognostic outcome of GGO-predominant nodules when 
compared with solid-predominant nodules, in a manner that 
was statistically significant. Of course, more accurate results 
could be obtained if the analysis and comparison were 
made with a larger patient sample. Finally, we used recent 
data (2010 to 2014), which limited the amount of available 
follow-up information and permitted evaluation of only a 
3-year survival outcome. However, most cases of recurrence 
of lung cancer occur within 2 years (28) and therefore the 
use of a 3-year RFS as an outcome measure is suitable for 
the determination of prognosis. 

In conclusion, non-lepidic invasive adenocarcinoma 
presenting as a GGO-predominant nodule has fewer risk 
factors for recurrence and a better prognosis than non-
lepidic invasive adenocarcinoma presenting as a solid-
predominant nodule. Therefore, limited resection in the 
case of all of GGO-predominant nodules, irrespective of 
histomorphologic patterns of adenocarcinoma, may be a 
reasonable course of action. Further studies that include 
data from larger homogenous sample sizes may provide 
more accurate results.
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