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Introduction

Lung adenocarcinoma is well characterized by its histologic 
heterogeneity (1). Recently, the use of chest computed 
tomography (CT) for lung cancer screening and early-stage 
lung cancer detection has increased (2), and with advances 
in technology, the detection of ground-glass opacity (GGO) 
has also increased remarkably in Asia. Several studies have 

shown that persistent GGO nodules on CT had a high 
risk of malignancy (3,4), and most of these nodules were 
adenocarcinomas. 

According to the 2015 World Health Organization 
(WHO) classification of Tumours of the Lung (1), malignant 
nodules presenting as GGO are regarded as low-grade 
malignancies with two subtypes: adenocarcinoma in situ (AIS) 
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or minimally invasive adenocarcinoma (MIA). These groups 
of tumours are correlated with a favourable prognosis after 
surgical resection.

Generally, GGO on a chest CT is considered to indicate 
a lepidic component, suggestive of AIS or MIA, which are 
grouped along a continuum as non-invasive or minimally 
invasive tumours. As a result, many surgeons choose sublobar 
resection (wedge resection or segmentectomy) for curative 
treatment of GGO nodules. The advantages of sublobar 
resection over lobectomy are clear. In patients with major 
comorbidities, sublobar resection may be technically easier 
and associated with fewer perioperative complications (5).  
Even if lobectomy is feasible, a lesser resection may help 
preserve lung capacity and function, facilitating any 
subsequent resection of a potential metachronous tumour (6).

However, GGO nodules do not always represent AIS 
or MIA. Indeed, in some cases, GGO nodules have been 
associated with invasive adenocarcinoma (7). Moreover, 
we have had experience with a pure GGO that was 
pathologically diagnosed as invasive adenocarcinoma after 
sublobar resection. Thus, we wanted to determine which 
histologic components (without lepidic component) are 
associated with GGO and clarify whether a complete 
lobectomy is necessary in this context.

This study primarily analyses GGO tumours histologically 
that were diagnosed as invasive adenocarcinoma and 
compares the prognosis of patients with sublobar resection 
and lobectomy in invasive adenocarcinoma presenting as 
GGO. We then investigate whether complete lobectomy is 
necessary after sublobar resection in invasive adenocarcinoma 
presenting as GGO nodules. 

Methods

Patients

Between January 2007 and December 2014, 787 consecutive 
patients at Seoul St. Mary’s Hospital in Korea were 
diagnosed with stage I NSCLC and underwent surgical 
resection. Of this population, 540 patients were diagnosed 
with stage I adenocarcinoma. Patients who underwent 
incomplete resection were excluded. No patients included 
in the study received preoperative chemotherapy or 
radiotherapy. 

Among 540 patients with stage I lung adenocarcinoma, 
23 patients were excluded from the study because they had 
synchronous lung cancer or multiple GGO tumours. The 
study retrospectively enrolled 517 patients and assigned 

them to two groups according to their radiological features: 
GGO-predominant tumours or solid-predominant tumours. 
The clinicopathological characteristics and histologic 
characteristics were analysed in the GGO-predominant 
tumour group. In the GGO-predominant tumour group, a 
comparison was conducted between AIS/MIA and invasive 
adenocarcinoma. The histologic subtypes were analysed in 
invasive adenocarcinoma presenting as GGO-predominant 
tumour, and we examined which subtypes other than the 
lepidic component resembled GGO. We also compared 
the 5-year recurrence-free survival (RFS) of invasive 
adenocarcinoma presenting as GGO predominant in 
patients with sublobar resection and lobectomy. This study 
was approved by the Institutional Review Board of Seoul 
St. Mary’s Hospital at the Catholic University of Korea  
(No. KC16RISI1031).

Radiologic evaluation and preoperative staging

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. The 
preoperative CT findings were reviewed by the authors 
with blind fashion from pathologic information. GGO is 
defined on a CT scan by increased hazy opacities in the lung 
parenchyma with preservation of the bronchial structures 
and vascular margins (8). The diameter of the tumour (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 that completely obscured the 
underlying bronchial structures and vascular markings. 
GGO-predominant tumours were those with a C/T  
ratio ≤0.5, and solid-predominant tumours were those with 
a C/T ratio >0.5. 

All patients underwent preoperative staging via chest 
CT and positron emission tomography (PET)/CT scan. 
Lymph node staging was achieved by contrast-enhanced 
chest CT and F-18-FDG-PET/CT scanning. Any nodes 
with short-axis diameters >10 mm on CT scan or with 
FDG uptakes greater than those of surrounding mediastinal 
structures were regarded as harboring metastases. However, 
high nodal FDG uptake was discounted in the presence of 
benign calcification or if unenhanced CT images showed 
high attenuation with distinct margins. FDG uptake 
by mediastinal lymph nodes that was largely symmetric 
and equivocal on PET/CT scans was interpreted as 
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inflammatory reactivity (9,10). Invasive mediastinal lymph 
node staging (i.e., mediastinoscopy or endobronchial 
ultrasound-guided transbronchial needle aspiration) was done 
only in the patients with positive lymph nodes as above. 

Follow-up evaluations

All patients were followed from the day of surgery. They 
were examined physically and by chest radiography every 
3 months and by chest CT covering cervical to abdominal 
lesions every 6 months for the first 2 years. Thereafter, they 
were examined physically and by low-dose chest CT every 
6 months up to 5 years. After 5 years, they were examined 
physically and by low-dose chest CT annually. We also 
checked the newly developed GGO nodule. The 2nd primary 
GGO is defined as newly developed persistent (more than  
3 months) GGO nodule after surgery for primary lesion.

Surgical procedures

Sublobar resection included wedge resection and 
segmentectomy. Sublobar resection was performed in the 
high-risk subgroup of patients with decreased pulmonary 
function or a comorbid disease. In patients with a GGO 
nodule located near the visceral pleura, intentional sublobar 
resection was considered with the patient’s consent. The 
surgical procedures were determined depending on the 
surgeon’s preferences, and sublobar resection was more 
likely selected if an adequate resection margin could be 
obtained. When we considered sublobar resection, we 
chose wedge resection or segmentectomy according to the 
depth of nodule from the lung surface. Most cases obtained 
a sufficient resection margin in which the length was larger 
than the tumour diameter. Among the 25 patients who 
underwent sublobar resection of invasive adenocarcinoma 
presenting as a GGO-predominant nodule, the sublobar 
resection was performed intentionally in 22 patients (88%) 
who had normal pulmonary function, because of high-risk 
(pulmonary disease) comorbidity in 1 patient (4%), and due 
to previous pulmonary resection in 2 patients (8%).

Pathologic staging and histologic evaluation

All clinical specimens were examined by a pathology 
specialist, whose observations were recorded. To describe 
the histologic patterns of tumours, the occupancy ratio 
of each histologic component (lepidic, acinar, papillary, 
micropapillary, and solid) in the total tumour area was 

measured and recorded semiquantitatively in 5% increments 
according to the 2015 WHO classification of lung 
tumours (1). AIS and MIA were defined as small (≤3 cm),  
and solitary adenocarcinomas consisted of lepidic 
component without invasion (AIS) or with ≤5 mm invasion 
(MIA). Invasive adenocarcinomas were classified into 
one of several subtypes (acinar adenocarcinoma, papillary 
adenocarcinoma, micropapillary adenocarcinoma, lepidic 
adenocarcinoma, etc.). 

Statistical analysis

Clinicopathological factors for each group were analysed with 
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 analysed via the Kaplan-Meier 
method using confirmed recurrences to calculate RFS. The 
survival of each group was compared with a log-rank test. 
A value of P<0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS 19.0 software 
(IBM Corporation, Armonk, NY, USA).

Results

Among 517 patients with stage I lung adenocarcinoma, 
GGO-predominant tumours were found in 191 patients 
(36.9%), and solid-predominant tumours were found in 326 
patients (63.1%). Of the 191 GGO-predominant tumour 
patients, 97 (50.8%) and 94 (49.2%) were assigned to  
AIS/MIA and invasive adenocarcinoma groups, respectively. 

Comparison of AIS/MIA and invasive adenocarcinoma in 
GGO-predominant tumour

GGO-predominant tumour was divided into AIS/MIA 
and invasive adenocarcinoma, and we compared the 
clinicopathological characteristics between AIS/MIA and 
invasive adenocarcinoma (Table 1). The mean maximum 
standardized uptake value (SUVmax) of fluorodeoxyglucose 
on PET was higher in invasive adenocarcinoma than in 
AIS/MIA (1.6 vs. 0.8, P=0.003). In AIS/MIA, pure GGO 
accounted for 61.9%, while in invasive adenocarcinoma, 
pure GGO accounted for 21.3% (P<0.001). The mean  
C/T ratio of AIS/MIA and invasive adenocarcinoma was 
0.09 and 0.27, respectively (P<0.001). The mean tumour 
size was larger in invasive adenocarcinoma than in AIS/MIA 
(1.8 vs. 1.2 cm, P<0.001). 
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Table 1 Comparison of the clinicopathological characteristics of GGO-predominant tumours

Variables AIS or MIA (n=97) Invasive adenoca (n=94) P value

Clinical variables

Age (± SD) 59.1 (±11.0) 61.4 (±8.3) 0.110

Gender 0.152

Male 45 (46.4%) 34 (36.2%)

Female 52 (53.6%) 60 (63.8%)

Smoking history 0.048

Current or former 27 (27.8%) 15 (16.0%)

Serum CEA level (ng/mL) (± SD) 2.2 (±7.2) 1.8 (±1.7) 0.601

SUVmax (± SD) 0.8 (±0.9) 1.6 (±1.9) 0.003

Radiologic feature <0.001

Pure GGO 60 (61.9%) 20 (21.3%)

Mixed GGO 37 (38.1%) 74 (78.7%)

C/T ratio 0.09 (±0.14) 0.27 (±0.17) <0.001

Tumour location 0.241

Central 0 2 (2.1%)

Peripheral 97 (100%) 92 (97.9%)

Surgery 0.015

Wedge resection 30 (30.9%) 15 (16.0%)

Segmentectomy 15 (15.5%) 10 (10.6%)

Lobectomy 52 (53.6%) 69 (73.4%)

VATS 78 (80.4%) 74 (78.7%) 0.772

Open thoracotomy 19 (19.6%) 20 (21.3%)

Complications 9 (9.3%) 9 (9.6%) 0.944

Postoperative mortality 0 0

Pathological variables

Tumour size (± SD) 1.2 (±0.5) 1.8 (±0.8) <0.001

Number of dissected lymph nodes (± SD) 6.9 (±6.5) 9.6 (±7.3) 0.006

Pathologic stage <0.001

TisN0M0 19 (19.6%) 0

T1aN0M0 71 (73.2%) 58 (61.7%)

T1bN0M0 7 (7.2%) 21 (22.3%)

T2aN0M0 0 15 (16.0%)

Visceral pleural invasion 0 9 (9.7%) 0.001

Lymphovascular invasion 0 16 (17.2%) <0.001

AIS/MIA, adenocarcinoma in situ/minimally invasive adenocarcinoma; SD, standard deviation; CEA, carcinoembryonic antigen; SUVmax, 
maximum standardized uptake value; GGO, ground glass opacity; C/T ratio, diameter of consolidation/diameter of the tumour ratio; VATS, 
video-assisted thoracoscopic surgery.
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Analysis of subtypes and histologic components in GGO-
predominant tumour

Histologic subtypes and the mean percentages of histologic 
component were analysed in AIS/MIA and invasive 
adenocarcinoma (Table 2). In invasive adenocarcinoma, the 
lepidic adenocarcinoma subtype accounted for 43.6%, acinar 
adenocarcinoma for 43.6%, papillary adenocarcinoma for 
9.6%, and mucinous adenocarcinoma for 3.2%. The mean 
percentages of histologic components were calculated. In 
AIS/MIA, the mean percentage of the lepidic component was 
91.8% and that of the acinar component was 7.3%. In invasive 
adenocarcinoma, the lepidic component was 47.4%, the acinar 
component was 42.1%, and the papillary component was 7.3%. 
As a result, GGO-predominant tumours mainly consisted of 
lepidic, acinar, and papillary components. 

Analysis of histologic components in pure GGO tumours

We analysed the histologic subtypes and calculated the 
mean percentages of histologic components of pure 

GGO tumours (Table 3). Among them, AIS/MIA was 
75.0% and invasive adenocarcinoma was 25.0%. Invasive 
adenocarcinoma consisted of acinar adenocarcinoma 
(11.2%), papillary adenocarcinoma (3.8%), and lepidic 
adenocarcinoma (10.0%). There were no subtypes such as 
micropapillary adenocarcinoma and solid adenocarcinoma. 
We analysed 20 patients who had invasive adenocarcinoma 
and pure GGO. The mean occupancy ratio of the 
histologic component was analysed. The mean percentage 
showed that the lepidic component (49.1%) and acinar 
component (43.7%) were the main components in 
invasive adenocarcinoma presenting as pure GGO. A 
papillary component (7.1%) was also present. However, 
micropapillary and solid components were not found. 
Therefore, the acinar and papillary components could also 
present as GGO. 

Comparisons of survival between sublobar resection and 
lobectomy

The median follow-up time for the sublobar resection 

Table 2 Histologic subtypes and histologic components of AIS/MIA and invasive adenocarcinoma presenting as GGO-predominant tumour

Variables AIS or MIA (n=97) Invasive adenoca (n=94)

Subtypes

AIS 36 (37.1%)

MIA 61 (62.9%)

Lepidic adenocarcinoma 0 41 (43.6%)

Acinar adenocarcinoma 0 41 (43.6%)

Papillary adenocarcinoma 0 9 (9.6%)

Micropapillary adenocarcinoma 0 0

Solid adenocarcinoma 0 0

Mucinous adenocarcinoma 0 3 (3.2%)

Histologic component (%) (± SD)

Acinar (%) 7.3 (±9.7) 42.1 (±25.8)

Papillary (%) 0.4 (±1.9) 7.3 (±19.3)

Micropapillary (%) 0.1 (±0.5) 0.8 (±3.3)

Solid (%) 0 0.1 (±0.6)

Lepidic (%) 91.8 (±10.0) 47.4 (±24.1)

Others (%) 0 2.4 (±13.5)

Histologic component (%) means percentage of the volume of the tumours that contained those microscopic components. GGO, ground-
glass opacity; AIS/MIA, adenocarcinoma in situ/minimally invasive adenocarcinoma; SD, standard deviation; Subtypes, subtypes of 
adenocarcinoma (2015 WHO classification of lung tumours).
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group (n=25) was 1,071 days (range, 541–2,590 days), and 
that for the lobectomy group (n=69) was 1,277 days (range, 
81–3,375 days). 

We compared the clinicopathological characteristics of 
sublobar resection and lobectomy followed by a comparison 
of survival (Table 4). There were no significant differences 

between sublobar resection and lobectomy for most factors; 
the three significant differences were that SUVmax was lower 
in the sublobar resection group (0.8 vs. 1.8, P=0.033), the 
mean tumour size was smaller in sublobar resection than 
lobectomy (1.3 vs. 2.0 cm, P<0.001), and the number of 
dissected lymph nodes was lower in sublobar resection than 
lobectomy (3.7 vs. 11.8, P<0.001). The 5-year RFS rates 
of both sublobar resection and lobectomy were 100% in 
invasive adenocarcinoma presenting as a GGO tumour 
(Figure 1). The 5-year RFS rates of sublobar resection and 
lobectomy in AIS/MIA were also 100%. For reference, 
the 5-year RFS of solid-predominant tumours (sub-solid 
tumour) was 84.2%, and that of solid-predominant tumours 
(pure solid tumours) was 66.5% (Figure 1). 

There was no recurrence of GGO-predominant tumours, 
regardless of the surgical approach (sublobar resection 
vs. lobectomy), but some newly developed GGO were 
found (Table 5) during the follow-up period. In a univariate 
analysis using the Cox-proportional hazard model, the 
occurrence of 2nd primary GGO was not associated with 
sublobar resection and histologic types (Table 6). 

Discussion

In the present study, our aims were to determine what 
invasive components are associated with the presentation 
as GGO on chest CT and to evaluate the prognosis after 
sublobar resection of invasive adenocarcinoma presenting 
clinically as GGO. In this study, the acinar component and 
papillary components were related with GGO on chest CT. 
Our previous study showed that pure GGO tumours are 
not always composed of a lepidic component (7). Instead, 
acinar and papillary components may also present as GGO 
on chest CT. Other studies also support our results that 
pure GGOs consist of acinar or papillary components as 
well as lepidic component (11-13). Although the acinar 
and papillary components are invasive, the prognosis was 
not different with AIS or MIA if those tumours presented 
as GGO. Furthermore, the invasive adenocarcinoma 
presenting as GGO-predominant tumour showed a 100% 
5-year RFS after sublobar resection in this study. Although 
we do not know whether all of those tumours will have 
100% recurrent-free survival after surgery because of the 
small number of cases and short term follow up period, we 
can expect that the prognosis of those tumours is better 
than general invasive adenocarcinoma. Thus, additional 
complete lobectomy is not essential in this setting, despite 
the postoperative discovery of a predominant invasive 

Table 3 Histologic components of pure GGO

Variables N=80

Subtypes

AIS 33 (41.2%)

MIA 27 (33.8%)

Invasive adenocarcinoma 20 (25.0%)

Acinar adenocarcinoma 9 (11.2%)

Papillary adenocarcinoma 3 (3.8%)

Lepidic adenocarcinoma 8 (10.0%)

Micropapillary adenocarcinoma 0

Solid adenocarcinoma 0

Others 0

Histologic component (%) of all pure 
GGO (± SD)

Acinar (%) 12.7 (±20.5)

Papillary (%) 1.8 (±8.2)

Micropapillary (%) 0

Solid (%) 0

Lepidic (%) 85.3 (±21.9)

Others (%) 0.1 (±1.2)

Histologic component (%) of invasive 
adenocarcinoma (n=20)

Acinar (%) 43.7 (±24.2)

Papillary (%) 7.1 (±16.1)

Micropapillary (%) 0

Solid (%) 0

Lepidic (%) 49.1 (±18.5)

Others (%) 0.6 (±2.4)

Histologic component (%) means percentage of the volume of 
the tumours that contained those microscopic components. 
SD, standard deviation; Subtypes, subtypes of adenocarcinoma 
(2015 WHO classification of lung tumours). GGO, ground-glass 
opacity; AIS, adenocarcinoma in situ; MIA, minimally invasive 
adenocarcinoma.
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Table 4 Comparison of clinicopathological characteristics between sublobar resection and lobectomy patients in invasive adenocarcinoma 
presenting as GGO predominant tumour

Clinical variables Sublobar resection (n=25) Lobectomy (n=69) P value

Age (± SD) 63.5 (±10.0) 60.6 (±7.5) 0.128

Gender 0.613

Male 8 (32.0%) 26 (37.7%)

Female 17 (68.0%) 43 (62.3%)

Smoking history 1.000

Current or former 4 (16.0%) 11 (15.9%)

FEV1 (%) (±SD) 99.6 (±21.1) 104.7 (±18.0) 0.262

DLCO (%) (±SD) 89.4 (±16.3) 94.5 (±18.3) 0.233

Serum CEA level (ng/mL) (± SD) 1.4 (±1.0) 2.0 (±1.9) 0.149

SUVmax (± SD) 0.8 (±1.0) 1.8 (±2.0) 0.033

Radiologic feature 0.338

Pure GGO 7 (28.0%) 13 (18.8%)

Mixed GGO 18 (72.0%) 56 (81.2%)

C/T ratio (± SD) 0.23 (±0.18) 0.29 (±0.17) 0.135

Tumour size (range) 1.3 (0.6–2.4) 2.0 (0.6–4.2) <0.001

Number of dissected lymph nodes (± SD) 3.7 (±4.2) 11.8 (±6.9) <0.001

Pathologic stage 0.465

T1aN0M0 18 (72.0%) 40 (58.0%)

T1bN0M0 4 (16.0%) 17 (24.6%)

T2aN0M0 3 (12.0%) 12 (17.4%)

Visceral pleural invasion 3 (12.5%) 6 (8.7%) 0.690

Lymphovascular invasion 4 (16.7%) 12 (17.4%) 1.000

Subtypes 0.027

Acinar adenocarcinoma 14 (56.0%) 27 (39.1%)

Papillary adenocarcinoma 5 (20.0%) 4 (5.8%)

Micropapillary adenocarcinoma 0 0

Solid adenocarcinoma 0 0

Lepidic adenocarcinoma 6 (24.0%) 35 (50.7%)

Mucinous adenocarcinoma 0 3 (4.3%)

Mean percentages of growth patterns

Acinar pattern 44.05 (±28.4) 41.3 (±25.1) 0.683

Papillary pattern 17.1 (±28.6) 3.8 (±13.2) 0.047

Micropapillary pattern 0.4 (±2.3) 1.8 (±5.0) 0.218

Solid pattern 0 0.1 (±0.6) 0.548

Lepidic pattern 37.4 (±22.8) 51.1 (±23.7) 0.025

Others 0 3.4 (±15.7) 0.319

SD, standard deviation; FEV1, forced expiratory volume in 1 second; DLCO, diffusion capacity for carbon monoxide; CEA, carcinoembryonic 
antigen; SUVmax, maximum standardized uptake value; GGO, ground-glass opacity; C/T ratio, diameter of consolidation/diameter of the 
tumour ratio.
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Figure 1 Five-year RFS of stage I patients [GGO-predominant tumour, solid (sub-solid)—predominant tumour, and solid (pure-solid)—
predominant tumour]. GGO, ground-glass opacity.

component.
In this study, GGO-predominant tumours did not have 

any micropapillary adenocarcinoma or solid adenocarcinoma. 
According to previous studies on the subtypes of 
adenocarcinoma, micropapillary adenocarcinoma and 
solid adenocarcinoma have poorer prognosis than acinar 
adenocarcinoma and papillary adenocarcinoma (14-16). 
Some studies indicate that micropapillary adenocarcinoma 

and solid adenocarcinoma are high-grade malignant tumours 
and acinar adenocarcinoma and papillary adenocarcinoma are 
intermediate-grade malignant tumours (15-17). Therefore, 
we could expect a better prognosis for GGO-predominant 
tumours because these tumours do not contain high-grade 
malignant tumours. In addition, sublobar resection did 
not affect the prognosis of GGO-predominant tumour 
irrespective of histologic subtypes.

Table 5 Summary of recurrence and incidence of 2nd primary GGO

Recurrence or 2nd primary GGO
AIS or MIA (n=97) Invasive adenoca (n=94)

Overall
Sublobar Lobectomy Sublobar Lobectomy

Overall recurrence 0 0 0 0 0

2nd primary GGO 0 1 1 2 4

Ipsilateral 0 1 1 1 3

Contralateral 0 0 0 1 1

GGO, ground-glass opacity; AIS/MIA, adenocarcinoma in situ/minimally invasive adenocarcinoma.

0 365 days 730 days 1,095 days 1,460 days 1,825 days

AIS/MIA, sublobar 45 45 36 22 16 9

AIS/MIA, lobectomy 52 51 44 35 25 19

Invasive adenoca, sublobar 25 25 20 16 7 4

Invasive adenoca, lobectomy 69 68 58 47 31 22

Numbers at risk

GGO predominant (C/T ratio ≤0.5)
•	 AIS/MIA, sublobar resection
•	 AIS/MIA, lobectomy
•	 Invasive adenocarcinoma, sublobar resection
•	 Invasive adenocarcinoma, lobectomy
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In addition, GGO-predominant tumours consisted 
of little micropapillary component and solid component 
in this study. Micropapillary and solid components 
were not found in pure GGO tumours. Micropapillary 
component is considered a poor prognostic component 
of adenocarcinoma (18). Although the subtype of the 
tumour is not a micropapillary adenocarcinoma, it was 
reported that tumours with a micropapillary component 
(>5%) have a poorer prognosis than tumours without a 
micropapillary component (19,20). It was also reported that 
the micropapillary component is associated with lymph 
node metastasis, especially nodal upstaging after surgical 
resection (10,21). As GGO-predominant tumours contain 
no or few micropapillary components, they have relatively 
less risk factors for lymph node metastasis and recurrence. 

The C/T ratio is a well-established descriptor for 
GGO on chest CT, and it is easy to measure. In many 

studies, the C/T ratio was adopted as preoperative tumour 
characterization (22,23). We defined C/T ≤0.5 as indicative 
of a GGO-predominant tumour, and these tumours 
included only low-grade or intermediate grade malignant 
tumours, not high-grade malignant tumours. In this study, 
the mean C/T ratio of AIS or MIA was lower than that of 
invasive adenocarcinoma of GGO-predominant tumour. 
As the C/T ratio increased, the invasive component of 
the tumour increased. Therefore, the C/T ratio is a good 
indicator of tumour characteristics. Although 49% of the 
GGO-predominant tumours (C/T ≤0.5) were invasive 
adenocarcinomas, none of the recurrences occurred after 
sublobar resection, suggesting that the malignant potential 
was low even if the tumour was an invasive adenocarcinoma. 
Therefore, regardless of the histologic subtype of the 
tumour, the C/T ratio alone may be a good indicator of 
tumour malignant potential. In our previous study, we 

Table 6 Univariate analysis of related factors for the occurrence of metachronous lung cancer (Cox-proportional hazard model)

Variables
Univariate analysis

HR 95% CI P value

Age 1.096 0.963–1.249 0.165

Sex (female) 2.328 0.242–22.377 0.464

Smoker 0.034 0.000–884.508 0.514

CEA 0.565 0.142–2.239 0.416

SUVmax 0.929 0.421–2.051 0.855

C/T ratio 48.729 0.123–19,252.171 0.203

Sublobar resection 0.669 0.069–6.460 0.728

Tumour size 0.444 0.067–2.939 0.400

Grade (differentiation) 2.149 0.326–14.143 0.426

Subtypes

AIS or MIA 0.720

Acinar 5.617 0.507–62.272 0.160

Papillary 0 0 0.995

Lepidic 2.144 0.134–34.342 0.590

Mucinous 0 0 0.996

Acinar (%) 1.075 1.002–1.155 0.045

Papillary (%) 0.926 0.527–1.626 0.789

Micropapillary (%) 0.755 0.027–21.334 0.755

Lepidic (%) 0.956 0.910–1.004 0.071

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; SUVmax, maximum standardized uptake value; C/T ratio, 
diameter of consolidation/diameter of the tumour ratio.
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found little lymph node metastasis and no postoperative 
nodal upstaging in GGO-predominant tumours (24). In the 
present study, a 100% 5-year RFS after sublobar resection 
was reported in GGO-predominant tumours. Another study 
has reported no recurrence after segmentectomy in tumours 
with a C/T ratio ≤0.5 (23). Therefore, it is reasonable to 
determine the indication of sublobar resection using the  
C/T ratio. Additional complete lobectomy is unnecessary 
in GGO-predominant tumours whether the tumour is  
AIS/MIA or invasive adenocarcinoma. 

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 (19). 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.

Several study limitations are acknowledged. First, this 
was a retrospective review conducted at a single centre. 
Second, we obtained the data from a single institution, and 
the number of cases was relatively small. Specifically, the 
number of sublobar resection in invasive adenocarcinomas 
presenting as GGO was only 25 cases; nevertheless, it is 
clear that the 5-year RFS of sublobar resection in invasive 
adenocarcinomas presenting as GGO-predominant tumours 
was 100%. Therefore, our results can be considered 
meaningful. Third, the follow-up period was relatively 
short. Still, most recurrences of NSCLCs are known 
to occur postoperatively within a 2-year period (25),  
and early recurrence has been shown to mirror extended 
prognosis (26). Therefore, we think that our results are 
not meaningless. Finally, all data herein were clearly not 
homogeneous with regard to the comparison between 
sublobar resection and lobectomy of invasive adenocarcinoma 
presenting as a GGO-predominant tumour. Thus, the 
analytical outcomes are difficult to generalize. The present 
findings may be elaborated upon and refined through future 
studies with larger, less heterogeneous patient populations.

In conclusion, first, the GGO observed on CT is likely 
to be a lepidic component. However, as the invasive 
components such as acinar and papillary components 
can also be seen as GGO, not all GGO tumours are 
composed solely of lepidic components. Second, tissue 
can be diagnosed as invasive adenocarcinoma, even if it 
appears as GGO on CT. At this time, a good prognosis 
can be expected after sublobar resection, even with a 
diagnosis of invasive adenocarcinoma (acinar or papillary 
subtypes). Therefore, even if the final pathologic result 
is invasive adenocarcinoma after sublobar resection of 

GGO predominant tumours, routine follow-up rather than 
additional completion of lobectomy may be feasible. 
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