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Introduction

According to recent evaluations of sublobar resection 
and selective lymph node dissection, imaging technolo-
gies such as high-resolution computed tomography 
(HRCT), magnetic resonance imaging (MRI), and positron 

emission tomography (PET) play an important role in 
the selection of surgical treatment of lung cancer. Mult-
iple studies1–7) have shown a 100% 5-year disease-free 
survival rate, if complete resection is performed for 
patients with solitary lung adenocarcinoma exhibiting 
pure lepidic growth (<2–3 cm). Corresponding to adeno-
carcinoma in situ (AIS) in the International Association 
for the Study of Lung Cancer/American Thoracic Society/
European Respiratory Society international multidisc-
iplinary classification of lung adenocarcinoma,8) these 
tumors are a good indication for sublobar resection. 
Minimally invasive adenocarcinoma (MIA) is defined as 
a small, solitary adenocarcinoma exhibiting a predomi-
nantly lepidic growth pattern and ≤5 mm invasion in the 
greatest dimension of any one plane. Several reports9–13) 
have described patients with similarly defined lung MIA 
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and a disease-specific survival rate of nearly 100%. 
Furthermore, some reports14,15) have demonstrated that 
tumor malignancy depends on the maximum diameter or 
area of its solid component, excluding the ground-glass 
opacity (GGO) component. Correlations between tumor 
malignancy and MRI and PET findings have also been 
reported.16–18) Consequently, the validity of sublobar 
resection is now under investigation in clinical trials.

In this study, we retrospectively investigated the 
pathological diagnoses of pulmonary lesions presenting 
as pure GGOs on HRCT to evaluate the potential risk of 
invasive malignancy. If tumor malignancy is determined 
by the size of its solid component, the question of 
whether pure GGO lesions can be treated as benign 
tumors arises. Because HRCT detects numerous tiny 
GGO lesions, a majority of which exhibit no changes 
over many years, pure GGO lesions are minimized. We 
also attempted to identify risk factors for invasive lung 
cancer from HRCT and PET findings.

Materials and Methods

Between January 2008 and December 2010, 1065 
patients underwent pulmonary resection at Toranomon 
Hospital, Tokyo, Japan. From these, we retrospectively 
reviewed the medical records of 160 patients who under-
went resection for GGO lesions ≤20 mm in diameter. We 
also investigated the presence of pleural indentation on 
HRCT and the maximum standardized uptake value 
(SUVmax) on PET.

GGO was defined as a hazy increase in lung attenua-
tion without obscuring underlying vascular markings in 
the lung window on HRCT. Tumor disappearance rate 
(TDR) was defined as the ratio of tumor area in the medi-
astinal window to that in the lung window on HRCT. 
GGO lesions ≤20 mm in diameter on HRCT and those 
with a GGO ratio of ≥50% were included. These com-
prised pure GGO lesions, in which both the GGO ratio 
and TDR were 100%, and mixed lesions. Chest images 
were acquired using a multidetector HRCT scanner 
that generated 64 1-mm slices. HRCT images were 
contin uously acquired using the following parameters: 
section thickness: 1 mm; pitch, 1; section spacing: 1 mm; 
pixel resolution: 512 × 512; scanning time: 0.5 s; and 
a high spatial frequency reconstruction algorithm with 
a 20-cm field of view. Images were captured using medi-
astinal (level: 50 Hounsfield units [HU]; width: 350 HU) 
and lung (level: -500 HU; width: 1800 HU) window 
settings.

All patients underwent video-assisted thoracic sur-
gery (VATS) using 3 ports (7, 10, and 12 mm) without 
mini-thoracotomy.19,20) Three-port VATS lobectomy with 
mediastinal lymph node dissection was indicated when 
lesions were >15 mm in diameter or were diagnosed as 
invasive by intraoperative frozen section analysis. Three-
port VATS wedge resection or segmentectomy was indi-
cated when tumors were ≤15 mm in diameter and were 
diagnosed as noninvasive. HRCT-guided hook wire 
localization (Guiding Marker System; Hakko Medical 
Products, Tokyo, Japan) was used for 58 of 114 (51%) 
pure GGO lesions and 25 of 77 (32%) mixed GGO 
lesions. The Toranomon Hospital Institutional Review 
Board approved the protocol, and written informed 
consent was obtained from all patients.

Categorical variables were analyzed using the χ2 test. 
p-values less than 0.05 were considered statistically 
significant.

Results

Of 191 GGO lesions in 160 patients, 114 were pure and 
77 were mixed. Histological diagnoses of the 114 pure 
GGO lesions included AIS (n = 70; 61%), MIA (n = 16; 
14%), invasive lung cancer (n = 14; 12%), atypical ade-
nomatous hyperplasia (AAH; n = 6; 5%), and benign 
tumors (n = 8; 7%; Table 1), whereas those for the 77 
mixed GGO lesions included AIS (n = 7; 9%), MIA or 
invasive adenocarcinoma (n = 58; 75%), lymphoma 
(n = 5; 6%), and benign tumors (n = 7; 9%). The number 
of mixed GGO lesions diagnosed as MIA or invasive 
lung cancer was greater than that of pure GGO lesions 
(p <0.001; odds ratio, 8.55). None of the 114 pure GGO 
lesions were associated with lymphatic and vascular 
invasion except one invasive adenocarcinoma (acinar 
predominant) lesion that was associated with lymphatic 

Table 1  Pathological diagnoses of 114 lesions with a 
pure ground-glass opacity component

Number (%)

Preinvasive lesions
 Atypical adenomatous hyperplasia 6 (5)
 Adenocarcinoma in situ 70 (61)
Minimally invasive adenocarcinoma 16 (14)
Invasive adenocarcinoma
 Acinar predominant 2 (2)
 Papillary predominant 10 (9)
Invasive mucinous adenocarcinoma 1 (1)
Adenosquamous carcinoma 1 (1)
Benign tumor 8 (7)
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invasion. Among the 77 mixed GGO lesions, 11 and two 
invasive adenocarcinoma lesions were associated with 
lymphatic invasion and vascular invasion, respectively. 
No lesion showed pleural invasion in both groups.

Of the 14 invasive lung cancers manifesting as pure 
GGO lesions, 13 were invasive adenocarcinoma (papil-
lary predominant, n = 10; acinar predominant, n = 2; 
invasive mucinous, n = 1) and 1 was adenosquamous 
carcinoma. All 16 patients with MIA exhibited stromal 
invasion in a papillary pattern (mean invasion depth, 
2.9 ± 1.0 mm; range, 1.5–4.5 mm).

After excluding the 8 benign lesions, 21 of the remain-
ing 106 pure GGO lesions exhibited pleural indentation 
on HRCT. Of these, 5 were diagnosed as invasive adeno-
carcinoma, 4 as MIA, and 12 as AIS. Pure GGO lesions 
exhibiting slight pleural indentation on HRCT tended to 
be invasive lung cancer and not MIA, AIS, or AAH (odds 
ratio, 2.64; not significant; Table 2).

PET was performed for 66 pure GGO lesions. When 
the threshold SUVmax was set at 0.8 on the basis of 

receiver operating characteristic curve analysis, 8 of 14 
lesions that exhibited PET positivity were diagnosed as 
invasive lung cancer. Pure GGO lesions that were posi-
tive on PET tended to be invasive lung cancer and not 
MIA, AIS, or AAH (odds ratio, 16.0; p <0.001; sensitiv-
ity, 67%; specificity, 89%; Table 2).

Case Examples

Case 1 was a patient with a 10-mm pure GGO lesion 
in the right upper lobe of the lung, with no pleural inden-
tation and an SUVmax of 0.9 on PET. The pathological 
diagnosis was acinar-predominant invasive adenocarc-
inoma, classified as Type E according to the Noguchi 
classification.1) Segmentectomy with mediastinal lymph 
node dissection was performed (Fig. 1).

Case 2 was a patient with a 16-mm pure GGO lesion 
in the right lower lobe of the lung, with slight pleural 
indentation and an SUVmax of 0.9 on PET. The patho-
logical diagnosis was MIA with papillary pattern 

Table 2  Relationship between malignant tumors manifesting as pure GGO 
lesions and HRCT and PET findings 

Invasive lung cancer
Odds ratio p-value

+ -

Pleural indentation
+ 5 16 2.64 0.21
- 9 76

PET SUVmax >0.8
+ 8  6 16.0 <0.001
- 4 48

GGO: ground-glass opacity; HRCT: high-resolution computed tomography; PET: 
positron emission tomography; SUVmax: maximum standardized uptake value

Fig. 1  (A) High-resolution computed tomography (HRCT) showing a 10-mm lesion with a pure 
ground-glass opacity (GGO) component and without pleural indentation (white arrow). (B) 
The pathological diagnosis is acinar-predominant invasive adenocarcinoma (haematoxylin–
eosin staining; magnification, × 400).

(A) (B)
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invasion, classified as Type C according to the Noguchi 
classification. Lobectomy with mediastinal lymph node 
dissection was performed (Fig. 2).

Case 3 was a patient with a 15-mm pure GGO lesion 
without pleural indentation in the left upper lobe of 
the lung. PET was not performed for this patient. The 
pathological diagnosis was AIS, classified as Type A 
according to the Noguchi classification. Wedge resection 
was performed (Fig. 3).

Discussion

Of the total pure GGO lesions evaluated in this study, 
12% were invasive lung cancers. However, we excluded 

tumors with ≤5 mm invasion designated as MIA; these 
accounted for 14% of the pure GGO lesions. Although 
the proportion of pure GGOs diagnosed as invasive lung 
cancers was smaller than that of mixed GGO lesions, 
it was not negligible. Suzuki, et al.9) reported that 16% 
of pure GGO lesions, including MIA, were invasive 
adenocarcinomas.

Pure GGO lesions exhibiting pleural indentation on 
HRCT tended to be invasive lung cancer, albeit insignifi-
cantly. Pleural indentation does not occur when lesions 
are located far from the pleura. The problem of localiza-
tion may lessen the reliability of pleural indentation as 
a risk factor for invasive lung cancer. However, pure 
GGO lesions positive on PET tended to be invasive lung 

(A) (B)

Fig. 2  (A) High-resolution computed tomography (HRCT) showing a 16-mm lesion with a pure 
ground-glass opacity (GGO) component and slight pleural indentation (white arrow). (B) 
The pathological diagnosis is minimally invasive adenocarcinoma with invasion in a papil-
lary pattern (haematoxylin–eosin staining; magnification, × 400).

(A) (B)

Fig. 3  (A) High-resolution computed tomography (HRCT) showing a 15-mm lesion with a pure 
ground-glass (GGO) opacity component and without pleural indentation (white arrow). (B) 
The pathological diagnosis is adenocarcinoma in situ (haematoxylin–eosin staining; magni-
fication, × 400).
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cancer with a high specificity (89%). It may be more 
reliable to propose surgical treatment when tumors 
exhibit even slight positivity on PET.

Although intraoperative frozen section analysis was 
performed for all cases, the pathologists and authors 
do not fully rely on the capacity of frozen section analy-
sis to detect stromal invasion. When the frozen section 
analysis showed stromal invasion, lobectomy with medi-
astinal lymph node dissection was indicated. In many 
cases, however, the pathologists refrained from making 
clear comments about stromal invasion. We selected 
the type of resection mainly on the basis of imaging 
findings.

CT-guided hook wire localization was used for 51% 
pure GGO lesions. In our experience, of 500 procedures 
for 417 patients, systemic air embolism was the most 
serious complication, and it occurred in only 1 patient 
(0.24%), albeit without any sequelae and with sponta-
neous resolution.21)

This study has several limitations. The results were 
influenced by selection bias in several phases, including 
patient referral to the Department of Thoracic Surgery, 
surgical treatment selection, and the decision to perform 
PET. Qualitative judgement of pure GGO lesions and 
pleural indentation is somewhat subjective. Quantitative 
analysis of tumor attenuation measured by 2- or 3-dimen-
sional HRCT is required. Ikeda, et al.22) described HRCT 
histogram analysis using three-dimensional computer-
ized quantification. Our impression was that lesions with 
thicker attenuation tended to be invasive lung cancers. 
Evaluation of PET results is also complicated. SUVmax 
varies considerably between instruments. Although we 
set the threshold at 0.8 on the basis of receiver operat-
ing characteristic curve analysis, it is not a universally 
ackno wledged standard. Moreover, PET is not cost 
effective.

We are aware that the pathological diagnosis of inva-
sive lung cancer never necessitates surgical treatment. To 
determine the indications for surgical treatment, a pro-
spective cohort study with a long-term follow-up period 
is required. Prior to this, we propose that pure GGO 
lesions should be carefully monitored by periodic chest 
HRCT and that lesions with pleural indentation on 
HRCT or positivity on PET should be considered for 
surgical resection to ensure accurate pathological diag-
nosis and treatment. We have occasio nally encountered 
patients with solid lung tumors in whom GGO lesions 
had previously been detected by HRCT, but were omit-
ted from medical follow-up.

Conclusion

Of the pure GGOs examined, 12% were invasive lung 
cancers, most of which exhibited pleural indentation 
on HRCT or positivity on PET. Pure GGO lesions should 
be carefully monitored by periodic chest HRCT, and 
when they show pleural indentation on HRCT or positiv-
ity on PET, the option of surgical resection should be 
considered.
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