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As diagnoses of small ground glass nodule (GGN)-type lung adenocarcinoma are increas-
ing due to the increasing frequency of computed tomography (CT) screening, surgical 
treatment for GGN-type lung adenocarcinoma has rapidly become more common. How-
ever, the appropriate surgical extent for these lesions remains unclear; therefore, several 
retrospective studies have been published and prospectively randomized controlled trials 
are being undertaken. This article takes a closer look at each clinical study. Convincing ev-
idence must be published on 2 issues for sublobar resection to be accepted as a standard 
surgical option for GGN lung adenocarcinoma. In the absence of such evidence, it is better 
to perform lobar resection as long as the patient has sufficient lung function. The first issue 
is the definition of a sufficient resection margin, and the second is whether lymph node 
metastasis is conclusively ruled out before surgery. An additional issue is the need for an 
accurate calculation of the total size and solid size on CT. Given the results of clinical stud-
ies so far, wedge resection or segmentectomy shows a good prognosis for GGNs with a 
total size of 2 cm or less. Therefore, sublobar resection will play a key role even in patients 
who can tolerate lobectomy.
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Introduction

Sublobar resection did not enter widespread use as an al-
ternative surgical extent for lung cancer due to a random-
ized controlled trial published in 1995 that sought to deter-
mine the efficacy of sublobar resection for primary lung 
cancer, but failed to confirm its efficacy and validity be-
cause it showed a higher recurrence rate [1]. In recent de-
cades, surgical treatment for nodules showing ground glass 
opacity (GGO) has rapidly become more common. Nod-
ules showing GGO (ground glass nodule, GGNs) are divid-
ed into non-solid GGNs and part-solid GGNs depending 
on the presence of a solid component on computed tomog-
raphy (CT). The typical shape of a part-solid GGN consti-
tutes a solid component in the center that is surrounded by 
a GGO, but there is also a wide variety of other forms of 
GGNs. Persistent GGNs are likely to be cancerous lesions. 
Their pathologic appearance of part-solid GGNs involves 
an invasive solid component, which is defined as a histo-
logical subtype other than a lepidic pattern, while the sur-
rounding GGO shows a lepidic pattern of growth, which is 

defined as atypical pneumocytes lining the alveolar wall 
with preserved architecture [2]. Therefore, the eighth edi-
tion of the AJCC/UICC (American Joint Committee on 
Cancer/Union for International Cancer Control) system 
defined the tumor size of GGN lung adenocarcinoma as 
the invasive component size only [3]. GGN lung adenocar-
cinoma is also known to have a better prognosis than pure 
solid tumors with an invasive component of the same size 
[4]. Lung adenocarcinoma is divided into 3 subtypes ac-
cording to the prognosis: (1) the lepidic subtype has the 
best prognosis; (2) the acinar subtype has an intermediate 
prognosis, and (3) the solid and micropapillary subtype has 
the worst prognosis [5]. Therefore, the reason why GGN 
lung adenocarcinoma has a relatively favorable prognosis is 
that most of these tumors are lepidic or acinar, whereas 
pure solid tumors belong to subtypes with an intermediate 
or poorer prognosis [6].

Japanese researchers have posed the question of which 
CT findings correspond to pathologically non-invasive 
lung cancer (i.e., cancers with no lymph node [LN] metas-
tasis or vascular or lymphatic invasion). If CT findings 
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could be identified that indicate an absence of LN metasta-
sis or lymphovascular invasion, sublobar resection would 
be enough for peripheral lung adenocarcinoma. Therefore, 
the Lung Cancer Surgical Study Group of the Japan Clini-
cal Oncology Group (JCOG) launched the JCOG0201 
study in 2002 to investigate the validity of the defined di-
agnostic criteria of radiologically non-invasive lung adeno-
carcinoma for preoperatively predicting pathologically 
non-invasive cancer. The results were reported in 2011 by 
Suzuki et al. [7]. Radiologically non-invasive lung cancer 
was defined as lung adenocarcinoma with a ratio of the 
consolidation size to the maximum tumor diameter (con-
solidation to tumor ratio [CTR]) less than 0.5 on the basis 
of past evidence, and this cutoff was used to predict patho-
logically non-invasive cancer. However, their predeter-
mined criterion was not statistically confirmed. In an ex-
ploratory analysis, they examined other cutoff values, such 
as a CTR of 0.25 for lung adenocarcinoma with a size of 
2 cm or less. As a result of those findings, various clinical 
trials were initiated, some of which are ongoing (Fig. 1) [8]. 
Herein, I take a closer look at each clinical study.

JCOG0804/WJOG4507L

A study entitled “The confirmatory trial of limited sur-
gical resection for peripheral early lung cancer defined 
with thoracic thin section computed tomography” was 
conducted to evaluate the efficacy of wide wedge resection 
as lung parenchyma-preserving surgery for lung cancers 
smaller than 2 cm that met the criterion of a CTR less than 
0.25 [9]. Between May 2009 and April 2011, 333 patients 
were enrolled from 51 institutions. The primary endpoint, 
recurrence-free survival (RFS), was estimated for 314 pa-
tients who underwent sublobar resection (wedge resection, 

258; segmentectomy, 56). The median maximum tumor 
diameter on the lung window was 1.20 cm (range, 0.53–
2.00 cm). The median maximum tumor diameter of con-
solidations was 0 cm (range, 0.00–0.48 cm). There were no 
cases of local relapse. Sublobar resection, mainly wedge re-
section, provided sufficient local control and RFS for GGN 
lung cancer on CT. The authors concluded that sublobar 
resection should be the first choice of surgical technique if 
a sufficient surgical margin is preserved. To date, no clear 
evidence has been reported for a sufficient surgical margin 
during wedge resection, especially in GGN lung adenocar-
cinoma. The National Comprehensive Cancer Network 
guidelines recommend surgical margins of at least 2.0 cm 
or at least the size of the nodules.

Cho et al. [10] performed a similar study. They divided 
patients into 2 groups based on the CTR (CTR ≤0.25, pure 
GGO group; CTR >0.25, mixed GGO group). Of a total of 
97 patients, 71 were categorized into the pure GGO group 
and 26 into the mixed GGO group. There were 5 patients 
with recurrence: 1 (1/71, 1.4%) in the pure GGO group and 
4 (4/26, 15.3%) in the mixed GGO group. The 5-year over-
all survival rate was 98.6% in the pure GGO group and 
95.5% in the mixed GGO group (p=0.663). They concluded 
that GGO-dominant clinical stage IA lung adenocarcino-
ma (pure GGO group) showed an excellent prognosis. Ac-
cording to the authors, clinicians should carefully consider 
wedge resection for patients with mixed GGO nodules 
(CTR >0.25) because of the high recurrence rate. Radiolog-
ic noninvasiveness (CTR ≤0.25) may be a good indicator of 
candidates for sublobar resection in patients with ear-
ly-stage lung adenocarcinoma [10]. Therefore, if this study 
is interpreted in a different light, more extensive resection 
is needed than wedge resection if a CTR ≤0.25 is not clear 
on CT.

JCOG1211

This study was published under the title “A non-ran-
domized confirmatory trial of segmentectomy for clinical 
T1N0 lung cancer with dominant GGO based on CT” in 
2017 [8]. A total of 390 patients from 42 Japanese institu-
tions were recruited within a 4-year period. The primary 
endpoint of this study was 5-year RFS. Patient recruitment 
was finished in November 2015, and the primary analysis 
will be performed in 2021. This study is a pivotal trial of 
lung segmentectomy for early lung cancer. The results will 
provide clear evidence for daily clinical practice and may 
contribute to the preservation of pulmonary function in 
lung cancer patients.
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Fig. 1. Diagram of the Japan Clinical Oncology Group (JCOG) trials.
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JCOG0802

This randomized controlled trial was conducted to con-
firm the non-inferiority of segmentectomy to lobectomy in 
terms of prognosis [11]. Patients with invasive peripheral 
non-small cell lung cancer (tumor diameter ≤2 cm) were 
randomized to undergo either lobectomy or segmentecto-
my. The primary endpoint was overall survival. Between 
August 10, 2009, and October 21, 2014, 1,106 patients (lo-
bectomy, 554; segmentectomy, 552) were enrolled. The re-
sults have not been reported, but it is anticipated that the 
overall survival of the segmentectomy group will not be 
inferior to that of the lobectomy group. Short- and inter-
mediate-term results were published and no differences 
were found in almost all postoperative measures of intra-
operative and postoperative complications in segmentecto-
my and lobectomy patients, with the exception that more 
air leakage was observed in the segmentectomy arm [12]. 
Segmentectomy will become a standard treatment if supe-
rior pulmonary function and non-inferiority in overall 
survival are confirmed.

A similar clinical study is now ongoing (CALGB 140503), 
which is a multicenter, international, non-inferiority, phase 
III trial in patients with peripheral non-small-cell lung 
cancer clinically staged as T1aN0. Patients were recruited 
from 69 academic and community-based institutions in 
Australia, Canada, and the United States. Patients were 
randomly assigned intraoperatively to lobar or sublobar re-
section. The primary endpoint of the trial is disease-free 
survival. Between June 15, 2007, and March 13, 2017, 697 
patients were randomly allocated to lobar resection (n=357) 
or sublobar resection (n=340; 59% wedge resection).

Based on the above considerations, convincing evidence 
must be published on 2 issues for sublobar resection to be 
accepted as a standard surgical option for GGN lung ade-
nocarcinoma. In the absence of such evidence, it is better 
to perform lobar resection as long as the patient has suffi-
cient lung function. The first issue is the definition of a 
sufficient resection margin, and the second is whether LN 
metastasis is conclusively ruled out before surgery. The 
evaluation and dissection of LNs in GGN lung adenocarci-
noma are beyond the scope of this discussion. Turning to 
the first issue, we are faced with the question of how wide 
the safety margin should be in lung cancer surgery. In gen-
eral, the absolute margin should be at least 2 cm, while in 
some cases where the tumor is very small, it should be 
equivalent to the size of the tumor [13]. Recent studies have 
shown that cancer cells can spread through air spaces 
(STAS), which means that sublobar resection may be risky 

even in GGN lung adenocarcinoma [14]. In other words, 
tumor cells can spread beyond a certain distance from in 
situ lesions, so lobar resection is recommended. STAS has 
been confirmed as the fourth mechanism of metastasis, al-
though the presence of STAS did not affect the recurrence 
rate in patients who underwent lobar resection [15]. How, 
then, should the relationship with the visceral pleura be 
dealt with? Although the invasive component of a GGN 
may be located eccentrically, contributing to visceral pleu-
ral invasion (VPI), VPI is in fact very rare in GGN lung 
adenocarcinoma because the invasive component is usually 
surrounded by the non-cancerous portion. A recent study 
reported that the findings of visceral pleural indentation or 
attachment alone in CT predicted a poor prognosis [16]. If 
this result is correct, lobar resection should be performed 
if a GGN shows an indentation or attachment. In other 
words, the distance from the section cut with the stapler is 
important, but the relationship of the tumor with the vis-
ceral pleura must also be examined. An additional issue is 
the need for accurate calculations of the total size and solid 
size on CT. In some cases, there is a difference between CT 
findings and pathological findings. Such discrepancies are 
concerning because if the solid component of a GGN is less 
than 5 mm, the best surgical extent is wedge resection, and 
if the solid component is more than 5 mm, the most appro-
priate surgical extent is segmentectomy or lobectomy de-
pending on the location of a tumor with an exact measured 
total size of 2 cm or less. Thus, it is very important to make 
accurate measurements of the total size and solid size on 
preoperative CT scans.

In some cases, wedge resection is performed, the tumor 
is diagnosed as adenocarcinoma in situ or minimally inva-
sive adenocarcinoma based on frozen sections, and the 
margin is deemed sufficient, but the tumor is actually di-
agnosed as invasive adenocarcinoma based on permanent 
pathology. Furthermore, there are factors increasing the 
risk of recurrence risk, such as the presence of STAS. What 
should be done? There is no clear answer to this question, 
but there are 2 options: observation or additional treatment 
(e.g., chemotherapy, radiation therapy, or surgical resec-
tion). Some assumptions must be made to answer this 
question. If the patient is young and has sufficient lung 
function, additional treatment is likely to be more appro-
priate than observation, and re-operation should be 
strongly recommended. The major reason for recommend-
ing re-operation in such cases is that re-operation is un-
likely to be difficult because not enough time would have 
passed since the first operation for adhesions to develop.
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Conclusion

Diagnoses of small GGN lung adenocarcinoma are in-
creasing due to the increasing frequency of CT screening, 
especially in non-smoking women. Given the results of 
clinical studies so far, wedge resection or segmentectomy 
shows a good prognosis for GGNs with a total size of 2 cm 
or smaller. Therefore, sublobar resection will play a key 
role even in patients who can tolerate lobectomy. However, 
care should be taken in performing sublobar resection un-
til the results of the ongoing JCOG0802 and CALGB140503 
trials are available.
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