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L ung adenocarcinoma classification is an issue of major importance 
as the adenocarcinoma is the most common histologic subtype 
of lung cancer in most countries (1). Since the introduction of 

Noguchi’s classification (2), studies have examined the radiologic-his-
tologic correlations of lung adenocarcinoma (3–6). We have seen that 
persistent ground-glass nodules (GGNs) on computed tomography (CT) 
have a good correlation with lung adenocarcinoma, from atypical ad-
enomatous hyperplasia (AAH) to invasive adenocarcinoma (3, 5, 6). 
Studies have also shown that GGNs have a greater likelihood of ma-
lignancy than solid nodules at screening CT (3), represent the lepidic 
component of adenocarcinoma on histology (5), and indicate a better 
prognosis in patients with lung adenocarcinoma (4, 7). Thus, under-
standing the significance of GGN in lung adenocarcinoma has allowed 
the radiologists, pulmonologists, and surgeons to better predict the his-
tologic subtype of adenocarcinomas and consequently to improve the 
patient’s prognosis and care by assisting in decisions regarding surgical 
intervention or follow-up. 

Recently, a new classification of lung adenocarcinoma has been intro-
duced by the International Association for the Study of Lung Cancer, 
American Thoracic Society, and European Respiratory Society (8). This 
classification addresses recent advances in oncology, molecular biology, 
pathology, radiology, and surgery of lung adenocarcinoma. It further 
provides uniform terminology and diagnostic criteria, as well as guid-
ance for small biopsies and cytology specimens, and multidisciplinary 
strategic management of tissue for molecular and immunohistochemi-
cal studies that more accurately reflect the current understanding of this 
disease (8). Specific changes in this classification include the addition of 
adenocarcinoma in situ (AIS) as a second preinvasive lesion, and mini-
mally-invasive adenocarcinoma (MIA), and a new stratification of the 
subtypes of invasive adenocarcinomas based on predominant patterns. 
Furthermore, the previously used term, “bronchioloalveolar carcinomas 
(BACs)” is no longer considered valid and has been recategorized.

In this manuscript, we reviewed the new classification of lung adeno-
carcinoma briefly and focused on its radiological implications. 

Preinvasive vs. invasive lesions
The new classification introduces a new term, AIS, as a second lung 

adenocarcinoma preinvasive lesion in addition to AAH. In the preinva-
sive lesions category, AAH would be equivalent to squamous dysplasia 
and AIS to squamous cell carcinoma in situ. AIS is defined as a localized 
adenocarcinoma ≤3 cm, which exhibits a lepidic pattern with neoplastic 
cells along the alveolar structures without stromal, vascular, or pleural 
invasion (8). AIS replaces BAC, and this classification recommends the 
discontinuation of its use. In the past, BAC was used to describe a broad 
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ABSTRACT
The International Association for the Study of Lung Cancer, 
American Thoracic Society, and European Respiratory Society 
recently introduced a new classification of lung adenocarci-
noma addressing the latest advances in oncology, molecular 
biology, pathology, radiology, and surgery of lung adenocar-
cinoma. In this classification, new uniform terminology and 
diagnostic criteria are described, including the introduction 
of adenocarcinoma in situ as a second preinvasive lesion, as 
well as the concept of minimally-invasive adenocarcinoma 
and new subtyping of invasive adenocarcinomas stratified ac-
cording to predominant patterns. In addition, the previously 
widely-used term bronchioloalveolar carcinoma is no longer 
considered valid and has been recategorized. This classifica-
tion also provides, for the first time, guidance for small biop-
sies and cytology specimens. This new classification has pro-
found implications for radiology, as much investigation will be 
needed to correlate these newly introduced concepts (such as 
histologic subtypes) with radiologic features. Understanding 
the newly described concept of minimally-invasive adenocar-
cinoma will be essential in determining sublobar resection for 
adenocarcinomas. In this manuscript, we briefly review the 
new classification of lung adenocarcinoma and discuss its ra-
diologic relevance to the reporting, biopsy, and future studies 
of adenocarcinoma.
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spectrum of tumors, and in this new 
classification they can be classified sep-
arately into AIS, MIA, lepidic predomi-
nant adenocarcinoma, predominantly 
invasive adenocarcinoma with some 
nonmucinous lepidic component, and 
invasive mucinous adenocarcinoma. 
Readers must recognize the distinc-
tions between these terms when deal-
ing with those described previously as 
BAC, and a clear distinction should be 
applied within the new classification.

AAH is a faint, pure GGN that is 
usually ≤5 mm in size (9–11) (Fig. 1). 
AIS typically presents as a pure GGN 
or a part-solid nodule (12) (Fig. 2); 
however, there is an overlap among 
the imaging features of AAH, AIS, and 
adenocarcinoma (Fig. 3). Previously, 

Figure 1. A 46-year-old man with atypical adenomatous hyperplasia (AAH). 
Thin-section CT scan shows an 8-mm well-defined pure ground-glass 
nodule (arrow) in the right lower lobe. This nodule was confirmed as AAH 
by wedge resection.  

Figure 2. A 55-year-old man with adenocarcinoma in situ (AIS). 
Thin-section CT scan shows a 17-mm part-solid nodule (arrow) 
with lobulated margin in the right upper lobe. The size of the 
solid portion was 6 mm. This patient underwent lobectomy, 
and the nodule was confirmed as AIS.

Figure 3. a–c. Three pure 
ground-glass nodules (GGNs) 
on CT with different histologic 
types. Thin-section CT scan (a) 
shows a 15-mm well-defined 
pure GGN (arrow) in the right 
upper lobe in a 69-year-old 
woman. Thin-section CT scan 
(b) shows a 24-mm pure GGN 
(arrow) with lobulated margin 
in the left upper lobe in a 
75-year-old woman. 
Thin-section CT scan (c) 
shows a 10-mm well-defined 
pure GGN in the left upper 
lobe in a 59-year-old woman. 
Three patients underwent 
lobectomy, and the nodules 
were confirmed as atypical 
adenomatous hyperplasia, 
adenocarcinoma in situ, and 
adenocarcinoma, respectively.
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the main radiologic interest has been 
the differentiation of benign and ma-
lignant GGNs (13), or among AAH, 
AIS, and adenocarcinoma (6, 14, 15). 
The differentiation between prein-
vasive and invasive lesions on CT 
becomes important in determining 
patient care, including surgical inven-
tion, follow-up strategy, and potential 
prognosis prediction. By definition, 
a preinvasive lesion could be consid-
ered a candidate for sublobar resec-
tion and, a 100% survival rate is ob-
tained with complete resection (16). 
Until now, the imaging criteria used 
to distinguish a preinvasive from an 
invasive lesion have not been clearly 
established.

Minimally-invasive adenocarcinoma
A certain subset of focally invasive 

adenocarcinomas (17–19) and AIS 
(2, 20–22) have shown 100% disease-
free survival with complete resection. 
Therefore, the new concept of MIA has 
been introduced in the new classifica-
tion. MIA is a solitary adenocarcinoma 
≤3 cm, with a predominantly lepidic 
pattern and an invasive component ≤5 
mm in its greatest dimension (8). In or-
der to classify the lesion as MIA if more 
than one invasive focus is present, the 
largest focus must be 5 mm or less in 
its greatest dimension (8). The invasive 
component includes histological sub-
types other than a lepidic pattern and 
tumor cells infiltrating myofibroblastic 
stroma. In cases with invasion to lym-
phatics, blood vessels, or pleura, or in 
cases with tumor necrosis, a diagnosis 
of MIA is excluded. Due to their ex-
cellent prognosis, MIA and AIS could 
be considered candidates for sublobar 
resection (23–25); however, when con-
sidering sublobar resection for MIA 
differentiating between MIA and in-
vasive adenocarcinoma is important. 
Since a firm diagnosis of MIA requires 
thorough histologic sampling of the 
tumor, it may be difficult to determine 
the presence, or precisely measure the 
extent, of the invasive component on a 
frozen biopsy specimen. Therefore, CT 
may play an important role in preop-
eratively predicting the extent of the 
invasive component in adenocarcino-
ma. Although the expected CT feature 
of MIA is a partially-solid nodule with 
a predominant ground-glass compo-
nent, the imaging features of MIA have 
not yet been fully defined (17, 26), and 
thus require further study.

Invasive adenocarcinoma 
Under the 2004 WHO classification, 

more than 90% of lung adenocarci-
nomas were classified as mixed-type 
adenocarcinoma (27). This led to the 
heterogeneity of mixed-type adenocar-
cinoma and consequently to difficulty 
in predicting patient prognosis. To 
better stratify lung mixed-type adeno-
carcinoma, the new scheme suggests 
classification of lung adenocarcinoma 
according to the most predominant 
subtype. 

In the new classification, invasive 
adenocarcinoma is present when 
there is at least one invasive tumor 
focus measuring more than 5 mm in 
its greatest dimension (8). Invasive ad-
enocarcinoma consists of lepidic-pre-
dominant (formerly non-mucinous 
BAC pattern), acinar-predominant, 
papillary-predominant, micropapil-
lary-predominant, and solid-predom-
inant with variants such as invasive 
mucinous adenocarcinoma, colloid, 
fetal, and enteric. This approach has 
facilitated the reliable comparison 
of histologic results between clinical 
studies, and has helped to find new 
correlations between histologic sub-
types and both molecular and clinical 
features (27–30). To-date, the imaging 
features of adenocarcinoma subtypes 
have not been well known; thus, dis-
covery of the correlations between 
predominant patterns and radiologic 
findings is necessary.

In addition to the concept of a pre-
dominant pattern, the introduction 
of invasive mucinous adenocarcino-
ma is worthy of note from a radiologi-
cal perspective. The former term for 
invasive mucinous adenocarcinoma 
was mucinous BAC, which has abun-
dant intracytoplasmic mucin. The 
difference between mucinous AIS and 
MIA is size >3 cm, a greater than 5 
cm extent of invasion, multiple nod-
ules, or the spreading of the nodule 
into adjacent lung parenchyma with 
an indistinct border (8). This tumor 
is usually seen as solid or mostly sol-
id, has frequent air bronchograms, 
shows a lobar or multilobar distribu-
tion, and frequently consists of multi-
ple nodular or consolidative opacities 
(31–33) (Fig. 4). The CT angiogram 
sign, which is clear visualization of 
pulmonary vessels in the areas of con-
solidation, has also been described for 
invasive mucinous adenocarcinoma 
(33) (Fig. 5).

Size of ground-glass nodules
Nodule size-based nodule manage-

ment is strongly recommended by two 
guidelines for pulmonary nodules (34, 
35) and large screening studies for lung 
cancer (36, 37), as nodule size may 
help to determine their growth rate. 
However, despite its great importance, 
how nodule size should be measured 
remains controversial. While unidi-
mensional lesion measurement has 
been accepted widely, it suffers from 
high variability and low reproducibil-
ity, particularly in smaller lesions, ac-
cording to a recent study (38). Volume 
measurements have become possible 
due to the acquisition of thin-section 
CT images and advanced dedicated 
software. Since GGNs have a more 
indistinct margin than solid nodules, 
segmentation was performed manually 
for GGNs, in even the NELSON study 
(39). Studies that evaluated the varia-
bility of volumetry in pure GGNs (40), 
and those that applied a registration 
technique to investigate the change 
of GGNs (41), have demonstrated the 
potential for the evaluation of GGN 
growth.

Another issue when measuring 
GGNs is the question of which is more 
important to patients’ prognosis: le-
sion size, size of the solid component, 
or solid proportion. The solid com-
ponent usually represents areas of fi-
broblastic proliferation or an invasive 
component of the tumor, which in-
creases the probability of lymph node 
metastasis (5). Thus, the size of the 
solid component could be a prognos-
tic factor; however, the solid propor-
tion remains significant. Kakinuma et 
al. (42) reported that the vanishing ra-
tio method proved to be a more accu-
rate predictor of five-year relapse-free 
survival than lesion length or area. 
The vanishing ratio is the percentage 
of a lesion’s area that is not seen at 
thin-section CT when comparing im-
ages with mediastinal and lung win-
dow settings (42). 

Since prognosis in terms of the di-
mensions of the solid component is 
not yet well-established, the size of 
both the entire lesion and solid com-
ponent should be considered for par-
tially-solid nodules. This suggests that 
the size T factor should be limited to 
the invasive solid component for ad-
enocarcinomas manifesting as GGNs. 
CT-pathologic correlations can help 
determine the appropriate threshold 
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for the invasive component of adeno-
carcinoma, and therefore can help es-
tablish a preoperative plan for sublobar 
resection in cases of MIA.  

Small biopsy or cytology criteria
Approximately 70% of lung cancers 

are diagnosed in small biopsies and 
cytology specimens. This classification 
provides the first guidance for such 
samples (43). Furthermore, there is an 
increased need to differentiate adeno-
carcinoma from squamous cell carci-
noma and to investigate molecular 

profiles for specific therapies, such as 
epidermal growth factor receptor tyro-
sine kinase inhibitors that can be used 
even in patients with locally advanced 
or metastatic disease.

Biopsy for pulmonary lesions is prac-
ticed routinely by most radiologists. 
Indeed, many radiologists around the 
world are well-trained for fine-needle 
aspiration (FNA) of pulmonary lesions; 
however, a reliable and sufficient sam-
ple is necessary for confident differen-
tiation. This can be achieved through 
coaxial core biopsy, which allows 

multiple large samplings. GGNs are also 
good candidates for coaxial core biop-
sies as they have a diagnostic accuracy 
of 93.0% (44). A CT-guided coaxial core 
biopsy can target the solid component 
of GGNs and can be performed un-
der the guidance of CT (45) or C-arm 
cone-beam CT (46) without or with lit-
tle probability of severe complications 
such as procedure-related death.

Multiple ground-glass nodules
Multiple GGNs in a patient are 

encountered frequently in clinical 

Figure 4. a–d. Various manifestations 
of invasive mucinous carcinomas 
on CT. A 14-mm solid nodule (a) is 
seen in the left lower lobe. A 9-mm 
par-solid nodule (b) is seen in the left 
lower lobe. Multiple cavitary nodules 
(c) are present in the both lungs. 
Consolidation with air-bronchogram 
(d) is noted in the right lower lobe.
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d
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Figure 4. a–d. Various manifestations 
of invasive mucinous carcinomas
on CT. A 14-mm solid nodule (a) is 
seen in the left lower lobe. A 9-mm 
part-solid nodule (b) is seen in the left 
lower lobe. Multiple cavitary nodules 
(c) are present in the both lungs. 
Consolidation with air-bronchogram 
(d) is noted in the right lower lobe.

d
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practice. Recent studies (47, 48) have 
shown that most of the small, node-
negative multiple carcinomas prob-
ably represent multiple primaries 
rather than intrapulmonary me-
tastasis. Thus, multiple GGNs are 
not contraindication for surgical 
intervention.

The standard treatment for mul-
tiple lesions has not yet been es-
tablished. Godoy and Naidich (35) 
suggested that one, or a few domi-
nant lesions, larger than 10 mm or 
part-solid nodules, can be indicators 

of surgical intervention, especially 
limited resection. At follow-up, it is 
reasonable that similar guidelines to 
solitary GGNs should be applied for 
multiple GGNs, given that multi-
ple GGNs are independent, primary 
tumors. In this context, Kim et al. 
(49) compared multiple GGNs with 
solitary GGNs and reported that the 
two nodule types can probably be 
followed-up and managed similarly 
because of their similar prognoses. 
To confirm these results, prospective 
follow-up studies are needed.

Management of subsolid nodules
Recently, studies have suggested in-

terim guidelines for subsolid nodules 
according to nodule size and type (7, 
35). These guidelines have suggested 
that isolated pure GGNs smaller than 
5 mm in size do not need follow-up CT 
studies, pure GGNs of 5 mm or larger 
require at least an initial follow-up CT 
at 3–6 months to confirm persistence, 
and continued follow-up for persist-
ent GGNs of more than two years is 
recommended. Pure GGNs with overt 
growth, or a new overt solid portion 

Figure 5. a–d. CT angiogram of the 
invasive mucinous carcinoma manifesting 
as lobar consolidation on CT. CT (a–c) 
shows consolidation with ground glass 
opacity and interlobar septal thickening in 
the left lower lobe in a 59-year-old female. 
Pulmonary vessels in the consolidation (d) 
are well-visualized on CT angiogram. She 
underwent lobectomy and was diagnosed 
as an invasive mucinous carcinoma.

b

d

a
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and persistent part-solid GGNs should 
be resected (Fig. 6). In cases of mul-
tiple GGNs, patients can be managed 
through limited surgical resection for 
dominant lesions. For accurate evalu-
ation of GGNs, use of thin-section CT 
acquisition (slice thickness ≤2.5 mm) 
is essential (50).

The role of transbronchial or tran-
sthoracic biopsy in GGNs is limited 
because a definitive histologic diagno-
sis cannot be given due to sampling 
error, or surgical resection may be 
performed regardless of biopsy results. 
Thus, transbronchial or transthoracic 

biopsy should ideally only be per-
formed in patients who are either mar-
ginal or poor candidates for surgery, 
surgical candidates for whom proof of 
malignancy is still considered neces-
sary, or who present with multifocal 
disease (51). 

The new lung adenocarcinoma clas-
sification provides insight into the 
management of GGNs by introducing 
the concept of MIA. In addition to AIS, 
which is the second preinvasive le-
sion, MIA can be managed more con-
servatively or with limited resection, 
especially in aged patients or patients 

with co-morbidity, due to their excel-
lent prognosis and slow growth rate. 
Therefore, radiological differentiation 
of MIA and invasive adenocarcinoma 
is of major importance. To that end, 
future studies of the natural history, 
imaging features, and surgical treat-
ment of MIAs are vital.

Conclusion
The new lung adenocarcinoma 

classification applies the most re-
cent advances in the understanding 
of lung adenocarcinomas to make 
clearer distinctions among lung 

Figure 6. a–d. Progression of part-
solid nodule at follow-up CT scans. 
Initial thin-section CT scan (a) shows 
a 10-mm part-solid nodule in the 
left upper lobe in a 74-year-old 
man. After 10 months, follow-up 
CT (b) shows no significant interval 
change of the nodule in the left 
upper lobe. Another follow-up CT 
(c) was obtained 34 months later. 
The part-solid nodule increased in 
size up to 22 mm. The internal solid 
portion (d) increased in size and 
extended into the lower portion of 
the nodule. The patient underwent 
lobectomy, and pathologic result was 
adenocarcinoma.
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adenocarcinomas. In this new classi-
fication scheme, the term BAC is re-
placed by AIS as a second preinvasive 
lesion. MIA is also introduced for a 
subset of patients with an excellent 
prognosis and that differ from pa-
tients with invasive adenocarcinoma. 
The new scheme also suggests clas-
sification according to the most pre-
dominant subtype in order to better 
stratify mixed-type lung adenocar-
cinoma. We summarized the imag-
ing features of adenocarcinoma and 
its histologic subtypes in Table. This 
classification also, and for the first 
time, features guidance for small bi-
opsies and cytology specimens.

For radiologists, consistent effort will 
be required to find imaging biomarkers 
that can differentiate AAH, AIS, MIA, 
or lepidic predominant adenocarci-
noma and thus facilitate more tailored 
and uniform management of patients 
with early lung cancers manifesting as 
GGNs.
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