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Editorial

Is spread through alveolar spaces, the newly recognized pattern 
of invasion, a potential game changer in lung adenocarcinoma?
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Lung adenocarcinoma, the most common histologic subtype 
of lung cancer, is detected at an early stage in 25% of cases. 
With the implementation of the new National Cancer 
Institute guidelines, which recommend low-dose CT 
screening of all high-risk smokers, the number of patients 
diagnosed with early-stage lung adenocarcinoma is expected 
to increase (1). Despite early detection, mortality from lung 
cancer continues to be the highest among all malignancies. 
As small lung nodules are detected more frequently, the 
role of surgical intervention and management for early-
stage lung cancer will be of increasing interest to thoracic 
surgeons and oncologists.

During the past decade, the single most important 
factor determining clinical management and prognosis 
of patients with lung cancer has been the tumor-node-
metastasis (TNM) staging system (2). The current gold 
standard for curative-intent treatment is anatomical 
resection by lobectomy and lymph node dissection (3). 
Wedge resection with negative margins (lung-preserving 
surgery) has been increasingly used to treat patients with 
peripheral lesions (4,5). Lung-preserving surgery has an 
added benefit for heavy smokers, as many of them have 
borderline lung function and would tolerate lobectomy 
resection poorly (6). Despite the use of curative resection, 
20% to 25% of patients treated surgically for early-
stage lung cancer experience recurrence within 5 years; 
therefore, the ideal type of resection for patients with 
early-stage lung adenocarcinoma remains the source of 
much controversy (7-9).

The application of the TNM staging system is limited 
as it only describes the anatomic extent of tumors but fails 

to include other parameters that can greatly improve our 
capacity to prognosticate the disease (10). This led to the 
development of a new, more applicable classification system 
for lung adenocarcinoma by the International Association 
for the Study of Lung Cancer, American Thoracic 
Society, and European Respiratory Society. Tumors that 
were previously classified as well-differentiated or poorly 
differentiated are now identified on the basis of their 
histologic growth patterns: adenocarcinoma in situ (AIS), 
minimally invasive adenocarcinoma (MIA), lepidic, acinar, 
papillary, micropapillary, and solid. This system proposes 
that different histologic growth patterns can be used as 
stage-independent predictors of survival (11). It has also 
been shown to be a powerful tool for stratifying patients 
with stage I lung adenocarcinoma into three prognostic 
groups: low-grade (AIS, MIA, and lepidic), intermediate-
grade (acinar and papillary), and high-grade (micropapillary 
and solid) (12). Of these patterns, the high-grade subtypes, 
micropapillary and solid appear to demonstrate different 
patterns of spread. Tumors displaying any presence of 
the micropapillary subtype have been shown to have high 
rates of locoregional recurrence when treated with limited 
resection, despite the achievement of negative margins (7).  
Solid predominant tumors, conversely, tend to present with 
increased recurrence at distant sites (13). Knowing that 
different histologic subtypes are prone to recurrence at 
different sites suggested that a new type of invasion may be 
present, one that had not yet been identified. 

Locoregional recurrence patterns following limited 
resection for small lung adenocarcinoma prompted 
pathologists to re-review slides, first to confirm that the 
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tumor margins were in fact negative for tumor cells, and 
then to evaluate areas adjacent to the tumor margin. These 
areas were previously considered irrelevant, as they were 
extratumoral alveoli. Interestingly, clusters of viable tumor 
cells were identified at a distance from the tumor margin 
within the alveolar spaces. 

A review of the literature revealed, with some surprise, 
that several other groups had also discovered viable 
tumor cells within the alveoli. Onozato et al. initially 
described tumor islands within alveolar spaces and showed 
that the presence of tumor islands was associated with 
an almost 2-fold higher risk of recurrence and worse 
prognosis (14). They also demonstrated that tumor islands 
were interconnected to each other, as well as to areas 
adjacent to the main tumor (15). This concept has also 
been described by radiation therapists, who recognized 
“microscopic extensions” of tumors—these extensions 
affected the clinical target volume and therefore affected 
the ability to deliver an accurate radiation dose (16,17). 
Recently, Gaikwad et al. described aerogenous spread 
as a new potential pathway for metastatic spread of 
lung adenocarcinoma. They reported the radiologic 
and pathologic features that can distinguish aerogenous 
metastases from lymphatic and hematogenous ones, by 
emphasizing the predominance of aerogenous spread in 
airspaces, with a lack of vascular or lymphatic invasion on 
pathologic review (18). Despite the awareness that this 
feature exists, the clinical implications of its presence were 
not well understood. 

To prompt uniform reporting and evaluation, our 
group, for the first time, coined the term tumor spread 
through air spaces (STAS), which is defined as the spread 
of lung cancer tumor cells into air spaces in the lung 
parenchyma adjacent to the main tumor (19). STAS 
has been implicated in three morphologic patterns: 
micropapillary, solid nests or tumor islands, and single 
cells. Although the prognostic implications of STAS are 
still under investigation, STAS-positive tumors have a 
significantly higher risk of both locoregional and distant 
recurrence in patients undergoing limited resection, 
whereas patients undergoing lobectomy for STAS-
positive tumors showed no significant difference (19).  
Warth et al. show that micropapillary predominant 
adenocarcinomas have the highest rate of STAS and 
correlate with worse overall and disease-free survival (20). 
These findings suggest that occult tumor cells within the air 
spaces are perhaps being left behind in limited resections, 
creating a virtual positive margin previously not identified 

by pathologic examination. This explains the increased 
risk of both locoregional and distant recurrence. The data 
suggest lobectomy should be investigated as the treatment 
of choice for both STAS-positive and micropapillary 
lung adenocarcinomas, and they support the theory 
that STAS represents a new pattern of invasion in lung 
adenocarcinoma.

Given the prognostic implications of STAS in lung 
adenocarcinoma reported by multiple groups,  i ts 
recognition can significantly impact clinical decision-
making. Preoperative radiologic identification of STAS-
positive tumors would provide surgeons with the 
information needed to choose lobectomy over limited 
resection. This would preclude the need for adjuvant 
therapy or re-resection, an operation necessary to avoid 
recurrence in STAS-positive patients who initially 
underwent limited resection. Unfortunately, the precise 
radiologic parameters to identify the presence of 
STAS have not been established. There are no studies 
investigating the intraoperative recognition of STAS. 
Postoperative microscopic identification of STAS should 
be standard practice in early-stage lung adenocarcinoma. 
This new pattern of invasion has been overlooked because 
the presence of cells within air spaces has previously 
been considered artifact and, thus, dismissed. Training 
pathologists to look beyond surgical margins to identify 
STAS, especially in cases where limited resection was 
performed will be of importance. 

In conclusion, STAS is a pattern of invasion that is 
unique to lung adenocarcinomas, and it holds significant 
prognostic implications for both recurrence and overall 
survival. The involvement of STAS in other histologic 
subtypes of lung cancer has also yet to be evaluated. STAS is 
a novel prognostic tool for lung adenocarcinoma and should 
be utilized for its diagnostic potential.
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