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Abstract
In 2015, the World Health Organization classification of lung cancer proposed the concept of spread through air
spaces (STAS) as a new pattern of invasion in lung adenocarcinoma. The definition of STAS included one or more
pathologic micropapillary clusters, solid nests or single cells beyond the edge of the tumor into air spaces in the
surrounding lung parenchyma, and separation from the main tumor other than tumor islands. The roles of STAS has
been investigated in many studies. The results indicated that STAS is associated with key clinical variables and the
prognosis of patients both in lung adenocarcinoma, lung squamous cell carcinoma, small-cell lung cancer, and lung
pleomorphic carcinoma. This mini review will be focused on the developments and perspectives of STAS in lung
cancer.
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Introduction
Since the concept of spread through air spaces (STAS) was pro-

posed as an invasive pattern of lung adenocarcinoma (AdC) in
2015, this topic has been the focus of recent research. The roles of
STAS, not only in AdC, but also in lung squamous cell carcinoma
(SCC), small-cell lung cancer (SCLC), and lung pleomorphic car-
cinoma, are being investigated in a number of studies. Here, we will
review the developments and perspectives of STAS in lung cancer.

Definition of STAS
In the past few decades, despite improvements in early detection

and treatment, lung cancer remains the most common malignant
tumor with the highest incidence and mortality worldwide.1 Lung
cancer invasion, such as lymphovascular or pleural invasion and
infiltration of stroma, is generally associated with a poor prognosis.
The presence of tumor cells in air spaces is regarded as a manifestation
of the invasiveness of lung cancer. As early as 2002, the micro-
papillary component, which is defined as small papillary clusters of
glandular cells growing within air space, was demonstrated to be
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probable metastasis in AdC.2 In 2011, a new classificationof AdC by
the International Association for the Study of Lung Cancer (IASLC)/
American Thoracic Society/European Respiratory Society recom-
mended the addition of micropapillary predominant AdC as a major
histologic subtype owing to its association with poor prognosis.3 In
2013, Onozato proposed the term “tumor islands,” which refers to
large collections of tumor cells isolated within alveolar spaces.4 Tu-
mor islands are also associated with higher invasion, and are different
from the micropapillary pattern with a distance of at least a few alveoli
from the main mass. However, 3-dimensional reconstruction showed
that they are still connected to the main tumors. In 2015, the World
Health Organization (WHO) classification of lung cancer proposed
the concept of “spread through air spaces” as a new pattern of
invasion in AdC, which includes 1 or more pathologic micropapillary
clusters, solid nests or single cells beyond the edge of the tumor into
air spaces in the surrounding lung parenchyma, and separation from
the main tumor other than tumor islands.5

Although the precise definition of STAS has been proposed by
WHO, further classification of STAS according to pathologic
characteristics is different in recent studies. The most common
grouping method of subtypes in STAS is also based on morphologic
features, including single cell, small clusters, and tumor cell nests,
similar to the definition by WHO. In the Warth et al study, the
grade of STAS was divided into 2 groups according to the distance
between the STAS and primary lesions.6 They defined a solid cell
nest no more than 3 alveoli away from the main tumor mass as
limited STAS, and a tumor cell nest more than 3 alveoli away from
the primary tumor was defined as extensive STAS. Another
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classification of STAS was proposed in the study by Toyokawa et al.
In their study, the grade of STAS was grouped based on the
quantity of spread cells or clusters, including no STAS, low STAS
(1-4 cells or clusters), and high STAS (> 4 cells or clusters).7 A
similar classification of STAS was given in a semi-quantitative
study.8 In these 3 studies, the impact of STAS on clinical charac-
teristics or prognosis of AdC correlated with the grades of STAS.
This may indicate that features of STAS such as quantity,
morphology, and distance could change with the progression of
tumor, and invasiveness may be associated with the degree of these
features, similar to the influence of tumor differentiation grade.
These studies provide evidence on the grade of STAS; however,
more research is needed for accurate classification.

STAS in Lung AdC
In recent years, many studies had investigated the correlation

between STAS and the clinical parameters and prognosis of lung
cancer. The majority of these studies focused on AdC, and a
number of tumor-related factors were considered to be influenced
by STAS. The incidence of STAS in AdC ranged from 14.8% to
56.4%, and STAS was demonstrated to have an association with
AdC histologic type. In a study of 276 cases of stage I AdC, the
presence of STAS was frequently found in invasive histologic
patterns (subtypes of AdC other than atypical adenomatous
hyperplasia, adenocarcinoma in situ, and minimally invasive
adenocarcinoma).7 Furthermore, a study that included 208 cases of
stage I AdC showed that STAS was significantly associated with
solid predominant AdC.8 In the research by Warth et al, this large
cohort study on STAS included 569 AdC cases without stage se-
lection, and the results showed that micropapillary predominant
AdC had the highest rate of STAS (91.3%), which was mainly
extensive STAS as in the aforementioned definition.6 Similar results
were observed in another study based on 316 Korean AdC cases,
which showed that the incidence of STAS was significantly higher in
AdC with micropapillary pattern.9 A micropapillary or solid pattern
of AdC was considered to have a more aggressive malignant
behavior, and these results showed that STAS may be one of the
invasive mechanisms in these 2 subtypes. As a pattern of invasion,
STAS is also correlated with other invasive behaviors or metastasis of
AdC. By analyzing 318 cases of stage I AdC, Shiono et al proposed
that STAS had a significant association with lymphovascular inva-
sion and pleural invasion.10 On the other hand, it is believed that
STAS is related to tumor stage. Two analyses based on large pop-
ulations without specific stage obtained similar results where STAS
was more prevalent in high-stage AdC.6,9 STAS is thought to have
an association with a group of gene mutations in AdC. In 2 studies
investigating the mutation status of epithelial growth factor recep-
tor, STAS was confirmed to be significantly negatively associated
with epithelial growth factor receptor mutation.6,9 Warth et al
evaluated the KRAS and BRAF mutation status in combination
with STAS status in AdC and showed that STAS was more frequent
in cases with KRAS mutation.6 Even though STAS has only been
detected in postoperative specimens so far, 2 retrospective studies
examined the relationship between STAS and preoperative imaging.
Shiono et al demonstrated that the positive rate of STAS was
significantly higher in cases with solid nodules than in those with
non-solid nodules on chest computed tomography scanning.10
Toyokawa evaluated the primary tumor in preoperative positron
emission tomography-computed tomography and concluded that
STAS positivity was significantly associated with larger radiologic
tumor diameter, higher consolidation/tumor ratio, and higher
maximum standardized uptake value.7 Furthermore, males and
smoking history were also considered to have an association with
STAS.10

To date, many studies have investigated the correlation between
STAS and the prognosis of AdC. In a recent study that included
383 stage IA cases and 161 stage IB cases of AdC, patients with
positive STAS had a significantly worse recurrence-free survival
(RFS) and overall survival (OS) than those who were STAS-nega-
tive.11 Furthermore, the authors found that patients with stage IA
AdC and STAS positivity had a similar prognosis to those with stage
IB AdC. However, they failed to identify this significant association
in patients with a tumor size no more than 2 cm.11 Kadota et al
validated the relationship between prognosis of early stage AdC and
STAS status in combination with type of surgery. In this large
cohort study involving 411 cases with stage I AdC, researchers
discovered that patients with positive STAS who underwent limited
resection had higher risks of distant and locoregional recurrence
than those with negative STAS; however, this significant risk was
not found in the lobectomy group.12 Therefore, they suggested that
lobectomy or postoperative chemotherapy should be considered if
STAS is identified in frozen sections from patients treated with
limited resection. When histologic type was taken into consider-
ation, one study of AdC with micropapillary pattern analyzed
coexistent free tumor clusters (STAS excluded single cell), the
authors found that patients who were free tumor cluster-positive
experienced significantly worse 5-year RFS and higher locore-
gional recurrence.13 Another study analyzed all subtypes of growth
patterns, and the impact of STAS on survival was particularly
evident in papillary predominant and micropapillary predominant
AdC, rather than lepidic, acinar, solid predominant, or cribriform
AdC.6 Other studies also demonstrated reduction in OS or RFS in
patients who were STAS-positive, and multivariate analysis showed
that STAS positivity was a significant predictor of survival or
recurrence.7-10 However, in the large cohort study by Warth et al, it
was found that STAS positivity was not a risk factor for OS or
disease-free survival when both stage and STAS status were included
in the multivariate analysis.6,14 These results may indicate that
STAS has an influence on the prognosis of AdC; however, further
research is needed to confirm the accurate relationship between
STAS status and tumor stage.

STAS in Lung SCC
Although the concept of STAS was first validated in studies of

AdC, current research has also proved that STAS plays an important
role in the invasion of SCC. In a study that included 216 cases of
SCC at various stages, STAS was observed in 40% of patients.15

The evaluation of surgical specimens revealed that STAS had a
significant association with lymphatic invasion and lymph node
metastasis. Tumor budding, defined as a tumor nest composed of
less than 5 cells present at the outer edge of the tumor, has also been
demonstrated to be associated with poor prognosis in SCC, and was
correlated with STAS in the study.16 In the study by Lu et al, which
included 445 stage I to III SCC cases, 30% of cases were STAS-
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positive. Further analyses showed that STAS was significantly more
frequent in cases with larger tumor or nuclear diameter, lympho-
vascular invasion, higher T or N classification, presence of necrosis,
and high Ki-67 labeling index.17 Both of these studies suggested
that the positive rate of STAS increased with pathologic stage. On
the other hand, STAS was also demonstrated to play a negative role
in the prognosis of SCC. In the study by Kadota, STAS was
significantly associated with a higher risk of locoregional or distant
recurrence, and patients with positive STAS had significantly lower
RFS than those without STAS. However, this statistical significance
was only found in patients who underwent lobectomy, rather than
patients who underwent limited resection.15 The cumulative inci-
dence of recurrence (CIR) and lung cancer-specific death (CID)
were also used to evaluate the prognosis of SCC, and significantly
higher CIR and CID values were detected in patients with STAS in
stage II or stage III.17 However, Yanagawa’s research that included
220 patients with SCC showed an opposite conclusion. Forty-two
cases with STAS were identified in the study, and lymphovascular
invasion was associated with STAS. They documented that the
presence of STAS was associated with significant worse RFS and 5-
year OS only in stage I SCC, but not in stage II or stage III SCC.18

In another study involving 44 cases of SCC, STAS-positive cases did
not show a significantly worse RFS or OS compared with STAS-
negative cases, possibly owing to the small number of cases.14 In
2 studies with large populations, STAS positivity was identified as
an independent risk factor for RFS or CID by multivariate
analysis.15,17

STAS in Other Histologic Types of Lung Cancer
Compared with AdC and SCC, fewer studies have focused on

SCLC. The only existing study, which was performed by Toyokawa
et al, included 30 cases of resected SCLC.19 The presence of STAS
was detected in 83% of cases, and > 80% of positive STAS cases
were identified as having high STAS as defined earlier. However,
there was no statistically significant relationship between any of the
clinical factors and STAS positivity, and no statistical significance
was observed between the STAS-positive group and the STAS-
negative group in terms of RFS or OS.19 According to this study,
the positive rate of STAS in SCLC was higher than that in any study
of lung AdC or SCC, which indicated that STAS may play a more
important role in the development of SCLC than non-SCLC.
However, 83% of cases were male, and T1 stage accounted for
40% of cases in this study. The shortage of available cases and
limitations of the distribution of pathologic factors may have caused
the failure to detect a clinical significance. Further study based on a
larger cohort population is warranted to determine the clinical
significance of STAS in SCLC.

In a recent study, Yokoyama et al observed 14 (40%) cases with
STAS from 35 patients diagnosed as lung pleomorphic carcinoma
who underwent surgical resection.20 Statistical analysis showed that
tumor necrosis is more frequent when STAS is present, and patients
with STAS had significantly worse RFS and OS. The study pointed
out that STAS is a poor predictor of postoperative survival in this
rare lung cancer.20 The lung pleomorphic carcinoma has not been
sufficiently characterized owing to its rarity. This report provides
valuable information on the stratification and management of
patients with this rare type of tumor. Moreover, Yokoyama et al
- Clinical Lung Cancer March 2019
validated the associations of STAS with clinicopathologic features
and prognosis, which was consistent with findings in lung AdC and
lung SCC. The novel findings increased the reliability of signifi-
cance and prognostic implications of STAS in lung cancer. Current
studies that are focusing on STAS in lung cancer are shown in
Table 1.

Challenges and Perspectives
There are several controversial questions related to the role of

STAS in lung cancer. First, some confounding factors may influ-
ence the judgement of STAS existence during surgical or pathologic
resection, such as “spread through a knife surface (STAKS),” which
means loose tissue fragments attributed to lung specimen
sectioning.21 Blaauwgeers and colleagues evaluated tumor clusters
in tissue blocks cut using a clean knife used for the first time and
those cut using a knife that had been used previously, and
discovered that the presence of loose tissue fragments in air spaces
was more frequent in the latter blocks.21 However, Kadota et al12

and Warth et al6 demonstrated that STAS is not an artifact and
provided the criteria for distinguishing artifacts from true STAS.
Tumor floaters often presented at the edges of the tissue section or
randomly scattered over tissue. The presence of jagged edges or
linear strips indicated tumor fragmentation or STAKS rather than
STAS. Identification of tumor cells distant from the main tumor
also suggested STAKS unless intraalveolar tumor cells could be
demonstrated in a continuum of airspaces containing intraalveolar
tumor cells back to the tumor edge.12 STAS were favored by the
presence of tumor cells arranged in loose small groups, for which
the distribution was consistent with the overall configuration of the
circumferential tumor edge.6 Lu et al evaluated 2 patients who
underwent lobectomy where the main tumor was not cut by the
surgeon or pathologists, and it was found that extensive STAS
existed on a separate wedge specimen.22 The other study revealed
that STAS can be detected in frozen sections, and an adequate
margin of frozen section was helpful for identification of STAS
intraoperatively.23 As the definition from WHO was given for
STAS in 2015, although STAS does not connect with primary
tumor, it does not mean that STAS have no attachment to the
alveolar wall or other pulmonary tissue. In other words, STAS
should not be a floating island without any nutrition for survival. A
number of studies have demonstrated that STAS, namely a path-
ologic morphology of loose tumor tissue in air space, is associated
with many other clinical characteristics and prognoses of lung
cancer. However, thus far, there is no any widely accepted theory to
explain the mechanism of survival and development of STAS. More
studies are needed to explain the pathologic phenomenon and
characterize the nature of STAS. Second, it is unclear whether
STAS is a factor of staging system in lung cancer. Taking pleural
invasion as an example, this is considered a factor in the features of
T2 as defined in the eighth edition of TNM classification of lung
cancer by the IASLC.24 In the IASLC stage grouping, the impact
on prognosis is regarded as an important reference for a potential
risk factor. However, few studies have determined the role of STAS
in the staging system by comparing the prognosis at different stages,
and the only evidence is that patients with stage IA positive STAS
and patients with stage IB AdC had a comparable RFS and OS.11

More research is required to identify the accurate role of STAS in



Table 1 Current Studies on the Role of STAS in Lung Cancer

Author, Year
Study

Population, n
Histologic

Type Stage STAS, % Clinical Factors Prognosis Gene Mutation

Kadota et al,
201512

411 AdC I 38 Lymphovascular
invasion, invasive

pattern

RR[ (limited
resection group)

Warth et al,
20156

569 AdC I-IV 50.6 High stage, invasive
pattern, node(þ),
distant metastasis

OSY, DFSY EGFR(�),
BRAF(þ)

Shiono et al,
201610

318 AdC I 14.8 IB stage,
lymphovascular
invasion, pleural
invasion, solid
nodules on CT

OSY, RFSY EGFR(�)

Morimoto et al,
201613

444 AdC I-IV 46.3 Micropapillary
component

RR[, RFSY

Dai et al, 201711 544 AdC I 30.3 Invasive pattern OSY, RFSY

Uruga et al,
20178

208 AdC I 47.6 Solid component,
vascular invasion,
pleural invasion,

node(þ)

RFSY

Lee et al, 20179 316 AdC I-III 50.6 nodal metastasis,
high stage,
precence of

micropapillary or
cribriform
component,

lymphovascular
invasion

OSY, RFSY EGFR(�),
ALK RAG,

Toyokawa et al,
20187

276 AdC I 56.4 Invasive pattern,
pleural invasion,
tumor size,
SUVmax,

consolidation/tumor
ratio

OSY, RFSY

Kadota, 201715 216 SCC I-IV 40 High stage,
node(þ), tumor

budding

RR[, RFSY

Lu et al, 201717 445 SCC I-III 30 High stage,
lymphovascular
invasion, tumor
size, necrosis,
nuclear diameter

CIR[, CID[

Yanagawa et al,
201818

220 SCC I-III 19.1 Lymphovascular
invasion

OS and RFSY (in
stage I)

Toyokawa et al,
201819

30 SCLC I-IV 83 No significance No significance

Yokoyama et al,
201820

35 Lung pleomorphic
carcinoma

I-III 40 Tumor necrosis OSY, RFSY

Masai et al,
201714

508 All types I-IV 15 Micropapillary or
solid component,
lymphovascular
invasion, pleural

invasion

RR[

Abbreviations: AdC ¼ adenocarcinoma; CID ¼ cumulative incidence of cancer-specific death; CIR ¼ cumulative incidence of recurrence; OS ¼ overall survival; RAG ¼ rearrangement; RFS ¼
recurrence-free survival; RR ¼ recurrence rate; SCC ¼ squamous cell carcinoma; SCLC ¼ small-cell lung cancer; SUVmax ¼ maximum standardized uptake value.
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the staging system. Finally, does STAS have an influence on the
extent of surgical resection or further adjuvant therapy? As
mentioned earlier, Kadota et al showed that patients with positive
STAS in the limited resection group had a significantly higher
recurrence rate than patients in the lobectomy group.12 It seems
that lobectomy is safer when STAS positivity is detected in frozen
sections. However, to date, there are no pathologic standards for
STAS in frozen sections. Another related potential problem
proposed by Walts et al is that frozen section may not be an
effective approach for identifying STAS. In their study, STAS was
evaluated in frozen section, frozen section control slides, and all
additional slides in lung tissue adjacent to tumor. The result
showed that STAS incidence was significantly higher in the latter 2
groups, and 23 cases were identified by frozen section among all of
46 cases with STAS; only 2 of the 25 cases were true negative STAS
in frozen section. This means that the sensitivity to detect STAS
Clinical Lung Cancer March 2019 - e161
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was 50%, with a 8% negative predictive value for frozen section.25

Thus, the tricky problem should be resolved that how to evaluate
STAS in frozen sections. Furthermore, is adjuvant therapy necessary
for patients if STAS is identified in paraffin sections post-
operatively? In a large prospective cohort study, vessel invasion was
also a poor prognostic factor in non-SCLC, as well as a target for
adjuvant chemotherapy.26,27 Even though STAS has been
confirmed to be a predictor of poor prognosis in lung cancer,
whether or which postoperative strategy is optimal for patients with
positive STAS is still not clear. Future studies are warranted to
determine the relationship between STAS and lung cancer
treatment.

Conclusions
In summary, the presence of STAS has been detected in AdC,

SCC, SCLC, and pleomorphic carcinoma with different incidence
levels. STAS has associations with vital clinical and pathologic
characteristics, and it is a poor prognostic factor for recurrence and
survival in AdC, SCC, and pleomorphic carcinoma. STAS can be
considered a new invasive pattern in lung cancer. More evidence is
needed to validate and classify STAS and optimize treatment
decisions in patients who are STAS-positive.
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