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Background: Tumor spread through air spaces (STAS) was defined as a unique tumor invasion pattern in
adenocarcinoma (ADC) by The World Health Organization Classification of Lung Tumors in 2015. Since
then, STAS had been shown to be associated with local recurrence and poor survival results, as the typical
signature and potential mechanisms of STAS remained unclear. Our objectives were to comprehensively
demonstrate the clinicopathological and genetic signatures in STAS-positive lung cancer patients.

Methods: The clinicopathological and gene alteration characteristics of 878 STAS-positive lung cancer
patients were presented. Associations between parameters were evaluated using the Chi-square test, Fisher’s
exact test, and logistic regression. The capture-based targeted next generation sequencing (NGS) with a
platform of 68 lung cancer-related genes was conducted in 139 cases, and the mutational spectrum was
summarized.

Results: STAS was identified in 391 female and 481 male patients, of which ADC accounted for the
majority of cases (92.6%). The concomitant solid or micropapillary subtype was observed in 92.12% patients
with ADC. Poorly differentiated histological subtypes were more frequent and negatively correlated with
tumor size in smaller tumor cases (P=0.036, Pearson’s R=-0.075). Furthermore, in the subgroup of nodules
within 3 cm, the distribution of the solid and micropapillary subtypes were significantly frequent in lymph
node-positive patients (P<0.001). Tumor protein p53 (TP53) alterations were more frequent in smoking
patients (27.6%, P=0.007), human epidermal growth factor receptor 2 (HER2) alterations were more
common in female (10.8%, P=0.025), while Kirsten rat sarcoma viral oncogene (KRAS) (20.3%, P=0.024)
and TP53 (45.9%, P=0.003) were more prevalent in males.

Conclusions: Poorly differentiated histological subtypes likely played a crucial role in promoting the
invasiveness of STAS, especially in small tumor-size cases. Epidermal growth factor receptor (EGFR), TP53,
KARS, anaplastic lymphoma kinase (ALK), and ROS proto-oncogene 1 (ROS1) were the five most frequent
alterations in STAS-positive ADC.
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Introduction

Lung cancer is the leading cause of cancer-related death,
and has a complicated prognosis. With the advancement
of imaging, pathological, and molecular detection
techniques for lung cancer, the identification, diagnosis,
and staging of patients is becoming more comprehensive
and individualized (1,2). Early and precise discrimination of
tumor features have become the key to achieving optimal
treatment modality and improved prognosis.

Tumor invasion is one of the decisive factors of
tumor treatment and prognosis. Compared with other
organ cancers, the tumor invasion patterns in lung
adenocarcinoma (ADC) are diverse. The common
patterns of pulmonary carcinoma invasion are via vascular,
lymphatic, or transcoelomic spread. The concept of spread
through air spaces (STAS) was included as a unique pattern
of invasion in lung ADC in the World Health Organization
(WHO) classification in 2015 (3). In other histological types
(i.e., besides ADC), STAS has also been described (4).

Recent studies regarding STAS have focused on its value
in therapeutic decision-making and prognostic assessment.
The presence of STAS was validated as a risk factor of
pulmonary recurrence in patients undergoing limited
reception (5). STAS was also associated with significantly
decreased recurrence free survival and overall survival (6).
Several studies attempted to identify the predictive factors
of STAS, however their conclusions remained controversial
(7,8).

Therefore, this study aimed to demonstrate the
clinicopathological and genetic signatures of STAS in
lung cancer and offer a scale for more comprehensive
understanding of the disease. Furthermore, we also expected
to explore and analyze the critical features influencing the
invasiveness of lung cancer STAS. We presented the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/atm-21-2256).

Methods
Study cobort and data collection

Between February 2015 and February 2020, 939 patients were
pathologically validated as STAS-positive. Of these, 10 cases of
bilateral surgeries and 28 cases of biopsy or palliative surgeries
were excluded. Of the remaining 901 patients, 878 underwent
lymph node systematic dissection or sampling and were
finally enrolled. Next generation sequencing (NGS) data was
obtained in 139 cases. The study was conducted in accordance
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with the Declaration of Helsinki (as revised in 2013). The
study was approved by institutional ethics committee of
Shanghai Chest Hospital [No.: KS(Y) 21128] and informed
consent was taken from all the patients.

Data on clinicopathologic variables, including age,
gender, smoking status, tumor location, pathologic tumor-
node-metastasis (TINM) situation, visceral pleural invasion,
lymphovascular invasion, histological classification, and
subtype, were obtained by reviewing the patients’ medical
records. Staging was on the basis of the eighth edition of
the American Joint Committee on Cancer Staging Manual.

Capture-based targeted DNA sequencing

Tested samples were identified and derived from surgical
resected tissue by the pathologist before pathological
examination, which followed the principle of anonymity
and voluntariness. DNA was sheared using Covaris M220
(Covaris, MA, USA), fragments of size 200-400 base
pairs (bp) were selected by bead (Agencourt AMPure
XP Kit, Beckman Coulter, Brea, CA, USA). Qubit
2.0 fluorometer with the dsDNA high-sensitivity assay
kit (Life Technologies, Carlsbad, CA, USA) was used to
measure the DNA concentration and genomic DNA quality.
Indexed samples were sequenced on Nextseq500 sequencer
(Illumina, Inc., Madison, WI, USA) with pair-end reads.
We assessed the genomic profiles using Lung Core panel
from Burning Rock Biotech (Guangzhou, China), which
consists of the whole exons of 68 lung cancer-related genes

spaning345 kb of the human genome.

Statistical analysis

Connections between clinicopathologic and genetic
parameters were analyzed using the Chi-square test or
Fisher’s exact test for categorical parameters. A P value less
than 0.05 was considered to indicate a significant difference.
All statistical analyses were performed through IBM SPSS
Statistics v.23 (IBM, Armonk, NY, USA) and R software
(version 4.0.1, the R Foundation for Statistical Computing,
Vienna, Austria).

Results
Patient clinicopathological features of STAS

The clinicopathological characteristics of STAS-positive lung
cancer patients who underwent surgery were summarized in
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Age 60.75+10.14
Sex, n (%)
Female 391 (44.5)
Aniddgof Translational Medicine, Vol 9, No 1218urtes2021
Smoking status, n (%)
Never 691 (78.7)
Former or current 187 (21.3)

Histological type, n (%)

Adenocarcinoma 813 (92.6)

Squamous cell carcinoma 25(2.8)

Others 40 (4.6)
Tumor size, cm 2.80+1.64

Visceral pleural invasion, n (%)
Present 323 (36.8)
Absent 555 (63.2)
Lymphovascular invasion, n (%)
Present 261 (29.7)
Absent 617 (70.3)

Pathologic N stage, n (%)

NO 548 (62.4)
N1 87 (9.9)
N2 243 (27.7)

Pathologic T stage, n (%)

T 420 (47.8)
T2 343 (39.1)
T3 91 (10.4)
T4 24 (2.7)

8" TNM stage, n (%)

I 483 (55.0)
Il 123 (14.0)
M 261 (29.7)
\Y 11(1.3)
Disseminated nodule, n (%)
Present 51 (5.8)
Absent 827 (94.2)
Tumor location, n (%)
Left upper 211 (24.0)
Left lower 176 (20.0)
Right upper 227 (25.9)
Right middle 65 (7.4)
Right lower 199 (22.7)
Year
2015-2017 21
2018 162
2019 617
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STAS, spread through air spaces.
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Table 1. The mean age of the patients was 60.75+10.14 years,
and 487 of the 878 patients (55.5%) were males. The
proportion of patients with smoking history was 21.3%
(n=187). The most frequent histological type was ADC
(n=813, 92.6%), followed by squamous cell carcinoma
(n=25, 2.8%). The median pathological tumor size was
2.80£1.64 cm. Of the 878 patients, 548 cases (62.4%) were
pathologically diagnosed as NO, 87 cases (9.9%) as N1,
and 243 cases (27.7%) as N2; 484 cases were classified
as pathologic stage 1, 123 were stage II, 261 were stage
I, and 11 were stage IV. As for other invasive patterns,
visceral pleural invasion was observed in 323 cases (36.8%),
lymphovascular invasion was observed in 261 cases (29.7%),

and pulmonary disseminated nodule was observed in
51 cases (5.8%).

STAS and histological subtype

Histologically, in 813 ADC patients, 336 cases (41.4%)
were classified as acinar predominant type, 168 (20.7%)
as papillary predominant, 136 (16.7%) as micropapillary
predominant, 118 (14.5%) as solid predominant,
29 (3.6%) as cribriform predominant, five (0.6%) as
lepidic predominant, and 21 (2.6%) as others variants
(including mucinous, colloid, fatal and enteric subtypes)
(Figure 14).

As the solid and micropapillary subtypes were validated as
poor prognostic factors in lung ADC, the presence of poorly
differentiated subtypes was particularly concerning. The
concomitant solid or micropapillary subtype was observed in
89.0% (299 cases) of acinar predominant, 97.0% (163 cases)
of papillary predominant, 72.4% (21 cases) of cribriform
predominant, 60% (three cases) of lepidic predominant, and
42.9% (nine cases) of other variant predominant cases. The
pure micropapillary and solid types were observed in 13 and
25 cases, respectively (Figure 1B).

Association between pathological subtypes and other
invasive patterns

According to recent studies, STAS was significantly
associated with tumor size. Tumor invasion, including
STAS, was more likely to be observed as the burden of
tumor volume increased. Compared with cases of larger
tumor size, the poorly differentiated histological subtypes
were more frequent in smaller tumor-size patients
(P=0.036). Also, tumor size was negatively correlated
with differentiated grade in STAS-positive ADC patients
(Pearson’s R=-0.075) (Figure 2). Furthermore, when
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Figure 1 Distribution of predominant subtypes and poorly differentiated components in STAS-positive adenocarcinoma. (A) The number

of cases of different predominant histological subtypes in 813 adenocarcinoma patients. (B) The proportion of cases with concomitant solid

or micropapillary components among different histological types.
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1 2 3 harbored genetic abnormalities (Figure 3). EGFR mutation
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Figure 2 The correlation between tumor size and differentiation
grade of histological type in STAS-positive adenocarcinoma
patients. Bubble sizes were proportional to case numbers; analysis
was performed using the Mantel-Haenszel hi-square test (size
grade 1: nodule <2 cm, size grade 2: 2 cm < nodule <3 cm,
size grade 3: nodule >3 cm; subtype grade 1: tumor with
pure solid or micropapillary or cribriform subtypes, subtype
grade 2: tumor with concomitant solid or micropapillary or
cribriform subtypes, subtype grade 3: tumor without any solid or
micropapillary or cribriform subtypes). STAS, spread through air

spaces.

the tumor size was restricted within 3 cm, histological
distribution were significantly different in lymph node-
positive patients (P<0.001), the solid and micropapillary
subtypes were more frequent (7zble 2), and the presence
of these two components was a risk factor of lymph node
metastasis in STAS (OR =3.63, 95% CI, 1.26-10.40,
P=0.02) (Tuble 3).
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was detected in 51.8% of the 139 patients. Second to
EGFR, 35% of patients harbored TP53, and the proportion
of patients with KRAS, ALK, and ROS1 were 14%, 12%,
and 8%, respectively. The different distribution of genetic
alterations based on clinicopathological characteristics was
further explored. TP53 alterations were more frequent
in patients with smoking history (27.6%, P=0.007).
HER?2 alterations were more common in females (10.8%,
P=0.025), while KRAS (20.3%, P=0.024) and TP53 (45.9%,
P=0.003) were more prevalent in males.

Discussion

The novelty of this study is reflected in its summary
of the comprehensive features of STAS, including
clinicopathological information and gene sequencing data,
using a large sample size of STAS patients. The majority of
STAS-positive cases were ADC, which was characterized
by a broad range of histologic subtypes and driver or
targetable mutations. The differentiation grade subtype was
found to be negatively correlated with tumor size in STAS-
positive ADC. Lymph node metastasis was also found to
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Table 2 Histological subtype distribution among different lymph-node stages
Pathological lymph node stage
Variable Total P value
NO N1 N2
Papillary 89 7 24 120 <0.001
Acinar 201 11 44 256
Micropapillary 56 7 28 91
Solid 40 13 28 81
Cribriform 18 1 4 23
Total 404 39 128
Table 3 Logistic regression analysis of factors associated with lymph node metastasis in STAS
Univariable analysis Multivariable analysis
Factor
OR 95% ClI P value OR 95% ClI P value
Age 0.99 0.97-1.01 0.35 0.99 0.97-1.01 0.33
Male (vs. female) 1.05 0.73-1.51 0.78 1.01 0.67-1.51 0.97
Smoking (vs. never) 1.06 0.67-1.68 0.79 1.15 0.69-1.91 0.59
Tumor size 2.31 1.67-3.20 <0.001 2.18 1.56-3.05 <0.001
Pleural invasion 2.40 1.65-3.49 <0.001 2.09 1.42-3.08 <0.001
Presence of SOL/MIP 3.63 1.26-10.40 0.02 3.26 1.10-9.68 0.08
STAS, spread through air spaces; SOL, solid; MIP, micropapillary.
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Figure 3 Mutational spectrum of the 139 STAS-positive adenocarcinoma patients grouped according to predominant histological subtypes.

Smoking status, gender and lymph node stage were also annotated at the bottom of the oncoprint. Each column represented a patient and

each row represented a gene. The column on the left represented the mutation rate of each gene. The column on the right represented

mutated genes. The top plot represented the overall number of mutations that a patient carried. The different colors denoted different types

of mutations. STAS, spread through air spaces.
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be associated with poorly differentiated subtypes. These
results indicated that the histological subtypes seemed to
take a larger facilitative effect on STAS presence and other
invasive processes when the burden of the tumor itself was
relatively small. Meanwhile, some frequent mutant genes,
such as EGFR, TP53, KRAS, and ALK, were displayed.

STAS, as a unique invasion pattern of lung cancer, has
been referred to frequently in recent years. The WHO
2015 classification proposed its definition as 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. However, the identification
and further classification of STAS remained undefined.
The presence of STAS was notably controversial when
the phenomenon was close to the tumor edge or was
presented as several isolated tumor cells (9). The most
common subtype grouping method of STAS was based
on morphological features including single cell, small
clusters, and tumor cell nests, which was similar to the
WHO classification. The grade of STAS was also grouped
according to distance from primary lesions (10) or quantity
of spread cells or clusters (4).

Recently, an increasing number of studies have focused
on STAS due to its significant prognostic value. Dai et al.
found that stage I ADC patients with STAS had a
remarkable decrease in recurrence free survival (RFS) and
overall survival (OS) (11). Also, patients with stage IA ADC
shared a similar prognosis with stage IB, which suggested
the STAS could be a factor leading to the up-staging of
lung cancer, like visceral pleural invasion. Patients with
STAS undergoing limited resection were found to have a
higher rate of local recurrence and related-death in previous
studies (6), indicating that STAS could be the explanation
for the poorer prognosis of some patients receiving limited
resection with a relatively small nodule and suggesting that
surgical range should be expanded in STAS-positive patients
accepting limited resection. Furthermore, the STAS was
shown to be a predictor of occult lymph node metastasis (12).
Another study demonstrated that the impact of STAS on
survival was particularly evident in papillary predominant
and micropapillary predominant ADC (10). In the present
study, poorly differentiated ADC subtypes, such as solid and
micropapillary components, were more likely the driving
factors in tumor invasion and possible poor prognosis.

Since the important prognostic role of STAS in early-
stage lung cancer, early identification and even prediction are
critical in guiding surgical methods and improve prognosis.
An important finding reported by Eguchi ez 4/. (6) was that
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pathologists were able to recognize STAS on intraoperative
frozen sections with high sensitivity and specificity (71%
and 92%, respectively). However, in research by Walts ez
al., frozen sections seemed to be unreliable for evaluating
the presence of STAS (13). Meanwhile, recent studies have
shown that imaging information, such as tumor diameter
larger than 2 cm, solid component of nodules, and higher
F-fluorodeoxyglucose (FDG) uptake of primary lesion, could
help identify the presence of STAS (5,14). Kim et /. reported
that the percentage of solid component of the lesion on CT
(but not tumor diameter) was an independent predictor of
STAS (15). Besides the preoperative prediction, optimal
adjuvant therapy should be considered for patient with STAS-
positive ADC. Further studies based on multidisciplinary
collaboration are needed to improve the preoperative and
intraoperative identification of STAS.

In terms of molecular alteration, the conclusions of current
studies are conflicting. Several studies have found that STAS
was negatively associated with EGFR mutation and positively
correlated with BRAF and KRAS mutations, while others have
reported no association to EGFR (14) or KRAS (16) status.
STAS has also been found to be more frequent in tumors
with ROS1 and ALK rearrangements (15). In the present
research, EGFR, TP53, KARS, ALK, and ROS1 were the
five most frequent alterations in STAS-positive ADC, which
indicated that some of these high frequent mutations might
play a promoting role in STAS development. The mutation
rate of EGFR was comparable with the Asian population (17).
The frequency of KARS, ALK, and ROS1 partly supported
the findings of previous studies. As for TP53, the mutation of
this conventional anti-oncogene may promote the presence
of STAS via unknow mechanism. More genomic profiling is
expected to determine the typical molecular alterations and
potential driver mutation of STAS.

Some limitations of this study included the fact that a
control group was missing, as well as deficiency in the study
design and data sources. Another limitation was the lack of
survival results due to the majority of the patients having
visited hospital after 2019 as well as the insufficient follow-
up duration. Retrospective examination of pathological
sections was not conducted, which led to reevaluation and
detailed classification of STAS. Moreover, the NGS was not
performed in all STAS-positive patients; larger sequencing
data sizes could be more convincing and have a greater
potential to discover significant results.

In conclusion, the present study comprehensively
demonstrated the clinicopathological and genetic
signatures in STAS-positive lung cancer patients. The
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poorly differentiated histological subtypes were shown to
play a crucial role in promoting the invasiveness of STAS,
especially in small tumor-size cases. As far as we know, this
was by far the largest cohort of STAS-positive lung cancer
patients. The NGS results and mutational spectrum were
first used to profile the comprehensive molecular signature.
The result of this research was expected to provide direction
for further investigation on the dominating factors and
molecular mechanisms of STAS presence.
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