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Abstract
Background: Tumor spread through alveolar spaces (STAS) is a recently
described invasive pattern associated with the prognosis and recurrence of lung
adenocarcinoma. This study was performed to determine whether the presence
and distance of STAS can be predicted by the immunohistochemical intensity of
SLX, a well-known cell adhesion protein.
Methods: In total, 245 patients with pathological stage I lung adenocarcinoma
who underwent lobectomy with radical mediastinal lymph node dissection were
identified from 1998 to 2012. Recurrence-free survival (RFS) was compared
between patients stratified by STAS and the immunohistochemical intensity of
SLX in the main tumor. Patients were divided into three groups based on the
intensity of SLX staining: high (n = 108), moderate (n = 48), and low (n = 89).
Results: STAS was observed in 71 patients (29.0%). Patients with STAS had sig-
nificantly poorer five-year RFS (67.1%) than those without STAS (84.8%).
Although no relationship was observed between the existence of STAS and SLX
intensity, the distance between STAS cells and the main tumor was significantly
shorter in the moderate group (median 0.9 mm, range: 0.2–1.2 mm) than in the
other two groups (median 1.2 mm, range: 0.4–5.0 mm). The five-year RFS rates
in the high, moderate, and low groups were 80.0%, 96.0%, and 75.8%, respec-
tively. Multivariate analysis revealed that pathological stage, lymphatic/vascular
invasion, and SLX intensity were independent predictors of recurrence.
Conclusion: SLX staining cannot predict the presence of STAS; however, it can
predict the distance between STAS and the main tumor in stage I lung
adenocarcinoma.

Introduction

With the technical advances in thoracic imaging and the
use of computed tomography (CT) in screening programs,
thoracic surgeons will likely encounter a significant
increase in the number of small peripheral lesions of lung
cancer.1 Recent studies have shown that lung cancers
detected by CT are mostly classified as stage I and their
prognosis is acceptable.2 The treatment for stage I lung
cancer has primarily been surgery. Recently, limited reduc-
tion surgery, such as anatomical segmentectomy, has also
been performed. However, approximately 20% of patients
with stage I lung adenocarcinoma develop disease

recurrence after curative resection.3 Several researchers
have investigated the effects of clinicopathologic factors on
postoperative recurrence in patients with complete re-
section of stage I lung cancer.4–9 Other than physiological
factors, such as old age and male gender, histological fac-
tors including solid/micropapillary-predominant tumors,
poorly differentiated tumors, lymphatic/vascular invasion,
and pleural invasion have been reported.4–9 On the other
hand, although it seems that there is no seeding macro-
scopically, sowing is sometimes microscopically separated
from the main lesion, and the invasion pattern of this lung
cancer is called tumor spread through alveolar spaces
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(STAS).10 STAS is defined as the extension of tumor cells
into the pulmonary parenchymal alveolar space beyond the
margin of the main tumor.11 Several reports have indicated
that the appearance of STAS is a predictive factor for
recurrence and a poor prognosis,12 even for stage I lung
cancer.13 The existence of STAS can be a problem, espe-
cially when treating stage I lung adenocarcinoma with lim-
ited resection. If the existence of STAS can be predicted
before surgery, unnecessary limited resection can be
avoided.
SLX is a cell adhesion protein in the selectin family that

adheres to vascular endothelial cells, particularly in target
organs of cancer cells.14 A relationship between serum SLX
and lung cancer prognosis has been reported; in tumors
with high SLX intensity, the frequency of blood vessel inva-
sion is significantly higher and overall survival is
decreased.15,16 However, the relationship between SLX
staining and the existence of STAS is unclear. We hypothe-
sized that higher SLX staining of cancer cells predicts the
higher the existence of STAS. This study was performed to
determine whether the immunohistochemical intensity of
the SLX antigen in the main tumor can predict STAS-
related factors, presence, or distance in patients with stage
I lung adenocarcinoma who have undergone lobectomy.

Methods

Patients

Of 1037 patients who underwent lobectomy and mediasti-
nal lymph node dissection (ND2a) for primary lung cancer
at our hospital from January 1998 to December 2012, we
retrospectively investigated the records of 245 patients with
adenocarcinomas without lymph node metastasis (patho-
logical stage I), according to the eighth edition of the
Tumor Node Metastasis (TNM) Classification.2,3 Patients
who underwent segmentectomy or partial resection and
those who did not undergo radical mediastinal lymph node
dissection were excluded. All patients underwent postoper-
ative follow-up at an outpatient clinic. The mean follow-up
duration was 71 (range: 4–194) months. Follow-up evalua-
tion included physical examination, chest X-ray, and blood
examination, including for tumor markers. Chest and
abdominal CT were performed at 4–12 month intervals.
Whenever any symptoms or signs of recurrence were
detected, brain magnetic resonance imaging and positron
emission tomography scans was performed. All recurrences
were confirmed by clinical, radiological, or pathological
assessment and were classified into locoregional or distant
recurrence. Locoregional recurrence was defined as evi-
dence of a tumor in another ipsilateral lobe and in the ipsi-
lateral hilar or mediastinal lymph nodes. Distant
recurrence was defined as evidence of a tumor in the

contralateral lung, in the contralateral hilar or supraclavi-
cular lymph nodes, or outside the hemithorax.
Informed consent was obtained from all patients before

surgery for the use of their clinical data for research pur-
poses. The ethics committee of Osaka City University
approved this study (No. 3391).

Histopathologic evaluation

Two pathologists performed comprehensive histologic sub-
typing using a multi-head microscope and the findings
were discussed until consensus was achieved. The tumors
were divided into six distinctive subtypes according to the
International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society
(IASLC/ATS/ERS) classification: lepidic, acinar, papillary,
micropapillary, solid, and mucinous adenocarcinoma.17

The invasion/tumor ratio (ITR) was defined as the ratio of
the invasion size to the maximum tumor size as the total
tumor size. We categorized the tumors into three groups
according to the IASLC/ATS/ERS classification: low-grade,
intermediate-grade, and high-grade.18

Tumor spread through alveolar spaces
(STAS) evaluation and
immunohistochemical intensity of SLX

STAS was defined as the presence of tumor cells within air
spaces in the lung parenchyma beyond the edge of the
main tumor that exhibited three morphological patterns:
scattered, discohesive single cells; micropapillary structures
without central fibrovascular cores, which occasionally
formed ring-like structures within air spaces; and solid
nests or tumor islands filling air spaces.12 The distance
between the tumor margin and the furthest STAS was
measured with a ruler.
The tumor tissues were stained using an immunohisto-

chemical method to detect SLX intensity. The mouse mono-
clonal antibody FH6 was kindly provided by Prof.
S. Hakomori (University of Washington, Seattle, WA, USA).
The avidin-biotinylated horseradish peroxidase complex
(ABC) method of immunoperoxidase histochemistry was
performed using ABC kits (Vector Laboratory, Burlingame,
CA, USA). Serial 4 μm thick sections were cut and stained
with the monoclonal antibody FH6 (1:400). SLX staining
was graded as follows: low, one-third of cells had membra-
nous staining; moderate, one-third to two-thirds of cells
were stained; and high, ≥ two-thirds of cells were stained.

Statistical analysis

Statistical analysis was performed using JMP version
10 (SAS Institute Inc., Cary, NC, USA). The Mann–Whitney
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U test was used to analyze continuous variables and χ2

tests were used to analyze categorical variables.
Recurrence-free survival (RFS) was calculated using the
Kaplan–Meier method; differences were assessed using
the log-rank test. Independent risk factors associated
with recurrence were calculated using a Cox propor-
tional hazard model. A two-sided P value of < 0.05 was
considered significant.

Results

Patient characteristics stratified by STAS

The 245 patients comprised 122 men and 123 women with
a median age of 67 (range: 20–93) years. In accordance
with the classification, the papillary pattern was the most
common (149 cases, 60.8%). STAS was detected in
71 (29.0%) patients, and the median distance between the
tumor surface and the farthest STAS measured was
1.1 mm (range: 0.2–5.0 mm). STAS was more likely to be
observed in patients with high-grade histologic adenocarci-
noma (3.4% with lepidic, 41.2% with acinar, 26.2% with
papillary, 38.1% with mucinous, 70.0% with micropapil-
lary, and 50.0% with solid; P < 0.001). Additionally, a
high-grade tumor (G2 or G3), ITR ≥ 50%, the presence of
lymphatic/vascular invasion, and advanced pathological
stage were significantly more frequent in patients with than
without STAS. There were no differences in age, gender,
smoking history, serum SLX level, or serum CEA level
between patients with and without STAS. Recurrence and
disease progression occurred in 51 patients (20.8%) during
follow-up. The incidence of recurrence was 16.1% (28/174)
among patients without STAS and 32.4% (23/71) among
those with STAS (P < 0.001). The RFS was higher in
patients without than with STAS (P < 0.001); the five-year
RFS rates were 84.8% and 67.1%, respectively.

Immunohistological intensity of SLX in
main tumor and STAS

We first analyzed whether the SLX intensity of the main
tumor could predict the presence of STAS. The intensity of
SLX was primarily observed in the cell membrane of the
tumor tissue. The SLX intensity in the main tumor is
represented in Figure 1. The patients were divided into
three groups based on the intensity of SLX staining: high
(108 patients, 44.1%); moderate (48 patients, 19.6%); and
low (89 patients, 36.3%) (Table 1). There were no signifi-
cant differences in age, gender, smoking history, pathologi-
cal stage, histological grade, lymphatic/vascular invasion,
or serum SLX and CEA levels among the three groups.
With respect to the predominant histologic subtype, lepidic
adenocarcinoma was more common in patients with high

SLX intensity (15/29, 51.7%) than in those with moderate
or low intensity. Conversely, more patients in the low-
intensity group had acinar (10/17, 58.8%), mucinous
(13/21, 61.9%), micropapillary (5/9, 55.6%), and solid
(9/18, 50.0%) adenocarcinoma. Notably, there was no sig-
nificant difference between the presence or absence of
STAS and the intensity of SLX staining. The SLX intensity
of the STAS cell membrane itself, not the main tumor,
showed high intensity in 57 patients (80.3%).

Distance of STAS from edge of main tumor
and recurrence stratified by SLX intensity

We next analyzed whether the distance of STAS could be
predicted by SLX intensity. In all cases the distance of
STAS from the edge of the main tumor was < 5 mm. The
distance between STAS cells and the main tumor was sig-
nificantly shorter in the moderate SLX group than in the
other two groups, as shown in Figure 2a. The median dis-
tance between STAS cells and the main tumor was 0.9 mm
(range: 0.2–1.2 mm) in the moderate group and 1.2 mm
(range: 0.4–5.0 mm) in the other two groups. The five-year
RFS rates of patients in the high, moderate, and low SLX
intensity groups were 74.2%, 95.6%, and 77.8%, respec-
tively (Fig 2b). Although 6 cases of locoregional and
16 cases of distant metastasis occurred in the low group
and 7 cases of locoregional and 20 cases of distant metasta-
sis in the high group, only 1 case of locoregional and 1 case
of distant metastasis occurred in the moderate group.
There was no significant difference in the metastatic pat-
tern among the three groups. We performed multivariate
analysis to determine which covariates were predictors of
recurrence. Pathological stage, lymphatic or vascular inva-
sion, and SLX intensity were identified as independent pre-
dictive factors for RFS (high or low vs. moderate SLX
intensity: hazard ratio 6.65; 95% confidence interval
2.05–40.8) (Table 2).

Discussion

Our findings indicate that the presence or absence of STAS
itself cannot be predicted by the intensity of SLX staining
in the main tumor; however, the distance between STAS
and the main tumor was greater in association with high
or low SLX intensity. The distance was significantly shorter
in the moderate group than in the other two groups. This
suggests that moderate SLX staining intensity is associated
with a significant extension of RFS compared to low or
high intensity, even in patients with stage I lung adenocar-
cinoma that have undergone lobectomy with radical medi-
astinal lymph node dissection.
Travis et al. proposed STAS as a new type of lung cancer

invasion.10,11 The existence of STAS itself is reportedly a
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risk factor for recurrence and poor prognosis.11,12 Warth
et al. showed that STAS was detected at high rates in men
and in patients with wild-type EGFR status, lymph node
positivity, distant metastasis, and advanced-stage lung can-
cer.18 Our data are consistent with these results and show
that high-grade cancer, a high ITR, lymphatic/vascular
invasion, and the predominant histologic subtype were

significantly associated with STAS. Considering these find-
ings, predicting STAS before surgery is greatly useful for
determining the optimal surgical procedure. When we per-
form SLX staining of the main tumor tissue obtained pre-
operatively by bronchoscopy or CT-guided biopsy, there is
a possibility that the STAS cells are located far from the
main tumor if the SLX intensity rate of the main tumor is

(a) (b)

(c)

Low Moderate

High

×40×200

×200 ×40×40×200

Figure 1 Immunohistochemical
staining of SLX in tumor tissue.
The staining was graded as fol-
lows: low, one-third of cells had
membranous staining; moderate,
one-third to two-thirds of cells
were stained; and high, ≥ two-
thirds of cells were stained.
(a) Low, (b) moderate, and
(c) high staining (original magnifi-
cation ×40). The black arrow
indicates tumor spread through
alveolar spaces (original magnifi-
cation ×200).

Table 1 Characteristics of patients stratified by SLX staining

Moderate Low
P

Characteristics High (n = 108) (n = 48) (n = 89)

Gender (male/female) 51/57 21/27 50/39 0.295
Age (years) 67 (39–85) 69 (27–93) 68 (20–86) 0.394
Smoking (never/ever) 47/61 29/19 40/49 0.126
p-stage (UICC8)
IA1/IA2/IA3/IB 13/33/32/30 6/13/15/14 5/30/21/33 0.480
Grade (G1/G2, G3) 39/69 23/25 33/56 0.352
Invasion/tumor ratio
≤ 50%/> 50% 16/92 6/42 8/81 0.452
Lymphatic/vascular invasion never/ever 70/38 31/17 67/22 0.225
Predominant histologic subtype†
Lepidic 15 (1) 6 (0) 8 (0) 0.059
Acinar 6 (3) 1 (0) 10 (4)
Papillary 74 (22) 31 (6) 44 (11)
Mucinous 4 (1) 4 (2) 13 (5)
Micropapillary 3 (2) 2 (2) 5 (3)
Solid 5 (3) 4 (2) 9 (4)

STAS (absent/present) 76/32 36/12 62/27 0.786
Serum SLX (U/ml) 23.0 (10.0–85.4) 19.7 (10.6–51.7) 21.1 (11.5–48.6) 0.330
Serum CEA (ng/ml) 3.6 (0.7–65.8) 3.4 (0.5–80.5) 3.0 (0.6–122) 0.943

†Number of patients with spread through alveolar spaces (STAS) is shown in parentheses. Values are shown as N or median (range), except for the
predominant histologic subtype category of the table. UICC8, Union for International Cancer Control, 8th Edition.
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high or low. Considering the margin of the tumor, limited
lung resection, such as segmentectomy, should be avoided.
In this study, the maximum distance between STAS cells

and the main tumor was 5 mm in collapsed lung tissue.
Considering other literature as well, we suggest that
20 mm of distance is necessary as a surgical margin.19 In
fact, the local recurrence rate reportedly worsens when per-
forming limited lung resection for lung adenocarcinoma
that is associated with STAS.6

In this study, we could not predict the presence of STAS
by SLX staining. However, STAS was rarely present in
well-differentiated predominant histologic subtypes, such
as lepidic adenocarcinoma, and it tended to appear more
frequently in poorly differentiated predominant subtypes,
such as micropapillary and solid adenocarcinoma. As a
preoperative method to predict STAS using tumor
markers, the serum CEA level was also not useful to pre-
dict STAS;20 we previously found that a high serum SLX
level was associated with N2 disease21 and was a postopera-
tive risk factor for recurrence of resected non-small cell
lung cancer,22 even in stage I,23 but serum SLX was not
useful for predicting STAS in the present study. Although
there is no association between serum SLX and the staining
intensity of SLX in the main tumor, the moderate SLX
intensity in abundant normal alveolar cells and SLX
secreted from these normal cells might explain the discrep-
ancy between SLX staining of the main tumor and serum
SLX elevation.
Notably, the moderate-intensity SLX group showed sig-

nificantly better RFS than the low and high-intensity SLX
groups. Two main reasons for this finding should be dis-
cussed. First, lung adenocarcinoma itself is a heterogeneous
cancer. In terms of the predominant subtype, more
patients in the high-intensity SLX group had the lepidic
and papillary subtypes. In the low-intensity SLX group,
more patients had the acinar and mucinous subtypes. This
deviation indicates that the intensity of SLX might have a
different clinical implication according to the histological
subtype. Second, SLX staining is also high in normal tissue
cells (alveoli).24 Compared to the SLX intensity in normal
and cancer tissues in the present study, most normal alveo-
lar cells were classified into the moderate group (Fig 1).
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Figure 2 (a) Relationship between the distance of tumor spread
through alveolar spaces (STAS) and SLX staining in the main tumor.
(b) Recurrence-free survival in patients with adenocarcinoma stratified
by the intensity of SLX staining.

Table 2 Cox proportional hazards regression model for recurrence-free survival

Variables Univariate HR 95% CI Multivariate HR 95% CI

Age (> 70 years) 0.145 1.51 0.87–2.62 —

Gender (male) 0.033 1.83 1.05–3.26 0.602 1.19 0.63–2.29
Smoking 0.029 1.87 1.06–3.39 0.676 1.15 0.60–2.25
p-Stage (IB vs. IA) < 0.001 3.94 2.27–6.98 0.001 2.78 1.53–5.11
Lymphatic or vascular invasion < 0.001 2.78 1.59–4.85 0.040 1.89 1.03–3.46
Grade (G1/G2, G3) 0.004 2.44 1.32–4.89 0.169 1.58 0.83–3.24
Invasion/tumor ratio (≤ 50%/> 50%) 0.003 7.87 1.73–139.2 0.066 4.45 0.93–79.9
Predominant histologic subtype (high vs. intermediate)

0.492 1.38 0.57–2.87 —

STAS (+) 0.006 2.21 1.26–3.83 0.506 1.22 0.67–2.20
SLX expression (high/low, moderate) <0.001 6.78 2.11–41.5 < 0.001 6.65 2.05–40.8

CI, confidence interval; HR, hazard ratio; STAS, spread through alveolar spaces.

836 Thoracic Cancer 10 (2019) 832–838 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

Tumor spread through alveolar spaces K. Hara et al.



Thus, the cancer cells in the moderate group might main-
tain physiological characteristics similar to those of normal
cells. The intensity in the moderate SLX group was almost
equivalent to the SLX staining intensity of normal alveolar
tissue cells. In the high-intensity SLX group, staining of the
adhesion molecules was strongly expressed, thus the meta-
static potential may be high. On the other hand, the low-
intensity SLX group was easy to separate from the main
tumor because of a low adherence junction. These hypoth-
eses will need to be proven with further experimental con-
ditions in future research.
This study has some limitations. First, some potential

biases, such as selection and performance bias, were inevi-
table because of the retrospective nature of the study. Sec-
ond, this clinical research was carried out in a single
medical center. Third, molecular alterations such as EGFR
and BRAF mutation status were unknown. In some studies,
STAS was associated with lower rates of EGFR mutation
but higher rates of BRAF mutation.18,20 Fourthly, STAS is
easily dismissed as an artifact when cells within air spaces
are regarded as floaters or carry over as the result of con-
tamination during processing. If the pathologist overlooks
this as manipulation of the tumor, the data may be insuffi-
cient. Importantly, the ratio of SLX staining of STAS
(80.3%) was higher than in the main tumors in this study.
Even in the SLX negative stain of the main tumor, STAS
was stained SLX-positive, thus SLX staining might be a
good method to distinguish STAS from contamination.
Finally, lobectomy was performed in all patients and accu-
rate information on locoregional recurrence could not be
obtained; however, the accurate maximum distance
between STAS and the main tumor could be measured in
all patients because we excluded those who had undergone
anatomical lobectomy.
In summary, these results provide preliminary evidence

that the distance between the main tumor and STAS can
be predicted by SLX staining, especially in stage I lung
adenocarcinoma.
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