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Prediction of STAS positivity in operable non-small cell lung cancer

Opere edilebilen klguk hdcreli disi akciger kanserinde STAS pozitifliginin fahmini
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ABSTRACT

Background: This study aims to identify clinical and pathological
factors associated with spread through air spaces (STAS)
positivity in patients with non-small cell lung cancer.

Methods: Between September 2001 and November
2024, a total of 380 patients (279 males, 101 females;
mean age: 61.6+10.1 years; range, 20 to 87 years) who were
diagnosed with primary lung cancer and underwent surgical
resection were retrospectively analyzed. Demographic,
clinical, and pathological data of the patients were collected
and their association with STAS positivity was evaluated.

Results: A higher preoperative monocyte count was
significantly associated with STAS positivity (0.73+0.63
vs. 0.58+0.22; p=0.003; odds ratio=5.57; 95% confidence
interval: 1.76-17.6). Pathological N1 and N2 stages, along
with increased maximum standardized uptake value (SUVmax)
in the lymph nodes, were related to STAS positivity. In the
multivariate analysis, only adenocarcinoma histology and
elevated monocyte count were found to be independently
associated with STAS positivity.

Conclusion: Adenocarcinoma histology and increased
preoperative monocyte levels are independent predictors of
STAS in patients with non-small cell lung cancer. Elevated
SUVmax values in the lymph nodes may indicate a potential
association with STAS positivity. These findings may be a guide
for preoperative risk stratification and individualized treatment
planning in clinical practice.

Keywords: Adenocarcinoma, lymph node metastasis, monocyte count,
non-small cell lung cancer, spread through air spaces.

0z
Amag: Bu calismada kiiciik hiicreli dig1 akciger kanserli

hastalarda hava yolu ile tiimor yayilimi (STAS) pozitifligi ile
iligkili klinik ve patolojik faktorler belirlendi.

Calisma plani: Eylil 2001 - Kasim 2024 tarihleri arasinda
primer akciger kanseri tanisi alan ve cerrahi rezeksiyon
yapilan toplam 380 hasta (279 erkek, 101 kadin; ort. yas:
61.6+10.1 y1l; dagilim, 20-87 y1l) retrospektif olarak incelendi.
Hastalarin demografik, klinik ve patolojik verileri kaydedildi
ve STAS pozitifligi ile iliskisi degerlendirildi.

Bulgular: Ameliyat oncesi yiliksek monosit sayisi STAS
pozitifligi ile anlamli gekilde iligkili idi (0.73+0.63'e kiyasla
0.58+0.22; p=0.003; olasilik orani=5.57; %95 giiven aralig1:
1.76-17.6). Patolojik N1 ve N2 hastalik varlig1 ile lenf
nodlarinda yiiksek maksimum standart tutulum degeri
(SUVmax), STAS pozitifligi ile iliskili idi. Cok degiskenli
analizde, yalnizca adenokarsinom histolojisi ve yiiksek
monosit sayist STAS pozitifligi ile bagimsiz olarak iligkili
bulundu.

Sonug¢: Kiiciik hiicreli dig1 akciger kanseri hastalarinda
adenokarsinom histopatolojisi ve ameliyat 6ncesi artmis monosit
diizeyleri, STAS varliginin bagimsiz Ongordiiriiciileridir.
Lenf nodlarindaki artmis SUVmax degeri de, STAS pozitifligi
ile muhtemel bir iligkiye isaret edebilir. Bu bulgular, klinik
uygulamada ameliyat Oncesi risk degerlendirmesinde ve
bireysellestirilmis tedavi planlamasinda yol gosterici olabilir.

Anahtar sozciikler: Adenokarsinom, lenf nodu metastazi, monosit
sayist, kiigtik hiicreli dig1 akciger kanseri, hava yolu ile tiimor yayilimi.
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Lung cancer is a major cause of cancer-related
mortality and one of the most prevalent forms of
cancer worldwide. Key factors contributing to lung
cancer development include active smoking, passive
smoke exposure, and other potential environmental
risk factors. There are two main subgroups of lung
cancer: small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC). The NSCLC group has
the potential to provide a higher life expectancy
with early diagnosis of surgical treatment, thereby
improving the patient's quality of life.

The phenomenon spread through air spaces
(STAS) of lung cancer is a recent development
that has garnered significant interest in the field of
oncology. It refers to the presence of tumor cells in
the air spaces of the lung parenchyma, extending
beyond the primary tumor. This phenomenon is
evident in various forms of lung cancer, particularly
adenocarcinoma, squamous cell carcinoma, and
SCLC."3 The identification of STAS has significant
implications for prognosis and treatment strategies,
as its presence is often associated with more
aggressive disease and poorer outcomes. Therefore,
understanding STAS and its effect on lung cancer
progression is essential for developing effective

Table 1. Patient characteristics

therapeutic approaches and

survival rates.

improving patient

Accurate prediction of STAS is essential, as it
directly affects patient prognosis and treatment
strategies. By determining the presence and extent of
STAS, healthcare professionals can customize their
therapeutic approaches, leading to a more effective
management of NSCLC. Understanding STAS can
offer valuable insights into the biological behavior of
tumors, which may lead to the development of new
treatments and better patient outcomes. In the present
study, we, therefore, aimed to investigate the value
of predicting the STAS in NSCLC and to develop a
tool which could provide reliable data to accurately
predict STAS in this patient population.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Istanbul University-Cerrahpasa,
Cerrahpasa Faculty of Medicine, Department of
Thoracic Surgery between September 2001 and
November 2024. Initially, a total of 1,166 patients
who were diagnosed with primary lung cancer
and subsequently underwent surgical resection
were screened. Inclusion criteria were as follows:

n % Mean+SD

Age (year) 61.6x10.1
Sex

Male 279 734

Female 101 26.6
Smoking (pack year) 47.6+29.6
Pathological diagnosis

Adenocarcinoma 216 56.8

Squamous cell carcinoma 100 26.3

Neuroendocrine carcinoma 25 6.6

Others (except small cell lung cancer) 39 10.3
pT stage

pT1 184 484

pI2 132 347

pI3 38 10.0

pT4 16 4.2
Data not available 10 2.7
pN stage

pNO 310 81.6

pN1 50 13.2

pN2 16 4.2
Data not available 4 1.0

SD: Standard deviation.
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Figure 1. The STAS excessive phlegm rate was significantly
(p<0.05) lower than that in the STAS negative group.
STAS: Spread through air spaces.

having a histologically confirmed diagnosis of
NSCLC, undergoing lobectomy, segmentectomy,
or wedge resection, and having complete STAS
data. Patients were excluded if they were not
diagnosed with NSCLC or previously received
neoadjuvant therapy. Finally, a total of 380 patients
(279 males, 101 females; mean age: 61.6+10.1 years;
range, 20 to 87 years) who met the inclusion
criteria were enrolled. Demographic, clinical, and

pathological characteristics were documented,
and their association with STAS positivity was
evaluated. Written informed consent was obtained
from each patient. The study protocol was
approved by the Istanbul University-Cerrahpasa
Non-Interventional Clinical Research Ethics
Committee (Date: 05.02.2025, No: 2025/71).
The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 28.0 software (IBM Corp., Armonk,
NY, USA). Descriptive data were expressed in
mean *+ standard deviation (SD), median (min-max)
or number and frequency, where applicable. The
distribution of variables was checked using the
Kolmogorov-Smirnov and Shapiro-Wilk tests.
Independent sample t-test was used to analyze
quantitative independent data showing a normal
distribution. The Mann-Whitney U test was used
to analyze quantitative independent data showing
a non-normal distribution. The chi-square test was
used in the analysis of qualitative independent data.
The effect level and cut-off value were calculated

Table 2. Demographics and laboratory findings between the STAS-positive and-negative groups

STAS (+) group

STAS (-) group

% Mean+SD % Mean+SD p

Age (year) 62.5+9.0 60.8+11.0 0.209
Sex 0.481

Male 71.8 75.0

Female 28.2 25.0
Comorbidity 64.4 64.6% 0.964
Smoking (pack year) 48.4+29.5 46.8£29.9 0.454
Excessive phlegm 6.9 16.7 0.003
Hemoptysis 4.8 73 0.306
Preoperative FEV1 (L) 2.3+£0.8 2.4+0.7 0.172
Preoperative FEV1 (%) 85.1£20.7 87.1£22.1 0.423
Albumin (g/dL) 4.2+0.5 4.2+0.8 0.498
CRP (mg/dL) 18.7£35.4 19.1£35.3 0.615
LDH (U/L) 230.6+95.1 245.1+£125.3 0.937
WBC (10*/mL) 49.4+4477 53.4+42.0 0.341
Lymphocyte (10*/mL) 1.94+0.70 1.89+0.79 0.428
Monocyte (10°/mL) 0.73+0.63 0.58+0.22 0.003
Neutrophil (10’/mL) 5.60+2.99 5.73+4.89 0.926

STAS: Spread through air spaces; SD: Standard deviation; FEV1: Forced expiratory volume in 1 second; CRP: C-reactive protein;

LDH: Lactate dehydrogenase; WBC: White blood cell.
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using the receiver operating characteristic (ROC)
curve. Univariate and multivariate analyses were
carried out to identify the predictive value of STAS.
A p value of <0.05 was considered statistically
significant.

RESULTS
The most common diagnosis was
adenocarcinoma, which was identified in 216

(56.8%) patients, and 310 (81.6%) patients were
staged as NO (Table 1). The STAS positivity was
detected in 188 (49.5%) patients, which was higher
in patients with an adenocarcinoma (62.2% vs.
34.5%, p<0.0001; odds ratio [OR]= 3.12, 95%
confidence interval [CI]: 2.04-4.76). Lower rates
of excessive phlegm reported by patients were
detected in the STAS-positive group (6.9% vs.
16.7%, p=0.003) (Figure 1). The mean preoperative
monocyte counts were also higher in STAS-
positive patients (0.73+£0.63 vs. 0.58+0.22, p=0.003;
OR= 5.57,95% CI: 1.76-17.6) (Table 2, Figure 2).

Monocyte

0.8

0.6

04

Monocyte count

0.2

0.0

STAS (-) STAS (+)

Figure 2. In the group with STAS monocyte value, It was
significantly (p<0.05) higher than the STAS negative group.
STAS: Spread through air spaces.
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Figure 3. Only the N1 ratio was significantly (p<0.05) higher in
the STAS group than in the STAS negative group.
STAS: Spread through air spaces.

Pathological N1 and N2 stages (Figure 3), as well
as a higher maximum standardized uptake value
(SUVnax) of lymph nodes (Figures 4 and 5), were
found to be associated with STAS positivity (Table 3).
Multivariate analysis confirmed adenocarcinoma
histopathology, and a higher monocyte count were
independently associated with STAS (Table 3). In
the multivariate analysis, the SUVpax of the lymph
nodes was not found to be statistically significant.
Additionally, distinguishing STAS-positive and
STAS-negative patients with SUVpax of lymph nodes
(area under the curve [AUC]=0.592 [0.525-0.660)])
and a cut-off value of 1.0 (AUC=0.587 (0.519-0.655])
showed moderate effectiveness (Figure 6).
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Figure 4. In the STAS group, the SUV N value was significantly
(p<0.05) higher than that in the STAS negative group.

SUV: Standardized uptake value; N: Lymph nodes; STAS: Spread through air
spaces.

STAS (+)

100 ...' 00000
Pt
@ A

90

80 L)

70

A
4

A

[}
[
()

;.
>

60

50 ..
®
40

Probability of STAS %

30

20

10

\ \

0

0 10 20 30 40 50 60 70 80 90 100
SUV N
Figure 5. This graph illustrates the positive correlation between
the SUV and probability of STAS, showing how the likelihood
increases as the SUV value increases.

SUV: Standardized uptake value; N: Lymph nodes; STAS: Spread through air
spaces.
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Table 3. Univariate and multivariate analysis

Univariate analysis

Multivariate analysis

OR 95% CI )4 OR 95% CI P
Adenocarcinoma 3.12 2.04-4.76 <0.0001 271 1.34-5.46 0.005
Monocyte count 5.57 1.76-17.6 0.003 15.12 3.14-72.76 0.001
pNI1 1.98 1.07-3.67 0.030 1.10 0.44-2.74 0.831
pN2 3.20 1.01-10.1 0.047 0.45 0.12-1.65 0.233
SUVmax of lymph nodes 1.06 1.00-1.13 0.034 1.06 0.98-1.14 0.129

OR: Odds ratio; CI: Confidence interval: SUVpax: Maximum standardized uptake value.

DISCUSSION

Spread through air spaces is a new
histopathological marker which seems to be an
indicator of aggressive tumor behavior and a higher
probability of lymph node metastasis.!! Tumors with
STAS display clusters or single tumor cells extending
into the air spaces, which correlate with lymphatic
invasion and nodal involvement.??*

The relationship between STAS, lymph node, and
positron emission tomography/computed tomography
(PET/CT) positivity in lung cancer is critical for
understanding prognosis and treatment strategies. In
general, STAS is recognized as an emerging pattern
of tumor invasion that correlates significantly with

100
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5]
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20 AUC 0.592 (0.525-0.660)
Sensitivity 50.8%
10 Positive PV 59.3%
Specificity 66.7%
0 Negative PV 58.6%
T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Specificity
== SUV N 1.0 Cut off ===SUV N

Figure 6. According to the ROC curve, the test demonstrated
limited accuracy, as the AUC was calculated to be 0.592.

AUC: Area under the curve; PV: Predictive value; SUV: Standardized uptake
value; N: Lymph nodes; ROC: Receiver operating characteristic.
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poor outcomes in lung adenocarcinoma, including
high recurrence rates and decreased overall survival
(OS), primarily in patients undergoing limited
resections.™

Various studies have established that patients
with STAS-positive tumors often present with a
more advanced disease state, which is reflected
through imaging diagnoses and histopathological
assessments, underlining the necessity for precise
preoperative modalities to determine the extent
of disease involvement.™ In the present study,
we investigated clinical and pathological factors
associated with STAS positivity in patients with
NSCLC. Our study results showed that STAS
positivity was significantly higher in patients
with an adenocarcinoma than in those with
non-adenocarcinoma histopathology.

In addition, the results revealed a significantly
higher SUVpax in the lymph nodes of the
STAS-positive group. This finding reinforces
the role of SUVpax in predicting STAS in lung cancer
based in the univariate analyses. However, SUVpnax
was not found to be a significant predictor in the
multivariate analysis.

In recent years, PET/CT has significantly
advanced the evaluation of lung cancer, particularly
for assessing nodal involvement and staging
accuracy.® It assists in differentiating between
benign and malignant nodal diseases, which is
essential for determining the appropriate surgical
approach and adjunct therapies.® The significance
of PET/CT in nodal staging cannot be overstated,
as it supports the determination of whether patients
can be considered for curative resection or require
neoadjuvant therapy.”

The metabolic characteristics of tumors, as
measured by glucose uptake on PET/CT, provide
insights into tumor biology that are not readily
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available through conventional imaging. Specifically,
the correlation between increased metabolic
tumor burden and the presence of STAS has been
corroborated by various studies, where higher levels
of glucose uptake corresponded with poor prognostic
markers, including more extensive lymphatic
involvement."*!"" This relationship underscores the
importance of integrating STAS evaluation with
metabolic imaging to enhance overall prediction
models for patient prognosis. Moreover, the interplay
between STAS and lymph node pathology further
elucidates the complex dynamics of tumor spread
and its diagnostic implications. Several studies
have indicated that STAS not only facilitates local
invasion, but also compromises the accuracy of
lymph node imaging.'? The presence of STAS
often coincides with atypical lymph node findings,
complicating treatment decisions, wherein positive
PET findings can reflect STAS-induced activity
rather than discrete metastatic disease. Therefore,
a comprehensive evaluation which incorporates
histopathological and imaging data may be required
to achieve optimal understanding of patient
conditions.

In their study, Jin et al.'* developed a model using
dual-delta deep learning and radiomics to predict
STAS in primary lung cancer, demonstrating high
accuracy in distinguishing between STAS-positive
and STAS-negative cases. This supports our
finding that higher SUVpax is associated with
STAS positivity. Similarly, Wang et al.'" created
a nomogram for predicting STAS in patients with
lung adenocarcinoma and identified SUVpax as a
significant predictive factor. These findings suggest
that the SUVpax is a valuable marker for identifying
STAS in patients with lung cancer. In addition,
Gao et al.'™ developed a model using 2-[18F]
FDG PET/CT to predict tumor STAS in Stage 1
lung adenocarcinoma. Their findings showed that
a higher SUVpax indicated a greater likelihood of
STAS, underscoring the role of metabolic activity in
assessing tumor invasiveness.

Advanced imaging techniques which integrate
artificial intelligence (AI) and machine learning can
also play a role in enhancing predictive accuracy
and lymph node involvement. This can also be
applied to STAS. These models can efficiently
analyze three-dimensional imaging data to better
delineate STAS-associated activity and conventional
metastatic pathways.'!' As the understanding of
STAS improves alongside advancements in imaging
technology, the potential for developing more robust

predictive algorithms has become apparent. The
application of integrated PET/CT in the preoperative
setting facilitates the identification of appropriate
biopsy sites, thereby affecting the management of
lung cancer at early stages where surgical options are
limited.!'" This integration is particularly relevant in
early-stage disease, where histological assessment
of lymph nodes and surrounding parenchyma is
paramount for curative treatment intent. In this
context, studies suggest that patients with STAS on
imaging often require a different strategic approach
while considering surgical options, reflecting the
need for dynamic decision-making based on imaging
findings.

Taken together, the interconnections between
STAS, lymph node pathology, and PET/CT positivity
highlight a multifaceted approach to lung cancer
diagnosis. The recognition of STAS as a significant
prognostic factor necessitates a sophisticated
and integrative approach to imaging, wherein
PET/CT serves as an invaluable tool for navigating
complex clinical landscapes, albeit with caution
regarding potential diagnostic pitfalls. Collaborative
efforts to refine imaging modalities, emphasize
multidisciplinary evaluations, and implement
advanced predictive models could improve patient
outcomes in lung cancer management.

Furthermore, the link between systemic
inflammation, indicated by peripheral blood
monocyte counts, and STAS in lung cancer is
a significant area of research with important
prognostic implications. Monocytes, which develop
into tumor-associated macrophages (TAMs),
influence the tumor microenvironment (TME) and
affect immune evasion, angiogenesis, and metastasis.
The STAS as identified by micropapillary clusters,
solid nests, or single cancer cells in the air spaces
beyond the primary tumor serves as a marker of
aggressive disease in adenocarcinoma and squamous
cell carcinoma.'? In our study, a possibly high
relationship between higher SUVpax values and
STAS positivity were found in STAS-positive patients
in the preoperative period. This finding synthesis
highlights mechanistic and prognostic connections
between these factors.

In the multivariate analysis, our results
confirmed that a higher monocyte count was
independently associated with STAS. Elevated
peripheral blood monocyte count is strongly
associated with poor lung cancer outcomes. Yoshida
et al.'®¥ showed that preoperative monocyte counts
could independently predict recurrence in patients
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with Stage I lung adenocarcinoma, and these counts
were correlated with the incidence of STAS. This
evidence suggests that monocytes not only reflect
systemic inflammation, but also directly contribute
to tumor cell migration and invasion. Similarly, Hu
et al.'" reported that NSCLC with high monocyte
counts experienced reduced OS and progression-free
survival (PFS) when treated with bevacizumab,
highlighting the role of monocytes in worsening
patient outcomes. Monocytes contribute to an
immunosuppressive TME by differentiating into
dendritic cells (DCs) or TAMs, and these processes
are often disrupted in cancer. Hu et al.?” reported
that impaired DC differentiation in tumors could
lead to ineffective antigen presentation and T-cell
activation.

Given the fact that STAS is becoming an
independent prognostic factor, it is increasingly
being recognized as a key predictor of recurrence
and mortality in lung cancer. Lu et al.?!! identified it
as an independent predictor of recurrence and lung
cancer-specific death in squamous cell carcinoma.
Yildirim et al.? found that patients with resected
adenocarcinoma with STAS had lower PFS and OS.
Additionally, Tian et al.'”! linked STAS to higher
local recurrence rates, particularly in patients with
elevated monocyte counts, suggesting that systemic
inflammation might enhance STAS's aggressive
nature.

Monocyte count also serves as an important
dynamic biomarker. Yin et al.?® linked
elevated monocytes to increased granulocyte
colony-stimulating factor (G-CSF) levels, connecting
myeloid activation to inflammation-related tumor
progression. High postoperative monocyte levels
could predict poor outcomes, as reported by Hai et
al.,”* who found that these levels were correlated
with worse features and higher recurrence in lung
adenocarcinoma.

Several studies have shown that
the neutrophil-to-lymphocyte ratio (NLR) and
monocyte-to-lymphocyte ratio (MLR) enhance
prognostic assessments. Combining these ratios
with STAS status may improve risk stratification,
as suggested by Karampitsakos et al.,”! who
recommended integrating systemic inflammatory
markers with clinicopathological data for better
adjuvant therapy decisions.

In the current study, our findings have potential
evidence to suggest that SUVpax and peripheral
blood monocyte count can be used as predictive
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markers for STAS in lung cancer. The significant
relationship between higher SUVpax of lymph
nodes and the positivity of STAS observed in our
study highlights the potential of PET/CT scans to
guide clinical decision-making and tailor treatment
strategies, as well as to predict recurrence in lung
cancer patients.

Nonetheless, this study has several limitations,
including its single-center, retrospective nature
and the relatively small sample size. Additionally,
although PET/CT is a valuable diagnostic tool, it
may fail to detect small STAS-driven metastases,
underscoring the necessity of pathological
confirmation for accurate diagnosis. Furthermore, the
assessment of STAS positivity may vary depending
on the interpreting pathologist, potentially leading
to under-reporting in some cases.

In conclusion, the relationship between monocyte
count and spread through air spaces reveals a
complex interplay between systemic inflammation
and local tumor biology which contributes to poor
outcomes. Elevated monocyte levels can lead to
immunosuppression, promote angiogenesis, and
facilitate metastasis, whereas spread through air
spaces indicates tumor invasiveness. Future
research should focus on the underlying molecular
mechanisms, such as granulocyte colony-stimulating
factor signaling and monocyte plasticity, and explore
therapies targeting myeloid cells to reduce spread
through air spaces-related recurrences.

Our study results demonstrated a potential
link between higher SUVpax in lymph nodes and
spread through air spaces positivity in patients
with non-small cell lung cancer. Preoperative
mediastinal lymph node staging is indispensable
to ensure accurate staging and optimal treatment
planning. In our clinic, mediastinoscopy is routinely
performed as a part of this staging process. This
meticulous approach not only improves the precision
of surgical interventions, but also contributes to
better patient outcomes by tailoring treatment
strategies to individual needs. Patients with elevated
SUVmax, particularly those with adenocarcinoma
and higher preoperative monocyte counts, are more
likely to exhibit spread through air spaces. This
highlights the potential of lymph node SUVmpax
as a marker for identifying spread through air
spaces, aiding risk assessment, surgical planning,
and personalized treatment. Future research should
involve larger multi-center studies and incorporate
advanced imaging and molecular analyses to
validate these findings. This approach can enhance
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the effectiveness of lung cancer management and
improve patient outcomes.
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