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Abstract

Background: The benefit of adjuvant chemotherapy (ACT) remains unknown for patients

with stage | lung adenocarcinoma (ADC) with spread through air spaces (STAS). This study
investigated the effect of adjuvant chemotherapy in stage | ADC/STAS-positive patients.
Methods: A total of 3346 patients with stage | ADC from five institutions in China were identified from
2009 to 2013, of whom 1082 were diagnosed with STAS (32.3%). By using the Kaplan-Meier method
and Cox proportional hazard regression model, we explored the impact of STAS on prognosis, and
determined if the use of adjuvant chemotherapy was associated with improved outcomes in patients
with stage| ADC/STAS-positive. A validation cohort was also included in this study.

Results: Patients with stage | ADC/STAS-positive in the primary cohort had unfavorable overall
survival (OS] and disease-free survival [DFS). A multivariate Cox regression model confirmed
the survival disadvantages of STAS in patients with stage | ADC [0S: hazards ratio (HR)=1.877,
95% confidence interval (Cl): 1.579-2.231; p<0.001; DFS: HR=1.895, 95% Cl: 1.614-2.225;

p <0.001]. Lobectomy was associated with better 0S and DFS than sublobar resection (SR)

in both stage|A and IB ADC/STAS-positive. Similar results were observed in the validation
cohort. For patients with stage IB ADC/STAS-positive, ACT was revealed as an independent
factor for favorable survival (0S: HR=0.604, 95% Cl: 0.397-0.919; p=0.018; DFS: HR=0.565,
95% Cl: 0.372-0.858; p=0.007). However, among patients with stage IA ADC/STAS-positive,
ACT was associated with improved outcomes only for those undergoing SR (0S: HR=0.787,
95% Cl: 0.359-0.949; p=0.034; DFS: HR=0.703, 95% Cl: 0.330-0.904; p=0.029).

Conclusion: The presence of STAS was correlated with poor prognosis in patients with stage|
ADC. Our study suggested that ACT might be considered for patients with stage IB ADC/STAS-
positive and those with stage |A ADC/STAS-positive who underwent SR.

Keywords: adjuvant chemotherapy, lung adenocarcinoma, spread through air spaces, surgical
procedures, survival

Received: 14 September 2020; revised manuscript accepted: 11 November 2020.

Introduction

Lung cancer is the leading cause of cancer-related
deaths worldwide.! Nowadays, surgical resection
remains the primary treatment for early-stage non-
small cell lung cancer INSCLC). Although adju-
vant chemotherapy (ACT) has been recommended
for patients with resected stage IT and IIIA NSCLC,?

its role in patients with stageI NSCLC is still incon-
clusive. Current National Comprehensive Cancer
Network guidelines suggest that ACT should be
considered in stageIB patients with high-risk fac-
tors, including tumor size >4 cm, poorly differenti-
ated lymphovascular invasion, visceral pleura
invasion, incomplete lymph node sampling, or
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wedge resection.> However, whether stageIB
patients obtain any survival benefits from ACT is
unclear, owing to a lack of robust evidence. In addi-
tion, the definition of stageIB disease has been
revised in the current 8th TNM staging system,*
which highlights the necessity to assess survival ben-
efits from ACT in patients with stage IB NSCLC.

Adenocarcinoma (ADC) is the commonest histo-
logic type of NSCLCs, accounting for approxi-
mately 50%.> According to the International
Association for the Study of Lung Cancer,
American Thoracic Society, and European
Respiratory Society (IASLC/ATS/ERS) classifica-
tion of 2011, invasive ADC is categorized into sev-
eral subtypes based on the predominant pattern,
including lepidic, acinar, papillary, solid, and
micropapillary, as well as invasive mucinous ade-
nocarcinoma.® Hitherto, several studies have
reported potential survival advantages of ACT in
stage IB patients with high-grade (micropapillary/
solid-predominant) ADC.7-8 In recent years, tumor
spread through air spaces (STAS), has been recog-
nized as a novel invasion pattern in stageI ADCs,
which was associated with poor recurrence-free
and overall survival.®1! Increasing evidence has
revealed a potential relationship between resection
types and patient survival in STAS-positive
ADC.10:1213 More specifically, lobectomy might
offer better outcomes than sublobar resection (SR)
in STAS-positive T1 ADC.!3:14 Besides, our previ-
ous study observed that the unfavorable prognosis
of patients with stageIA ADC>2 to 3cm/STAS-
positive was similar to that of patients with stage IB
ADC. Nonetheless, there has been no consensus
on the use of ACT in stage IA patients with STAS-
positive ADC, especially in patients receiving dif-
ferent surgical procedures.

In the present study, we performed a survival
analysis using a large multi-institutional cohort to
investigate the benefits of ACT for stagelB
patients with STAS-positive ADC who under-
went different types of resection. We also explored
the potential benefits of ACT in patients with
stage IA ADC/STAS-positive who underwent SR.

Materials and methods

Patient selection

The Institutional Review Boards of the five hospi-
talsapprovedthisstudy IRBNO.JD-HG-2020-09).
In cases in which individual patient consent was
not identified, the chairpersons of the ethics

committees from the participating institutions
waived the need for patient consent. Patients with
pT1-2aNOMO invasive ADC (stageIA and IB)
who underwent RO pulmonary resection at five
medical centers in China from January 2009 to
December 2013 were reviewed. To exclude dis-
tant metastasis, all patients underwent a preopera-
tive routine examination, including enhanced
chest computed tomography (CT) scan, enhanced
abdominal CT scan or ultrasonography, fiberoptic
bronchoscopy, cranial magnetic resonance imag-
ing, and bone scan. A positron emission tomogra-
phy (PET)-CT scan was suggested if possible.
Patients were excluded from the study cohort if
one of the following criteria was met: (1) receipt of
induction therapy; (2) presence of multiple pri-
mary lung cancers; (3) receipt of targeted therapy
or immunotherapy; (4) lack of information on
lymph nodes status. Platinum-based ACT (cispl-
atin plus docetaxel or pemetrexed) was performed
in patients with high-risk factors including poor
differentiated tumor, visceral pleural invasion,
vascular invasion, and SR.8 Age, performance sta-
tus, and patients’ preference were also considered.
No mortality related to chemotherapy was
detected among patients who underwent four
cycles of ACT. Moreover, we also included a vali-
dation cohort (328 patients with stageIA ADC
and 251 patients with stageIB ADC) from the
Second Affiliated Hospital of Soochow University,
with the same criteria, between January 2014 and
December 2016.

Histopathologic evaluation of STAS

All specimens were formalin-fixed immediately
after resection and stained with hematoxylin and
eosin. The slides were reviewed independently by
pathologists from respective institutions who were
blinded to the patient data. Histological classifica-
tion was evaluated according to the IASLC/ATS/
ERS classification of ADC.% Tumors were classi-
fied into lepidic, acinar, papillary, micropapillary,
or solid-predominant types when a pattern was
predominant in the tumor (even if <50%). The
morphological definition of STAS was consistent
with that of Travis and Kadota er al.,!>1¢ and iden-
tification of STAS was described in our previous
studies.!”>18 In brief, lesions of STAS consist of
tumor cells that appear morphologically to be situ-
ated within normal air spaces as micropapillary
clusters, solid nests, or scattered discohesive single
cells. In order to avoid confusion with artificially
detached cells during tumor dissection, at least
three tumor slices were observed under the
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Figure 1. (A Low-power view and (B) high-power view of tumor spread through air spaces in lung ADC
(original magnification: X40in A and X100 in BJ; (C) OS, and (D) DFS of patients with stage | ADC stratified by

STAS in the primary cohort.

ADC, adenocarcinoma; DFS, disease-free survival; 0S, overall survival; STAS, spread through air spaces.

microscope. In addition, distance between the
tumor surface and farthest STAS from the tumor
edge was measured using a ruler. Because lung
specimens were not consistently inflated during
processing, to account for artifactual atelectasis,
we also measured according to the number of
alveolar spaces. Low- and high-power STAS views
are shown in Figure 1A,B.

Postoperative follow up

Patients were followed up every 3 months for the
first year after surgery and at 6-month intervals
thereafter. For patients who were followed up at
local health facilities, survival status and examina-
tion results were collected by telephone or email.
Tumor locoregional recurrence or distant metas-
tasis was diagnosed using chest CT, brain mag-
netic resonance imaging (MRI), and bone
scintigraphy as well as ultrasound and/or abdomi-
nal CT. A PET-CT scan was suggested if possi-
ble. Disease-free survival (DFS) was defined as

the length of time from surgery to tumor recur-
rence or the last follow up. Overall survival (OS)
was defined as the time from the surgical resection
until death from any cause or the last follow up.

Statistical analysis

Associations between clinicopathological charac-
teristics were analyzed using the Pearson y2 test
or Fisher’s exact test for categorical variables.
DFS and OS were evaluated using the Kaplan—
Meier method, and nonparametric group com-
parisons were performed using the log-rank test.
A Cox proportional-hazards regression model
was applied to assess the independent risk factors
for DFS and OS. The variables were examined
firstly using univariate analyses, and those with p
values < 0.1 were incorporated into a multivariate
model. Cumulative incidence analysis was used
to estimate the cumulative incidence of recur-
rence (CIR) of locoregional and distant recur-
rence. All p values were based on two-tailed
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statistical analyses, and p<<0.05 was considered
statistically significant. Statistical analyses were
conducted using SPSS (Statistical Program for
Social Sciences 25.0; IBM Corporation, Armonk,
NY, USA).

Results

Patient clinicopathological characteristics

We identified 3346 and 579 patients with stage I
ADC in the primary and validation cohort,
respectively. The median number of alveolar
spaces between the tumor and the furthest STAS
was six in the primary cohort and seven in the
validation cohort. In addition, the median dis-
tance between tumor surface and the furthest
STAS was measured microscopically as 1.3 mm
(range, 0.4—6.8 mm) in the primary cohort and
1.1 mm (range, 0.3—7.0 mm).

The detailed clinicopathological characteristics of
all patients stratified by STAS and ACT are sum-
marized in Table 1 and Supplemental TableS1.
Patients with stageIA ADC accounted for more
than 2/3 in the primary cohort, while patients
with stage IA ADC took up more than half in the
validation cohort. The presence of STAS was
found in 1082 ADCs (32.3%) in the primary
cohort and 162 ADCs (28.0%) in the validation
cohort. Notably, STAS was more likely to be
observed in patients with micropapillary-predom-
inant and solid-predominant ADCs in both
cohorts. Additionally, the majority of STAS-
positive patients underwent lobectomy in both
the primary (59.1%) and the validation (64.8%)
cohorts. Meanwhile, only a minority of STAS-
positive patients received ACT in both cohorts.

The median follow-up time for patients in the pri-
mary cohort was 90.8 months, ranging from 80.3 to
139.8 months; while that for patients in the valida-
tion cohort was 56.5months, ranging from 43 to
78 months. The median OS was 65months (range,
5.4months to 131.5months) in the primary cohort
and 60months (range, 8.2months to 72.7 months)
in the validation cohort. Meanwhile, the median
DFS was 3lmonths (range, 1.6months to
73.5months) in the primary cohort and 35 months
(6.8 months to 63.8 months) in the validation cohort.

STAS affects patient survival in stage | ADC
As shown in Figure 1C-D, survival analysis indi-
cated that patients with STAS suffered from

inferior OS (p<<0.001) and DFS (»<0.001)
compared with those without STAS in the pri-
mary cohort. A similar result was also seen in the
validation cohort (Supplemental Figure S1A,B).
Notably, it was observed that patients with
stageIA ADC/STAS-positive had similar OS
(primary cohort: p=0.992; validation cohort:
p»=0.837) and DFS (primary cohort: p=0.202;
validation cohort: p=0.923) to patients with
stageIB ADC/STAS-negative in both cohorts
(Figurel and Supplemental Figure S1).
Multivariate Cox regression modeling confirmed
the survival disadvantages of STAS in patients
with stagel ADC [primary cohort: OS: hazard
ratio (HR) =1.877, 95% confidence interval (CI):
1.579-2.231; p<<0.001; DFS: HR=1.895, 95%
CI: 1.614-2.225; p<0.001; Validation cohort:
OS: HR=2.776, 95% CI: 1.658-4.650; p<<0.001;
DFS: HR=2.854,95% CI: 1.727-4.716; p<<0.001]
in both cohorts (Supplemental Tables S2, S3).

Surgical procedures and ACT affect survival in
stage | ADC/STAS-positive patients

Among patients with stageIA ADC/STAS-
positive, lobectomy was associated with better OS
and DFS than SR, which was observed in both
the primary cohort (Figure 2A,B) and in the vali-
dation cohort (Supplemental Figure S2A,B). In
the multivariate analysis, we further identified
lobectomy (OS: HR=0. 509, 95% CI: 0.353—
0.733; p<0.001; DFS: HR=0.470, 95% CI:
0.342-0.647; p<<0.001) as an independent pre-
dictor of favorable OS and DFS in stageIA ADC/
STAS-positive (Table 2). However, ACT was not
revealed as an independent factor for favorable
survival in patients with stageIA ADC/STAS-
positive (OS: HR=0.696, 95% CI: 0.316-1.534;
»=0.369; DFS: HR=0.550, 95% CI: 0.253—
1.197; p=0.132).

Among patients with stage IB ADC/STAS-
positive, lobectomy was also associated with
advantages in OS and DFS compared with SR,
while ACT was associated with additional sur-
vival benefits for different types of resection
(Figure 2C,D). Notably, lobectomy plus ACT
demonstrated the greatest superiority in OS and
DFS compared with other treatment modalities.
In the multivariate analysis, interestingly, both
lobectomy and implementation of ACT were
identified as independent predictors of favorable
OS and DFS in stage IB ADC irrespective of
STAS presence (Table3). In other words,
surgical procedures and ACT could effectively
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Table 1. Clinicopathological characteristics of 3346 patients with stage | lung ADC in the primary cohort.

Variables STAS Adjuvant chemotherapy
No. of Positive Negative p No. of With (%) Without p
patients (%) (%) patients (%)
Overall 3346 1082 (32.3) 2264 (67.7) <0.001 3346 509 (15.2) 2837 (84.8]  <0.001
Age [years]) 0.282 0.283
<65 2325 657 (28.3] 1668 (71.7) 2325 299 (12.9]) 2026 (87.1)
>65 1021 425 (41.6) 596 (58.4) 1021 210 (20.6) 811 (79.4)
Sex 0.595 0.881
Male 1854 629 (33.9] 1225 (66.1) 1854 269 (14.5) 1585 (85.5)
Female 1492 453 (30.4) 1039 (69.6) 1492 240 (16.1) 1252 (83.9)
Smoking 0.671 0.447
Nonsmoker 1877 542 (28.9)  1335(71.1) 1877 291 (15.5) 1586 (84.5)
Current or former 1469 540 (36.8) 929 (63.2) 1469 218 (14.8) 1251 (85.2)
smoker
T stage <0.001 <0.001
T1a 768 196 (25.5) 572 (74.5) 768 16 (2.1) 752 (97.9)
T1b 669 236 (35.3) 433 (64.7) 669 29 (4.3) 640 (95.7)
Tlc 820 282 (34.4) 538 (65.6) 820 47 (5.7) 773 (94.3)
T2a 1089 368 (33.8) 721 (66.2) 1089 417 (38.3) 672 (61.7)
Histologic pattern <0.001 <0.001
Lepidic predominant 932 170 (18.2) 762 (81.8) 932 83 (8.9] 849 (91.1)
Acinar predominant 1003 320 (31.9) 683 (68.1) 1003 125 (12.5) 878 (87.5)
Papillary predominant 600 198 (33.0) 402 (67.0) 600 91 (15.2) 509 (84.8]
Micropapillary 256 127 (49.6) 129 (50.4) 256 65 (25.4) 291 (74.6)
predominant
Solid predominant 555 267 (48.1) 288 (51.9) 555 145 (26.1) 410 (73.9)
Type of surgical resection 0.736 0.869
Thoracotomy 277 132 (47.7) 145 (52.3) 277 108 (39.0) 169 (61.0)
VATS 3069 950 (31.0) 2119 (69.0) 3069 401 (13.1) 2668 (86.9)
Surgical procedure <0.001 <0.001
Lobectomy 1514 640 (42.3) 874 (57.7) 1514 302(19.9) 1212 (80.1)
Sublobar resection 1832 442 (24.1)  1390(75.9) 1832 207 (11.3) 1625 (88.7)
Presence of STAS 1082 198(18.3)  884(81.7)  <0.001

ADC, adenocarcinoma; STAS, spread through air spaces; VATS, video-assisted surgery.
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Figure 2. (A) OS and (B) DFS of patients with stage IA ADC/STAS-positive undergoing different surgical
procedures in the primary cohort; (C) 0S and (D) DFS of patients with stage IB ADC/STAS-positive stratified by
surgical procedures and administration of adjuvant chemotherapy in the primary cohort.

ADC, adenocarcinoma; DFS, disease-free survival; 0S, overall survival; STAS, spread through air spaces.

stratify patient survival in stageIB ADC/STAS-
positive.

We further analyzed the types of recurrence in
stage IB ADC/STAS-positive. The results revealed
that surgical procedures and administration of
ACT might be associated with increased risk of
developing locoregional (p=0.022) and distant
(»p<0.001) recurrence (Supplemental Figure
3A,B). Interestingly, ACT was not associated
with significantly decreased locoregional recur-
rence rate in patients receiving lobectomy
(p=0.184) and in those receiving SR (p=0.348).
Notably, lobectomy plus ACT showed signifi-
cantly lower locoregional recurrence rate com-
pared with SR plus ACT (p=0.047). Meanwhile,
patients receiving lobectomy alone shared a
locoregional recurrence rate similar to those
receiving SR plus ACT (p=0.322) but had sig-
nificantly lower locoregional recurrence rate than
those receiving SR alone (p=0.030). Besides,
ACT was associated with decreased distant

recurrence rate in patients undergoing SR
(p=0.035) and in those undergoing lobectomy
(p=0.023). It was also observed that lobectomy
plus ACT had marginally lower distant recurrence
rate than SR plus ACT (p=0.061), while lobec-
tomy alone resulted in significantly decreased dis-
tant recurrence rate compared with SR alone
(»=0.000).

Potential benefits of ACT in stage IA ADC/STAS-
positive patients

We further performed subgroup analysis on the
survival of patients with stageIA ADC/STAS-
positive who underwent SR in the primary cohort.
As shown in Figure 3A,B, Kaplan—Meier curves
revealed that patients with stage IA ADC/STAS-
positive receiving ACT after SR had survival
advantages compared with those without (OS:
p»=0.007; DFS: p=0.005). In multivariate analy-
sis adjusted for age, sex, smoking history, T stage,
and histologic subtype, ACT was also indicated
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Figure 3. 0S and DFS survival of patients with stage IA ADC/STAS-positive receiving SR (A,B] and those
receiving lobectomy (C,D] stratified by administration of adjuvant chemotherapy in the primary cohort.
ADC, adenocarcinoma; DFS, disease-free survival; 0S, overall survival; SR, sublobar resection; STAS, spread through air

spaces.

as an independent factor for OS (HR=0.787,
95% CI: 0.359-0.949; p»=0.034) and DFS
(HR=0.703, 95% CI: 0.330-0.904; p=0.029) in
patients who underwent SR for stageIA ADC/
STAS-positive (Supplemental Table S4).

Regarding patients with stage IA ADC/STAS-
positive receiving lobectomy, Kaplan—Meier sur-
vival analysis indicated that administration of
ACT could not provide additional survival bene-
fits (OS: p=0.712; DFS: p=0.318). Furthermore,
it was observed that administration of ACT was
not an independent predictor of more favorable
OS (HR=0.680, 95% CI: 0.234-1.976;
$=0.479) and DFS (HR=0.546,95% CI: 0.193—
1.545; p=0.254) in patients receiving lobectomy
for stage IA ADC/STAS-positive in the multivari-
ate analysis (Supplemental Table S5).

Discussion
Increasing evidence has consistently demon-
strated that the presence of STAS in ADCs is

associated with an increased risk of recurrence
and a decreased rate of survival.l0:131419-21
However, no study has assessed the synergistic
roles of surgical procedures and adjuvant treat-
ment in stageI ADC patients with pathologically
identified STAS. To the best of our knowledge,
the present study is the first investigation to offer
deep insights into the administration of ACT in
stage] ADC/STAS-positive patients.

In our study, we initially confirmed that the pres-
ence of STAS remained a robust prognostic fac-
tor in both stageIA and IB cohorts. It was
noteworthy that stagelA ADC/STAS-positive
patients had similar OS and DFS as stage IB
ADC/STAS-negative patients. Then, we demon-
strated that surgical procedures and ACT could
affect survival in stagel ADC/STAS-positive
patients. More specifically, lobectomy was associ-
ated with better outcomes than SR in both stage
IA and IB ADC/STAS-positive patients, while
administration of ACT was an independent pre-
dictor of favorable survival only in stage IB ADC/
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STAS-positive patients. In terms of patients
receiving SR for a stage IA ADC/STAS-positive
diagnosis, ACT was revealed as an independent
predictor of improved survival. Interestingly,
administration of ACT did not bring additional
survival benefits in stageIA ADC/STAS-positive
patients receiving lobectomy.

In recent years, an increasing number of studies
have assessed potential candidates with stage IA
ADC who might benefit from ACT.?225 It has
been reported that ACT might improve out-
comes after resection of stageIA ADC with lym-
phovascular invasion, which is another invasion
pattern of ADC in addition to STAS. Liu er al.
proposed that poor differentiation is an inde-
pendent prognostic factor in pathological
stage IA ADC after surgical resection.?2 Recently,
Wang er al. also confirmed the survival advan-
tages of ACT for patients with micropapillary-
predominant pattern in stagelA.2¢ Notably,
STAS was found significantly associated with
high-grade histological patterns including solid-
and micropapillary-predominant subtypes in
previous studies.19:26:27 Therefore, we further
confirmed administration of ACT as a predictor
of favorable OS in stage I/STAS-positive patients
irrespective of micropapillary or solid component
presence (Supplemental Table S6). Additionally,
it has been revealed that STAS could be observed
in residual lung segments after SR for stageIA
disease.!? Taken together, it was reasonable to
observe that ACT brought improved survival to
stage IA ADC/STAS-positive patients receiving
SR rather than those receiving lobectomy.

A number of studies have investigated different
approaches to identify STAS in ADCs pre- and
intraoperatively.13:19:28-31 'To name just a few,
Toyokawa er al. reported that the presence of
notch and the absence of ground-glass opacity
(GGO) were associated significantly with STAS
in ADCs.?% Such findings were supported by
Kim et al., who observed that STAS was also
associated with central low attenuation, ill-
defined opacity, air bronchogram, and large
percentage of solid component.3® Our previous
study proved that radiomics-based prediction
using machine learning was also a promising
approach to identify STAS preoperatively,
which was supported by Zhuo er al. and Jiang
er al.?832 Recently, Suh er al. developed a step-
wise flowchart for decision making on SR
through the estimation of STAS consisting of
both preoperative radiological features and

intraoperative frozen pathology, which dis-
played good performance.33 In terms of frozen
pathology, Eguchi er al. found that, in patients
with T1 ADC, identifying STAS in frozen sec-
tions could be feasible with proved acceptable
sensitivity and high specificity.!3 Besides, it has
been reported that intraoperative imprint cytol-
ogy with the N-H classification for ADC was
well correlated with the STAS status of the
tumor.3* Therefore, mounting methods have
emerged to allow the precise detection of STAS,
which will be helpful in the decision-making
process for surgical procedures.

We have to acknowledge some limitations of our
study. First, the retrospective nature of our
multicenter study might lead to selection and
performance bias. Second, the number of
STAS-positive patients was limited in the vali-
dation cohort, especially those receiving SR or
ACT, which resulted in the unavailability of
external validation of the potential benefits of
ACT in stageIA ADC/STAS-positive cohorts.
Third, there have been controversies as to
whether any part of the free-floating tumor cell
clusters identified as STAS are actually ex vivo
artifacts. The most notable is the possibility that
the tumor cell clusters can be spread through
knife cuts made at the time of specimen process-
ing, named as “spread through a knife surface”
(STAKS).35 Although at least three tumor slices
were observed under the microscope for each
specimen, it was inevitable for us to include
patients with STAKS rather than true STAS.
By the way, we did not assess the relationship
between STAS morphology and ACT benefit
because of the limited number of STAS-positive
patients who underwent ACT in both cohorts.
Additionally, ACT decision and regimen selection
were based on subjective preference rather than
randomization.

In conclusion, the presence of STAS is correlated
with poor prognosis in patients with stageI ADC.
ACT is a favorable prognostic factor for stage IB
ADC/STAS-positive patients. ACT improves
outcomes in stage IA ADC/STAS-positive patients
who underwent SR, whereas it provides no addi-
tional survival benefits for stageIA ADC/STAS-
positive patients receiving lobectomy.
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