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A B S T R A C T

Objective: Histologic types are correlated with prognosis in lung adenocarcinoma. The acinar/papillary type is
most common, although this group comprises heterogeneous tumor types. However, the prognostic factors in
this group have not been well studied. Therefore, we investigated the prognostic factors of acinar/papillary lung
adenocarcinomas and attempted to define the so-called “intermediate grade” group of lung adenocarcinoma.
Materials and methods: We classified surgically resected invasive non-mucinous adenocarcinomas of the lung and
analyzed their clinicopathological features and prognostic factors, focusing on the acinar/papillary type.
Results: A total of 301 cases with stage I-III lung adenocarcinoma were enrolled, of which 193 were acinar/
papillary type (64.1%). In survival analysis of the entire cohort, acinar/papillary types showed intermediate
survival compared with lepidic and micropapillary/solid types. In the univariate survival analysis for acinar/
papillary types, stage, age, lymphovascular invasion, spread through air spaces, presence of micropapillary or
solid pattern, and programmed death-ligand 1 (PD-L1) positivity were associated with poor recurrence-free
survival and overall survival. In multivariate analysis, spread through air spaces and PD-L1 expression were
independent poor prognostic factors of recurrence-free survival and overall survival in the acinar/papillary
cohort, respectively.
Conclusions: Evaluation of spread through air spaces and PD-L1 expression may be useful to stratify patients with
acinar/papillary lung adenocarcinomas in terms of prognosis.

1. Introduction

Adenocarcinoma is the most common type of lung cancer [1]. Ac-
cording to the 2015 World Health Organization classification, invasive
lung adenocarcinomas can be further subclassified into lepidic, acinar,
papillary, micropapillary, and solid types [1,2]. Previous studies have
consistently shown that lung adenocarcinomas with a predominant le-
pidic pattern have good prognosis [3–5]. In contrast, predominantly
micropapillary or solid adenocarcinomas are associated with poor
prognosis [6–8]. Acinar/papillary predominant adenocarcinomas have
“intermediate” prognosis; therefore, some studies categorize lepidic
type as low-grade, acinar/papillary type as intermediate-grade, and
micropapillary/solid type as high-grade lung adenocarcinomas [9,10].
Although acinar/papillary adenocarcinomas are the most common
type, accounting for more than 50% of all lung adenocarcinomas,
prognostic factors that correlate with their biological behavior and can
be used for further stratification have not been well studied [10,11]. In
this study, we investigated prognostic factors of acinar/papillary lung
adenocarcinomas and attempted to define the so-called “intermediate

grade” group of lung adenocarcinomas.

2. Materials and methods

2.1. Patients

We included 301 chemotherapy-naïve patients who underwent
surgical resection for invasive adenocarcinoma of the lung between
2005 and 2011. No adenocarcinomas in situ or no minimally invasive
adenocarcinomas were included in this cohort. Cases were selected
from consecutive surgeries on the basis of availability of archival slides
and tissue, and medical records and archival slides were retrospectively
analyzed. Detailed clinical data including age, sex, smoking history, and
tumor size and stage were retrieved from the medical records. Tumor
stage was classified according to the eighth edition of the standards of
the American Joint Committee on Cancer. The institutional review
board approved this retrospective study. Written informed consent from
the patients was waived due to the retrospective nature of the study.

https://doi.org/10.1016/j.lungcan.2019.09.026
Received 28 May 2019; Received in revised form 7 September 2019; Accepted 28 September 2019

⁎ Corresponding author at: Department of Pathology, Yonsei University College of Medicine, 50 Yonsei-ro, Seodaemun-gu, Seoul 03722, Republic of Korea.
E-mail address: shimhs@yuhs.ac (H.S. Shim).

Lung Cancer 137 (2019) 129–135

0169-5002/ © 2019 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/01695002
https://www.elsevier.com/locate/lungcan
https://doi.org/10.1016/j.lungcan.2019.09.026
https://doi.org/10.1016/j.lungcan.2019.09.026
mailto:shimhs@yuhs.ac
https://doi.org/10.1016/j.lungcan.2019.09.026
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lungcan.2019.09.026&domain=pdf


2.2. Pathological evaluation

The surgical specimens were fixed in 10% neutral-buffered formalin
and embedded in paraffin blocks. The entire tumor was submitted for
microscopic examination in small (< 3 cm) tumors. At least 3 re-
presentative sections (one section per 1 cm of tumor) were usually
submitted for larger tumors. For each formalin-fixed, paraffin-em-
bedded (FFPE) tissue block, 4-μm sections were cut and stained with
hematoxylin and eosin. Two pathologists (MK and HSS) reviewed all
available hematoxylin-eosin–stained slides, which included an average
of 4.2 slides per case (range, 2–12). Analyzed pathologic characteristics
included histologic subtype, lymphovascular invasion (LVI), and tumor
spread through air space (STAS). Subtypes were classified according to
the 2015 World Health Organization classification, and the percentage
of each subtype (lepidic, acinar, papillary, micropapillary, and solid)
was recorded in 5% increments. In addition, we analyzed and scored
cribriform pattern [12]. Discrepancies in classification were resolved by
consensus discussion. Comprehensive subtyping of the tumor was per-
formed according to the predominant histologic pattern. The second
most predominant pattern was also recorded, and we divided acinar/
papillary group into lepidic versus non-lepidic subgroup based on the
second most predominant pattern. Verhoeff's elastic stain was applied
to samples in which it was difficult to determine pleural invasion his-
tologically. STAS was defined as tumor cells within air spaces in the
lung parenchyma beyond the edge of the main tumor [13].

2.3. Immunohistochemistry (IHC) and interpretation

After histologic review, two or three 3-mm diameter cores were
taken from FFPE tissue blocks, and tissue microarrays (TMAs) were
constructed. TMA blocks were sectioned at a thickness of 4 μm and
stained with antibodies for programmed death-ligand 1 (PD-L1) (rabbit
anti-human monoclonal, clone SP142, 1:100, Spring Bioscience,
Pleasanton, CA, USA) and p53 (mouse anti-human monoclonal, clone
DO-7, 1:100, Dako, Glostrup, Denmark) using a Ventana automated
immunostainer (Ventana, Tucson, AZ, USA) according to the manu-
facturer’s protocol. Signals were detected using ChromoMap DAB kit
(Ventana) for PD-L1 and DAB Map kit (Ventana) for p53.

Stained slides were reviewed by two pathologists (M.K. and H.S.S.)
blinded to the clinicopathological features. Discrepancies in inter-
pretation were resolved by discussion. The final IHC score was taken as
the average score from all cores of each tumor. Tissues were considered
positive for PD-L1 if ≥5% of tumor cells had membranous staining, as
previously described [14,15]. p53 staining was defined as “aberrant” if
≥60% of tumor cells showed either nuclear expression or complete
absence of staining and “normal” if tumor cells showed no aberrant
expression (1–59% staining), as previously described [16,17].

2.4. Molecular and genetic analysis

For each case, the representative slide containing the largest tumor

Table 1
Patient characteristics according to lung adenocarcinoma subtypes.

Variables All (n=301) Predominant subtype p-value

Lepidic Acinar Papillary Micropapillary Solid

Age, years (mean ± SD) 61.7 ± 10.1 65.5 ± 8.1 61.6 ± 10.3 61.2 ± 9.8 64.1 ± 9.9 59.8 ± 10.5 0.193
Sex 0.004
Male 152 (50.4%) 7 (30.4%) 70 (46.1%) 19 (46.3%) 16 (55.2%) 40 (71.4%)
Female 149 (49.6%) 16 (69.6%) 82 (53.9%) 22 (53.7%) 13 (44.8%) 16 (28.2%)
Smoking 0.004
Yes 115 (38.2%) 3 (13.0%) 55 (36.2%) 15 (36.6%) 10 (34.5%) 32 (57.1%)
No 186 (61.8%) 20 (87.0%) 97 (63.8%) 26 (63.4%) 19 (65.5%) 24 (42.9%)
LVI < 0.001
Yes 117 (38.8%) 1 (4.3%) 56 (36.8%) 16 (39.0%) 21 (72.4%) 23 (41.1%)
No 184 (61.2%) 22 (95.7%) 96 (63.2%) 25 (61.0%) 8 (27.6%) 33 (58.9%)
STAS < 0.001
Yes 154 (51.1%) 1 (4.3%) 75 (49.3%) 19 (46.3%) 23 (79.3%) 36 (64.3%)
No 147 (48.9%) 22 (95.7%) 77 (50.7%) 22 (53.7%) 6 (20.7%) 20 (35.7%)
EGFR mutation < 0.001
Yes 155 (51.4%) 17 (73.9%) 91 (59.9%) 22 (53.7%) 15 (51.7%) 10 (17.9%)
No 146 (48.6%) 6 (26.1%) 61 (40.1%) 19 (46.3%) 14 (48.3%) 46 (82.1%)
KRAS mutation 0.416
Yes 20 (6.7%) 2 (8.7%) 8 (5.3%) 1 (2.4%) 3 (10.3%) 6 (10.7%)
No 281 (93.3%) 21 (91.3%) 144 (94.7%) 40 (97.6%) 26 (89.7%) 50 (89.3%)
ALK fusion 0.502
Yes 20 (6.7%) 0 (0.0%) 10 (6.6%) 2 (4.9%) 2 (6.9%) 6 (10.7%)
No 281 (93.3%) 23 (100.0%) 142 (93.4%) 39 (95.1%) 27 (93.1%) 50 (89.3%)
ROS1 fusion 0.729
Yes 7 (2.3%) 0 (0.0%) 3 (2.0%) 2 (4.9%) 1 (3.4%) 1 (1.8%)
No 294 (97.7%) 23 (100.0%) 149 (98.0%) 39 (95.1%) 28 (96.6%) 55 (98.2%)
PD-L1 < 0.001
Positive 60 (19.9%) 1 (4.3%) 22 (14.5%) 3 (7.3%) 9 (31.0%) 25 (44.6%)
Negative 241 (80.1%) 22 (95.7%) 130 (85.5%) 38 (92.7%) 20 (69.0%) 31 (55.4%)
Aberrant p53 expression < 0.001
Yes 106 (35.3%) 4 (17.4%) 45 (29.6%) 8 (19.5%) 6 (20.7%) 43 (76.8%)
No 195 (64.7%) 19 (82.6%) 107 (70.4%) 33 (80.5%) 23 (79.3%) 13 (23.2%)
Recurrence 0.001
Yes 127 (42.1%) 2 (13.0%) 57 (37.5%) 21 (51.2%) 19 (65.5%) 28 (50.0%)
No 174 (57.9%) 20 (87.0%) 95 (62.5%) 20 (48.6%) 10 (34.5%) 28 (50.0%)
TNM stage 0.001
Stage I 168 (55.8%) 20 (87.0%) 91 (59.9%) 23 (56.1%) 8 (27.6%) 26 (46.4%)
Stage II 54 (17.9%) 3 (13.0%) 21 (13.8%) 5 (12.2%) 10 (34.5%) 15 (26.8%)
Stage III 79 (26.2%) 0 (0.0%) 40 (26.3%) 13 (31.7%) 11 (37.9%) 15 (26.8%) 　

SD, standard deviation; LVI, lymphovascular invasion; STAS, spread through air spaces; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase;
ROS1, ROS proto-oncogene 1; PD-L1, programmed death-ligand 1; TNM, tumor node metastasis.
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volume (at least 30%) was selected for molecular tests. To determine
the epidermal growth factor receptor (EGFR) and KRAS mutation
status, DNA was extracted from FFPE tissue using a DNeasy isolation kit
(Qiagen, Valencia, CA, USA) according to the manufacturer’s instruc-
tions. For EGFR, direct DNA sequencing of exons 18 through 21 was
performed or the PNAClamp™ EGFR Mutation Detection Kit (PANAG-
ENE, Daejeon, Korea) was used. For KRAS, direct DNA sequencing of
codons 12 and 13 was performed. To identify ALK and ROS1 re-
arrangements, IHC and fluorescence in situ hybridization were per-
formed, as previously described [18].

2.5. Statistical analysis

Relationships between clinicopathologic parameters were evaluated
using the Chi-square test for categorical parameters and Fisher’s exact
test for parameters with an expected frequency of less than 5. In uni-
variate analysis, recurrence-free survival (RFS) and overall survival
(OS) were evaluated using the Kaplan–Meier method. Statistical dif-
ferences in survival times were determined using the log-rank test. In
multivariate analysis, Cox proportional hazards regression analysis was
applied to examine independent predictive factors among significantly
correlated variables. Differences were considered significant at
p < 0.05. All statistical analyses were conducted using IBM SPSS
Statistics v.23 (IBM, Armonk, NY, USA).

3. Results

3.1. Clinicopathologic and molecular characteristics among different lung
adenocarcinoma subtypes

Patient characteristics according to subtype are summarized in
Table 1. Samples were derived from 152 men and 149 women aged 34
to 82 years (mean age: 61.7 years). There was a high degree of inter-
observer agreement in classifying the predominant histologic types
between two pathologists (the κ value was 0.860). Among 301 cases, 23
cases (7.6%) were classified as predominantly lepidic, 152 (50.4%)
cases as predominantly acinar, 41 (13.6%) cases as predominantly

papillary, 29 (9.6%) cases as predominantly micropapillary, and 56
(18.6%) cases as predominantly solid (Supplementary Fig. 1). A total of
17 cases (8.8%) were classified as cribriform predominant type in
acinar/papillary group (n= 193). There were significant differences in
sex (p= 0.004), smoking history (p= 0.003), and pathologic stage
(p= 0.001) among the lung adenocarcinoma subtypes. Rates of aber-
rant p53 expression (p < 0.001), EGFR mutation (p < 0.001), PD-L1
positivity (p < 0.001), LVI (p < 0.001), and STAS (p < 0.001) were
also significantly different among the subtypes.

3.2. Survival according to tumor grade

We further categorized lung adenocarcinomas as low grade (lepidic-
predominant), intermediate grade (acinar/papillary-predominant), and
high grade (micropapillary/solid-predominant). Kaplan-Meier curves of
RFS and OS showed significant differences among the low-, inter-
mediate-, and high-grade groups (Supplementary Figure 2). However,
there were no differences in RFS and OS between patients with acinar-
and papillary-predominant adenocarcinoma (p= 0.142 and p=0.116,
respectively).

3.3. Prognostic factors in acinar/papillary-predominant lung
adenocarcinoma

We performed univariate and multivariate Cox regression analysis
to determine factors associated with RFS and OS in acinar/papillary-
predominant lung adenocarcinoma (Tables 2 and 3). In the univariate
analysis, the poor prognostic factors of RFS were younger age
(p= 0.041), LVI (p < 0.001), STAS (p < 0.001), non-lepidic pattern
as the second most predominant type (p=0.010), presence of micro-
papillary pattern (p < 0.001), presence of solid pattern (p=0.003),
and higher stage (p < 0.001). The poor prognostic factors of OS were
older age (p= 0.023), male sex (p= 0.027), smoking history
(p= 0.005), LVI (p < 0.001), STAS (p= 0.036), presence of solid
pattern (p= 0.026), aberrant p53 expression (p= 0.019), PD-L1 posi-
tivity (p=0.001), and higher stage (p < 0.001). In multivariate ana-
lysis, in addition to higher stage, STAS and younger age were

Table 2
Univariate and multivariate analysis for recurrence-free survival.

　 Univariate analysis 　

p
Multivariate analysis 　

pHR (95% CI) HR (95% CI)

Younger age (< 62 years) 1.59 (1.01-2.51) 0.041 1.83 (1.15-2.90) 0.011
LVI 5.28 (3.29-8.46) < 0.001
STAS 3.53 (2.16-5.76) < 0.001 2.73 (1.64-4.55) < 0.001
Non-lepidic as the second most predominant pattern 2.97 (1.29-6.83) 0.01
Presence of micropapillary pattern 2.49 (1.49-4.12) < 0.001
Presence of solid pattern 1.99 (1.23-3.20) 0.003 　 　

Higher stage 6.51 (3.93-10.76) < 0.001 5.04 (3.00-8.48) < 0.001

HR, hazard ratio; CI, confidence interval; LVI, lymphovascular invasion; STAS, spread through air spaces.

Table 3
Univariate and multivariate analysis for overall survival.

　 Univariate analysis p Multivariate analysis 　

pHR (95% CI) HR (95% CI)

Older age (> =62 years) 1.84 (1.08-3.14) 0.023 1.88 (1.08-3.28) 0.025
Male 1.79 (1.06-3.02) 0.027
Smoking history 2.08 (1.24-3.50) 0.005
LVI 4.89 (2.77-8.64) < 0.001
STAS 1.75 (1.03-2.97) 0.036
Presence of solid pattern 1.80 (1.04-3.13) 0.026
Aberrant p53 expression 1.86 (1.10-3.16) 0.019
PD-L1 positivity 2.83 (1.51-5.32) 0.001 2.14 (1.10-4.15) 0.025
Higher stage 6.51 (3.47-12.21) < 0.001 6.65 (3.52-12.59) < 0.001

HR: hazard ratio; CI, confidence interval; LVI, lymphovascular invasion; STAS, spread through air spaces; PD-L1: programmed death-ligand 1.
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independent poor prognostic factors of RFS, and PD-L1 expression and
older age were independent poor prognostic factors of OS.

We also performed Cox regression analysis in the three subgroups;
first group (n= 176) except for cribriform predominant adenocarci-
nomas, second group (n= 152) composed of acinar predominant type
only, and third group (n=41) composed of papillary predominant type
only. STAS was an independent poor prognostic factor of RFS in all
three groups (Supplementary Tables). PD-L1 expression was an in-
dependent poor prognostic factor of RFS in first group and of OS in first
and third group (Supplementary Tables).

We additionally compared the prognosis by classifying the first
subgroup (n=176) into three categories according to the second most
predominant pattern. There was a difference in RFS between the three
categories (p= 0.013). The lepidic pattern had a good prognosis when
compared with the acinar/papillary pattern (p=0.047) and the mi-
cropapillary/solid pattern (p= 0.002). In the comparison between
acinar/papillary and micropapillary/solid as the second most pre-
dominant pattern, the acinar/papillary group had a better prognosis,
but it was not statistically significant (p=0.091).

3.4. Clinicopathologic parameters associated with STAS and PD-L1 status
in acinar/papillary-predominant lung adenocarcinoma

We further categorized acinar/papillary-predominant lung adeno-
carcinomas according to STAS and PD-L1 status (Table 4 and Fig. 1).
STAS was observed in 94 of 193 cases (48.7%). STAS was frequently
associated with the presence of micropapillary (p < 0.001) or solid
pattern (p= 0.015), absence of EGFR mutation (p=0.005), and pre-
sence of ALK fusion (p=0.005). STAS was also significantly correlated
with LVI (p < 0.001) and TNM stage (p=0.001). However, STAS was
infrequently associated with lepidic pattern as the second most pre-
dominant pattern (p < 0.001).

PD-L1 positivity was observed in 41 of 193 cases (21.2%). PD-L1
positivity was significantly associated with aberrant p53 expression
(p= 0.007) and presence of solid pattern (p= 0.003). Old age
(p= 0.013) and TNM stage (p= 0.006) were also significantly related
to PD-L1 positivity. Conversely, presence of lepidic pattern as the
second most predominant pattern was infrequently observed with PD-
L1 positivity (p= 0.022).

Table 4
Clinicopathologic characteristics of acinar/papillary-predominant lung adenocarcinoma cases according to STAS and PD-L1 status.

Variables All (n=193) STAS status P-value PD-L1 status P-value

Positive Negative Positive Negative

Age 0.825 0.013
≥65 98 (50.7%) 49 (49.5%) 49 (52.1%) 19 (76.0%) 79 (47.0%)
< 65 95 (49.3%) 45 (47.9%) 50 (50.5%) 6 (24.0%) 89 (53.0%)
Sex 0.137 0.088
Male 89 (46.1%) 49 (52.1%) 40 (40.4%) 16 (64.0%) 73 (43.5%)
Female 104 (53.9%) 45 (47.9%) 59 (59.6%) 9 (36.0%) 95 (56.5%)
Smoking 0.055 0.523
Yes 70 (36.2%) 41 (43.6%) 29 (29.3%) 11 (44.0%) 59 (35.1%)
No 124 (63.8%) 53 (56.4%) 70 (70.7%) 14 (56.0%) 109 (64.9%)
LVI < 0.001 0.064
Yes 72 (37.3%) 48 (51.1%) 24 (24.2%) 14 (56.0%) 58 (34.5%)
No 121 (62.7%) 11 (44.0%) 75 (75.8%) 11 (44.0%) 110 (65.5%)
STAS 0.154

94 (48.7%) 16 (64.0%) 78 (46.4%)
99 (52.3%) 9 (36.0%) 90 (53.6%)

EGFR mutation 0.005 > 0.99
Yes 113 (58.5%) 45 (47.9%) 68 (68.7%) 15 (60.0%) 98 (58.3%)
No 80 (41.5%) 49 (52.1%) 31 (31.3%) 10 (40.0%) 70 (41.7%)
KRAS mutation > 0.99 0.175
Yes 9 (4.6%) 4 (4.3%) 5 (5.1%) 3 (12.0%) 6 (3.6%)
No 184 (95.4%) 90 (95.7%) 94 (94.9%) 22 (88.0%) 162 (96.4%)
ALK fusion 0.005 0.961
Yes 12 (6.2%) 11 (11.7%) 1 (1.0%) 1 (4.0%) 11 (6.5%)
No 181 (93.8%) 83 (88.3%) 98 (99.0%) 24 (96.0%) 157 (93.5%)
ROS1 fusion 0.953 0.729
Yes 5 (2.5%) 3 (3.2%) 2 (2.0%) 0 (0.0%) 5 (3.0%)
No 188 (97.5%) 91 (96.8%) 97 (98.0%) 25 (100.0%) 163 (97.0%)
PD-L1 positivity 0.154
Yes 16 (17.0%) 9 (9.1%)
No 78 (83.0%) 90 (90.9%)
Aberrant p53 expression 0.919 0.007
Yes 53 (27.4%) 25 (26.6%) 28 (28.3%) 13 (52.0%) 40 (23.8%)
No 140 (72.6%) 69 (73.4%) 71 (71.7%) 12 (48.0%) 128 (76.2%)
Lepidic as the second most predominant 0.001 0.022
Yes 36 (18.6%) 1 (1.1%) 35 (35.4%) 0 (0.0%) 36 (21.4%)
No 157 (91.4%) 93 (98.9%) 64 (64.6%) 25 (100.0%) 132 (78.6%)
Presence of micropapillary pattern < 0.001 0.836
Yes 116 (60.1%) 74 (78.7%) 42 (42.4%) 16 (64.0%) 100 (59.5%)
No 77 (39.9%) 20 (21.3%) 57 (57.6%) 9 (36.0%) 68 (40.5%)
Presence of solid pattern 0.015 0.003
Yes 44 (22.8%) 29 (30.9%) 15 (15.2%) 12 (48.0%) 32 (19.0%)
No 149 (77.2%) 65 (69.1%) 84 (84.8%) 13 (52.0%) 136 (81.0%)
TNM stage 0.001 0.006
Stage I 114 (59.1%) 44 (46.8%) 70 (70.7%) 9 (36.0%) 105 (62.5%)
Stage II 26 (13.4%) 13 (13.8%) 13 (13.2%) 8 (32.0%) 18 (10.7%)
Stage III 53 (27.5%) 37 (39.4%) 16 (16.2%) 45 (26.8%) 8 (32.0%)

PD-L1, programmed death-ligand 1; LVI, lymphovascular invasion; STAS, spread through air spaces; EGFR, epidermal growth factor receptor; ALK, anaplastic
lymphoma kinase; ROS1, ROS proto-oncogene 1; TNM, tumor node metastasis.
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4. Discussion

In this study, we categorized lung adenocarcinomas according to the
predominant subtype and demonstrated that STAS and PD-L1 expres-
sion can be used to stratify prognosis in acinar/papillary adenocarci-
noma, which is the most common and heterogeneous group.

First, we demonstrated that lung adenocarcinoma subtypes show
distinct clinicopathologic characteristics. In our cohort, male sex,
smoking history, and higher TNM stage were associated with high-
grade lung adenocarcinoma (micropapillary and solid predominant
type). Aberrant p53 expression, PD-L1 positivity, STAS, and LVI were
also frequently observed in high-grade lung adenocarcinoma. In con-
trast, EGFR mutation was associated with the lepidic-predominant
subtype and infrequently found in the solid-predominant subtype.
These clinicopathologic findings are consistent with those of previous
studies [2,9,19–21]. Therefore, our cohort reflects the general char-
acteristics of lung adenocarcinomas subtypes.

Although acinar/papillary-predominant lung adenocarcinoma ac-
counts for more than half of lung adenocarcinoma cases, there have
been few studies regarding prognostically relevant stratification of
these subtypes. Ito et al subclassified acinar/papillary lung adeno-
carcinomas into acinar/papillary-lepidic type and acinar/papillary-non-
lepidic type according to whether the second most predominant com-
ponent was a lepidic or invasive component [11]. They demonstrated
that non-lepidic type as the second most predominant pattern was re-
lated to worse prognosis. Tsubokawa et al classified acinar/papillary-
predominant lung adenocarcinoma based on vascular invasion and

revealed a clear division into favorable and unfavorable prognostic
subgroups [10]. However, there have been no previous studies in-
cluding STAS and PD-L1 status in the risk stratification of intermediate-
grade lung adenocarcinoma. In this study, although higher stage was
the most important factor for shorter RFS and OS in multivariate ana-
lysis, we additionally found that STAS was an independent prognostic
factor of RFS, and PD-L1 was an independent prognostic factor of OS.

To confirm the prognostic significance of STAS and PD-L1 expres-
sion in acinar/papillary-related cohort, we subcategorized our acinar/
papillary group into three subgroups; first group except for cribriform
predominant adenocarcinomas, second group composed of acinar pre-
dominant type only, and third group composed of papillary pre-
dominant type only. In this further analysis, we excluded cribriform
predominant type from our cohort because cribriform pattern was re-
cognized as high grade morphology associated with poor survival
[12,22,23]. We confirmed that these factors still had a poor prognostic
impact in the acinar/papillary subgroups.

STAS is a unique invasion pattern of lung cancer defined as spread
of lung cancer cells into air spaces in the lung parenchyma adjacent to
the main tumor [13,24,25]. Our previous study reported that STAS was
significantly related to LVI, lymph node metastasis, higher stage, and
high-grade histologic subtypes [26]. In addition to those findings, in
this study, we further found that STAS can be used as a prognostic
factor to stratify acinar/papillary-predominant lung adenocarcinoma.
STAS is well known for its association with post-surgical recurrence,
especially in patients who undergo sublobar resection [27]. In addition,
it has been reported that STAS is associated with worse RFS and OS in

Fig. 1. Prognostic significance of spread through air spaces and programmed death-ligand 1 (PD-L1) expression. A: a representative photograph showing spread
through air spaces (original magnification ×200), B: a representative photograph showing PD-L1 expression in tumor cells (original magnification ×200), C:
Recurrence-free survival curve according to spread through air spaces (p < 0.001), D: Overall survival curve according to PD-L1 expression (p=0.001).
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patients who undergo lobectomy [19]. In this study, we demonstrated
the association of STAS with poor RFS in acinar/papillary lung ade-
nocarcinoma. In our cohort, STAS-positive acinar/papillary-pre-
dominant lung adenocarcinomas were associated with frequent LVI and
presence of micropapillary or solid pattern. Additionally, wild-type
EGFR and ALK rearrangements were frequently observed in STAS-po-
sitive cases, and this molecular finding is consistent with that in our
previous study [26].

Programmed death 1 (PD-1), an immune checkpoint regulator ex-
pressed on immune cells, is a receptor for PD-L1. The PD-1/PD-L1
pathway is involved in evasion of the anti-tumor immune response
[28,29]. Previous studies have suggested an association between PD-L1
expression and worse prognosis in non-small cell lung cancers
[20,30,31]. Song et al suggested an association between the presence of
driver mutations and PD-L1 status [32]. However, Zhang et al con-
versely demonstrated that increased PD-L1 expression was correlated
with wild-type EGFR [33], which is consistent with our findings. When
subdividing acinar/papillary-predominant lung adenocarcinoma ac-
cording to PD-L1 status, PD-L1 positivity was related with worse
prognostic factors, such as aberrant p53 expression, presence of solid
pattern, and higher stage [34–36].

In this study, we examined p53 status using IHC as surrogate
marker, considering expression percentage [16,17]. Other studies in-
cluded the intensity of expression in the assessment of p53 expression to
correlate with TP53 mutations [37,38]. In our previous study, we de-
monstrated that PD-L1 positivity was more significantly observed in
tumors with p53 aberrant expression [31]. This may indicate that PD-
L1 might be more expressed in TP53 mutated lung adenocarcinomas
and this relationship can be involved in poor prognosis.

There are some limitations to our study. First, this study was limited
by its retrospective design. Second, although we removed the cribri-
form predominant type in further analysis, high-grade patterns may still
remain in our intermediated group. In addition to the cribriform pat-
tern, what is considered a high-grade pattern is a fused gland pattern
and a filigree pattern [23,39]. On fused gland pattern, there have not
been many reports on the diagnostic criteria and prognostic significance
compared with the cribriform pattern [23]. On the filigree pattern, it
has recently been described [39]. The clinical and pathological sig-
nificances of these patterns may require further study. Third, we eval-
uated PD-L1 expression using TMAs. These tumor samples may be in-
adequate or not representative of the entire tumor mass. It is
noteworthy that our cohort was composed of East Asians, had a high
frequency of never smokers, and thus had a high frequency of EGFR
mutations, unlike studies performed in Caucasian patients.

In conclusion, STAS status and PD-L1 expression were associated
with poor prognosis in acinar/papillary-predominant adenocarcinoma
of the lung. Pathological evaluation of STAS or PD-L1 expression may
be useful to stratify acinar/papillary lung adenocarcinomas in terms of
prognosis.
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