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Abstract

Background The International association for the study of
cancer (IASLC)/American thoracic society (ATS)/Euro-
pean respiratory society (ERS) has established a new
subclassification of lung adenocarcinoma, especially for
the lepidic pattern component, formerly called bronchi-
oloalveolar adenocarcinoma (BAC). According to the new
classification, BAC has been classified into the following 4
main subtypes: adenocarcinoma in situ (AIS), minimally
invasive adenocarcinoma (MIA), invasive adenocarcinoma
(TA), and variants of invasive adenocarcinoma (VIA). An
observational study was conducted to validate this classi-
fication in patients with pathological stage IA pulmonary
adenocarcinoma.

Patients and methods 147 patients treated for pathologi-
cal stage IA lung adenocarcinoma by complete resection at
Osaka University Medical Hospital from January 1993 to
December 2002 were assessed. The tumor specimens of the
cohort were classified into the 4 subgroups. In addition,
these groups were compared for various prognostic factors.
Results Adenocarcinoma in situ was observed in 30
patients, MIA in 8, IA in 104, and VIA in 5 patients, with
5-year survival rates of 100, 100, 85.5, and 60.0 %,
respectively. The relationship between the histological
classification and K-ras mutation was significant
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(»p <0.001), especially when comparing the VIA group
with the others (p < 0.001). Ki67-labeling indices were
significantly different between the AIS and IA groups
(p = 0.040).

Conclusions This study validated the proposed IASLC/
ATS/ERS classification for pulmonary adenocarcinoma in
patients with pathological stage IA pulmonary adenocar-
cinoma. The difference between AIS and IA may depend
on the proliferation of the carcinoma. In addition, the dif-
ference between VIA and the other adenocarcinoma types
may depend on genetic factors, especially K-ras mutations.

Keywords Central fibrosis - Lepidic pattern - Pulmonary
adenocarcinoma - Stage IA

Introduction

Lung cancer is the most frequent cause of cancer death
worldwide for both men and women [1]. Clinical stage TA
lung cancer is seen in only 36.5 % of lung cancer patients
who undergo surgery [2]. The 5-year survival rate is only
82.0 %, even in pathological stage IA pulmonary lung
cancer [3]. The identification of prognostic factors is still
required.

Recently, a new classification of pulmonary adenocar-
cinoma has been proposed especially to address the
necessity to subclassify the lepidic pattern component, so-
called bronchioloalveolar adenocarcinoma (BAC), by the
International Association for the Study of Cancer (IASLC)/
American Thoracic Society (ATS)/European Respiratory
Society (ERS) [4]. Before the classification, BAC con-
tained a broad spectrum of tumors. According to the pro-
posed new classification, BAC has been classified into 4
main subtypes: preinvasive lesion (adenocarcinoma in situ:
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Fig. 1 International association for the study of cancer/American thoracic society/European respiratory society proposed new classification.
Adenocarcinoma in situ (a), minimally invasive adenocarcinoma (b), invasive adenocarcinoma (c¢), and variants of invasive adenocarcinoma (d)

AIS, <3 cm formerly BAC), minimally invasive adeno-
carcinoma (MIA, <3 cm lepidic predominant tumor with
<5 mm invasion), invasive adenocarcinoma (IA: formerly
BAC pattern, with >5 mm invasion), and variants of
invasive adenocarcinoma (VIA, Fig. 1) [4].

To date, there has been no report of validation of the
new classification in patients with pathological stage IA
adenocarcinoma. The present study was an observational
analysis to evaluate the new proposed classification in
patients with pathological stage IA lung adenocarcinoma
treated at our institute.

Patients and methods
From January 1993 to December 2002, 150 consecutive,
surgically complete lung resections with lobectomy and

Ilymph node dissection for pathological stage IA lung
adenocarcinoma were performed at Osaka University
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Medical Hospital. Of these, 147 patients, excluding 3
patients whose tissue blocks were not available, were
analyzed. Survival data were obtained by reviewing hos-
pital records.

Classification of histological appearance

The pathologist (EM) re-diagnosed the tumor specimens of
the cohort based on the IASLC/ATS/ERS classification of
lung adenocarcinoma in a blind fashion. The tumor spec-
imens were classified into the 4 groups (AIS, MIA, IA, and
VIA).

EGFR and K-ras mutations

EGFR mutation was detected with fragment analysis for
exonl9 deletion and cycleave real-time polymerase chain
reaction (PCR) for exonl8 G719X, exon20 T790M,
exon21 L858R, and exon21 L861Q mutations (SRL, Inc.,
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Tokyo, Japan). K-ras mutation was detected with PCR-
Direct sequencing for codons 12 and 13 (SRL, Inc.).

Immunohistopathological staining

Formalin-fixed and paraffin-embedded blocks of the
tumors were used for immunohistochemistry. Serial 4-pum-
thick sections were sliced from the paraffin blocks and
mounted on glass slides. The slides were then deparaffi-
nized and rehydrated. For antigen retrieval, the samples
were heated in a pressure chamber at 125 °C for 30 s and
then at 90 °C for 10 s in pH 6.5 buffer, except for ALK
staining. For ALK staining, the samples were heated in a
pressure chamber at 97 °C for 20 min, and then at 90 °C
for 10 s in pH 9.5 buffer for antigen retrieval. All slides
were incubated with peroxidase blocking solution (Dako,
Kyoto, Japan) for 10 min at room temperature. Each
sample was incubated overnight at 4 °C with anti-human
Ki-67 (SP6) rabbit monoclonal antibody (1:400; Thermo
Scientific, Fremont, CA), or anti-human E-cadherin
(HECD-1) monoclonal antibody (1:500; Takara Bio Inc.
Shiga, Japan), or for 1 h at room temperature with anti-
human ALK monoclonal antibody [5A4] (1:30; Abcam,
Tokyo, Japan). In addition, each slide was incubated with
Linker (Dako Autostainer/Autostainer Plus, Dako) for
ALK staining. The samples were reacted with polymer
solution (ChemMate EnVision, Dako) for 30 min at room
temperature. After that, diaminobenzidine (DAB, Dako)
was applied to the samples, and the slides were counter-
stained with hematoxylin.

E-cadherin score and Ki-67 labeling index

For E-cadherin, staining intensity was assessed using the
Intensity Reactivity Score (IRS), where staining intensity
(SI) was classified as negative (= 0), weak (= 1), moderate
(= 2), or strong (= 3), and reactivity was determined by the
percentage of positive cells (PP). IRS was calculated by
multiplying SI with PP, resulting in a minimum score of 0
and a maximum score of 300. In addition to the IRS,
expression patterns were assessed. Blinded to the patients’
information, 3 authors (TN, YS, and NS) assessed each
sample at 4 randomly chosen points in the area of the
tumors, and the average IRS was used for statistical
analysis.

For the Ki-67 labeling index, at least 1000 nuclei were
counted at high magnification (40x objective) without
recounting the same areas, and the average was expressed
as a percentage. Foci of necrosis were excluded. Three
authors assessed each sample blinded to the patients’
information, and the average Ki-67 labeling index was used
for statistical analysis.

Statistical analysis

A difference in incidence between two or more groups was
compared by contingency table analysis with Pearson x>
test. Kaplan—Meier analyses and the log-rank test were
used for survival curves and their comparisons, respec-
tively. Values of p < 0.05 were considered significant.

Results

Patient age at the time of surgery ranged between 30 and
83 years with a mean of 62.9 & 9.8 years. The mean
observation period was 85.2 + 38.8 months (median,
73.7 months; range 19.9-202.0 months; Table 1).

Histological classification of tumors and survival

Overall 5-year survival was 88.6 % for all patients. Ade-
nocarcinoma in situ was observed in 30 patients (20.4 %),
MIA in 8 (5.4 %), IA in 104 (70.7 %), and VIA in 5
(3.4 %) in this cohort. Adenocarcinoma in situ included no
cases of mucinous adenocarcinoma. In addition, VIA
contained only mucinous lesions in this cohort. AIS, MIA,
IA, and VIA showed 5-year survival rates of 100, 100,
85.5, and 60.0 %, respectively (IA vs. VIA: p = 0.26;
Fig. 2).

Relationships between histological classification
and mutations

EGFR and K-ras mutations were observed in 70 and 10
cases, respectively. ALK rearrangement was observed in
18 cases. Among the EGFR mutations, exonl9 deletion
was observed in 36 cases, exonl8 G719X mutation was

Table 1 Patient and tumor characteristics (n = 147)

Age (years) 62.9 £ 9.8 (64: 30-83)*

Sex
Male 87 (59.2 %)
Female 60 (40.8 %)
Follow-up period (months) 85.2 + 38.8 (73.7:
19.9-202.0)*

Size of tumor (mm) 14.0 £ 5.6 (15: 5-30)*
Histological classifications
Adenocarcinoma in situ 30 (20.4 %)

Minimally invasive 8 (5.4 %)

adenocarcinoma
104 (70.7 %)
5 (3.4 %)

Invasive adenocarcinoma

Variants of invasive
adenocarcinoma

* (Median: min—max)
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Fig. 2 Survival curve for patients according to the IASLC/ATS/ERS
histological classification. Patients with adenocarcinoma in situ (AIS)
(n = 30) have a 5-year survival rate (S5YSR) of 100 %, whereas those
with minimally invasive adenocarcinoma (MIA), invasive adenocar-
cinoma (IA), and variants of invasive adenocarcinoma (VIA) (n = 8,
104, and 5, respectively) have 5YSRs of 100, 85.5, and 60.0 %,
respectively (IA versus VIA: p = 0.26)

observed in 8, exon20 T790M mutation was observed in 3,
exon21 L858R mutation was observed in 22, and exon21
L861Q mutation was observed in 1. In the AIS group,
EGFR mutation was observed in 15 patients (50 %).
Similarly, in the invasive MIA, IA, and VIA groups, EGFR
mutation was observed in 5 (50 %), 52 (50 %), and O
patients, respectively. There was no significant relationship
between the histological classification and EGFR mutation
(x2 test, p = 0.48; Table 2). In addition, when the VIA
group and the others were compared as in the IASLC/ATS/
ERS classification article [4], there was also no significant
difference between the groups (3 test, p = 0.12).

Among the K-ras mutations, codon 12 mutation was
observed in 10 patients, and codon 13 mutation was

Table 2 Histological classification and genetic mutations

Histological classifications

AIS MIA 1A VIA p value
EGFR mutation
Positive 15 4 52 0 0.48
Negative 15 4 52 5
K-ras mutation
Positive 3 1 2 3 <0.001
Negative 27 7 102 2
ALK rearrangement
Positive 6 0 12 0 0.32
Negative 24 8 92 5

AIS adenocarcinoma in situ, MJ/A minimally invasive adenocarci-
noma, IA invasive adenocarcinoma, VIA variants of invasive
adenocarcinoma
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p=0.005

AIS MIA IA VIA

Fig. 3 The Ki67-labeling index of adenocarcinoma in situ (AIS) and
invasive adenocarcinoma (IA). There is a significant difference in the
Ki67-labeling index between AIS and IA (p = 0.040), but no
significant differences among the others (AIS versus minimally
invasive adenocarcinoma (MIA), p = 0.495; MIA versus IA,
p = 0.105; TA versus variants of invasive adenocarcinoma (VIA),
p = 0.168; AIS versus VIA, p = 0.496; and MIA versus VIA,
p = 0.493)

observed in 1. In the AIS group, K-ras mutation was
observed in 3 patients (10 %). In the invasive MIA, IA,
and VIA groups, K-ras mutation was observed in 1, 2,
and 3 patients (10, 2, 60 %), respectively. There was a
significant relationship between the histological classifi-
cation and K-ras mutation (Xz test, p < 0.001; Table 2),
and there was also a significant difference between the
VIA group and the other groups (x> test, p < 0.0001). In
addition, there were no significant relationships for the
histological characteristics in the 6 cases with K-ras
mutation-positive adenocarcinoma in the groups other
than the VIA group.

ALK rearrangement was observed in 6 patients (33.3 %)
in the AIS group and in 12 (66.6 %) in the A group. There
was no significant relationship between the histological
classification and ALK rearrangement (x° test, p = 0.32;
Table 2).

Relationships between histological classification
and the Ki67-labeling index

In the AIS group, the average + standard deviation (SD)
Ki67-labeling index was 10.15 4+ 15.3. In the invasive
MIA, TA, and VIA groups, they were 10.1 £ 13.0,
18.0 & 19.0, and 10.2 £ 10.7, respectively. There was a
significant difference between the AIS and IA groups
(AIS versus IA, p = 0.040; Fig. 3), but no significant
differences among the others (AIS versus MIA,
p = 0.495; MIA versus 1A, p = 0.105; TA versus VIA,
p = 0.168; AIS versus VIA, p = 0.496; and MIA versus
VIA, p = 0.493).
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Fig. 4 The E-cadherin expression patterns in pulmonary adenocar-
cinomas. The expression of E-cadherin in AIS is rare or localized at
the intercellular junctions (a), while in MIA it is uniformly localized

Relationships between histological classification and E-
cadherin and the E-cadherin score

The appearances of E-cadherin staining are presented in
Fig. 4. The expression of E-cadherin in AIS was rare or
localized at the intercellular junctions, while in MIA, it was
uniformly localized at the junction. However, the expres-
sion pattern in IA varied: no staining, less frequently, or
uneven. In addition, no expression was seen in VIA. It
seems that there was a tendency of the expression pattern to
change with differentiation of the cancer. However, for the
E-cadherin score, there were no significant differences
(AIS versus TA, p = 0.496; AIS versus MIA, p = 0.234;
MIA versus 1A, p = 0.193; IA versus VIA, p = 0.333; AIS
versus VIA, p = 0.336; and MIA versus VIA, p = 0.224).

at the junction (b). However, the expression pattern in IA is various:
no staining, less frequently, or uneven (¢ and ¢’). In addition, no
expression is seen in VIA (d)

Discussion

Recently, Travis et al. [4] proposed a new classification for
pulmonary adenocarcinoma (IASLC/ATS/ERS classifica-
tion) based on the histological appearance, especially the
lepidic pattern, and central fibrosis. With respect to the
lepidic pattern, a small (<3 cm) lepidic pattern tumor,
including mucinous and non-mucinous components, is
classified as AIS. Many previous reports have documented
that patients with AIS have 100 % disease-free survival
after resection [5-7] Moreover, the new classification
contains a new entity, MIA, formerly known as BAC with
<5 mm invasion, which usually contains fibrous stroma.
The 5-year survival of patients with MIA is also expected
to be 100 %.
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In the present analysis, the 5-year survivals of patients
with AIS and with MIA were also 100 %. In addition,
patients with VIA, which included only a mucinous lesion,
had the lowest 5-year survival (60.0 %).

EGFR contributes to signal transduction related to cell
proliferation and cell maintenance [8]. When exon 18, 19, 20,
or 21 has a mutation, EGFR activation occurs without aligand,
and cell tumorigenesis occurs [9, 10]. EGFR mutation can be
seen in 40 % of adenocarcinomas in Japanese cases [11]. The
present proportions of EGFR mutation subsets (exonl8:
exonl9: exon20: exon21 = 8:36: 3: 22), even in pathological
stage I adenocarcinoma, were similar to those of a previous
study reported in Japanese patients that also included other
stages, stages IB, II, and III (exonl8: exonl9: exon20:
exon2l = 3:48: 3: 36, p = 0.20) [12], which can mean that
the present cohort had a common proportion of EGFR muta-
tions. The proportions of EGFR mutations in the present
cohort were not significantly different among the histological
classifications. In addition, when the VIA and the other groups
were selected, as in the previous report [4], there were also no
significant differences between them. However, comparing
with the previous report [4], the percentage of EGFR mutation
in invasive mucinous adenocarcinoma was almost zero. In
addition, that of non-mucinous lesions was about 45 %. Both
rates were similar to the present results.

The proportion of K-ras mutation is about 10 % in Japan
[13]. The mutation can occur at codon 12, 13, or 61, and
the most frequent mutation occurs at codon 12 (>90 %)
[14]. The present cohort had a similar proportion of K-ras
mutations (codon 12: codon 13 = 9: 1). In addition, there
were significant differences among all groups and also
between the two groups based on VIA. The results were
also similar to the IASLC/ATS/ERS proposed classifica-
tion report [4]. In addition, there were no significant dif-
ferences for the histological characteristic of the 6 cases
with K-ras-positive adenocarcinoma in the groups other
than the VIA group, though all cases had a mucinous part
in the lesion. However, there were no significant relation-
ships. Further investigation is required on this point.

Rearrangements of the ALK gene were first identified in
non-small cell lung cancer in 2007 [15]. ALK gene rear-
rangement was observed in approximately 5 %, which was
detected with gene analysis [15—17] In the present cohort,
ALK rearrangement was observed in 18 cases (12.2 %).
The frequency seemed higher than in a previous study.
However, Shaw et al. [18] reported that the frequency was
13 % in lung adenocarcinoma, which was detected with
immunohistochemistry, and the frequency was similar to
the present result. The difference in the frequencies could
come from the difference in detection methods. In addition,
a previous study reported that ALK rearrangement was
more frequently observed in solid-type lung adenocarci-
noma [19]. However, the dispersion was not different
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between the ALK rearrangement-positive and -negative
groups in the present cohort. The difference might also
come from the difference in the detection methods. Further
investigation of this point is also required.

As expected, there was a significant difference in the
Ki67-labeling index between AIS and IA. Interestingly,
there were no significant differences between MIA and TA.
The reason for the good outcome of patients with AIS
could be the slow proliferation of the cells. However, the
reasons for the good outcome of the MIA group may
include other reasons.

The E-cadherin score inversely reflects the epithelial to
mesenchymal transition (EMT), which has a profound
impact on cancer progression [20]. Shintani et al. [21, 22]
reported that collagen, which is made by fibroblasts, pro-
motes EMT in lung cancer. In addition, Nozawa et al. [22]
previously reported that high E-cadherin expression was
related to a low Ki67 index and good histological differen-
tiation in pulmonary adenocarcinoma. From these reports,
we expected that early stage pulmonary adenocarcinoma was
also related to high E-cadherin expression, and the central
fibrosis of MIA and IA could cause EMT, which means that
the E-cadherin score decreases in these groups. Unfortu-
nately, there was no difference in E-cadherin scores among
the groups in the present study. However, the expression
patterns seemed to have a tendency to be related to histo-
logical differentiation. The paper also reported that the
expression of E-cadherin is an important “phenotypical”
marker for the histological differentiation of human lung
adenocarcinoma [22]. In addition, the previous report also
mentioned that the E-cadherin-mediated adhesion system
may participate more in the maintenance of structural
polarity than in the cell—cell adhesiveness of cancer cells in
all stages of lung adenocarcinoma [22]. In the present study,
the IA group had various E-cadherin expression patterns,
which may have depended on the variety of sub-classifica-
tions of pulmonary adenocarcinoma. The present result may
also lead to a similar conclusion to that of the previous report
in early stage adenocarcinoma.

Limitations

This was a retrospective, single-institution study. In addi-
tion, the number of patients was not large enough to
investigate all items in this study design. Further investi-
gations are required in this respect.

Conclusion

This study evaluated the new proposed classification for
small pulmonary adenocarcinoma in one institutional
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cohort of pathologically stage IA adenocarcinoma. The
histological subtypes of the IASLC/ATS/ERS classification
appear to be useful even among pathological stage IA
adenocarcinoma in our institution.
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