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Abstract. Background/Aim: We aimed to analyze the
clinical impact of solid and micropapillary components in a
series of Japanese patients resected for <3 cm lung
adenocarcinoma. Patients and Methods: A total of 115
patients with <3 cm lung adenocarcinomas were reviewed
and classified according to the American Thoracic Society
and the European Respiratory Society classification. The
presence of solid (S+) or micropapillary component (MP+)
was defined when the component constituted =1% of the
entire tumor. The impact of these components on disease-free
(DFS) and disease-specific (DSS) survival was analyzed.
Results: Thirty (26.1%) cases with S+ and 27 (23.5%) with
MP+ were identified, and multivariate analysis indicated
that S+ status significantly reduced the duration of DFS and
DSS. In 86 patients of acinar- and papillary-predominant
subgroups, S+ and/or MP+ had the most significant effect
on DFS and DSS by multivariate analysis. Conclusion: S+
and/or MP+ status predict worse prognosis in patients with
acinar- and papillary-predominant lung adenocarcinoma.

Lung cancer is the leading cause of cancer-related death
worldwide, including in Japan (1). The proportion of lung
adenocarcinomas among all lung cancer cases has increased
over the past several decades, and lung adenocarcinoma is
now the most frequently diagnosed histological subtype of
non-small cell lung cancer (NSCLC) in most countries (2). In
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2011, a new classification of lung adenocarcinoma was
published by the International Association for the Study of
Lung Cancer, the American Thoracic Society and the
European Respiratory Society IASLC/ATS//ERS) (3). In this
classification, five distinctive subtypes of invasive lung
adenocarcinoma were defined in association with prognosis:
the lepidic subtype (as favorable prognosis), the acinar and
papillary subtypes (as intermediate), and the micropapillary
and solid subtypes (as poor). Since that new classification
was issued, the association between the predominant subtype
and prognosis has been validated by many studies in which
the solid- and micropapillary-predominant subtypes conferred
poor prognosis compared to the other three subtypes (4-10).
According to the IASLC/ATS/ERS classification, all subtypes
are listed semi-quantitatively in 5% increments, and the
predominant component is defined as the pattern involving
the greatest proportion of the tumor. Patterns constituting
<5% of the entire tumor are thus usually overlooked. Few
studies have investigated the clinical impact of non-
predominant components of micropapillary or solid patterns
constituting <5% of the entire tumor (11-13). To our
knowledge, only one report focused on the clinical
significance of a solid component constituting <5% of the
entire invasive lung adenocarcinoma (13), and it remains to
be determined whether these components could be a predictor
of worse prognosis in patients with tumors in the acinar- and
papillary-predominant subgroups.

The improvement of imaging techniques has made
possible the detection of smaller and earlier-stage lung
cancer; however, the long-term survival rate of patients with
NSCLC is still poor, even when their tumors are completely
resected at an early stage (14, 15). To our knowledge, few
studies have used the IASLC/ATS/ERS classification to
focus on the classification’s prognostic impact in patients
with early-stage lung adenocarcinoma (6, 7, 16-18). The aim
of our present study was, thus, to clarify the prognostic
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impact of solid and/or micropapillary components (=1%) in
patients with acinar- and papillary-predominant tumors and
patients with early-stage lung adenocarcinoma.

Patients and Methods

Patients and tissue samples. Overall, 167 consecutive patients who
underwent curative-intent surgery at Tottori University Hospital
(Tottori, Japan) and were diagnosed as having a primary lung
adenocarcinoma measuring <3 cm between January 2005 and
December 2008 were included in this study. No patient received
neoadjuvant chemotherapy or radiation therapy. Fourteen cases were
excluded because of non-curative operation in 11 cases, unavailable
tumor specimen in one case, and surgery-related death in two cases.
Adenocarcinoma in situ and minimally invasive adenocarcinoma in
30 cases were excluded because of the extremely favorable
prognosis (4, 5). Eight cases of invasive mucinous adenocarcinoma
were also excluded. Thus, 115 patients were included in the present
analysis. The patients’ clinicopathological data were obtained from
their hospital medical records.

Histopathological evaluation. The pathological diagnosis was
performed using hematoxylin and eosin-stained sections according
to the criteria of the current World Health Organization classification
for lung cancer (2). The following histopathological factors were
evaluated: tumor differentiation, tumor size, lymph node metastasis
and pleural invasion. Pleural invasion was evaluated using Elastica
van Gieson staining. Tumor stage was determined based on the
seventh tumor-node-metastasis (TNM) classification of lung cancer
(19). All tumor slides were reviewed by two pathologists (YM and
YU) without knowledge of any clinical data, and the slides were
classified into five predominant subtypes, lepidic, acinar, papillary,
micropapillary and solid, according to the IASLC/ATS/ERS
classification system (3). For cases in which the two pathologists
disagreed, a discussion was held using a multiple-headed microscope
for the slide examination until a consensus was achieved. Cases with
a solid component occupying =1% of the entire tumor were defined
as positive for solid component (S+), and cases with a micropapillary
component occupying =1% of the entire tumor were defined as
positive for micropapillary component (MP+).

Survival analyses. For the survival analysis, cancer relapse (local
recurrence or distant recurrence) and death were used to calculate the
disease-free survival (DFS) and the disease-specific survival (DSS),
respectively. The DFS and DSS values were calculated from the date
of the patient’s initial surgery to the date of clinical or pathological
relapse or disease-specific death. The cases of the patients who were
alive were censored at the time of their last follow-up visit. The cases
of the patients who died from a cause unrelated to their lung cancer
or for whom the cause of death was not entirely clear were censored
for the purposes of survival analysis.

Statistical analyses. All statistical analyses were performed using
the Statistical Package for Social Sciences version 21 (IBM SPSS
Statistics, IBM, Armonk, NY, USA). We evaluated the association
between the presence of solid or micropapillary component and
clinicopathological parameters by performing non-parametric tests.
The chi-square test was used when there were two categorical
variables of interest. Survival curves were computed according to
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the Kaplan—Meier method, and we tested differences in DFS and
DSS using the log-rank test. We used the Cox regression hazard
model to evaluate the effect of various factors on DFS and DSS in
order to justify the independent prognostic value. All tests of
significance were two-sided, and differences were considered
significant at a p-value less than 0.05.

Results

Correlation of between the predominant patterns and
prognosis. Among the 115 patients, eight (7.0%) and 19
(16.5%) patients experienced locoregional recurrence and
distant recurrence, respectively. Seventeen patients (14.8%)
died of lung cancer progression and nine patients (7.8%)
died of other causes such as gastric, colon, or pancreatic
cancer, pneumonia, interstitial pneumonia and trauma. The
median clinical follow-up time was 78 months (range=1-118
months). The patient’s characteristics and distribution of
each subtype according to the IASLC/ATS/ERS
classification system are shown in Table I.

The survival curves for the patients are shown in Figure
1. The 5-year DFS rates for the patients in the lepidic-,
acinar-, papillary- and solid-predominant subgroups were
100%, 64.2%, 80.0% and 60.0%, and the 5-year DSS rates
were 100%, 87.6%, 96.0% and 86.2%, respectively.

Relationship between S+ status and clinicopathlogical
factors or prognosis. Thirty cases (26.1%) with S+ status
were recorded, and S+ status was significantly correlated
with higher pathological stage (p=0.01) and presence of
lymph node metastasis (p=0.002) (Table I). The survival
curves for these patients are shown in Figure 2. The 5-year
DFS rates of S+ and S— subgroups were 44.8% [95%
confidence interval (CI)=6.8-62.8%] and 80.4% (95%
CI=71.8-89.0%), respectively, and the 5-year DSS rates were
71.5% (95% CI1=54.6-88.4%) and 97.4% (95% CI=93.9-
100.9%), respectively (Figure 2A and B). The multivariate
analysis revealed that S+ status had a significantly negative
effect on both the DFS and DSS (p=0.006 and p=0.003,
respectively), as well as the pathological stage (p=0.014 and
p=0.006, respectively) (Table II).

Relationship between MP+ status and clinicopathological
factors or prognosis. Twenty-seven cases (23.5%) with MP+
status were identified, and MP+ status was significantly
correlated with higher pathological stage (p=0.003) and the
presence of lymph node metastasis (p=0.001) (Table I). The
5-year DFS rates of MP+ and MP- subgroups were 51.9%
(95% CI1=33.1-70.7%) and 77.3% (95% CI=68.3-86.3%),
respectively, and the 5-year DSS rates were 81.3% (95%
CI=66.6-96.0%) and 94.1% (95% C=89.0-99.2%),
respectively (Figure 2C and D). Multivariate analysis
showed that the MP+ subgroup had a significantly shorter
DFS (p=0.012) but not DSS (p=0.430) (Table II).
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Table 1. Association between solid or micropapillary components and clinicopathological characteristics of patients with lung adenocarcinoma.

Total Micropapillary component Solid component
Negative Positive p-Value Negative Positive p-Value
(N=115) (N=88) (N=27) (N=85) (N=30)

Age (years)
<60 22 (19) 14 (16) 8 (30) 0.113 16 (19) 6 (20) 0.888
>60 93 (81) 74 (84) 19 (70) 69 (81) 24 (80)

Gender
Male 60 (52) 46 (52) 14 (52) 0.969 39 (46) 21 (70) 0.023
Female 55 (48) 42 (48) 13 (48) 46 (54) 9 (30)

Smoking history
Ever 61 (53) 46 (52) 15 (56) 0.765 39 (46) 22 (73) 0.010
Never 54 (47) 42 (48) 12 (44) 46 (54) 8 (27)

Tumor size (cm)
<20 67 (58) 54 (61) 13 (48) 0.223 53 (62) 14 (47) 0.134
>2.0 48 (42) 34 (39) 14 (52) 32 (38) 16 (53)

Pathological stage
I 100 (87) 81 (92) 19 (70) 0.003 78 (92) 22 (73) 0.010
II-1ITA 15 (13) 7 (8) 8 (30) 7 (8) 8 (27)

Lymph node metastasis
Present 102 (89) 83 (94) 19 (70) 0.001 80 (94) 22 (73) 0.002
Absent 13 (11) 5(6) 8 (30) 5(6) 8 (27)

Pleural invasion
Present 97 (84) 76 (86) 21 (78) 0.283 74 (87) 23 (77) 0.178
Absent 18 (16) 12 (14) 6 (22) 11 (13) 7(23)

Extent of resection
Lobectomy 84 (73) 61 (69) 23 (85) 0.104 61 (72) 23 (77) 0.603
Segmentectomy or wedge resection 31 (27) 27 (31) 4 (15) 24 (28) 7 (23)

Predominant subtype
Lepidic 13 (11) 13 (15) 0 (0) 13 (16) 0 (0)
Acinar 61 (53) 47 (53) 14 (52) 53 (62) 8 (27)
Papillary 25(22) 13 (15) 12 (25) 19 (22) 6 (20)
Solid 16 (14) 15 (17) 1(3) 0 (0) 16 (53)
Micropapillary 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Survival analysis of patients with pathological stage I disease.
Among the 100 patients with pathological stage I disease, we
identified 22 S+ cases (22.0%). These patients had significantly
shorter DFS (p=0.008) and DSS (p=0.011) (Figure 3A and B).
Nineteen MP+ cases (19.0%) were recorded and MP+ status
was significantly correlated with a shorter DFS (p=0.005) but
not DSS (p=0.053) (Figure 3C and D).

Correlation between high-grade component (S+ and/or
MP+) status and the prognosis in patients of the acinar- and
papillary-predominant subgroups. In the 86 patients of
acinar- and papillary-predominant subgroups, the 5-year DFS
rates of the patients with a high-grade component (S+ or
MP+) and without such a component were 44.1% (95%
CI=27.4-60.8%) and 857% (95% CI=75.9-95.5%),
respectively, and the 5-year DSS rates of these groups were
76.0% (95% CI=61.5-80.5%) and 100% (95% CI=92.6-
100%), respectively. Patients with a high-grade component

had significantly shorter DFS (p<0.001) and DSS (p<0.001)
by log-rank test (Figure 4A and B). According to the
multivariate analysis, the presence of a high-grade
component had the most significant effect on DFS (hazard
ratio=5.519) and DSS (hazard ratio=17.963) (Table III).

Discussion

The reported frequencies of the five predominant subtypes
of invasive adenocarcinoma vary (4-11). The major reason
for the discrepancy is considered to be interobserver
variation (20). In an American cohort of 514 patients with
stage I lung adenocarcinoma (4), the frequencies of the
lepidic-, acinar-, papillary-, solid- and micropaillary-
predominant pattern were 5.6%, 45.1%, 27.8%, 13.0% and
2.3%, respectively. In our present cohort, the corresponding
frequencies were 11%, 53%, 21.7%, 14% and 0%,
respectively. Thus, the frequencies of our cohort were almost
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Figure 1. Kaplan—Meier curves of disease-free (A) and disease-specific (B) survival according to the predominant subtype according to the American
Thoracic Society and the European Respiratory Society classification.
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Figure 2. Kaplan—Meier curves of disease-free (A, C) and disease-specific (B, D) survival according to the presence of solid (S+) (A, B) and
micropapillary (MP+) (C, D) components.

the same as those of the American cohort except for the  micropaillary-predominant pattern (1.7%). The difference in
micropaillary-predominant pattern. the sample size may be partly responsible for the discrepant

In contrast, a Japanese cohort of 347 patients with stage  results among the past and present studies. An association
IA lung adenocarcinoma (16) had a low frequency of the between the prognosis and the predominant subtype has
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Figure 3. Kaplan—Meier curves of disease-free (A, C) and disease-specific (B, D) survival according to the presence of solid (S+) (A, B) and
micropapillary (MP+) (C, D) components in patients with stage I lung adenocarcinoma.
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Figure 4. Kaplan—Meier curves of disease-free (A) and disease-specific (B) survival according to the presence of high-grade [solid (S+) and/or
micropapillary (MP+)] components in the 86 patients of the acinar- and papillary-predominant subgroups.

been validated according to the IASLC/ATS/ERS
classification, and many studies have reported that both the
solid-predominant and micropapillary-predominant subtypes
conferred a poor prognosis compared to the other subtypes
(4-10).

However, few studies have reported the clinical
significance of a minor (non-predominant) component of the
solid or micropapillary pattern constituting =1% of the entire
tumor (11-13). Of those studies, only one investigated
patients with invasive lung adenocarcinoma measuring
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Table II. Multivariate analysis of various prognostic factors in 115 patients with invasive lung adenocarcinoma measuring <3 cm.

Prognostic factor

Disease-free survival

Disease-specific survival

HR 95% CI p-Value HR 95% CI p-Value
Age (>60 vs < 60 years) 2.279 0.815-6.370 0.116 2.497 0.632-9.859 0.191
Gender (male vs. female) 1.062 0.489-2.305 0.88 1.321 0.466-3.746 0.601
Pleural invasion (present vs. absent) 2.924 1.311-6.524 0.009 2.727 0.851-8.734 0.091
Pathological stage (I vs. II-IIIA) 2775 1.233-6.243 0014 5443 1.627-18.206 0.006
Solid component (present vs. absent) 2.705 1.330-5.504 0.006 5.090 1.764-14.686 0.003
Micropapillary component (present vs. absent) 2.504 1.225-5.119 0.012 1.586 0.505-4.982 0.430
HR, Hazard ratio; CI, confidence interval.
Table III. Multivariate analysis of various prognostic factors in 86 patients in acinar- and papillary-predominant subgroups.
Prognostic factors Disease-free survival Disease-specific survival

HR 95% CI p-Value HR 95% CI p-Value
Age (>60 vs <60 years) 3.031 0.932-9.864 0.065 4.737 0.953-23.557 0.057
Gender (male vs. female) 0.745 0.311-1.784 0.509 0.526 0.166-1.670 0.276
Pleural invasion (present vs. absent) 2.653 1.181-5.963 0.018 2.444 0.704-8.483 0.159
Pathological stage (I vs. II-IIIA) 3.066 1.306-7.197 0.01 5.449 1.532-19.377 0.009
High-grade component (present vs. absent) 5.519 2.344-12.995 <0.001 17.963 2.271-142.062 0.006

HR, Hazard ratio; CI, confidence interval.

<3 cm (13), and no studies investigated the clinical
significance in patients with stage I lung adenocarcinomas.
We, therefore, focused on the clinical significance of a solid
or micropapillary component constituting =1% of the entire
tumor in lung adenocarcinomas measuring <3 cm or stage I.
The selection of tumors measuring <3 cm in our study
enabled the pathological examination of whole tumors and
reduced the likelihood of overlooking a minor component
(=5% of the entire tumor).

Cha et al. reported that the solid subtype (=1%) had
limited influence on the overall survival (OS) only when it
co-existed with the micropapillary subtype, and that the
presence of micropapillary subtype was the single prognostic
factor for OS (13). In turn, Zhao et al. reported that minor
components (>5%, but not predominant) of micropapillary
or solid subtypes were correlated with lymph-node
metastasis and poor prognosis (DFS and OS) (10). In our
present study, both solid (=1%) and micropapillary (=1%)
components were independent indicators of worse prognosis
(DFS and DSS) in all cases, and in the stage I cases.
Although most studies of lung cancer use OS for the survival
analysis, a high percentage of deaths not related to cancer
among patients with stage I adenocarcinoma has been
reported (4).
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The differences in the clinical significance of the solid
component between our study and that reported by Cha et al.
may, in part, be responsible for the difference in the OS and
DSS values. Moreover, the difference in the percentage of
patients who had neither a solid nor micropapillary
component between our cohort and Cha et al.’s (56.5% vs.
17.0%) may contribute to the differences in the clinical
significance of the solid component.

In the present study, there was no patient with a solid or
micropapillary component in the lepidic-predominant
subgroup; we, therefore, focused on the clinical impact of
high-grade components (solid and/or micropapillary
component) in patients with acinar- and papillary-predominant
subgroups. To our knowledge, the present report is the first to
show that the presence of high-grade components are
independent indicators of poor prognosis in patients with
acinar- and papillary-predominant lung adenocarcinoma.

The limitations of the present study are the small number
of patients and the study’s retrospective nature. The patients’
status regarding whether they received adjuvant therapies
after relapse (especially molecular targeted therapy) was not
taken into consideration in our survival analysis. Moreover,
our cohort included cases with segmentectomy or wedge
resection although the ratio of solid or micropapillary
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components was not significantly different compared to
lobectomy cases. Despite these limitations, our present
findings demonstrated that high-grade components are
independent indicators of shorter DFS in the acinar- and
papillary-predominant subgroups.

It has been reported that the DFS more accurately reflects
the biological behavior of tumors compared to the OS in
stage I lung adenocarcinoma (4). Therefore, our present
findings could be a first step toward further investigations of
larger numbers of patients in acinar- and papillary-
predominant lung adenocarcinoma subgroups.

In conclusion, the detection of solid or micropapillary
components (=1%) in addition to the TASLC/ATS/ERS
classification could be useful for the further stratification of
patients and for decision-making regarding therapeutic
strategies.
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