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Abstract

Background: The histological subtype has been introduced in invasive lung adenocarci-
noma. The predominant micropapillary and solid subtypes are categorized as high-grade
patterns and provide a worse prognosis. However, the prognostic analysis of high-grade
patterns has not previously been fully investigated. Thus, this study aimed to investigate
the prognostic role of high-grade patterns in pathological stage I lung adenocarcinoma.
Methods: Patients with stage I lung adenocarcinoma and micropapillary or solid com-
ponents were reviewed. Clinicopathological features and clinical course were com-
pared in these subtypes, and prognostic factors were analyzed in high-grade patterns.
Results: The patients were classified into five groups based on the presence of micro-
papillary or solid subtypes, namely, micropapillary predominant, solid predominant,
both nonpredominant subtypes, only minor micropapillary subtype, and only minor
solid subtype present. Disease-free interval was significantly different, and the micro-
papillary predominant group showed worse disease-free interval (p = 0.001). Con-
trastingly, the solid predominant group showed significantly worse overall survival
among high-grade patterns (p = 0.035). The multivariate analysis revealed an associa-
tion between smoking, micropapillary predominant, blood vessel invasion, and vis-
ceral pleural invasion with recurrence and more association between solid
predominant and visceral pleural invasion with overall survival.

Conclusions: Clinical results were different in stage I high-grade adenocarcinoma.
The predominant micropapillary subtype is the independent prognostic factor for
recurrence. However, the solid subtype is the significant factor for overall survival.
Furthermore, the predominant subtype is the most valuable and independent prog-
nostic factor for predicting recurrence or survival.
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histological subtype despite the same stage. Lepidic predomi-
nant subtype as low-grade has a favorable result and acinar

Adenocarcinoma is most common in lung cancer." The most
prominent feature is pathological heterogeneous.” A new clas-
sification of lung adenocarcinoma, according to the histologi-
cal subtype, has been adopted by the World Health
Organization (WHO) in 2015.° Lung adenocarcinoma has
been categorized by the predominant pattern after histological
subtype quantification in 5% increments because adeno-
carcinoma varies in terms of histological subtype and propor-
tion. The prognosis is significantly different according to the

and papillary subtypes are intermediate grade. Micropapillary
(MP) or solid predominant (SP) subtypes as high-grade pat-
terns have worse prognosis, despite curative resection in
early-stage lung adenocarcinoma.* High-grade patterns are
associated with smoking, lymphatic vessel invasion (LVI),
and nonground-glass opacity (GGO) lesions, which are prog-
nostic factors in lung cancer.” Furthermore, high-grade pat-
terns showed early lymph node (LN) metastasis, higher
metabolic activity, visceral pleural invasion, and spread
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through air spaces (STAS).® Additionally, the presence of
these high-grade patterns without a predominant subtype also
shows unfavorable results.”'® However, these studies were
analyzed in comparison with non-MP or solid subtypes and
some studies demonstrated that MP or solid nonpredominant
components did not show a worse prognosis.'’ A few studies
were found on prognostic analysis in lung adenocarcinoma
among MP and solid subtypes. We hypothesized that MP and
solid subtypes have different clinicopathological features
despite categorized high-grade patterns. The present study
reviewed patients with MP or solid subtypes, including pre-
dominant and nonpredominant subtypes after curative re-
section in stage I lung adenocarcinoma. Additionally, the
clinicopathological features were investigated and the prognos-
tic factors were analyzed.

METHODS

We reviewed the electronic medical records of patients who
underwent curative resection for invasive lung adenocarci-
noma from January 2010 to April 2017 at Seoul and
Bucheon St. Mary’s Hospital. This retrospective study was
conducted with the approval of the Institutional Review
Board of the Catholic Medical Center (Republic of Korea).
Written informed consent from the patients was waived
because of the retrospective nature of the study. We classi-
fied the pathological stage of patients according to the eighth
edition of the tumor-node-metastasis (TNM) classification.
Patients with pathological stage I were included in the study.
Among these patients, those with adenocarcinoma in situ,
minimally invasive adenocarcinoma, multifocal GGO,

neoadjuvant chemotherapy, and missing medical records
were excluded, as well as patients with incomplete resection,
wedge resection, and perioperative death. Additionally,
patients without mediastinal node evaluation during surgery
and patients with coexistence of other malignancies were
also excluded except for a curative state with 5-year disease-
free survival. Patients with histological subtypes were classi-
fied based on the pathological report. Patients with MP or
solid predominant subtype were first included. Patients with
the presence of MP or solid components were included
according to the histological subtype. Finally, a total of
187 patients with predominant or minor subtypes of high-
grade patterns were reviewed (Figure 1).

Preoperative assessments included blood sampling,
including carcinoembryonic antigen (CEA), pulmonary
function test, chest computed tomography (CT), echocardi-
ography, positron emission tomography-CT (PET-CT),
brain magnetic resonance imaging, bone scanning, and
bronchoscopy.

We reviewed the CEA level and feature of the main tumor
on chest CT, which was a solid mass or part-solid nodule. The
maximum standardized uptake value (SUVmax) was reviewed
on PET-CT.

Patients were classified into the five groups by the
proportion of MP or solid subtype as follows: (1) MP pre-
dominant (MPP), (2) solid predominant (SP), (3) MP and
solid components but not predominant (MP+/S+), (4) only
MP components but not predominant (MP+/S—), (5) only
solid components but not predominant (MP—/S +).

Follow-up (F/U) was conducted every 3 months for
1 year after the operation, every 4 months in the second
year, and every 6 months thereafter. Chest CT evaluation

‘ 1726 patients: curative surgery for lung cancer ’

invasive adenocarcinoma, multifocal GGO, neoadjuvant chemotherapy,
wedge resection, Lymph node metastasis

L Exclusion: Non-adenocarcinoma, adenocarcinoma in situ, minimally

‘ 756 patients in pathologic stage I adenocarcinoma ’

Without mediastinal LN dissection

Exclusion: non micropapillary or solid component, J

‘ 197 patients

2 missing records

Exclusion: 8 coexistence other malignancy within 5 years ’

‘ 187 patients in this study

FIGURE 1 Diagram of patient selection
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was conducted on every visit. All patients were followed
until recurrence and death or loss of F/U. Recurrence was
defined as local or extrathoracic metastasis based on clinical
and pathological evidence. Overall survival (OS) was defined
as the interval from operation to the date of death, or final
follow-up visit. Disease-free interval (DFI) was defined as
the interval from operation to the date of local or distant
metastasis.

Statistical analysis

All statistical analyses were conducted using the statistical
package for the social sciences version 18 (SPSS Inc.). Clini-
copathological factors were compared according to the high
grade patterns. Continuous variables were compared using
the Kruskal-Wallis test, and categorical variables were com-
pared using the chi-square test.

The survival curves of DFI and OS were conducted using
the Kaplan-Meier method and log-rank test was used to
identify the differences among these groups.

Multivariate analysis was used to assess the effect of the
covariates on DFI and OS using the Cox proportional haz-
ards model after checking the proportionality assumption.
Variables with p-values of <0.05 in the univariate analysis
were included in the multivariate analysis.

RESULTS

Patient characteristics are demonstrated in Table 1. The
median age of patients was 64 years (range, 36-85). Patients
included 92 (49.2%) males, and patients who were current
smokers or with a smoking history accounted for 69 (36.9%).

TABLE 1 Baseline patient characteristics

Total (n = 187)

Characteristic Median (range) or n (%)
Age 64 (36-85)
Male 92 (49.2)
Smoking 69 (36.9)
CEA 2 (0.49-25.83)
PET SUVmax 5(0.8-17.6)
Mixed GGO 60 (32.1)
Lobectomy 172 (92)
Segmentectomy 15 (8)

VATS 173 (92.5)
Thoracotomy 14 (7.5)
Number of dissected LN 12 (3-47)

Data are presented as the median (minimum-maximum) or frequencies and
percentages as appropriate.

Abbreviations: CEA, carcinoembryonic antigen; GGO, ground-glass opacity; LN,
lymph node; SUVmax, maximum standardized uptake value; VATS, video-assisted
thoracic surgery.

The preoperative level of CEA was median 2 (range, 0.49-
25.83). Preoperative CT identified part-solid nodules in
60 (32.1%) patients. No pure GGOs were identified. PET-CT
revealed a median SUVmax of 5 (range, 0.8-17.6).

The pathological data (Table 2) revealed a median tumor
size of 2.3 cm (range, 0.7-4). Well differentiated tumors
were rare. Acinar predominant tumors were the most com-
mon histological subtype (50.8%). Meanwhile, the lepidic
predominant subtype was rare despite its early-stage (8.6%).
MPP and SP were determined in 13 and 42 patients, respec-
tively (7% and 22.5%). Recently, a new grading system has
been proposed for lung adenocarcinoma, and a cutoff value
of 20% in patients with high-grade patterns had worse prog-
noses.'” In this grading system for investigation, MP compo-
nents of > 20% were identified in 50 (26.7%) patients and
solid patterns of > 20% in 67 (35.8%) patients. LVI was
identified in 95 (50.8%) patients, blood vessel invasion
(BVI) in 32 (17.1%), and visceral pleural invasion (VPI) in
47 (25.1%). A total of 122 patients were pathologically
staged as IA (65.2%) and 65 (34.8%) as stage IB. Platinum-
based adjuvant chemotherapy was conducted in 13 (6.9%)
patients.

Patients were classified into the five groups by the pro-
portion of MP or solid subtype (Table 3). Age was not sig-
nificantly different in the five groups (p = 0.633). The SP

TABLE 2 Pathological data

Total (n = 187)

Characteristic Median (range) or n (%)
Size 2.3 (0.7-4)
Differentiation

Well 20 (10.7)

Moderate 110 (58.8)

Poor 57 (30.5)
Predominant subtype
Acinar 95 (50.8)
Papillary 20 (10.7)
Lepidic 16 (8.6)
MP 13 (7)
Solid 42 (22.5)
MP > 20% 50 (26.7)
Solid = 20% 67 (35.8)
Distance from the resected margin 3 (0.5-9.20)
LVI 95 (50.8)
BVI 32 (17.1)
VPI 47 (25.1)
pStage IA 122 (65.2)
pStage IB 65 (34.8)
Adjuvant treatment 13 (6.9)

Data are presented as the median (minimum-maximum) or frequencies and
percentages as appropriate.

Abbreviations: BVI, blood vessel invasion, LVI, lymphatic vessel invasion, MP,
micropapillary; VPI, visceral pleural invasion.
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TABLE 3 The groups according to the proportion of micropapillary and solid subtype
MP-+/S+ (n=21) MP+/S— (n=77) MP—/S+ (n = 34) MPP (n = 13) SP (n = 42) p-value

Age 64 (38-80) 64(38-82) 61 (36-85) 63 (51-80) 67 (42-82) 0.633
Male 12 (57) 30 (39) 12 (32.4) 6 (46.2) 32 (76.2) 0.001
Smoking 8(38.1) 20 (26) 15 (40.5) 4(30.8) 22 (52.4) 0.055
CEA 1.76 (0.5-5.59) 1.71 (0.49-19.15) 2.69 (0.5-25.83) 2.28 (0.85-6) 1.97 (0.5-19.13) 0.013
SUVmax 547 (2.1-14.55) 3.5 (0.8-17.6) 5.8 (1.4-14.6) 6.5 (2.1-17.4) 6.82 (1.7-17.14) <0.001
Mixed GGO 5(23.8) 38 (49.4) 10 (27) 2(15.4) 5(11.9) < 0.001
Lobectomy 18 (85.7) 69 (89.6) 32 (94.1) 13 (100) 40 (95.2) 0.455
Size 2.5 (1.5-3.9) 2 (0.8-4) 2.45 (0.9-4) 3.3 (0.7-4) 2.25 (0.9-4) 0.011
Differentiation

Well 0 (0) 19 (24.7) 0 (0) 0 (0) 1(2.4) <0.001

Poorly 8(38.1) 9(11.7) 7 (20.6) 4(30.8) 29 (69.1) < 0.001
Predominant subtype

Acinar 15 (71.4) 51 (66.2) 29 (85.3) 0 (0) 0 (0) <0.001

Lepidic 2(9.5) 11 (14.3) 3(8.8) 0(0) 0(0) 0.078
LVI 13 (61.9) 38 (49.4) 20 (58.8) 9 (69.2) 15 (35.7) 0.109
BVI 4(19) 9 (11.7) 8 (23.5) 2 (15.4) 9 (21.4) 0.522
VPI 6 (28.6) 17 (22.1) 8(23.5) 3(23.1) 13 (31) 0.854
EGFR 9 (42.9) 48 (62.3) 18 (52.9) 6 (46.2) 11 (26.2) 0.005
Stage IB 10 (47.6) 15 (19.5) 15 (44.1) 9 (61.5) 17 (40.5) 0.004
Adjuvant Tx 1(4.8) 2(2.6) 1(2.9) 3(23.1) 6 (14.3) 0.018

Data are presented as the median (minimum-maximum) or frequencies and percentages as appropriate.
Abbreviations: BVI, blood vessel invasion; CEA, carcinoembryonic antigen; GGO, ground-glass opacity; LVI, lymphatic vessel invasion; SUVmax, maximum standardized uptake

value; VPI, visceral pleural invasion.

TABLE 4 Univariate and multivariate analysis for recurrence

Univariate Multivariate
Variables HR 95% CI p-value HR 95% CI p-value
Smoking 2172 1.279-3.690 0.004 2.440 1.423-4.184 0.001
SUVmax 1.088 1.023-1.156 0.007
Non-GGO (solid mass) 2.696 1.355-5.366 0.005
MPP 3413 1.665-6.996 0.001 4.136 1.982-8.631 <0.001
MP > 20% 2.338 1.366-4.002 0.002
BVI 2.571 1.431-4.618 0.002 2.533 1.393-4.607 0.002
VPI 2.208 1.279-3.813 0.004 2.083 1.187-3.658 0.011

Abbreviations: BVI, blood vessel invasion; GGO, ground-glass opacity; MP, micropapillary; MPP, micropapillary predominant; SUVmax, maximum standardized uptake value;

VP, visceral pleural invasion.

group revealed more male predominance (p = 0.001) com-
pared with other groups, and smoking (p = 0.055) and poor
differentiation (p < 0.001) were also more associated with
SP. The MP+/S— group had the lowest median value of
SUVmax (p < 0.001), which was more associated with mixed
GGO lesion (p < 0.001) and well differentiation (p < 0.001).
The lepidic predominant subtype was more common in the
MP+/S— group (p = 0.078).

The MPP group showed the largest tumor size at that
time of operation (p = 0.011). However, LVI, BVI, and VPI
showed no significant difference among the five groups. For
the epidermal growth factor receptor (EGFR), the SP group

was less associated with EGFR expression compared with
other groups (p = 0.005) (Table 4).

During the F/U period (median F/U of 60 months),
55 (29.4%) recurrences and 13 (7%) deaths were identified,
according to the survival curve for DSI and OS (Figure 2).
The cause of death was cancer-related. A significant differ-
ence was found in DFI, and recurrence was the most com-
mon in the MPP group (p = 0.001). However, the SP group
was the most associated with death for OS (p = 0.035)
(Table 5).

Of the 55 patients with recurrence, bone metastasis was
identified in seven patients. Pleural metastasis was identified
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FIGURE 2 Survival curve for disease free interval and overall survival
TABLE 5 Univariate and multivariate analysis for survival
Univariate Multivariate
Variables HR 95% CI p-value HR 95% CI p-value
Age 1.076 1.008-1.149 0.028
Smoking 4974 1.526-16.215 0.008 3.752 1.117-12.608 0.032
SUVmax 1.128 1.002-1.270 0.046
SP 4.786 1.606-14.264 0.005 3.308 1.071-10.219 0.038
VPI 4910 1.603-15.039 0.005 4.013 1.292-12.468 0.016

Abbreviations: SUVmax, maximum standardized uptake value; SP, solid predominant; VPI, visceral pleural invasion.

in 10 patients. Lung to lung metastasis was noted in
15 patients. LN metastasis was in eight patients. Two
patients had recurrence from the bronchial stump with
mediastinal LN metastasis. The other patients showed dis-
tant metastasis. A total of 49 patients received chemother-
apy, radiotherapy, or tyrosine kinase inhibitor (TKI). Others
refused treatment. The MP+/S+ group showed that eight
patients had a postoperative recurrence. EGFR expression
was determined in four patients, one patient received TKI,
and seven patients had chemo- or radiotherapy. A total of
15 patients showed recurrence in the MP+/S— group.
Among them, 12 showed EGFR expression and 10 received
TKI. A total of nine patients showed recurrence in the
MP—/S+ group. EGFR expression was identified in four
patients. Chemoradiotherapy was conducted in four patients
and TKI treatment in three patients. A total of nine patients
showed recurrence in the MPP. EGFR expression was iden-
tified in four patients and three patients were treated with
TKI and patients with chemoradiotherapy. A total of
14 patients showed recurrence in SP. EGFR expression was
determined in seven patients, six patients were given TKI
and seven underwent chemoradiotherapy.

The univariate analysis for DFI revealed that smoking
(p = 0.004), SUVmax (p = 0.007), non-GGO lesion
(p = 0.005), MPP (p = 0.001), MP of > 20% (p = 0.002),
BVI (p = 0.002), and VPI (p = 0.012) were associated with
DFI. Multivariate analysis revealed that smoking

(p = 0.001), MPP (p<0.001), BVI (p = 0.002), and VPI
(p = 0.011) were significant prognostic factors for DFI
(Table 4).

The survival analysis for OS revealed that age
(p = 0.028), smoking (p = 0.008), SUVmax (p = 0.046), SP
(p = 0.005), and VPI (p = 0.005) were associated with OS
using the univariate analysis. The multivariate analysis
revealed that smoking (p = 0.032), SP (p = 0.038), and VPI
(p = 0.016) were significant prognostic factors for OS
(Table 5).

DISCUSSION

Lung adenocarcinoma is the most common in non-small
cell lung cancer, and early-stage lung adenocarcinoma is the
best option for surgical resection, with a curative goal."
However, lung cancer is one of the worst prognostic diseases
and is the leading cause of death.'* Stage IA lung adenocar-
cinoma has the most survival postoperative benefit. How-
ever, clinical results remain unsatisfactory, and the 5-year
survival rate is approximately 70%-90%. The prognostic fac-
tor analysis is important to predict recurrence and conduct
effective treatment. The TNM staging system is a well-
known classification for lung cancer. However, predicting
the prognosis in early-stage lung adenocarcinoma has many
limitations. A new histological subtype classification was
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proposed by the International Association for the study
of lung cancer/American thoracic society/European Respi-
ratory Society in 2011."> The WHO adopted this proposal
for lung adenocarcinoma in 2015.> According to this classifi-
cation, invasive lung adenocarcinoma is classified into five
histological subtypes (lepidic, acinar, papillary, MP, and
solid), and this classification was based on the predominant
histological subtype after histological subtype quantification
in 5% increments because lung adenocarcinoma has hetero-
geneous histological subtypes and a wide variety of histolog-
ical subtype distribution and proportion.

Since the introduction of this proposal, numerous studies
have been conducted to predict the prognosis according to
the predominant histological subtype, nonpredominant histo-
logical subtype, or proportion of each histological subtype.

The lepidic predominant pattern shows tumor cells along
with alveolar wall preservation. The lepidic predominant pat-
tern of <5 mm stromal or vascular invasion has previously
been categorized as minimally invasive adenocarcinoma with
excellent survival. Lepidic predominant invasive lung adeno-
carcinoma has also been reported to have favorable outcomes
as a low-grade malignancy. Invasive lung adenocarcinoma
has mixed subtypes, and a favorable prognosis may be associ-
ated with the lepidic subtype proportion.'®'”

Solid or MP predominant subtypes are known as high-
grade malignancies in invasive lung adenocarcinoma.'®
Many studies have been found on solid or MP predominant
subtypes, which are associated with poor prognosis. Glandu-
lar differentiation was absent in the SP pattern, without aci-
nar, papillary, or lepidic patterns. Ujiie et al. investigated the
prognosis of the SP subtype and found that the SP subtype
is an independent prognostic factor for early recurrence
after curative resection in stage I lung adenocarcinoma.'®
One meta-analysis revealed that the SP subtype is associated
with worse outcomes with lung adenocarcinoma even if
curative resection was conducted.*’

The MP predominant subtype has been added to the
new histological classification since 2011. The MP pattern
consists of small papillary clusters of glandular cells in the
air space and does not show fibrovascular cores in the path-
ological view. Cell adhesion is decreased so MP subtype
induced more metastasis and a worse prognosis. The MP
predominant subtype is associated with spread through air
spaces (STAS), which has been found to be a significant
prognostic factor in lung adenocarcinoma.?!

Furthermore, numerous studies have indicated that a
minimal proportion of high-grade patterns have worse prog-
noses. Zhao et al. investigated the prognostic impact of minor
components of MP and solid subtypes** and indicated that
minor components of high-grade patterns were independent
prognostic factors for LN metastasis, recurrence-free survival,
and OS. Chang et al. investigated the metabolic activity of
minor components of high-grade patterns and revealed a
higher SUVmax in minor components of high-grade pat-
terns, which were associated with LN metastasis. LN metasta-
sis became more common despite the small-sized lung
adenocarcinoma with high-grade patterns.*®

In a summary of previous studies, MP or solid histological
subtypes have worse prognoses although these subtypes are
not predominant.** However, these statistical results came
from the analysis in comparison with nonhigh-grade patterns.
We wondered whether the clinical course is the same between
two high-grade patterns despite of different clinicopathologfi-
cal. In our study, 55 patients with high-grade patterns experi-
enced recurrence after curative resection in stage I lung
adenocarcinoma. The recurrence rate was relatively high
(29.4%). Yoshizawa et al. conducted a validation study for ade-
nocarcinoma classification with East Asian patients® and
found that the 5-year DFS of MP predominant (0%) was sig-
nificantly lower than the 5-year DFS of patients with solid sub-
type (43.3%). This result is exactly analogous to our study
result. In our study, the 5-year DFI rate of the MP predomi-
nant subtype was only 38%, which is the independent prog-
nostic factor for recurrence, and the tumor size of the MP
predominant subtype was larger than other subtypes at that
time of surgery. Yoshizawa et al. reported that MP and SP sub-
type were not distinct for OS, although DFS for MP was much
lower than the SP subtype. EGFR mutations were more fre-
quent in the MP predominant subtype than in the solid sub-
type and survival was increased because of more EGFR-TK
susceptibility. Warth et al. indicated that post recurrence sur-
vival was significantly decreased in the SP subtype,”® which
was rarely associated with EGFR mutations. This means that
the effects of TKIs are unsatisfactory. However, in the recur-
rence in our study, the frequency of EGFR mutations and TKI
treatment was similar between the MP predominant and the
SP subtypes. The worse result was that TKI response is much
lower in the SP subtype despite EGFR expression mutations.>’

Some studies have conducted survival analysis according
to the proportion of high-grade patterns and demonstrated
worse clinical results according to the increased proportion
of high-grade patterns.”® However, the proportion of each
subtype did not reach the significance for DFI and OS in
our study. In our study, we conclude that the predominant
subtype is the most powerful risk factor in the survival anal-
ysis. Furthermore, only the nonpredominant MP compo-
nents showed better clinical outcomes than other subtypes
and were associated with more GGO features, well-differen-
tiated, lepidic predominant, and EGFR mutations.

This study had certain limitations, including its retro-
spective nature and small sample size. MP or solid subtypes
are rare in stage I lung adenocarcinoma. However, we
focused on the comparison of clinicopathological features
and clinical outcomes between two high-grade patterns,
which was the aim of this study. Comparing previous stud-
ies, overall survival was relatively high. Only 13 patients
died. The reason for this may be the patients that were lost
to follow-up in the study. Nowadays, segmentectomy is a
surgical option for lesions less than 2 cm. In our study, inci-
dence of segmentectomy was low. Segmentectomy is one of
the surgical options in GGO dominant lesions. However,
there were no GGO dominant lesions in this study. Finally,
this study was not conducted from multiple centers; thus,
selection bias may be inevitable.
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In conclusion, MP and SP subtypes showed different

clinical courses despite being high-grade patterns after cura-
tive resection in pathological stage I lung adenocarcinoma.
The MP predominant subtype increased in recurrence and
the SP subtype decreased in survival. Therefore, a larger
study will be needed to determine the prognostic factors
among the high-grade patterns.
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