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Abstract
Background: Patients with early lung cancer are the best candidates for surgical resec-
tion. However, those patients with high grade patterns (micropapillary or solid) do
not have a good prognosis, even if they have been diagnosed with stage I lung adeno-
carcinoma. A new modified grading system has been introduced and this study aimed
to identify the prognostic role of the new grading system in patients with stage IA lung
adenocarcinoma.
Methods: Patients with pathological stage IA lung adenocarcinoma, according to the
eighth TNM classification who underwent curative resection, were reviewed. The
pathological data of stage IA adenocarcinoma was reviewed 1 (grade 1: lepidic pre-
dominant with no or less than 20% of high grade patterns, grade 2: acinar or papillary
predominant with no or less than 20% of high grade patterns, grade 3: any tumor with
20% or more of high grade patterns). Prognostic factors were analyzed for disease-free
interval (DFI) and overall survival (OS) using Cox proportional models.
Results: The medical records of 429 patients with stage IA lung adenocarcinoma were
reviewed. DFI (p < 0.001) and OS (p < 0.001) were significantly lower in patients
diagnosed with grade 3 compared with grade 1 and grade 2. Multivariate analysis
showed that smoking (p = 0.013), value of SUVmax (p = 0.005), lymphovascular
invasion (p = 0.004) and grade 3 (p = 0.008) were significant prognostic factors
for DFI.
Conclusions: The proportion of high grade patterns showed a different prognosis,
even if curative resection had been performed for stage IA adenocarcinoma. This new
grading system is more simple and useful in the prediction of a prognosis in patients
with stage IA lung adenocarcinoma.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related death
worldwide.1 Surgical resection is the most curative treatment
for stage I non-small cell lung cancer (NSCLC).2 Adenocar-
cinoma is the most common histological type of lung can-
cer.3 For better management, a subtype for the histological
classification of invasive lung adenocarcinoma was proposed
by the International Association for the Study of Lung Can-
cer, the American Thoracic Society, and the European

Respiratory Society (IASLC/ATS/ERS) in 2011.4 This classi-
fication was based on six histological types (acinar, papillary,
micropapillary, lepidic, solid and variants) and divided into
three groups. Low grade is lepidic predominant, intermedi-
ate is acinar or papillary predominant and high grade is
micropapillary (MPP) or solid predominant.5 In this classifi-
cation, the term “predominant” is used for all categories
because invasive lung adenocarcinomas present heteroge-
neous histological patterns. Numerous studies have been
carried out to show different prognoses according to the
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histological subtypes of invasive lung adenocarcinoma. The
high grade patterns showed a worse prognosis than other
types.6,7 Furthermore, another study demonstrated that the
minor subtype of MPP or solid patterns showed worse prog-
nosis, earlier recurrence and more lymph node metastasis.8

However, in this classification, additional prognostic factors
including variant subtypes were not considered and a cutoff
value was not proposed for prognostic factor. A new modi-
fied grading system has recently been introduced to supple-
ment the histological classification.5 In this modified
grading system, a cutoff value for each grade has been pro-
posed. The high risk group (grade 3) is any tumor with 20%
or more of high grade patterns. In this study, we evaluated
the prognosis using this new grading system in stage IA lung
adenocarcinoma.

METHODS

This retrospective study was approved by the Institutional
Review Board of the Catholic Medical Center (Republic of
Korea) (XC20RADI0019). We reviewed the electronic medi-
cal records (EMRs) of patients who underwent curative re-
section for NSCLC from January 2010 to December 2015 at
Seoul and Bucheon St. Mary’s Hospital. A total of 1245
patients underwent surgical resection of NSCLC with a cura-
tive aim. In these patients, we reviewed the EMRs of patients
with pathological stage IA adenocarcinoma according to the
eighth edition of the tumor-node-metastasis (TNM) classifi-
cation of lung cancer. First, the patients with non-
adenocarcinoma, wedge resection and perioperative death
were excluded. On the pathological reports, the patients with
pathological entire tumor size>3 cm, lymph node metastasis,
visceral pleural invasion or incomplete resection (R1) were
excluded. Second, the cases with adenocarcinoma in situ
and minimally invasive adenocarcinoma were excluded. The
patients with the pathological reports that did not include
the histological subtypes were excluded. Finally, we
reviewed the EMRs and imaging studies. The patients
with multifocal ground-glass opacities (GGOs), synchro-
nous or metachronous lung cancer, and those who received
neoadjuvant chemotherapy were excluded. The subjects of
the analysis were 429 patients with pathological stage IA
invasive adenocarcinoma.

Patient characteristics were reviewed including age, sex,
underlying disease, smoking history, other previous malig-
nancies and surgical procedure. Preoperative assessments
included chest computed tomography (CT), positron emis-
sion tomography-CT (PET-CT), brain magnetic resonance
imaging (MRI), bone scanning and bronchoscopy. The
imaging data of the patients were obtained including tumor
location, presence of GGOs (pure or part-solid nodule),
maximum standardized uptake value (SUVmax) and clinical
stage. Pathological results were also collected for analysis
including tumor size, grade, predominant pattern, number
of lymph node (LN) dissections, and lymphovascular inva-
sion (LVI).

The patients were divided into three groups according to
the new modified grading system (grade 1: lepidic predomi-
nant with no or less than 20% of high grade patterns; grade
2: acinar or papillary predominant with no or less than 20%
of high grade patterns and grade 3: any tumor with 20% or
more of high grade patterns).

All patients were followed until recurrence and death or
loss of follow-up (F/U). Overall survival (OS) was defined as
the interval from the date of surgery to the date of death.
Recurrence was defined as local or extrathoracic metastasis
based on clinical and pathological evidence, and the disease-
free interval (DFI) was obtained (from date of surgery to the
date of recurrence or death).

Statistical analysis

All statistical analyses were carried out using SPSS version
18 (SPSS Inc.). Continuous variables were compared using
the Kruskal-Wallis test, and categorical variables were com-
pared using the chi-square test and Fisher’s exact test.

DFI and OS were estimated by the Kaplan–Meier
method and log-rank test. Prognostic factors associated with
recurrence and survival were determined using the Cox pro-
portional hazards model after checking the proportionality
assumption. Variables with p-values less than 0.05 in the
univariate analysis were included in the multivariate
analysis.

RESULTS

According to the new grading system, the number of grade
1 and 2 patients were 191 (44.5%) and 200 cases (46.6%),
respectively. Grade 3 patients included 38 cases (8.9%).

The characteristics of the three groups with pathological
stage IA adenocarcinoma are shown in Table 1. The three
groups were significantly different in terms of age
(p = 0.013), smoking history (p = 0.005), carcinoembryonic
antigen (CEA) (p < 0.001), and maximum standardized
uptake on PET-CT (SUVmax) (p < 0.001). The value of
CEA and SUVmax tended to be higher in grade 3 patients.
The three groups were not significantly different with regard
to clinical stage and tumor location. For GGO features (pure
or part-solid nodule), there was a significant difference
(p < 0.001). The GGO lesions were more prominent in
patients with grade 1 compared with grades 2 and 3. For the
surgical procedure, lobectomy was conducted more in grade
3 patients (p = 0.046).

The pathological data are presented in Table 2. In patho-
logical stage IA adenocarcinoma, the median entire tumor
size was 1.8 cm (range 0.3–3) in 429 patients. Entire
tumor size was greater in grade 3 (p < 0.001). With regard
to differentiation, there was a significant difference in the
three groups. Well differentiated was the most common in
grade 1 patients (p < 0.001). Poorly differentiated was the
most common in grade 3 (p < 0.001). Comparing the three
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groups, there was no significant difference in resected mar-
gins (p = 0.585) and the number of dissected lymph nodes
(p = 0.334).

Mediastinal LN evaluation was conducted in 419 patients
(97.7%). In some cases, the surgeon decided to omit the medi-
astinal LN evaluation if the lesion was pure GGO or a GGO
dominant lesion. According to the guidelines of complete lung
resection,9 mediastinal lymph node dissection (MLND) was
conducted in 289 patients (67.4%) and mediastinal lymph
node sampling (MLNS) in 130 patients (30.3%). The three
groups were significantly different in terms of mediastinal LN
evaluation. MLND was conducted more in grade 3 patients
(p = 0.018).

LVI was identified in 85 patients (19.8%). LVI was more
common in grade 3 patients (p < 0.001). For the pathologi-
cal stage, 60 patients (14%) were IA1, 237 patients (55.2%)
were IA2, and 132 patients (30.8%) were IA3. IA3 was the
most common in grade 3 patients (p = 0.007).

Adjuvant chemotherapy was conducted in seven patients
(1.6%). During the F/U period, 41 patients (9.6%) experi-
enced recurrence after surgery and 32 patients (7.5%) died.
Median DFI was 60 months (range 1–120) and OS was
70 months (range 1–125).

For the treatment after recurrence, systemic chemother-
apy was conducted in 11 patients. Chemoradiation therapy
was carried out in 12 patients and tyrosine kinase inhibitors
(TKIs) were administered in 10 patients. Others were loss to
F/U or denied treatment.

Survival curve analysis was conducted for DFI and OS
according to the pathological stage (Figure 1). However,
there was no significant difference for DFI (p = 0.430) and
OS (p = 0.918).

Kaplan–Meier curves for DFI and OS were obtained
according to the new grading system (Figure 2). There was a
significant difference between the three grades for DFI,
respectively (p < 0.001). There was a significant difference
between grades 1 and 2, and 3 (p = 0.001, p < 0.001). How-
ever, there was no difference between grades 2 and 3 for OS
(p = 0.128).

In the analysis of prognostic factors related to recurrence
in stage IA adenocarcinoma (Table 3), smoking (p = 0.013),
SUVmax (p = 0.005), grade 3 (p = 0.008), and LVI
(p = 0.004) were associated with recurrence by multivariate
analysis.

In the analysis for OS in stage IA adenocarcinoma
(Table 4), smoking (p = 0.040), and SUVmax (p = 0.044)
were associated with survival by multivariate analysis.

DISCUSSION

Lung cancer is one of the cancers with the worst prognosis.
Non-small cell lung cancer (NSCLC) accounts for more than
80% of all lung cancers.10 Adenocarcinoma is the most com-
mon histological type of NSCLC, accounting for almost half
of all lung cancers.11 Curative resection is the most definitive

T A B L E 1 Baseline patient characteristics in stage IA lung adenocarcinoma

Grade 1 (n = 191) Grade 2 (n = 200) Grade 3 (n = 38) p-value

Age 60.6 (35–80) 63.7 (25–82) 67.8 (36–82) 0.013

Male 76 (39.8) 88 (44) 23 (60.5) 0.062

Smoking 39 (20.4) 57 (28.5) 17 (44.7) 0.005

CEA 1.39 (0.05–10.48) 1.44 (0.22–9) 1.67 (0.5–14.19) <0.001

SUVmax 1.47 (0–8.9) 2.24 (0–14.6) 5.3 (1–17.6) <0.001

Clinical stage IA 169 (88.5) 174 (87) 30 (79) 0.281

Clinical stage IB 21 (11) 24 (12) 7 (18.4) 0.439

Clinical stage II, III 1 (0.5) 2 (1) 1 (2.6) 0.462

Tumor location

RUL 36 (18.8) 50 (25) 6 (15.8) 0.225

RML 15 (7.9) 15 (7.5) 4 (10.5) 0.817

RLL 64 (33.5) 70 (35) 11 (28.9) 0.765

LUL 42 (22) 44 (22) 9 (23.7) 0.972

LLL 34 (17.8) 21 (10.5) 8 (21.1) 0.064

GGO 160 (83.8) 114 (57) 13 (34.2) <0.001

Lobectomy 163 (85.3) 182 (91) 37 (97.4) 0.046

Segmentectomy 27 (14.1) 17 (8.5) 1 (2.6) 0.049

Bilobectomy 1 (0.5) 1 (0.5) 0 (0) 0.906

VATS 164 (85.9) 163 (81.5) 35 (92.1) 0.192

Note: Data are presented as the median (minimum-maximum) or frequencies and percentages as appropriate.
Abbreviations: CEA, carcinoembryonic antigen; Grade 1, lepidic predominant with no or less than 20% of high grade patterns; Grade 2, acinar or papillary predominant with no or
less than 20% of high grade patterns; Grade 3, any tumor with 20% or more of high grade patterns; GGO, ground glass opacity; LLL, left lower lobe; LUL, left upper lobe, RLL,
right lower lobe; RML, right middle lobe; RUL, right upper lobe; SUVmax, maximum standardized uptake value; VATS, video-assisted thoracoscopic surgery.
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treatment for patients with stage I lung adenocarcinoma,
although the prognosis after curative resection remains
unsatisfactory. The five-year survival rate is approximately

80% for pathological stage I NSCLC. TNM staging is a
widely used system that predicts prognosis and determines
treatment policies. The TNM staging classification for lung

T A B L E 2 Pathological characteristics in stage IA lung adenocarcinoma

Grade 1 (n = 191) Grade 2 (n = 200) Grade 3 (n = 38) p‑-value

Entire tumor size 1.58 (0.6–3) 1.86 (0.3–3) 2.06 (0.7–3) <0.001

Differentiation

Well 172 (90.1) 75 (37.5) 2 (5.3) <0.001

Moderate 18 (9.4) 121 (60.5) 21 (55.3) <0.001

Poorly 1 (0.5) 4 (2) 15 (39.4) <0.001

Predominant type

Acinar 0 (0) 171 (85.5) 13 (34.2) <0.001

Papillary 0 (0) 29 (14.5) 5 (13.2) <0.001

Lepidic 191 (100) 0 (0) 4 (10.5) <0.001

MPP 0 (0) 0 (0) 2 (5.3) <0.001

Solid 0 (0) 0 (0) 14 (36.8) <0.001

Margin 3.66 (0.2–8.5) 3.53 (0.1–10) 3.15 (0.5–7) 0.585

LVI 17 (8.9) 42 (21) 19 (50) <0.001

Number of dissected LN 10.1 (0–53) 11.5 (0–49) 11.5 (1–38) 0.334

MLND 118 (61.8) 139 (69.5) 32 (84.2) 0.018

MLNS 68 (35.6) 56 (28) 6 (15.8) 0.037

pStage IA1 35 (18.3) 20 (10) 5 (13.1) 0.059

pStage IA2 110 (57.6) 112 (56) 15 (39.5) 0.117

pStage IA3 46 (24.1) 68 (34) 18 (47.4) 0.0071

Adjuvant treatment 4 (2.1) 3 (1.5) 0 (0) 0.636

Recurrence 2 (1) 26 (13) 13 (34.2) <0.001

Death 5 (2.6) 21 (10.5) 6 (15.8) <0.011

Note: Data are presented as the medians (minimum–maximum) or frequencies and percentages as appropriate.
Abbreviations: Grade 1, lepidic predominant with no or less than 20% of high grade patterns; Grade 2, acinar or papillary predominant with no or less than 20% of high grade
patterns; Grade 3, any tumor with 20% or more of high grade patterns; LN, lymph node; LVI, lymphovascular invasion; MLND, mediastinal lymph node dissection; MLNS,
mediastinal lymph node sampling.

F I G U R E 1 Survival curves for (a) disease free interval and (b) overall survival in stage IA lung adenocarcinoma according to the pathological stage
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F I G U R E 2 Survival curves for (a) disease free interval and (b) overall survival in stage IA lung adenocarcinoma according to the new grading system

T A B L E 3 Cox proportional analysis for disease-free interval in stage IA lung adenocarcinoma

Variables

Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

Male 1.969 1.168–3.321 0.011 1.039 0.512–2.109 0.915

Smoking 2.817 1.680–4.724 <0.001 2.382 1.197–4.742 0.013

CEA 1.206 1.097–1.325 <0.001 1.046 0.922–1.187 0.483

SUVmax 1.211 1.142–1.285 <0.001 1.123 1.035–1.219 0.005

Tumor size 1.633 1.051–2.539 0.029 0.909 0.542–1.524 0.717

Poorly differentiated 4.309 2.039–9.109 <0.001 0.718 0.267–1.932 0.512

Grade 3 4.940 2.736–8.920 <0.001 2.726 1.302–5.707 0.008

LVI 4.143 2.462–6.970 <0.001 2.406 1.326–4.368 0.004

Abbreviations: CEA, carcinoembryonic antigen; Grade 3, any tumor with 20% or more of high grade patterns; LVI, lymphovascular invasion; OR, overall response; SUVmax,
maximum standardized uptake value.

T A B L E 4 Cox proportional analysis for overall survival in stage IA lung adenocarcinoma

Variables

Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

Age 1.050 1.008–1.093 0.018 1.035 0.994–1.077 0.096

Male 2.509 1.209–5.205 0.014 1.180 0.454–3.066 0.735

Smoking 3.274 1.635–6.556 0.001 2.638 1.043–6.670 0.040

CEA 1.160 1.010–1.332 0.035 0.972 0.794–1.189 0.780

SUVmax 1.221 1.125–1.324 <0.001 1.119 1.003–1.247 0.044

Poorly differentiated 5.231 2.002–13.668 0.001 1.459 0.370–5.763 0.590

Grade 3 3.326 1.356–8.158 0.009 1.292 0.390–4.281 0.675

LVI 3.344 1.647–6.786 0.001 1.961 0.875–4.397 0.102

Abbreviations: CEA, carcinoembryonic antigen; Grade 3, any tumor with 20% or more of high grade patterns; LVI, lymphovascular invasion; OR, overall response; SUVmax,
maximum standardized uptake value.
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cancer was updated by the IASLC group in 2017. However,
its prognostic accuracy remains limited.

A new classification for invasive lung adenocarcinoma
based on the predominant histological pattern was intro-
duced in 2011, including low grade (lepidic predominant),
intermediate (acinar or papillary predominant) and high
grade (MPP or solid predominant).5 These classifications
are correlated with prognosis. Numerous retrospective stud-
ies and meta-analyses have indicated that high grade pat-
terns (solid or MPP predominant subtypes) have shown a
worse prognosis than other types. These subtypes are associ-
ated with more LN metastasis, greater tumor sizes and
higher SUVmax values. Ujiie et al. indicated that the solid
predominant histological subtype is an independent prog-
nostic factor for early recurrence after curative resection in
stage I lung adenocarcinoma patients.7 Adenocarcinoma
subtypes also influence lymph node metastasis in small-
sized lung cancer.12 Patients with solid histological subtypes
less than 1 cm have been found to have significantly more
lymph node metastases. The MPP and solid histological sub-
types also showed higher SUVmax values than the other
subtypes, reflecting malignant potential and prognosis.13 For
pathological evaluation according to different histological
subtypes, solid subtypes are associated with atypia, mitotic
activity, necrosis and LVI.14 Lung adenocarcinoma is het-
erogeneous. Most adenocarcinomas present with a mixture
of histological subtypes.3 It is well known that the lepidic
predominant subtype shows a more favorable prognosis
than the other subtypes, and many studies have indicated
that high grade patterns are not usually mixed with the lep-
idic subtype, including in our study.15 Many studies have
also tried to identify the genetic features according to the
histological subtypes in lung adenocarcinoma. In the solid
subtype, EGFR mutations are less frequent, but ALK and
KRAS mutations have been found to be more common.16–18

This means that the effects of tyrosine kinase inhibitors
(TKIs) are not satisfactory, resulting in a worse prognosis.
In recent studies, immunotherapy has emerged as a treat-
ment for advanced NSCLC. A previous study has reported
that programmed cell death 1 ligand (PD-L1) expression in
cancer cells could avoid immune reactions with a worse
prognosis.19 Dong et al. investigated the association between
PD-L1 and the solid subtype. They found that PD-L1
expression was increased in the solid predominant type.20

Further studies are needed to determine whether immuno-
therapy is an effective treatment for solid subtype adenocar-
cinoma. Minor solid or MPP subtype are also considered
prognostic factors.21,22 Minor subtype indicates the subtype
occupies no less than 5% but is not predominant. Another
study also showed that the small proportion of MPP had a
prognostic factor even though the proportion was lower
than 5% which is disregarded according to the current clas-
sification23 so this classification using histological subtypes
according to the predominant patterns is a little complex,
conflicting and not effective to predict prognosis in invasive
lung adenocarcinoma because quantified criteria have not
been proposed. Furthermore, the proportion of high grade

patterns were significantly lower in stage IA invasive adeno-
carcinoma. In our study, there were only 16 cases (3.8%) of
MPP or solid predominant subtypes and the sample size
was too small to accurately predict a prognosis. However,
the new proposal grading system is more simple and intui-
tive in predicting a prognosis. In particular, a cutoff of 20%
for high grade patterns as a key role for prognosis in inva-
sive adenocarcinoma has been proposed.

Prognostic factor analysis is important in stage IA lung
adenocarcinoma. Surgical resection is the most curative
treatment option, and there is no need for adjuvant treat-
ment in most cases. Furthermore, the number of patients
with stage IA adenocarcinoma has been increasing. If one of
the distinctive prognostic factor represents significantly dif-
ferent results within the same stage, adjuvant treatment or a
revision of the staging system might be needed. There was
no significant difference for DFI according to the TNM stag-
ing system in our study. However, there was a significant
difference for DFI according to the new grading system.

A cutoff value has been widely used as a guideline. How-
ever, a cutoff value was not used in the classification of inva-
sive lung adenocarcinoma because of the heterogeneity. A
new grading system with a cutoff value for invasive lung
adenocarcinoma has recently been proposed.5 The results
from this study are analogous to those from our study.

However, our study indicated that grade 3 was not a
prognostic factor for OS by multivariate analysis. We specu-
lated that this was because there were many noncancer-
related deaths in stage IA adenocarcinoma. Thirty-two
patients died during the F/U period, but 17 (53.1%) were
not cancer related. Another reason was that there are many
adjuvant treatment modalities for lung adenocarcinoma that
increase survival.

There were several limitations in this study. First, it was
a retrospective, nonrandomized design with a relatively
small sample size for analyzing DFI and OS. There were
many noncancer-related deaths in stage IA adenocarcinoma.
Furthermore, we were unable to determine whether grade
3 serves as a prognostic factor for OS. Further large-scale
studies will be needed to determine the prognostic role of
the new grading system in stage IA adenocarcinoma. More-
over, this study was not from multiple centers; thus, selec-
tion bias may be inevitable.

In conclusion, grade 3 indicates a significant prognostic
impact on DFI. This new grading system is simple and useful
in the prediction of prognosis in stage IA lung adenocarcinoma.
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