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Abstract
We aimed to investigate the prognostic role of the predominant histologic subtype classi�cation of lung
adenocarcinoma in the era of the eighth-edition staging system. A total of 587 patients with stage I
adenocarcinomas (lepidic, n=46; acinar/papillary, n=484; solid/micropapillary, n=57) were assessed. The
prognostic value of this subtype classi�cation for overall survival (OS) was investigated with three
multivariable analyses adjusted for the eighth-edition clinical T category and radiologic nodule type: the
adjusted log-rank test, multivariable Cox hazard regression, and multivariable mixture cure model to
evaluate long-term and short-term prognostic associations separately. In the adjusted log-rank test for
pairwise comparisons, no evidence was found for differences in OS among the subtype classi�cations
(p>.05). The histologic subtype was not an independent prognostic factor in either the Cox regression
analysis (hazard ratio [HR] of acinar/papillary subtypes: 3.03; 95% con�dence intertval [CI]: 0.4-22.59;
p=0.28; HR of solid/micropapillary subtypes: 2.78; 95% CI: 0.34-22.37; p=.34) or the mixture cure model
(cure probability model; odds ratio: 1.06 [95% CI: 0.38-2.95; p=.91]; failure time distribution model; HR:
0.94 [95% CI: 0.36-2.44; p=.89]). The prognostic implication of the predominant histologic subtype
classi�cation is not clear for stage I lung adenocarcinoma in the eighth-edition staging system.

Introduction
Lung cancer is the leading cause of cancer mortality and second most common newly diagnosed type of
cancer worldwide and in the United States.1,2 The most common histologic type of lung cancer is
adenocarcinoma, accounting for up to 60% of cases, and this single histologic type has a wide spectrum
of clinical, radiologic, and pathologic characteristics.3,4 According to the 2011 International Association
for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society (IASLC/ATS/ERS)
classi�cation, invasive lung adenocarcinoma is histologically categorized into lepidic, acinar, papillary,
solid, and micropapillary subtypes based on the predominant growth pattern.3 Many studies have
reported the prognostic value of this classi�cation system.4–22 Speci�cally, adenocarcinoma of the
lepidic-predominant subtype showed the most favorable outcomes, followed by the acinar/papillary and
solid/micropapillary subtypes.4,5,7,9–11,13−17,19,20,22,23 The value of this prognostic strati�cation was
proven in early-stage adenocarcinoma and in advanced disease.4–11,13−20,22,23

The staging system by the American Joint Commission on Cancer (AJCC) is the cornerstone for
predicting the prognosis of patients with lung cancer.24 The eighth-edition staging system adopted the
solid portion size on CT and the invasive component size on microscopy to determine the clinical and
pathologic T category, respectively.25,26 It is now well established that the solid portion size or invasive
component size is a better prognostic predictor than the total tumor size.25,26 In this context, the
prognostic value of the predominant adenocarcinoma subtype has not yet been investigated in
conjunction with the eighth-edition staging system. Therefore, the independent prognostic implication of
histologic subtypes for early-stage adenocarcinoma in the era of the eighth-edition staging system
remains unclear.
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In this study, we aimed to validate the prognostic value of the predominant histologic subtype in patients
with resected stage I adenocarcinoma using multi-aspect survival analyses, including the adjusted log-
rank test, Cox proportional hazard regression, and mixture cure model to distinguish short-term and long-
term prognoses.

Results

Demographic and Radiologic Characteristics
The clinical and radiologic characteristics of the study population and subgroups according to the
histologic subtypes are described in Table 1. Of the 587 patients (334 women; median age, 64 y), 46
(7.8%), 484 (82.5%), and 57 patients (9.7%) had adenocarcinomas of the lepidic, acinar/papillary, and
solid/micropapillary-predominant subtypes, respectively. Among these three groups, signi�cant
differences in sex (p=0.009), smoking status (p=0.001), nodule type (p<0.001), and clinical T category
(p<0.001) were noted. In particular, part-solid nodules and an earlier clinical T category (cT1mi and cT1a)
were more frequently observed in the lepidic subtype (part-solid nodule: 87%; earlier clinical T category:
60.9%) than in the acinar/papillary (part-solid nodule: 48.6%; earlier clinical T category: 14.5%) and
solid/micropapillary-predominant subtypes (part-solid nodule: 7%; earlier clinical T category: 0%) (Fig. 1).
The median interval between the preoperative CT scan and surgery was 21 days (interquartile range [IQR]:
3–32 days), and the median follow-up duration after surgery was 81.3 months (IQR: 68.7–100.3
months).
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Table 1
Clinical and Radiologic Characteristics of the Study Population

    Predominant pathological subtype of adenocarcinoma

Variable Total

(n=587)

Lepidic

(n=46)

Acinar/Papillary

(n=484)

Solid/Micropapillary
(n=57)

p Value

Age (years)* 64 (56–
71)

61 (53–
69)

64 (56–71) 66 (60–71) 0.13

Sex         0.009

Male 253
(43.1)

22 (47.8) 196 (40.5) 35 (61.4)  

Female 334
(56.9)

24 (52.2) 288 (59.5) 22 (38.6)  

History of
malignancy other
than lung cancer

        0.24

No 491
(83.6)

35 (76.1) 410 (84.7) 46 (80.7)  

Yes 96 (16.4) 11 (23.9) 74 (15.3) 11 (19.3)  

Smoking status         0.001

Never smoker 372
(63.4)

32 (69.6) 317 (65.5) 23 (40.4)  

Current or ex-smoker 215
(36.6)

14 (30.4) 167 (34.5) 34 (59.6)  

Nodule type         <0.001

Part-solid nodule 279
(47.5)

40 (87) 235 (48.6) 4 (7)  

Solid nodule 308
(52.5)

6 (13) 249 (51.4) 53 (93)  

Lobar location         0.13

Data are numbers of patients with percentages in parentheses, unless otherwise speci�ed.

*Data are median values with the interquartile range in parentheses.

†The clinical T categorization followed the eighth-edition staging system for lung cancer.

‡The pathologic T categorization according to the seventh-edition staging system.

§The comparison was performed with the categories collapsed into four (cT1mi/cT1a, cT1b, cT1c,
and cT2).
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    Predominant pathological subtype of adenocarcinoma

Upper lobe 350
(57.9)

31 (67.4) 271 (56) 38 (66.7)  

Other lobe 247
(42.1)

15 (32.6) 213 (44) 19 (33.3)  

Clinical T category†         <0.001§

cT1mi 20 (3.4) 7 (15.2) 13 (2.7) 0 (0)  

cT1a 78 (13.3) 21 (45.7) 57 (11.8) 0 (0)  

cT1b 261
(44.4)

15 (32.6) 221 (45.7) 25 (43.9)  

cT1c 169
(28.8)

3 (6.5) 144 (29.8) 22 (38.6)  

cT2 59 (10.1) 0 (0) 49 (10.1) 10 (17.5)  

Pathological T
category‡

        0.003

pT1a 206
(35.1)

26 (56.5) 159 (32.9) 21 (36.8)  

pT1b 124
(21.1)

12 (26.1) 99 (20.5) 13 (22.8)  

pT2a 257
(43.8)

8 (17.4) 226 (46.7) 23 (40.4)  

CT-to-surgery
interval (days)*

21 (3–
32)

22.5
(2.0–
34.0)

21.0 (4.5–32.0) 19.0 (2.0–31.0) 0.60

Follow-up interval
(months)*

81.3
(68.7–
100.3)

80.1
(69.0–
100.1)

80.1 (69.0–
100.1)

93.6 (69.0–112.7) 0.06

Survival status         0.003

Alive 502
(85.5)

45 (97.8) 414 (85.5) 43 (75.4)  

Data are numbers of patients with percentages in parentheses, unless otherwise speci�ed.

*Data are median values with the interquartile range in parentheses.

†The clinical T categorization followed the eighth-edition staging system for lung cancer.

‡The pathologic T categorization according to the seventh-edition staging system.

§The comparison was performed with the categories collapsed into four (cT1mi/cT1a, cT1b, cT1c,
and cT2).
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    Predominant pathological subtype of adenocarcinoma

Died 85 (14.5) 1 (2.2) 70 (14.5) 14 (24.6)  

Data are numbers of patients with percentages in parentheses, unless otherwise speci�ed.

*Data are median values with the interquartile range in parentheses.

†The clinical T categorization followed the eighth-edition staging system for lung cancer.

‡The pathologic T categorization according to the seventh-edition staging system.

§The comparison was performed with the categories collapsed into four (cT1mi/cT1a, cT1b, cT1c,
and cT2).

Overall Survival According to the Histologic Subtype
The 5-year OS rates were 97.8% (45 of 46; 95% CI: 93.7–100%) for the lepidic subtype, 91.3% (414 of 484;
95% CI: 88.9–93.9%) for the acinar/papillary subtype, and 86% (43 of 57; 95% CI: 77.4–95.5%) for the
solid/micropapillary-predominant subtype (Table 2; Fig. 2). For the solid tumor subgroup, the 5-year OS
rates were 100% (6 of 6; 95% CI: 100–100%) for the lepidic subtype, 88% (203 of 249; 95% CI: 84–92.1%)
for the acinar/papillary subtype, and 84.9% (41 of 53; 95% CI: 75.8–95.1%) for the solid/micropapillary-
predominant subtype (Table 2).
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Table 2
Unadjusted and Adjusted Pairwise Comparisons Using the Log-rank Test for Overall Survival

Study
population

Predominant
histologic subtype of
adenocarcinoma

Number of
events per
total patients

Median
OS rate
(%)

5-year
OS
rate
(%)

p Value

(unadjusted
log-rank
test)

p Value

(adjusted
log-rank
test)

Total Lepidic 1/46 N/A 97.8
(93.7,
100)

   

  Acinar/papillary 70/484 N/A 91.3
(88.9,
93.9)

0.045* 0.44*

  Solid/micropapillary 14/57 N/A 86.0
(77.4,
95.5)

0.02† 0.40†

Solid
tumor
subgroup

Lepidic 0/6 N/A 100
(100,
100)

   

  Acinar/papillary 46/249 N/A 88.0
(84.0,
92.1)

   

  Solid/micropapillary 12/53 N/A 84.9
(75.8,
95.1)

0.70‡ 0.74‡

*p value for the comparison between the lepidic and acinar/papillary-predominant subtypes.

†p value for the comparison between the lepidic and solid/micropapillary-predominant subtypes. The
comparison between the acinar/papillary and solid/micropapillary subtypes demonstrated p values
of 0.13 for the unadjusted log-rank test and 0.72 for the adjusted log-rank test.

‡ p value for the comparison between the lepidic/acinar/papillary-predominant and
solid/micropapillary-predominant subtypes.

N/A = not available; OS = overall survival.

The unadjusted log-rank test exhibited longer survival for the lepidic subtype than for the acinar/papillary
subtype (p=0.045) and solid/micropapillary subtype (p=0.02) (Table 2; Fig. 2.). However, after adjustment
for prognostic factors, including the clinical T category and nodule type, the comparisons did not reach
statistical signi�cance (p=0.44 and p=0.40, respectively; Table 2; Fig. 2). For solid nodules, there were no
signi�cant differences in OS between the lepidic/acinar/papillary and solid/micropapillary-predominant
subtypes in both the unadjusted log-rank (p=0.70) and adjusted log-rank tests (p=0.74) (Table 2;
Supplementary Fig. 1).

Multivariable Cox Proportional Hazard Regression Analysis
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The multivariable Cox proportional hazard regression model revealed that the histologic subtype of
adenocarcinoma was not an independent predictor for OS (HR of the acinar/papillary subtype: 3.03; 95%
CI: 0.4–22.59; p=0.28; HR of the solid/micropapillary subtype: 2.78; 95% CI: 0.34–22.37; p=0.34; Table 3).
When the lepidic/acinar/papillary-predominant subtypes were combined into the reference category
because of the small number of cases and rarity of deaths in patients with the lepidic-predominant
subtype, the solid/micropapillary subtype was also not an independent predictor (HR: 0.92; 95% CI: 0.51–
1.69; p=0.80; Supplementary Table 1). Regarding only solid nodules, the histologic subtype was likewise
not associated with OS (HR of the solid/micropapillary subtype: 0.86; 95% CI: 0.45–1.65; p=0.65;
Supplementary Table 2).
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Table 3
Multivariable Cox Proportional Hazard Regression Analysis for Overall Survival

Variable Subcategory HR
(95%
CI)

p
Value

Age (year)   1.05
(1.03,
1.08)

<0.001

Women (reference: men)   0.72
(0.35,
1.49)

0.37

History of malignancy other than lung cancer (reference:
no history of malignancy)

  1.85
(1.1,
3.11)

0.02

Ex- or current smoker (reference: never-smoker)   1.62
(0.8,
3.28)

0.18

Solid nodule (reference: part-solid nodule)   1.26
(0.76,
2.09)

0.37

Clinical T category

(reference: cT1mi/cT1a)

cT1b 2.64
(0.78,
8.92)

0.12

  cT1c 3.65
(1.04,
12.86)

0.044

  cT2 6.92
(1.89,
25.32)

0.003

Adenocarcinoma subtype

(reference: lepidic)

Acinar/papillary 3.03
(0.4,
22.59)

0.28

  Solid/micropapillary 2.78
(0.34,
22.37)

0.34

CI = con�dence interval; HR = hazard ratio

Mixture Cure Model for Overall Survival
In the cure probability model, the predominant histologic subtype was not associated with long-term
survival (OR of the solid/micropapillary subtype: 1.06; 95% CI: 0.38–2.95; p=0.91). In the failure time
distribution model, the histologic subtype was also not a prognostic factor for OS (HR of the
solid/micropapillary subtype: 0.94; 95% CI: 0.36–2.44; p=0.89) (Table 4).
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Table 4
Multivariable Mixture Cure Models for Overall Survival

Model Variable Subcategory OR
(95%
CI)

p
Value

†Cure
probability
model

Age (year)   0.93
(0.90,
0.98)

0.002

  Women (reference: men)   1.11
(0.28,
4.36)

0.88

  History of malignancy other than lung
cancer (reference: no history of
malignancy)

  0.36
(0.14,
0.91)

0.03

  Ex- or current smoker (reference: never-
smoker)

  0.33
(0.08,
1.34)

0.12

  Solid nodule (reference: part-solid
nodule)

  0.87
(0.36,
2.12)

0.77

  Clinical T category (reference:
cT1mi/cT1a/cT1b)

cT1c 0.37
(0.16,
0.88)

0.02

    cT2 0.27
(0.08,
0.90)

0.03

  Adenocarcinoma subtype (reference:
lepidic/acinar/papillary)

Solid/micropapillary 1.06
(0.38,
2.95)

0.91

Model Variable Subcategory HR
(95%
CI)

p
Value

‡Failure time
distribution
model

Age (year)   1.00
(0.96,
1.05)

0.89

CI = con�dence interval; HR = hazard ratio; OR = odds ratio

†The cure probability model is one of two components of the mixture cure model. For patients who
have long-term survival, this model allows investigators to evaluate which covariates are associated
with their long-term survival.

‡The failure time distribution model is another component of the mixture cure model. For patients
who do not show long-term survival, this model allows investigators to evaluate which covariates are
survival predictors.
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Model Variable Subcategory OR
(95%
CI)

p
Value

  Women (reference: men)   0.49
(0.07,
3.48)

0.47

  History of malignancy other than lung
cancer (reference: no history of
malignancy)

  0.77
(0.26,
2.31)

0.64

  Ex- or current smoker (reference: never-
smoker)

  0.45
(0.07,
2.86)

0.40

  Solid nodule (reference: part-solid
nodule)

  1.37
(0.43,
4.39)

0.60

  Clinical T category (reference:
cT1mi/cT1a/cT1b)

cT1c 0.67
(0.24,
1.83)

0.43

    cT2 1.55
(0.37,
6.42)

0.55

  Adenocarcinoma subtype (reference:
lepidic/acinar/papillary)

Solid/micropapillary 0.94
(0.36,
2.44)

0.89

CI = con�dence interval; HR = hazard ratio; OR = odds ratio

†The cure probability model is one of two components of the mixture cure model. For patients who
have long-term survival, this model allows investigators to evaluate which covariates are associated
with their long-term survival.

‡The failure time distribution model is another component of the mixture cure model. For patients
who do not show long-term survival, this model allows investigators to evaluate which covariates are
survival predictors.

Regarding solid nodules, the histologic subtype was not a predictor in either the cure probability model
(OR of the solid/micropapillary subtype: 1.29; 95% CI: 0.51–3.25; p=0.60) or the failure time distribution
model (HR of solid/micropapillary subtype: 1.06; 95% CI: 0.32–3.5; p=0.92) (Supplementary Table 3).

Sensitivity analysis
After excluding those with mixed subtype adenocarcinoma (n=153), 434 adenocarcinomas were included
in the sensitivity analysis. The 5-year OS rates were 97.8% (45 of 46; 95% CI: 93.7–100%) for the lepidic
subtype, 90% (306 of 359; 95% CI: 86.9–93.1%) for the acinar/papillary subtype, and 82.8% (22 of 29;
95% CI: 70.1–97.7%) for the solid/micropapillary-predominant subtype (Supplementary Table 4).
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The adjusted log-rank test did not show longer survival for the lepidic subtype than for the
acinar/papillary subtype (p=0.45) and solid/micropapillary subtype (p=0.63) (Supplementary Table 4;
Supplementary Fig. 2). The histologic subtype was not an independent predictor in either the Cox
regression analysis (HR of solid/micropapillary subtypes: 0.98; 95% CI: 0.43-2.22; p=0.96; Supplementary
Table 5) or the mixture cure model (cure probability model; OR of solid/micropapillary subtypes: 0.5; 95%
CI: 0.09-2.89; p=0.44; failure time distribution model; HR of solid/micropapillary subtypes: 0.36; 95% CI:
0.03-3.8; p=0.39; Supplementary Table 6).

Discussion
To improve prognostic validity for non-small cell lung cancers, the eighth-edition staging system by the
AJCC subclassi�es the clinical and pathologic T categories in more detail based on the tumor extent;
these categories are de�ned according to measurements of the solid portion size on CT and
pathologically invasive component, respectively.24–26 In this context, we investigated the prognostic value
of the predominant histologic subtype in conjunction with this new staging system in stage I
adenocarcinomas. Although the predominant subtype classi�cation is a prognostic factor for lung
adenocarcinoma, this subtype was not found to be an independent predictor for OS in multi-aspect
survival analyses, including the adjusted log-rank test, multivariable Cox hazard regression analysis, and
the mixture cure model. The results were consistent in adenocarcinomas that presented as solid nodules
on chest CT.

Murakami et al.17 proposed that the histologic subtype was correlated with disease-speci�c survival,
although the classi�cation was not associated with the prognosis in a multivariable Cox regression
analysis. Likewise, Ujiie et al.18 reported a difference in OS between low (lepidic), intermediate
(acinar/papillary), and high (solid/micropapillary) grades. Song et al.8 and Hung et al.6 suggested that
solid/micropapillary and lepidic-predominant subtypes were negative and positive prognostic factors for
OS, respectively. However, those studies were performed on the basis of the seventh-edition staging
system, and the solid portion size or the invasive component size was not analyzed.6,8,17,18 In addition,
the nodule type (i.e., the presence of a ground-glass opacity component in tumors), which is one of the
pivotal covariates for prognostication in adenocarcinomas,19,20,27 was not included in their analyses.
Recently, Hattori et al.20 applied the eighth-edition staging system in clinical stage I adenocarcinomas
and demonstrated differences in OS according to the histologic subtype. Nevertheless, their study had
limitations that only a univariable analysis was conducted and the micropapillary-predominant subtype
was absent in the study population.20 Other publications reporting the prognostic value of histologic
subtypes differed from our study in that they included adenocarcinomas of stage II or higher.4,5,7,9–

11,13−16,22,23

In this study, we performed multi-aspect survival analyses. In principle, Cox proportional hazard
regression analysis is based on the assumption that the event will eventually occur and the survival curve
will decrease to zero.28 It is the conventional method for survival analysis in the lung cancer staging
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system.26 In contrast, the mixture cure model assumes that the plateau of the survival curve in long-term
follow-up re�ects the cure state of patients.29,30 Given the presence of long-term censored patients
among those with stage I adenocarcinoma, the mixture cure model is applicable,29–31 and investigators
can separately analyze the predictors for long-term and short-term survival.29,30 The consistent statistical
results obtained from the multi-aspect survival analyses con�rmed the robustness of our observations.

Long-term follow-up (at least 5 years) for the study population is another strength of our study. The
median follow-up duration was 81.3 months, which enabled the investigation of a number of events in
patients with stage I adenocarcinomas. Due to the homogeneous and su�cient follow-up duration,
milestone survival rates at 5 years could be directly described and compared according to the
predominant histologic subtypes.

Some limitations of our study should be mentioned. First, we used the clinical T category as an input for
the multivariable survival analyses, not the pathologic T category. However, a recent study proposed that
the clinical T category may be a better prognostic indicator than the pathological T category.32 Second,
variants of invasive adenocarcinoma were not included (e.g., invasive mucinous, colloid, fetal, and enteric
adenocarcinoma).3 In addition, the latest reported histologic subtypes were not assessed. For example,
although it is still not included in a formal classi�cation, adenocarcinoma of the cribriform subtype,
known as the high-grade acinar subtype, was reported to have poor outcomes similar to those of the
solid/micropapillary-predominant subtype.33–36 The absence of this concept, as part of the latest
classi�cation of histologic subtypes, may have led to an inaccurate histologic classi�cation, as it can be
arbitrarily classi�ed as the acinar or solid subtype.5 Further studies in a cohort with the latest
pathological classi�cation are warranted. Third, the novel IASLC grading system, which is based on a
combination of the most predominant pattern and any high-grade histological pattern (20% or more), was
not analyzed.5 However, Sica’s grading system based on two predominant patterns had a comparable
discrimination performance to the novel IASLC system according to a validation study.37

In conclusion, although the predominant histologic subtype classi�cation is a prognostic factor for lung
adenocarcinoma, no association of this classi�cation with OS was observed in stage I adenocarcinoma
according to the eighth-edition staging system. Multi-center studies with a large cohort and up-to-date
pathologic information are warranted to further validate our results.

Methods
The Institutional Review Board of Seoul National University Hospital approved this study and waived the
requirement for patients’ informed consent. All experiments and methods were performed in accordance
with relevant guidelines and regulations.

Study Population
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This study was conducted at a single tertiary referral center in South Korea. Between January 2011 and
December 2015, patients who underwent surgical resection for pathologic stage I primary lung
adenocarcinoma according to the seventh-edition staging system were identi�ed retrospectively through
a dedicated search of electronic medical records.38 The study population was then determined with the
following exclusion criteria: 1) patients who underwent sublobar resection; 2) synchronous or
metachronous lung cancer; 3) adenocarcinoma in situ and minimally invasive adenocarcinoma; 4)
invasive mucinous adenocarcinoma; 5) pure ground-glass nodule on chest CT; 6) no available survival
data; 7) clinical variables not obtainable; 8) adenocarcinoma histologic subtypes not described in
pathology reports; and 9) a non-measurable primary tumor on CT. These exclusion criteria were
determined to eliminate potential prognostic confounders. Consequently, 587 patients with pathologic
stage I lung adenocarcinoma who underwent at least lobectomy were included in this study
(Supplementary Fig. 3).

Data Collection
The following data were obtained from patients’ electronic medical records: demographic information
(age, sex, history of malignancy other than lung cancer, and smoking status [never smoker, current, or ex-
smoker]), surgical record (operation date and operation modality), radiologic information on preoperative
CT examinations (nodule type [part-solid nodule or solid nodule] and lobar location), and pathologic
report (pathologic diagnosis, stage, and predominant histologic subtypes).

The pathologic diagnosis and stage were determined during routine clinical practice, and the specimens
were not reviewed speci�cally for this study. Therefore, the pathological stage was based on the seventh
edition of the AJCC staging system for lung cancer, 38 as the participants underwent surgery before the
release of the eighth edition of the staging system.25,26 Thus, we measured the solid component size of
each tumor on CT scans to determine the clinical T category according to the eighth edition of the
staging system,25,26 which was used as a covariate in the multivariable survival analyses. Indeed, a
recent study reported that the solid portion size on CT demonstrated a better prognostic correlation than
the invasive component size.32

The longest diameter of the solid portion was measured on the lung window setting (window width, 1500
HU; level, -700 HU). All measurements were performed in the axial plane using an electronic caliper by one
of the two trained radiology technicians (either M.L. with 10 years of research experience in chest CT or
J.Y.J. with 3 years of research experience in chest CT) under the supervision of a board-certi�ed thoracic
radiologist (H.K. with 10 years of CT experience). Reviewers were blinded to the pathologic diagnosis,
stage, and histologic subtypes, but the lobar location was provided.

In this study, the primary endpoint was overall survival (OS), which was measured from the date of
surgery for the corresponding lung cancer to the date of death from any cause (i.e., all-cause mortality).
The censoring time was at March 18, 2021, and the survival status and date of death were obtained from
the database of the Ministry of the Interior and Safety.39
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Pathologic Diagnosis
In this study, the 2011 IASLC/ATS/ERS classi�cation of lung adenocarcinoma was applied.3 That is, non-
mucinous invasive adenocarcinomas were categorized by their predominant architecture patterns
(lepidic, acinar, papillary, micropapillary, or solid-predominant subtype).3,4 The �nal pathologic diagnosis
was adjudicated by the board-certi�ed attending pathologists of our hospital as part of their routine
clinical practice. Then, according to Sica’s three-tier grading system,40 adenocarcinomas were categorized
into three groups: 1) lepidic-predominant, 2) acinar/papillary-predominant, and 3) solid/micropapillary-
predominant subtypes.3–5, 41

In 26% (153 of 587) of the study population, mixed subtype adenocarcinoma was reported according to
the 2004 World Health Organization classi�cation,42 and the predominant subtype was not described in
the pathology reports. In these patients, the three-tier grading was determined following the histologic
hierarchy.5 Speci�cally, if the solid or micropapillary subtype was noted in the mixed subtype, it was
classi�ed as the solid/micropapillary subtype.

CT Examinations
CT scans were performed using eight different scanners produced by four manufacturers (Brilliance 64,
Ingenuity, and iCT, Philips Healthcare, Best, Netherlands; LightSpeed Ultra and Discovery CT750HD, GE
Healthcare, Waukesha, WI, USA; Somatom Sensation 16 and De�nition, Siemens Healthcare, Forchheim,
Germany; Aquilion One, Toshiba Medical Systems [now Canon Medical Systems], Otawara, Japan). Since
this study was performed at a tertiary medical center, which operates multiple CT scanners that are
purchased from various vendors, heterogeneity in imaging acquisition was inevitable due to the
retrospective nature of this study. All patients underwent CT scans from the lung apex to base at
suspended maximum inspiration. The scans were performed at 120 kVp and approximately 20 to 200
mAs with or without the automatic exposure control of each vendor. The CT scans were reconstructed
with a slice thickness ≤5 mm. For patients with part-solid nodules, the slice thickness was less than or
equal to 1.5 mm.

Statistical Analysis
Across the three histologic groups, the Kruskal-Wallis test for continuous variables and the Pearson chi-
square test or Fisher exact test for categorical variables were performed for the patient and tumor
characteristics.

To investigate the prognostic value of the predominant histologic subtype for OS, we performed three-
level survival analyses: 1) pairwise comparisons among the three histological groups (lepidic-
predominant, acinar/papillary-predominant, and solid/micropapillary-predominant subtypes) using
unadjusted and adjusted log-rank tests; for the adjusted log-rank test, variables of age, sex, cancer history,
smoking status, nodule type, and clinical T category (cT1mi/cT1a, cT1b, cT1, and cT2) were taken into
account using inverse probability weighting;43 2) multivariable Cox proportional hazard regression
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analysis with the histologic subtype and other input variables used for the adjusted log-rank test; and 3) a
multivariable mixture cure model including a cure probability model for patients with long-term survival
and a failure time distribution model for those who died.29,30

For a study population in which a subset of patients are long-term survivors, the mixture cure model can
be used to investigate the heterogeneity between patients with two distinct prognoses and to assess their
predictors, respectively (a cure probability model for long-term survival and a failure time distribution
model for short-term survival).29,30 The relevance of this analysis depends on whether the survival curve
has a plateau after long-term follow-up.29,30 Since early-stage, resected lung adenocarcinomas show a
very long-term censored survival time, the cure model was deemed applicable to our study.31

For the mixture cure model, the same covariates were used as in the multivariable Cox regression, but the
clinical T categories were collapsed into three groups (i.e., cT1mi/cT1a/cT1b, cT1c, and cT2) and the
histologic subtype category was also collapsed into two groups (lepidic/acinar/papillary vs.
solid/micropapillary) to estimate con�dence intervals (CIs) for the hazard ratio (HR) and odds ratio (OR)
robustly.

We then performed subgroup analyses to evaluate the prognostic association of the histologic subtype
with OS solely in adenocarcinomas manifesting as solid tumors on CT. Because of the small number of
adenocarcinomas with cT1mi/cT1a and the lepidic-predominant subtype, they were combined with cT1b
and the acinar/papillary-predominant subtypes, respectively. In addition, sensitivity analyses were
performed after excluding those with mixed subtype adenocarcinoma.

All statistical analyses were conducted using R software, version 4.0.4 (R Project for Statistical
Computing, Vienna, Austria; packages: RISCA, smcure, survival, and survminer), and p<0.05 indicated
statistical signi�cance.
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Figure 1

Bar plot for the number of adenocarcinomas according to the predominant histologic subtype, clinical T
category, and nodule type.
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Figure 2

Survival curves for overall survival of patients with stage I adenocarcinoma.

(A) Total study population. Note the censored patients at long-term follow-up and a plateau at the end.

(B) Unadjusted survival curves according to the predominant histologic subtype.

(C) Adjusted survival curves strati�ed by the predominant histologic subtype (adjusted for age, sex,
cancer history, smoking status, nodule type, and clinical T category).
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