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Introduction 

The use of low-dose chest computed tomography (CT) 

for lung cancer screening has led to an increased number 

of patients diagnosed with stage I lung adenocarcinoma. 

Lobectomy and mediastinal lymph node dissection are 

standard treatments for stage I adenocarcinoma and do 

not consider adjuvant therapy. The 5-year overall survival 

(OS) rate of early-stage non-small cell lung cancer (NS-

CLC; stage I) was as high as up to 80.4% [1]. However, in 

early-stage lung adenocarcinoma, some patients still suffer 
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Background: Increasingly many patients have been diagnosed with stage I adenocarcinoma due to the use of low-dose chest com-
puted tomography for lung cancer screening. Therefore, this study aimed to analyze tumor recurrence based on the predominant sub-
type in patients with stage I lung adenocarcinoma who underwent lobectomy. 
Methods: We retrospectively analyzed 114 patients who underwent lobectomy for pathologic stage I lung adenocarcinoma from June 
2001 to July 2019. 
Results: In univariate analyses, significant factors were current smoking at the time of surgery (p=0.029), pathologic tumor size 
(p=0.006), central tumor location (p=0.003), maximum standardized uptake value on positron emission tomography-computed to-
mography (p=0.001), and the solid predominant subtype (p=0.012). In the multivariate analysis, only the solid predominant subtype 
(hazard ratio, 9.702; 95% confidence interval, 1.179–79.874; p=0.035) was an independent risk factor. 
Conclusions: If the solid subtype is predominant in pathologic findings, adjuvant chemotherapy after standard surgical resection may 
be considered to help reduce the risk of tumor recurrence and increase survival. 
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from recurrence; these patients are followed up without 

adjuvant therapy based on the treatment principle, the 

recurrence is judged until the tumor grows to some extent, 

and then, treatment is started. It is a dismal reality that the 

patient's time is consumed, and the chance of remission 

is reduced as the treatment time is delayed. Therefore, we 

thought that selective adjuvant therapy is required for pa-

tients with stage I lung adenocarcinoma who underwent 

lobectomy to investigate factors that increase the risk of 

recurrence. 
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Methods 

Ethical statements: The Institutional Review Board of Daegu 
Catholic University Medical Center approved this study (IRB 
No: CR-22-181). The need for informed consent was waived 
due to the study’s retrospective nature and patient data an-
onymization.

1. Patients 
We retrospectively analyzed 114 patients who underwent 

lobectomy with systemic lymph node dissection or sam-

pling for pathologic stage I lung adenocarcinoma from 

June 2001 to July 2019. All of them underwent contrast-en-

hanced chest CT, positron emission tomography-CT (PET-

CT), bone scan, and brain magnetic resonance imaging at 

preoperative work-up to confirm the absence of metasta-

ses. The exclusion criteria of the patient group are as fol-

lows: induction therapy (preoperative chemotherapy and/

or preoperative radiotherapy), history of lung cancer, death 

within 30 days postoperatively, and loss of postoperative 

follow-up. 

2. Clinicopathologic characteristics 
The resected pulmonary and lymphatic tissues were 

stained with formalin in the Pathology Department, 

stained with hematoxylin and eosin, and read by a pa-

thologist. All adenocarcinomas were divided into five 

subtypes: lepidic, acinar, papillary, solid, and micropapil-

lary. The subtypes occupying the largest proportion were 

determined as predominant subtypes. There were five 

subtypes classified based on the International Association 

for the Study of Lung Cancer, American Thoracic Society, 

and European Respiratory Society classification system. 

Visceral pleural and lymphovascular invasion were noted. 

Pathological staging was based on the TNM classification 

(8th edition) of the American Joint Committee on Cancer. 

The pathological stage by previous TNM classification was 

revised according to the 8th edition by a thoracic surgeon 

based on the pathology report. Tumor location is divided 

into central and peripheral regions based on CT findings, 

centrally located tumor was defined as a case located in 

the inner one-third of the hemithorax adopted by drawing 

concentric lines arising from the midline [2]. 

3. Patient follow-up 
The postoperative follow-up schedule is as follows: chest 

CT every 3 or 4 months in the first 2 years, every 6 months, 

and then after 3 years. Bone scan was performed once a 

year, brain magnetic resonance imaging was performed 

when neurological symptoms occurred, and PET-CT was 

performed when recurrence was suspected. Recurrence 

diagnosis was determined based on follow-up radiologic 

findings supplemented with pathologic examination and 

defined as including both loco-regional recurrence and 

distant recurrence. The definition of local recurrence was 

any new lesion adjacent to the bronchial stump, to the 

staple line. Regional recurrence was defined as any new le-

sion in the ipsilateral lung or in the lymph node stations of 

the ipsilateral thorax. Distant metastasis included pleural 

metastasis, malignant pleural effusion, malignant pericar-

dial effusion, metastasis to the contralateral lung, or ex-

trathoracic metastasis [3]. Exclusion criteria of recurrence 

included second primary lung cancer and lung metastasis 

from primary cancers other than the lungs. The definition 

of second primary lung cancer is as follows: the tumor has 

a different tumor type; tumors with the same tumor type 

have different major histologic patterns and tumors with 

the same major histologic pattern have different other his-

tologic patterns and cytologic features. OS was defined as 

the duration from surgery to death of any cause. Freedom 

from recurrence (FFR) was defined as the duration from 

the date of surgery to the date of the first diagnosis of re-

currence or the recent follow-up date without recurrence. 

Disease-specific survival (DSS) was defined as the duration 

from the date of surgery to the date of tumor-related death. 

4. Statistical analysis 
Univariate and multivariate analyses were performed us-

ing Cox proportional hazard model in the SPSS statistics 

(version 18, IBM Corp.). Variables with p-values of <0.05 

in univariate analysis were entered into the multivariate 

analysis. A p-value of <0.05 was considered statistically 

significant. The OS and FFR rates were calculated using the 

Kaplan-Meier method. 

Results 

The mean age of patients was 63.8±9.6 years and median 

follow-up time was 59.5 months (range, 7.0–206.3 months). 
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Table 1. Clinicopathological variables in 114 patients with pathologic 
stage I adenocarcinoma

Variable All patients 
(n=114)

Age (yr), mean±SD 63.8±9.6
Follow-up time (mo), median (range) 59.5 (7.0–206.3)
Sex, No. (%)
 Male 46 (40.4)
 Female 68 (59.6)
Smoking at the time of surgery, No. (%)
 Never-smoker 79 (69.3)
 Ex-smoker 10 (8.8)
 Current smoker 25 (21.9)
Tumor size (cm), median (range) 2.3 (0.8–4.0)
Pathologic stage, No. (%)
 Stage IA1 3 (2.6)
 Stage IA2 30 (26.3)
 Stage IA3 34 (29.8)
 Stage IB 47 (41.2)
SUVmax on PET-CT, median (range) 2.7 (0.1–11.4)
Visceral pleural invasion, No. (%)
 Absent 81 (71.1)
 Present 33 (28.9)
Lymphovascular invasion, No. (%)
 Absent 83 (72.8)
 Present 31 (27.2)
Tumor location, No. (%)
 Central 9 (7.9)
 Peripheral 105 (92.1)
Extent of pulmonary resection, No. (%)
 Lobectomy 114 (100)
Extent of lymph node harvest
 Systemic lymph node dissection 98 (86.0)
 Systemic lymph node sampling 16 (14.0)
Pathologic subtype, No. (%)
 Lepidic 16 (14.0)
 Acinar 55 (48.2)
 Papillary 27 (23.7)
 Solid 16 (14.0)
Patients with recurrence, No. (%)
 Non-recurrence 85 (74.6)
 Recurrence 29 (25.4)
Time from surgery to recurrence (mo), median (range) 24.2 (5.8–90.2)

SD, standard deviation; SUVmax, maximum standardized uptake value; PET-CT, 
positron emission tomography-computed tomography.

The patient characteristics are summarized in Table 1. 

Smoking status at the time of surgery was 79 (69.3%) for 

never-smokers, 10 (8.8%) for ex-smokers, and 25 (21.9%) 

for current smokers. The median tumor size was 2.3 cm 

(range, 0.8–4.0 cm). The median maximum standardized 

uptake value (SUVmax) of PET-CT was 2.7 (range, 0.1–11.4). 

Tumor location was central and peripheral in found in nine 

(7.9%) and 105 (92.1%) patients. Pathologic predominant 

subtypes were 16 lepidic (14.0%), 55 acinar (48.2%), 27 

papillary (23.7%), and 16 solid (14.0%); however, the mi-

cropapillary subtype was excluded because there was only 

one case. 

Of the 114 patients, 29 (25.4%) recurrence occurred 

and 85 (74.6%) had no recurrence. The median time from 

surgery to recurrence was 24.2 months (range, 5.8–90.2 

months) (Table 1). Recurrence rates according to predom-

inant subtype and stage are summarized in Table 2. Com-

pared with other subtypes, the recurrence rate of the solid 

predominant pattern is very high at 56.3% (Table 2). Lo-

co-regional and distant recurrence were 16 (14.0%) and 13 

(11.4%), respectively (Table 3). The loco-reginal and distant 

recurrence according to the predominant subtype is shown 

in Table 3. 

A total of 114 patients pathologically diagnosed with 

Table 2. Recurrence rate according to the predominant subtype and 
stage

Subtype pattern
Recurrence

Stage IA Stage IB Total
Lepidic 1/12 (8.3) 0/4 (0.0) 1/16 (6.3)
Acinar 4/33 (12.1) 7/22 (31.8) 11/55 (20.0)
Papillary 5/14 (35.7) 3/13 (23.0) 8/27 (29.6)
Solid 4/8 (50.0) 5/8 (62.5) 9/16 (56.3)
Total 14/67 (20.9) 15/47 (31.9) 29/114 (25.4)

Values are presented as number (%).

Table 3. Loco-regional and distant recurrence according to the predom-
inant type

Loco-regional recurrence Distant recurrence
Lepidic (n=16) 1 (6.3) 0
Acinar (n=55) 6 (10.9) 5 (9.1)
Papillary (n=27) 5 (18.5) 3 (11.1)
Solid (n=16) 4 (25.0) 5 (31.3)
Total 16 (14.0) 13 (11.4)

Values are presented as number (%).

Risk factor for recurrence in lung cancer
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Table 4. Univariate and multivariate analyses of risk factors for recurrence in 114 patients with pathologic stage I adenocarcinoma

Variable
Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value
Smoking history 0.158 0.663
 Never-smoker Reference Reference
 Ex-smoker 1 0.999 1 0.978
 Current smoker 2.307 (1.087–4.895) 0.029 1.471 (0.639–3.386) 0.365
Pathologic tumor size 1.976 (1.219–3.203) 0.006 1.174 (0.657–2.099) 0.588
Tumor location (central) 4.516 (1.680–12.138) 0.003 1.832 (0.611–5.495) 0.280
SUVmax on PET-CT 1.239 (1.093–1.406) 0.001 1.145 (0.982–1.334) 0.084
Visceral pleural invasion 2.070 (0.986–4.346) 0.055
Lymphovascular invasion 1.645 (0.776–3.487) 0.194
Pathologic predominant subtype 0.029 0.048
 Lepidic Reference Reference
 Acinar 3.767 (0.484–29.290) 0.205 3.324 (0.421–26.253) 0.255
 Papillary 6.189 (0.771–49.605) 0.086 4.234 (0.495–36.229) 0.188
 Solid 14.137 (1.785–111.945) 0.012 9.702 (1.179–79.874) 0.035

HR, hazard ratio; CI, confidence interval; SUVmax, maximum standardized uptake value; PET-CT, positron emission tomography-computed tomography.

stage I adenocarcinoma were analyzed for risk factors 

associated with recurrence. In univariate analyses, sig-

nificant factors were current smokers at the surgery time 

(p=0.029), pathologic tumor size (p=0.006), central tumor 

location (p=0.003), SUVmax of PET-CT (p=0.001), and solid 

predominant subtype (p=0.012). Visceral pleural invasion 

(p=0.055) showed a trend toward recurrence. Lympho-

vascular invasion (p=0.194) and papillary predominant 

subtype (p=0.086) were not significant factors (Table 4). 

In the multivariate analysis, only the solid predominant 

subtype (hazard ratio [HR], 9.702; 95% confidence interval 

[CI], 1.179–79.874; p=0.035) was an independent risk factor 

(Table 4). In Kaplan-Meier analyses, the 5-year OS, DSS, 

and FFR rates were 76.0%, 81.3%, and 73.8%, respectively 

(Fig. 1). The rate of 5-year FFR was 100%, 77.2%, 64.2%, and 

47.1% for the lepidic, acinar, papillary, and solid groups, re-

spectively (Fig. 2A). When divided into non-solid and solid 

groups, the 5-year FFR was 78.1% and 47.1%, respectively 

(Fig. 2B). The 5-year DSS rates were 100%, 82.9%, 81.6%, 

and 53.8% for lepidic, acinar, papillary, and solid, respec-

tively (p=0.007) (Fig. 3A), and when classified as non-solid 

and solid groups, the 5-year DSS rates were 85.3%, and 

53.8%, respectively (p=0.001) (Fig. 3B). The 5-year OS rates 

were 100%, 73.3%, 78.1%, and 57.8% for lepidic, acinar, 

papillary, and solid groups, respectively (p=0.038) (Fig. 

4A), and when divided into non-solid and solid groups, 

the 5-year OS rates were 79.0%, and 57.8%, respectively 

(p=0.010) (Fig. 4B). 

Discussion 

Surgical resection is the standard treatment for stage I 

lung adenocarcinoma. However, we observed unfortunate 

recurrences even in patients who underwent lobectomy. 

Therefore, this study sought to find risk factors related to 

recurrence in 114 patients who underwent lobectomy in 

stage I adenocarcinoma. 

In our study, current smoker at the surgery time, patho-

logic tumor size, central tumor location, SUVmax of PET-CT, 

and solid predominant subtype were statistically signifi-

cant risk factors in univariate analyses. These results have 

also been shown in other studies. Wu et al. [4] reported that 

current smokers at surgery (HR=1.63, p=0.037) and larg-

er tumor size (≤2 cm reference; 2–3 cm HR=1.55, 3–5 cm 

HR=2.03, p=0.031) were significant risk factors for recur-

rence in 356 patients with stage I NSCLC who underwent 

pulmonary resection. Shiono et al. [5] reported that SUV 

index is a significant predictor for recurrence (HR=1.26, 

p<0.01) in 183 patients with stage IA lung cancer who un-

derwent surgical resection and SUV index of <1.0 suggests 

limited resection because recurrence is less likely. Sever-

al studies reported that the central tumor location was a 

worse independent predictor of recurrence-free survival in 

patients with stage I NSCLC who underwent complete re-
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Fig. 1. Kaplan-Meier analysis for overall survival (5-year overall survival rate; 76.0%) (A), disease-specific survival (5-year disease-specif-
ic survival rate; 81.3%) (B), and freedom from recurrence (5-year freedom from recurrence rate; 73.8%) (C) in 114 patients with patho-
logic stage I adenocarcinoma.

section [6,7]. In other studies, visceral pleural invasion and 

lymphovascular invasion were also significantly associated 

with recurrence [6,8]; however, only visceral pleural inva-

sion had a trend in our study (p=0.055). 

In our study, the solid predominant subtype was the only 

independent risk factor in multivariate analysis. The re-

currence rate was highest at 56.3% in patients with stage I 

adenocarcinoma with the solid predominant subtype, and 

the HR for recurrence was 9.7 (p=0.035). In some studies, 

micropapillary and solid predominant components were 

significantly associated with poor disease-free survival and 

OS and recurrence. Tsao et al. [9] evaluated 575 patients 

who underwent surgical resection with adenocarcinoma 

and reported poorer DSS and a significant benefit from 

adjuvant chemotherapy in the solid predominant pattern. 

Yoshizawa et al. [10] analyzed 514 patients with pathologic 

stage I lung adenocarcinoma who underwent lobectomy. 

In the multivariate analysis, solid, micropapillary, invasive 

mucinous adenocarcinoma and colloid predominant sub-

types were poor prognostic factors, which all noted that ad-

juvant therapy may be needed. Motono et al. [11] reported 

the lepidic/acinar/papillary group has a significantly better 

100

80

60

40

20

0

100

80

60

40

20

0

100

80

60

40

20

0

O
ve

ra
ll 

su
rv

iv
al

 ra
te

 (%
)

Fr
ee

do
m

 fr
om

 re
cu

rre
nc

e 
(%

)

D
is

ea
se

-s
pe

ci
fic

 s
ur

vi
va

l (
%

)

Time from surgery (yr)

Time from surgery (yr)

Time from surgery (yr)
7

7

76

6

65

5

54

4

43

3

32

2

21

1

10

0

0

BBAA

CC

Risk factor for recurrence in lung cancer

121www.kosinmedj.org



Fig. 3. Kaplan-Meier analysis (log-rank test) for disease-specific survival according to all pathologic predominant subtypes (5-year dis-
ease-specific survival rate; lepidic 100%, acinar 82.9%, papillary 81.6%, and solid 53.8%) (A) and disease-specific survival for non-solid 
and solid tumors (5-year disease-specific survival rate; non-solid 85.3% and solid 53.8%) (B).

Fig. 2. Kaplan-Meier analysis (log-rank test) for the freedom from recurrence rate according to all pathologic predominant subtypes (5-
year freedom from recurrence rate; lepidic 100%, acinar 77.2%, papillary 64.2%, and solid 47.1%) (A) and freedom from recurrence rate 
for non-solid and solid tumors (5-year freedom from recurrence rate; non-solid 78.1% and solid 47.1%) (B).
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Fig. 4. Kaplan-Meier analysis (log-rank test) for overall survival according to all pathologic predominant subtypes (5-year overall survival 
rate; lepidic 100%, acinar 73.3%, papillary 78.1%, and solid 57.8%) (A) and overall survival based for non-solid and solid tumors (5-year 
overall survival rate; non-solid 79.0% and solid 57.8%) (B).

prognosis for recurrence-free survival than the micropap-

illary/solid/invasive mucinous adenocarcinoma group in a 

study of 197 completely resected pathologic stage I invasive 

lung adenocarcinoma. 

We believe that the high recurrence rate in the solid pre-

dominant subtype is caused by a more aggressive behavior, 

resulting in a higher tendency for early distant metastasis. 

In some studies, the association between lymph node me-

tastasis or micro-metastasis and micropapillary or solid 

subtype component was investigated. Hung [12] reported 

that the solid or micropapillary subtype was a significant 

predictor of occult lymph node metastasis or micro-metas-

tasis in stage I lung adenocarcinoma and was associated 

with occult N2 lymph node metastasis [13], which has a 

more aggressive behavior, indicating a higher probability of 

initial extrathoracic only recurrence and early distant me-

tastasis in lung adenocarcinoma [14]. These results suggest 

that the solid predominant pattern has a more aggressive 

course, and therefore, adjuvant therapy should be con-

sidered even in early-stage lung adenocarcinoma. Several 

studies evaluated the effects of adjuvant chemotherapy on 

stage I NSCLC. Tsutani et al. [15] reported that adjuvant 

chemotherapy provides significantly better recurrence-free 

survival and OS in patients with stage I NSCLC with 2 cm 

or more invasive component and lymphatic invasion than 

observation-alone patients. Park et al. [16] reported that 

platinum-based adjuvant chemotherapy provided better 

OS (HR=0.428, p=0.049) and disease-free survival (HR=0.57, 

p=0.043) in 119 patients with stage IB NSCLC who under-

went lobectomy and mediastinal lymph node dissection, 

respectively. 

We analyzed Kaplan-Meier curves for FFR, DSS, and OS. 

These results indicate that the solid predominant subtype 

has a significant bad effect on patient’s OS, DSS, and FFR 

(Fig. 1). Therefore, we think it is reasonable to consider 

adjuvant therapy in patients who underwent surgical re-

section with a solid predominant subtype even in stage I 

adenocarcinoma. Currently, the efficacy of adjuvant che-

motherapy in early-stage NSCLC has been assessed as hav-

ing modest benefit; however, no specific criteria have been 

established for patients who are expected to benefit from 

adjuvant chemotherapy and who are likely to be disadvan-

tageous due to its toxicity [17]. 

The limitation of our study is a retrospective design. The 
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number of patients included in the study was relatively 

small. The micropapillary predominant subtype was ex-

cluded from the study because there was only one case.  

In conclusion, the solid predominant subtype is an inde-

pendent risk factor associated with recurrence after lobec-

tomy in patients with stage I adenocarcinoma. Therefore, 

if the solid subtype is predominant in pathologic findings, 

consideration of adjuvant therapy after standard surgical 

therapy may help reduce the risk of tumor recurrence and 

increase survival. 
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