
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(5):3005-3015jtd.amegroups.com

Original Article

Prognostic prediction of clinical stage IA lung cancer presenting 
as a pure solid nodule

Jong Hui Suh1, Jae Kil Park2, Youngkyu Moon2

1Department of Thoracic & Cardiovascular Surgery, Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, 

Republic of Korea; 2Department of Thoracic & Cardiovascular Surgery, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of 

Korea, Seoul, Republic of Korea

Contributions: (I) Conception and design: JH Suh, Y Moon; (II) Administrative support: JK Park; (III) Provision of study materials or patients: JK 

Park, Y Moon; (IV) Collection and assembly of data: JH Suh, Y Moon; (V) Data analysis and interpretation: JH Suh, Y Moon; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Youngkyu Moon, MD, PhD. Department of Thoracic & Cardiovascular Surgery, Seoul St. Mary’s Hospital, College of Medicine, 

The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul, 06591, Republic of Korea. Email: mykae@catholic.ac.kr.

Background: Clinical stage IA lung cancer presenting as a ground glass opacity (GGO) on imaging is 
known to be associated with a good prognosis. Conversely, the prognosis of lung cancer presenting as a 
pure solid nodule is less favorable. The purpose of this study was to identify the predictive factors affecting 
prognosis in pure solid nodule lung cancer. 
Methods: A total of 328 consecutive patients undergoing curative resection of clinical stage IA pure solid 
nodule lung cancer were reviewed retrospectively. Recurrence, survival and risk factors for nodal upstaging 
were analyzed.
Results: Of the 328 patients, 277 patients (84.6%) underwent lobectomy (or greater) and 51 patients 
(15.6%) underwent sublobar resection. Mediastinal lymph node dissection or sampling was performed in 
278 patients (84.8%). The 5-year recurrence-free survival rate was 70.0% and the disease-specific survival 
rate was 86.5%. Intraoperative mediastinal lymph node dissection was the only significant related factor 
for recurrence and cancer-related death in a multivariate analysis [hazard ratio (HR) =0.485, P=0.020;  
HR =0.342, P=0.014]. A total of 217 patients underwent lobectomy with mediastinal lymph node dissection 
and nodal upstaging occurred in 36 patients (16.6%). There were no significant predictive factors for 
nodal upstaging in a multivariate analysis. Visceral pleural invasion, lymphovascular invasion, and small 
cell carcinoma histology were the only identified risk factors for nodal upstaging (HR =3.858, P=0.006;  
HR =8.792, P<0.001; HR =45.908, P=0.017).
Conclusions: There were no definite factors predictive of prognosis in clinical stage IA pure solid nodule 
lung cancer. Only accurate pathologic staging and adequate intraoperative lymph node dissection were 
shown to be related to prognosis.
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Introduction

Lung cancer has many histological subtypes (1). One 
of them, lung adenocarcinoma, can often be accurately 
predicted before biopsy or surgery due to its classic 
appearance as a ground glass opacity (GGO) on chest 

computed tomography (CT) (2). In GGO lung cancer, the 
size of the entire tumor or the solid portion can affect the 
prognosis (3). If the GGO nodule is presenting as pure 
GGO or has a solid portion less than 5 mm, it is highly 
likely to be an adenocarcinoma in situ or a minimally 
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invasive adenocarcinoma, and a good prognosis is expected 
following surgical resection (4,5). Conversely, lung cancer 
presenting as a pure solid nodule (pure solid lung cancer) 
generally has a worse prognosis than GGO lung cancer. 
However, the prognosis of pure solid nodule lung cancer is 
not always poor. In fact, even among pure solid nodule lung 
cancer, there are some tumors that carry a good prognosis 
after surgical resection. GGO lung cancer is predominantly 
adenocarcinoma, although pure solid nodules are a 
radiologic feature in various histologic types of lung cancer 
ranging from adenocarcinoma and squamous cell carcinoma 
to small cell carcinoma. Given this, the characteristics and 
prognosis of pure solid lung cancers are heterogeneous. 

The standard treatment of early stage lung cancer is 
anatomical lobectomy (6). However, in the case of stage IA 
GGO lung cancer, it is well known that sublobar resection 
is also an effective treatment option (7,8). GGO lung cancer 
is known to have a low risk of lymph node metastasis, so 
lymph node dissection may not be necessary for clinical 
stage IA GGO lung cancer (9-13). There has not been a 
comprehensive analysis of appropriate treatment regimens 
in early stage pure solid lung cancer. Generally, only 
lobectomy or greater with systematic lymph node dissection 
is considered to be an appropriate treatment, even in stage 
IA. Therefore, the development of a method to determine 
the prognosis in pure solid lung cancers may be helpful in 
determining the most appropriate treatment regimen.

The purpose of this study is to identify the predictive 
factors determining prognosis after surgical treatment of 
clinical stage IA pure solid lung cancer. We believe that by 
predicting the prognosis of pure solid lung cancer before 
surgery and by differentiating tumors according to prognosis, 
we can better establish appropriate treatment plans.

Methods

Patients

Between January, 2006 and December, 2016, 1,571 
consecutive patients were diagnosed with and surgically 
treated for lung cancer at Seoul St. Mary’s Hospital at 
the Catholic University of Korea. Of those patients, 918 
patients were diagnosed as clinical T1N0M0 (stage IA) and 
there were 344 patients with a pure solid nodule tumor 
identified on chest CT. None of the patients included in the 
study had an incomplete resection or received preoperative 
chemo- or radiotherapy. Sixteen patients were excluded 
from the study because they had synchronous lung cancer 

or multiple nodules. Our standard procedure for radiologic 
solid lung cancer is anatomical lobectomy with mediastinal 
lymph node dissection. Sublobar resection (wedge resection 
or segmentectomy) was performed in high-risk patients 
with reduced pulmonary function or comorbid conditions, 
such as cardiopulmonary disease and advanced age. When 
we performed sublobar resection, lymph node dissection or 
sampling was done only in enlarged lymph nodes. A total 
of 328 consecutive patients undergoing curative resection 
of clinical stage IA pure solid lung cancer were reviewed 
retrospectively. Predictive factors for recurrence and cancer-
related death of those patients were analyzed. 

The occurrence of postoperative upstaging was also 
analyzed. Of 328 patients, 217 patients who underwent 
surgical procedures including lobectomy and mediastinal 
lymph node dissection of more than three mediastinal 
lymph node stations were selected. The technique used for 
lymph node dissection was en-bloc resection of the lymph 
nodes, including the adjacent fatty tissue. The incidence of 
upstaging was evaluated and nodal upstaging was analyzed 
in detail. Patients were classified into 2 groups: those 
diagnosed with preoperative clinical N0 (cN0) tumors and 
postoperative pathologic N0 (pN0) tumors (pN0 group), 
and those diagnosed with preoperative cN0 tumors and 
pathologic N1 or pathologic N2 tumors postoperatively 
(nodal upstaging group). Clinicopathological characteristics 
of tumors in the two groups were compared. Risk factors 
for upstaging were also analyzed.

This study was approved by the Institutional Review 
Board of Seoul St. Mary’s Hospital at the Catholic 
University of Korea (ID: KC17RESI0719).

Preoperative radiologic evaluation and clinical staging

Primary lesions were evaluated using thin-section CT 
images. All chest CT scans were obtained during a 
deep inspiration and were retrospectively examined for 
pulmonary nodules. On a CT scan, GGO is defined as 
increased hazy opacities in the lung parenchyma with 
preservation of the bronchial structures and vascular 
margins (14). The diameter of the tumor (T) was defined 
as the largest diameter of the lesion in the lung window 
setting. The diameter of consolidation (C) in the lung 
window setting was also measured; consolidation was 
defined as an area of increased opacification that completely 
obscured the underlying bronchial structures and vascular 
markings. We calculated the C/T ratio as a variable. A pure 
solid nodule is defined as having a C/T ratio of 1.0. 
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TNM staging was based on the eighth edition of 
the TNM classification proposed by the International 
Association of Study of Lung Cancer (IASLC) (15). Clinical 
T staging was determined using only nodule size on CT 
image. Pleural retraction or tags were not interpreted as 
visceral pleural invasion or parietal pleural invasion. Lymph 
node staging was performed using contrast-enhanced 
chest CT and F-18-fluorodeoxyglucose (FDG)-positron 
emission tomography (PET) scanning. Lymph nodes were 
considered malignant if their short axis diameter was greater 
than 10 mm on a CT scan and if their FDG uptake was 
greater than that of the surrounding mediastinal structures. 
However, an enlarged lymph node or a lymph node with 
high FDG uptake was considered benign if the lymph 
node contained benign calcifications or if unenhanced CT 
images showed high attenuation with a distinct margin. 
In patients with general symmetric and equivocal FDG 
uptake in the mediastinal lymph nodes on a PET/CT scan, 
it was interpreted as reactive inflammatory changes (16,17). 
In patients diagnosed with cN0 tumors using chest CT 
and PET/CT scanning, surgery was performed without 
preoperative invasive lymph node staging if complete 
resection was considered possible.

Follow-up evaluations

All patients were followed from the day of surgery. They 
were examined physically and by chest radiography every 
3 months and by chest CT covering cervical to abdominal 
lesions every 6 months for the first 2 years. Thereafter, they 
were examined physically and by low-dose chest CT every 
6 months up to 5 years. After 5 years, they were examined 
physically and by low-dose chest CT annually.

Statistical analysis

Clinicopathological characteristics of all patients were 
described. The Kaplan-Meier method was used to analyze 
data from the interval between surgical resection and the 
time of the final follow-up visit, as well as to calculate 
recurrence-free survival and disease-specific survival using 
confirmed recurrences and cancer-related deaths. In a 
multivariate analysis, the Cox proportional hazards model 
was used to determine the risk of recurrence and cancer-
related death for all patients. All variables with a P of <0.1 
in the univariate analysis were entered into a multivariate 
analysis. A P of <0.05 was considered statistically significant. 
Clinicopathological characteristics of the pN0 tumors were 

compared with those in the nodal upstaging group. The 
Student’s t-test or Wilcoxon rank-sum test was used for 
continuous variables and the χ2 test or Fisher’s exact test 
was applied for categorical variables. A multivariate logistic 
regression was used to analyze factors influencing nodal 
upstaging after surgery. Statistical analyses were performed 
using SPSS 19.0 software (IBM Corp, Armonk, NY, USA).

Results

The clinicopathological characteristics of all 328 patients 
are described in Table 1. The mean age was 65.2 (±10.6) 
years and the number of males (66.2%) was greater than 
females. Clinical T1a, T1b, and T1c staging were described 
in 14 (4.3%), 133 (40.5%), and 181 (55.2%) patients, 
respectively. 

Survival analysis and predictive factors for recurrence and 
cancer-related death

The median follow-up time for all patients was 36.5 months 
(range, 0.4–135.4 months), with recurrence identified in 
85 patients (Table 2). Among those patients, locoregional 
recurrence occurred in 42 (49.4%). The 5-year recurrence-
free survival rate and disease-specific survival rate of the 
patients with stage IA pure solid lung cancer was 70.0% and 
86.5%, respectively (Figure 1).

The results of the univariate and multivariate analyses by 
the Cox proportional hazards model performed to identify 
predictive factors impacting recurrence are shown in Table 3.  
Specific variables identified as significant (P<0.1) by 
univariate analysis include history of smoking, serum CEA 
level, radiologic pleural retraction, surgical procedures, 
and the performance of intraoperative mediastinal lymph 
node evaluation (MLE). These variables were entered into 
the multivariate model. The presence of radiologic pleural 
retraction [hazard ratio (HR) =1.876, P=0.016] and the 
performance of intraoperative MLE (selective mediastinal 
lymph node sampling, HR =0.402, P=0.030; mediastinal lymph 
node dissection more than 3 stations, HR =0.460, P=0.014) 
were significant related factors predicting recurrence.

The univariate and multivariate analyses were also 
conducted to identify predictive factors impacting cancer-
related death. Specific variables identified as significant 
(P<0.1) by univariate analysis include age, sex, smoking 
history, surgical procedures, VATS, and intraoperative 
MLE; these variables were entered into the multivariate 
model. Only mediastinal lymph node dissection more 
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Table 1 Clinicopathological characteristics of patients with clinical  
stage IA lung cancer presenting as pure solid nodules on chest  
computed tomography (N=328)

Factors N (%) or mean (± SD)

Age 65.2 (±10.6)

Sex

Male 217 (66.2%)

Female 111 (33.8%)

Current or former smoker 169 (51.5%)

Serum CEA level (ng/mL) 3.2 (±5.2)

Pulmonary function test results

FEV1 (%) 93.6 (±19.1)

DLCO (%) 84.4 (±19.2)

SUVmax 6.7 (±4.1)

Radiologic pleural retraction 82 (25.0%)

Tumor size (cm) 2.1 (±0.6)

0–1.0 (T1a) 14 (4.3%)

1.1–2.0 (T1b) 133 (40.5%)

2.1–3.0 (T1c) 181 (55.2%)

Involved lobe

Right upper 79 (24.1%)

Right middle 34 (10.4%)

Right lower 84 (25.6%)

Left upper 75 (22.9%)

Left lower 56 (17.1%)

Tumor location

Central 60 (18.3%)

Peripheral 268 (81.7%)

Operation

Lobectomy 259 (79.0%)

Bilobectomy 16 (4.9%)

Pneumonectomy 2 (0.6%)

Segmentectomy 15 (4.6%)

Wedge resection 36 (11.0%)

VATS 236 (72.0%)

Intraoperative MLE

No evaluation 50 (15.2%)

Mediastinal lymph node sampling 52 (15.9%)

Table 1 (continued)

Table 1 (continued)

Factors N (%) or mean (± SD)

Mediastinal lymph node dissection 226 (68.9%)

Postoperative complications 60 (18.3%)

Postoperative mortality 3 (0.9%)

Tumor differentiation

Mild 49 (14.9%)

Moderate 188 (57.3%)

Poor 91 (27.7%)

Histology

Adenocarcinoma 200 (61.0%)

Squamous cell carcinoma 87 (26.5%)

Other NSCLC 35 (10.7%)

Small cell carcinoma 6 (1.8%)

Pathologic N stage

N0 287 (87.5%)

N1 19 (5.8%)

N2 22 (6.7%)

Visceral pleural invasion (T2a) 90 (27.4%)

Parietal pleural invasion (T3) 2 (0.6%)

Lymphovascular invasion 159 (48.5%)

Mediastinal lymph node sampling = selective mediastinal lymph 
node sampling; mediastinal lymph node dissection = mediastinal  
lymph node en bloc dissection of more than 3 stations. SD, 
standard deviation; CEA, carcinoembryonic antigen; FEV1, 
forced expiratory volume in 1 second; DLCO, diffusing capacity 
for carbon monoxide; SUVmax, maximum standardized uptake 
value; VATS, video-assisted thoracoscopic surgery; NSCLC, 
non-small cell lung cancer; MLE, mediastinal lymph node  
evaluation.

than 3 stations was a significantly good prognostic factor 
[HR =0.337, 95% confidence interval (CI): 0.141–0.809, 
P=0.015].

Upstaging after surgery and associated risk factors 

A total of 217 patients who underwent more than lobectomy 
with mediastinal lymph node dissection were evaluated. 
Of those patients, upstaging of the N stage occurred in 36 
patients (16.6%; 15 N1 patients and 21 N2 patients). 

We performed an analysis of lymph node upstaging. A 
comparison of the clinicopathological characteristics in 
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Table 2 Summary of recurrence

Overall recurrence N=85 (25.9%)

Locoregional recurrence 42 (12.8%)

Distant recurrence 24 (7.3%)

Both 19 (5.8%)

Locoregional = recurrence within ipsilateral hemithorax including  
pleura and mediastinal lymph nodes; both = locoregional  
recurrence + distant recurrence.

Figure 1 Recurrence-free survival (A) and disease-specific survival (B) of stage IA pure solid lung cancer.
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Table 3 Univariate analysis and multivariate analysis for factors predictive of recurrence in clinical stage IA pure solid lung cancer by  
Cox-proportional hazard model

Variable HR 95% CI P value

Univariate analysis

Age 0.999 0.980–1.019 0.957

Sex (male) 1.163 0.737–1.836 0.517

Current or former smoker 1.470 0.955–2.261 0.080

Serum CEA level (ng/mL) 1.038 0.999–1.078 0.055

FEV1 (%) 1.001 0.990–1.012 0.855

DLCO (%) 1.006 0.994–1.018 0.307

SUVmax 1.032 0.980–1.086 0.237

Radiologic pleural retraction 1.691 1.080–2.649 0.022

Tumor size 1.173 0.806–1.706 0.405

Involved lobe 0.439

Right upper (reference) 1 –

Table 3 (continued)

the pN0 group and the nodal upstaging group is shown 
in Table 4. The distribution of histologic types (P=0.009) 
and the incidence of pleural invasion and lymphovascular 
invasion varied (P<0.001 and P<0.001). Logistic regression 
analysis was used to determine the risk factors for lymph 
node upstaging (Table 5). In a univariate analysis, serum 
CEA level, lobe involved, histologic type, visceral pleural 
invasion, and lymphovascular invasion had P values of 
<0.1. Small cell carcinoma, visceral pleural invasion and 
lymphovascular invasion were confirmed to be significant 
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Table 3 (continued)

Variable HR 95% CI P value

Right middle 1.000 0.490–2.042 1.000

Right lower 0.708 0.390–1.283 0.255

Left upper 0.583 0.306–1.112 0.102

Left lower 0.928 0.487–1.771 0.928

Operation 0.059

Wedge resection (reference) 1 –

Segmentectomy 0.701 0.232–2.115 0.528

Lobectomy or greater 0.510 0.291–0.895 0.019

VATS 0.930 0.589–1.469 0.757

Intraoperative mediastinal lymph node 0.011

No evaluation (reference) 1 –

Mediastinal lymph node sampling 0.463 0.229–0.935 0.032

Mediastinal lymph node dissection 0.476 0.289–0.786 0.004

Tumor location (central) 0.604 0.312–1.168 0.134

Multivariate analysis

Current or former smoker 1.218 0.762–1.946 0.409

Serum CEA level (ng/mL) 1.034 0.995–1.073 0.086

Radiologic pleural retraction 1.876 1.127–3.124 0.016

Operation 0.600

Wedge resection (reference) 1 –

Segmentectomy 1.496 0.450–4.970 0.511

Lobectomy or greater 0.872 0.408–1.864 0.724

Intraoperative MLE 0.027

No MLE (reference) 1 –

Mediastinal lymph node sampling 0.402 0.176–0.918 0.030

Mediastinal lymph node dissection 0.460 0.247–0.857 0.014

Mediastinal lymph node sampling = selective mediastinal lymph node sampling; mediastinal lymph node dissection = mediastinal lymph 
node en bloc dissection of more than 3 stations. HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; FEV1, forced 
expiratory volume in 1 second; LCO, diffusing capacity for carbon monoxide; SUVmax, maximum standardized uptake value; VATS,  
video-assisted thoracoscopic surgery; MLE, mediastinal lymph node evaluation.

risk factors for nodal upstaging after surgery in a 
multivariate analysis (HR =45.908, P=0.017; HR =3.858, 
P=0.006; HR =8.792, P<0.001, respectively). 

Discussion

The most powerful predictor of lung cancer prognosis is 

the TNM stage (18). The new TNM staging system of 
the 8th edition more clearly illustrates the differences in 
survival according to the stage of cancer (15). In addition to 
stage, histopathologic characteristics also serve as a factor 
in predicting lung cancer prognosis (1,19). Particularly in 
stage I lung cancer, histologic types and many other factors 
can alter prognoses (20,21). Therefore, there is a continuing 
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Table 4 Comparison of clinicopathological characteristics between the pathologic N0 group and the nodal upstaging group in patients who  
underwent lobectomy or greater with mediastinal lymph node dissection (n=217)

Variables Pathologic N0 (n=181) Nodal upstaging (n=36) P value

Age (± SD) 63.7 (±11.3) 63.1 (±8.2) 0.712

Sex 1.000

Male 108 (59.7%) 22 (61.1%)

Female 73 (40.3%) 14 (38.9%)

Current or former smoker 89 (49.2%) 18 (50.0%) 1.000

Serum CEA level (ng/mL) (± SD) 2.5 (±2.2) 3.7 (±4.6) 0.173

Pulmonary function

FEV1 (%) 94.6 (±19.0) 93.6 (±16.4) 0.780

DLCO (%) 85.4 (±17.2) 90.1 (±16.0) 0.141

SUVmax 7.1 (±4.5) 6.6 (±2.8) 0.458

Radiologic pleural retraction 51 (28.2%) 15 (41.7%) 0.116

Tumor size 2.2 (±0.5) 2.3 (±0.5) 0.175

Lobe 0.152

Right upper 59 (26.9%) 5 (13.5%)

Right middle 26 (11.9%) 3 (8.1%)

Right lower 52 (23.7%) 12 (32.4%)

Left upper 51 (23.3%) 8 (21.6%)

Left lower 31 (14.2%) 9 (24.3%)

VATS 163 (74.4%) 31 (83.8%) 0.300

Open thoracotomy 56 (25.6%) 6 (16.2%) –

Tumor location 0.521

Central 47 (21.5%) 6 (16.2%)

Peripheral 172 (78.5%) 31 (83.8%)

Histology 0.009

Adenocarcinoma 115 (63.5%) 25 (69.4%)

Squamous cell carcinoma 49 (27.1%) 4 (11.1%)

Other NSCLC 16 (8.8%) 4 (11.1%)

Small cell carcinoma 1 (0.6%) 3 (8.3%) –

Visceral pleural invasion 49 (27.1%) 22 (61.1%) <0.001

Parietal pleural invasion 1 (0.6%) 0 –

Lymphovascular invasion 82 (45.3%) 32 (88.9%) <0.001

SD, standard deviation; CEA, carcinoembryonic antigen; FEV1, forced expiratory volume in 1 second; DLCO, diffusing capacity for carbon 
monoxide; SUVmax, maximum standardized uptake value; VATS, video-assisted thoracoscopic surgery; NSCLC, non-small cell lung cancer.
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Table 5 Univariate analysis and multivariate analysis for factors related to nodal upstaging in clinical T1N0 NSCLC by logistic regression model

Variable HR 95% CI P value

Univariate analysis

Age 0.995 0.963–1.028 0.763

Sex (male) 1.062 0.510–2.211 0.872

Current or former smoker 1.034 0.505–2.114 0.928

Serum CEA level (ng/mL) 1.124 1.003–1.261 0.045

FEV1 (%) 0.997 0.978–1.017 0.779

DLCO (%) 1.017 0.995–1.039 0.142

SUVmax 0.974 0.889–1.068 0.580

Radiologic pleural retraction 1.821 0.871–3.807 0.111

Tumor size 1.615 0.807–3.230 0.176

Involved lobe 0.176

Right upper (reference) 1 –

Right middle 1.642 0.357–7.544 0.524

Right lower 2.902 0.948–8.884 0.062

Left upper 1.693 0.501–5.716 0.396

Left lower 3.900 1.180–12.889 0.026

VATS 1.241 0.480–3.208 0.655

Tumor location (central) 0.728 0.283–1.874 0.511

Histology 0.033

Adenocarcinoma (reference) 1 –

Squamous cell carcinoma 0.376 0.124–1.136 0.083

Other NSCLC 1.150 0.354–3.735 0.816

Small cell carcinoma 13.800 1.378–138.213 0.026

Visceral pleural invasion 4.201 1.992–8.860 <0.001

Lymphovascular invasion 9.659 3.281–28.437 <0.001

Multivariate analysis

Serum CEA level (ng/mL) 1.127 0.991–1.281 0.068

Involved lobe 0.188

Right upper (reference) 1 –

Right middle 3.029 0.510–17.999 0.223

Right lower 3.684 0.961–14.123 0.057

Left upper 1.856 0.430–8.007 0.407

Left lower 5.333 1.214–23.440 0.027

Histology 0.022

Adenocarcinoma (reference) 1 –

Table 5 (continued)
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effort to identify prognostic factors in addition to the TNM 
staging system and to better elucidate the prognosis even 
within the same stage. GGO lung cancer is known to have 
a very good prognosis, while pure solid nodule lung cancer 
has a relatively poorer prognosis (22,23). In this study, we 
evaluated the factors that could predict recurrence and 
cancer-related death in order to better determine prognosis 
among pure solid lung cancer. We also investigated the 
factors predictive of nodal upstaging in patients with clinical 
N0 pure solid lung cancer, since lymph node metastasis is a 
very important prognostic factor. In our study, factors that 
accurately predicted the prognosis of pure solid lung cancer 
included the presence of radiologic pleural retraction on 
the preoperative CT and lymph node dissection during 
surgery. Radiologic pleural retraction is associated with 
upstaging of the T stage because it is a factor that indicates 
the possibility of visceral pleural invasion. Mediastinal 
lymph node dissection is performed during surgery as an 
effort to accurately determine N staging. There were no 
preoperative factors that accurately predicted postoperative 
nodal upstaging. Therefore, only the efforts for accurate 
staging before surgery and during surgery will affect the 
prognosis of pure solid lung cancer.

Nodal upstaging is very important for determining 
prognosis. Pathologic N0 lung cancer generally does not 
require adjuvant postoperative treatment. However, adjuvant 
treatment is recommended for pathologic N1 or N2 disease 
even if the tumor is completely resected (24-26). Even 
despite adjuvant treatment, the prognosis of N1 and N2 
disease is poorer than that of pathologic N0 stage disease. 
Therefore, nodal upstaging is important in predicting 
the prognosis (17). In GGO lung cancer, nodal upstaging 
rarely occurs (9,10,13). Conversely, nodal upstaging 
is relatively common in pure solid lung cancer (27).  

In this study, nodal upstaging occurred in 16.6% of 
patients. Therefore, we searched for factors to predict 
the occurrence of nodal upstaging. Unfortunately, none 
of the preoperative and intraoperative factors examined 
predicted nodal upstaging. Only histological features such 
as visceral pleural or lymphovascular invasion and small 
cell carcinoma were risk factors for nodal upstaging. In 
summary, preoperative clinical factors did not predict nodal 
upstaging; only surgical or histologic examination could 
predict nodal upstaging. Therefore, pure solid lung cancer 
requires adequate histologic examination and systematic 
lymph node dissection during surgery for accurate staging 
even in clinical N0 stage disease.

Conventionally, sublobar resection has not been 
considered a suitable treatment for pure solid stage IA lung 
cancer (6). Many surgeons feel that lobectomy or greater 
with mediastinal lymph node dissection is suitable for pure 
solid lung cancer (28). Conversely, many surgeons believe 
that sublobar resection is an adequate surgical treatment 
for GGO lung cancer. There are many studies showing a 
favorable prognosis after sublobar resection in GGO lung 
cancer (7,29,30). Recently, there have been many efforts to 
apply sublobar resection for pure solid lung tumors. Two 
randomized controlled trials (JCOG 0802, CALGB 140503) 
evaluating sublobar resection for the treatment of solid lung 
cancer are ongoing (31,32). In this study, sublobar resection 
was not a risk factor for recurrence or cancer-related death 
in a multivariate analysis. Only the performance of lymph 
node dissection and the presence of pleural retraction were 
significant risk factors. It can be surmised that accurate 
staging is the most important risk factor and that sublobar 
resection may be possible given accurate staging. However, 
given that the purpose of this study is not to demonstrate 
the efficacy of sublobar resection for pure solid lung 

Table 5 (continued)

Variable HR 95% CI P value

Squamous cell carcinoma 0.430 1.715 0.232

Other NSCLC 2.664 11.415 0.187

Small cell carcinoma 45.908 1.989–1,059.399 0.017

Visceral pleural invasion 3.858 1.460–10.194 0.006

Lymphovascular invasion 8.792 2.701–28.622 <0.001

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; FEV1, forced expiratory volume in 1 second; DLCO, diffusing 
capacity for carbon monoxide; SUVmax, maximum standardized uptake value; VATS, video-assisted thoracoscopic surgery; NSCLC,  
non-small cell lung cancer.
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cancer, further research endeavors should be undertaken to 
determine the safety and efficacy of this approach.

This study had a number of limitations. First, this was 
a retrospective review. Second, we obtained data from a 
single institution and there was an insufficient sample size 
to generalize our results. However, this study examined 
data from surgical patients under a relatively standardized 
protocol at our single center, a tertiary hospital in Korea. 
Furthermore, a more detailed analysis was possible due 
to the detailed records available from the electronic 
medical record. Finally, the follow-up period was relatively 
short. Still, most recurrences of NSCLC are known to 
occur within a two-year period postoperatively (33) and 
early recurrence has been shown to accurately reflect the 
extended prognosis (34).We believe that our data can be 
used as a baseline to support future investigations. A larger 
scale study should be performed to validate our results. 

In conclusion, there was no definite predictor of the 
postoperative prognosis of clinical stage IA pure solid 
nodule lung cancer. Intraoperative MLE was the only 
significant prognostic factor related to recurrence and 
cancer-related mortality. In addition, nodal upstaging after 
surgery was difficult to predict preoperatively. Therefore, 
even for patients with clinical stage IA lesions, an accurate 
staging process and histologic evaluation are required prior 
to treatment. Adequate intraoperative systematic lymph 
node dissection is essential for patients with clinical stage IA 
pure solid lung cancer.
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