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Worse survival after curative resection in patients with 
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Background: A few investigators have suggested an association between lung cancer and pulmonary cavity. 
However, this clinical association and its carcinogenic correlations are not well recognized. This study aimed 
to clarify the clinical features and to demonstrate the associated survival outcomes after curative surgery in 
patients with early non-small cell lung cancer (NSCLC) adjoining pulmonary cavity formation.
Methods: We retrospectively reviewed 275 patients with pathological stage I NSCLC by re-evaluating 
their chest computed tomography images. Among them, we detected NSCLC adjoining pulmonary cavity 
formation in 12 (4.4%) patients.
Results: The median follow-up period for all 275 patients was 43.2 (range, 6.0–86.0) months. Of these 
patients, 6 (50.0%) in group CF (patients with NSCLC adjoining pulmonary cavity formation) and 19 (7.2%) 
in group C (the control group, n=263) died during the study period. Besides, 6 (50.0%) and 32 (12.2%) 
patients in groups CF and C, respectively, exhibited recurrence of the primary lung cancer. The cumulative 
overall survival (OS) in groups CF and C at 5 years was 37.0% and 91.7%, respectively (P<0.0001); the 
recurrence-free survival (RFS) in these groups at 5 years was 55.0% and 86.7%, respectively (P=0.001). 
Univariate analysis showed that male sex, smoking habits, non-adenocarcinoma, and presence of pulmonary 
cavity formation were associated with poor OS (P=0.008, P=0.001, P<0.0001, and P<0.0001, respectively). 
Multivariate analysis demonstrated that smoking, non-adenocarcinoma, and pulmonary cavity formation 
were independent prognostic factors predicting poor survival (P=0.043, P=0.004 and P<0.0001, respectively).
Conclusions: Our results suggest that patients with early-stage NSCLC adjoining pulmonary cavity 
formation have an increased risk of poor OS and RFS after surgical resection. Further prospective, multi-
institutional investigations and substantial clinical studies are warranted.
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Introduction

A possible association between lung cancer and bullous lung 
disease was first reported in 1951 by Bass and Singer (1). 
Pulmonary cavity formation such as bullae are an important 
risk factor for primary lung carcinoma (2-4). Although a few 
reports have addressed some peculiar and notable clinical 
features of lung cancer adjoining pulmonary bullae (5-7), 
this clinical association and its carcinogenic correlations are 
not well recognized. This study aimed to clarify the clinical 
characteristics and demonstrate the associated survival 
outcomes after curative resection in patients with early non-
small cell lung cancer (NSCLC) adjoining pulmonary cavity 
formation.

Methods

Patient selection

We retrospectively reviewed 288 consecutive patients with 
pathological stage I NSCLC who underwent curative 
surgical resection including pneumonectomy, lobectomy 
and segmentectomy at our hospital from January 2010 to 
December 2014. We excluded 13 patients with the following 
characteristics: 3 patients who had received preoperative 
chemotherapy, radiotherapy, or both; 2 patients with 
uncurative resection, evidenced by macroscopically or 
microscopically observed residual cancer; and 4 patients 
with carcinoid, 3 patients with small cell lung cancer, and 
one patient with pleomorphic carcinoma (because they 
were diagnosed with different biological malignant features 
compared with NSCLC). Consequently, we enrolled the 
remaining 275 patients.

Definitions

These 275 patients with primary lung cancer were 
retrospectively examined by two thoracic surgeons through 
the re-evaluation of their chest computed tomography (CT) 
images. All the CT images had been previously assessed by 
a radiologist. By definition, a pulmonary cavity formation 
in the radiology literature is a gas-filled space, seen as a 
lucency, low-attenuation area, or air-containing space within 
the substance of the lungs; it results from the destruction, 
dilatation, and confluence of air spaces distal to the terminal 
bronchioles (8,9). Among the examined patients, we 
detected NSCLC adjoining pulmonary cavity formation in 
12 (4.4%) patients. Two representative cases from our series 
are illustrated in Figures 1,2.

Data collection

Preoperative evaluation included physical examination, 
blood examination, chest radiography, and chest and 
abdomen CT. Brain CT or magnetic resonance imaging 
(MRI) and positron emission tomography (PET)-CT were 
performed if clinically indicated. Staging and pathological 
findings for lung cancer were determined according to the 
7th TNM Classification for Lung and Pleural Tumors (10),  
the World Health Organization classification (11) and 
the IASLC/ATS/ERS classification system for lung 
adenocarcinoma (12).

All patients were followed up at our hospital every 
3 months of the first year, every 6 months from the 
second to the 5th year, and annually thereafter on an 
outpatient basis; we aimed to continue follow-up for ≥5  
years. The follow-up procedures included physical 
examination, chest radiography, and blood examination 
(including serum tumor markers). At follow-up, chest and 
upper abdomen CTs were routinely performed in every 
scheduled outpatient department. If any symptoms or 
signs of recurrence were detected, brain MRI and/or PET-
CT were performed. Once a metastasis was discovered 
through physical examination and diagnostic imaging, 
the metastatic site was histologically or cytologically 
confirmed when clinically feasible. Metachronous second 
primary lung cancer was discriminated from a solitary 
pulmonary metastasis using the proposed criteria in the 
American College of Chest Physicians Lung Cancer 
Guidelines (13).

The hospital charts of all patients were reviewed to 
collect clinicopathological data including age, sex, smoking 
history, pack-years of smoking, spirometry, pathological T 
factor, histologic type, surgical procedures, relapse type, 
epidermal growth factor receptor (EGFR) status, overall 
survival (OS), and recurrence-free survival (RFS). OS 
was determined as the duration from the day of surgery 
until the day of death from all causes, with patients alive 
at the end of follow-up treated as censored cases. RFS 
was defined as the duration between the day of surgery 
and the day of recurrence of lung cancer or death from 
all causes. Patients who were alive and were without any 
evidence of recurrence at the end of the follow-up period 
were regarded as censored cases. This retrospective study 
was approved by the Institutional Review Board of the St 
Marianna University School of Medicine (No. 2233). The 
requirement for informed consent from the patients was 
waived because of the retrospective study design.
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Statistical analysis

Summary statistics were constructed using frequencies and 
proportions for categorical data and means for continuous 
data. Patient characteristics were compared using χ2 test or 
Fisher’s exact test for categorical outcomes of continuous 
variables, as appropriate. OS and RFS were estimated using 
Kaplan-Meier method, and the survival differences between 
patient groups were determined using log-rank analysis. P 
values and hazard ratios in the multivariate analyses were 
calculated using Cox regression model. P values <0.05 
were considered to be significant. All statistical calculations 
were performed using the SPSS statistical software package 
(version 21.0, SPSS, Inc., Chicago, IL, USA).

Results

Patient characteristics

In total, 275 consecutively enrolled patients with pathological 

stage I NSCLC who underwent curative surgical resection 
at our hospital from January 2010 to December 2014 were 
assessed. Among them, 12 (4.4%) patients had primary lung 
cancer adjoining pulmonary cavity formation (group CF), 
and the remaining 263 patients with primary lung cancer 
were considered as controls (group C). Table 1 shows the 
various characteristics of the enrolled patients; no significant 
differences were observed between the two groups, except 
for the type of relapse. The rate of locoregional recurrence in 
group CF was tended higher than that in group CF (P=0.063). 
In the group CF, there are 8 adenocarcinomas including 
1 lepidic predominant, 1 acinar predominant, 4 papillary 
predominant and 2 solid predominant, and 3 squamous cell 
carcinomas and 1 other.

Survival 

The median follow-up period for all 275 patients was 43.2 
(range, 6.0–86.0) months. Of them, 6 (50.0%) patients in 

Figure 1 A representative case of pathological stage I non-small cell lung cancer adjoining pulmonary cavity formation. (A) Chest computed 
tomography image showing lung adenocarcinoma adjoining a pulmonary cavity formation in the left upper lobe (arrow); (B) macroscopic 
picture showing lung adenocarcinoma adjoining a pulmonary cavity formation in the left upper lobe (arrow); (C,D) microscopic pictures 
depicting invasive adenocarcinoma, lepidic predominant followed by acinar, solid, and papillary growth [pT2a (25 mm) N0PL1D0E0PM0 
stage IB].
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group CF and 19 (7.2%) patients in group C died during 
the study period. Besides, 6 (50.0%) patients in group CF 
and 32 (12.2%) patients in group C exhibited recurrence 
of the primary lung cancer. The cumulative OS in groups 
CF and C at 5 years was 37.0% and 91.7%, respectively 
(P<0.0001, Figure 3A); RFS in these groups at 5 years was 
55.0% and 86.7%, respectively (P=0.002, Figure 3B).

Prognostic factors

In univariate analysis, male sex, smoking habits, non-
adenocarcinoma, and presence of pulmonary cavity 
formation were found to be associated with poor OS 
(P=0.008, P=0.001, P<0.0001, and P<0.0001, respectively). 
Multivariate analysis demonstrated that smoking habits, 
non-adenocarcinoma, and pulmonary cavity formation 
were independent prognostic factors predicting poor 
survival (P=0.043, P=0.004 and P<0.0001, respectively; 
Table 2).

Discussion

The relative risk of lung cancer development in the wall 
of the bullous lung disease is higher among patients with 
bullous disease. Lung cancer arising from the wall of a 
preexisting pulmonary cystic airspace has been reported 
since the 1940s, but this appearance and clinical features 
have been described as uncommon (7). The incidence of 
lung cancer adjoining emphysematous bullae is reportedly 
7–29% (3,14-16). Evidence suggests that emphysema is an 
independent risk factor for lung cancer because it increases 
the likelihood of lung cancer by 4- to 5-fold, and it may be 
a contributing factor to the development of malignancy (17).  
Our study also revealed that the incidence of primary lung 
cancer adjoining pulmonary cavity formation was 4.4% 
among surgical patients with even pathological stage I early 
primary lung cancer. In addition, male sex and smoking 
habits were more frequently noted in the pulmonary 
cavity formation group than in the control group, but no 

Figure 2 A representative case of pathological stage I non-small cell lung cancer adjoining pulmonary cavity formation. (A) Chest computed 
tomography image showing lung adenocarcinoma adjoining a pulmonary cavity formation in the right upper lobe (arrow); (B) macroscopic 
picture showing lung adenocarcinoma adjoining a pulmonary cavity formation in the right upper lobe (arrow); (C,D) microscopic pictures 
depicting invasive adenocarcinoma, lepidic predominant [pT1a (22 mm) N0PL0D0E0PM0 stage IA].
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difference in the histologic type was demonstrated between 
these groups.

Although the mechanism of carcinogenesis adjoining 
pulmonary bullous disease remains uncertain, numerous 
theories have been proposed. First, a hypothesis of scar 
cancer may support an acquired etiology. Smoking is a 
common causative factor for both bullae and lung cancer. In 
our study, a higher rate of smokers was observed in group 
CF than in group C. Second, pulmonary cavity formations 
are made up of cystic air space and conducting bronchioles. 
Attenuated and compressed parenchyma and connective 
tissue make up the wall of bullae. Limited air flow in this 

Table 1 Patient characteristics (n=275)

Variables Group CF 
(n=12)

Group C 
(n=263)

P 
value

Sex [n (%)] 0.139

Male 9 (75.0) 140 (53.2)

Female 3 (25.0) 123 (46.8)

Age (mean ± SD) (years) 66.6±8.2 68.1±9.1 0.874

Smoking status [n (%)] 0.277

Current 1 (8.3) 42 (16.0)

Former 6 (50.0) 79 (30.0)

Never 2 (16.7) 100 (38.0)

unknown 3 (25.0) 42 (16.0)

Pack-years of smoking 
(mean ± SD) (years) 54.8±26.7 45.4±29.0 0.951

Spirometry (mean ± SD) (%)

%FVC 113.6±18.5 105.4±16.7 0.848

FEV1.0% 96.5±27.4 94.7±21.2 0.138

pT factor [n (%)] 0.475

T1 10 (83.3) 195 (74.1)

T2 2 (16.7) 68 (25.9)

Cavity formation (mean ± SD) (mm) –

Diameter 23.9±7.5 –

Wall thickness 4.5±3.2 –

Histology [n (%)] 0.518

Adenocarcinoma 8 (66.7) 211 (80.2)

Squamous cell 
carcinoma 3 (25.0) 40 (15.2)

Others 1 (8.3) 12 (4.6)

Operation [n (%)] 0.918

Pneumonectomy 0 (0) 2 (0.8)

Lobectomy 10 (83.3) 223 (84.8)

Segmentectomy 2 (16.7) 38 (14.4)

Relapse [n (%)] 5 (41.7) 26 (9.9) –

Relapse types 0.063

Loco-regional 2 (16.7) 6 (2.3)

Distant 1 (8.3) 18 (6.8)

Both 2 (16.7) 2 (0.8)

EGFR status [n (%)] 0.145

Mutant 1 (8.3) (19 
del) 93 (35.4)

Wild type 7 (58.3) 116 (44.1)

unknown 4 (33.3) 54 (20.5)

Group CF, NSCLC adjoining pulmonary cavity formation group; 
group C, NSCLC as a control group; 19 del, deletion of exon 19; 
EGFR, epidermal growth factor receptor.

Figure 3 (A) Kaplan-Meier plots for overall survival (OS); (B) 
Kaplan-Meier plots for recurrence-free survival (RFS). The 
cumulative OS in groups CF and C at 5 years was 37.0% and 
91.7%, respectively (P<0.0001). RFS in these groups at 5 years 
was 55.0% and 86.7%, respectively (P=0.002). Group CF, NSCLC 
adjoining pulmonary cavity formation group; group C, NSCLC as 
a control group. NSCLC, non-small cell lung cancer.
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area may cause deposition of microorganisms on the walls 
of pulmonary cavity formation such as bullae. Consequently, 
repeated infections can occur. Repeated inflammatory 
processes may cause formation of a fibrous scar around 
bullae, resulting in accumulation of carcinogens in bullae. 
Third, impaired ventilation of bullae may facilitate the 
deposition of several carcinogens in them, which causes a 
metaplastic transformation of the inner lining of epithelial 
cells. These accumulated carcinogens may stimulate 
the aggressive behavior of lung carcinoma arising in 
emphysematous bullae.

Hanaoka et al. reported that lung cancer patients with 
pulmonary bullous disease have a poor prognosis because 
their disease is advanced at the time of detection and 
because the tumor is aggressive in nature (15). Because the 
tumor cells in the present study were poorly differentiated, 
the histological type was large cell carcinoma. Whereas, 
in our study, the survival curve was worse in group CF, 
mainly because of the poor prognosis of the recurrent cases. 
However, there were no associations among the histological 
type, pathological tumor factor, and poor differentiation in 
early-stage NSCLC.

Matsuoka et al. (18) reported that malignant and 
benign nodules associated with emphysema exhibited 
considerably more overlap features in CT images than 
did the nodules in non-emphysematous lungs. This may 
cause doctor’s delay and poor prognosis. Considering 

these aggressive characteristics of lung carcinoma 
arising from emphysematous bullae, an early detection 
of lung tumors in patients with emphysematous bullae 
is preferred. Recently, interesting results were reported 
by the International Early Lung Cancer Action Program 
collaboration using CT screening to ascertain the 
frequency of isolated cystic airspaces associated with 
carcinoma (7). In all the cases detected at the annual 
repeat screening, CT images showed that the initial 
cystic airspace had a thin wall (median diameter, 1.0 mm)  
that subsequently became thicker; eventually, the nodule 
emerged, and a diagnosis of lung cancer was made. 
Consequently, radiologists interpreting the chest CT 
images of patients at risk for lung cancer should pay a 
careful attention to the walls of discrete airspaces because 
progressive wall thickening over time may represent lung 
cancer. We also encountered a similar case in our study 
(Figure 2).

This study has some limitations. The main limitations 
are the retrospective design, small sample size, and a single-
institutional nature of this study. Secondary limitations are 
persistence of treatment bias and time-to-detection bias 
that may have influenced the worse prognostic outcomes 
in patients with early-stage NSCLC. Further prospective, 
multi-institutional investigations and substantial clinical 
studies are warranted for the detailed evaluation of survival 
correlations between pulmonary cavity formation and early-
stage lung cancer.

Conclusions

We retrospectively reviewed 275 consecutive patients 
who underwent curative resection for pathological stage 
I NSCLC to investigate the impact of pulmonary cavity 
formation on survival outcomes. The characteristics of 
primary lung cancer with worse prognosis were as follows: 
(I) male sex; (II) smoking habits and (III) pulmonary cavity 
formation. Our results suggest that patients with early-
stage NSCLC adjoining pulmonary cavity formation have 
an increased risk of poor OS and RFS after curative surgical 
resection.
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Table 2 Univariate and multivariate analyses for overall survival (n=275)

Variables
UVA, P 
value

MVA

Hazard 
ratio

95% CI P value

Female (vs. male) 0.008* 0.627 0.213–
1.849

0.398

Age <75 years (vs. 
≥75 years)

0.262 Not included in MVA

Smoking (vs. no 
smoking)

0.001* 0.358 0.132–
0.970

0.043*

pT1 (vs. pT2) 0.578 Not included in MVA

Adenocarcinoma 
(vs. non-
adenocarcinoma)

<0.0001* 0.304 0.137–
0.677

0.004*

Cavity formation 
(vs. control)

<0.0001* 6.994 2.764–
17.696

<0.0001*

*, P<0.05. UVA, univariate analysis; MVA, multivariate analysis; 
CI, confidence interval. 
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