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Background: Small pulmonary nodules have been detected frequently by computed tomography (CT). 
Lung cancers with cavity formation are also easily detected. There are a few reports focused on the cavity 
wall, although cancer cells exist along the cavity wall, not inside. We evaluated the impact of cavity wall 
thickness on prognosis and assessed the clinicopathological features in non-small cell lung cancer (NSCLC) 
with cavity formation. 
Methods: Between 2005 and 2011, 1,313 patients underwent complete resection for NSCLC. Of these 
cases, we reviewed 65 patients (5.0%) diagnosed with NSCLC with cavity formation by chest CT. We 
classified the patients into three groups based on the maximum cavity wall thickness, namely, ≤4 mm (Group 1, 
8 patients), >4 and ≤15 mm (Group 2, 33 patients), and >15 mm (Group 3, 24 patients). 
Results: The number of patients with pathological whole tumor size >3 cm was 2 (25%) in Group 1, 17 
(52%) in Group 2, and 23 (96%) in Group 3 (P<0.001). Cases with lymph node metastasis were 0 (0%) in 
Group 1, 5 (15%) in Group 2, and 10 (42%) in Group 3 (P=0.016). The 5-year overall survival (OS) rates 
were 100% in Group 1, 84.0% in Group 2, and 52.0% in Group 3, with significant differences between 
Group 1 and Group 3 (P=0.044) and between Group 2 and Group 3 (P=0.034). In univariate analysis, neither 
whole tumor size nor lymph node metastasis was a prognostic factor for OS (P=0.51, P=0.27). Only cavity 
wall thickness was a significant prognostic factor by multivariate analysis (P=0.009).
Conclusions: Maximum cavity wall thickness was an important prognostic factor in NSCLCs with cavity 
formation, comparable with other established prognostic factors.
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Introduction

Lung cancer is one of the leading causes of cancer-related 
mortality worldwide (1,2), and approximately two-thirds of 
patients with lung cancer present with locally advanced or 
metastatic disease at time of diagnosis (3). Early detection 
of lung cancer is essential to accomplish reduction in 
mortality. Developments in imaging modalities and the 
widespread use of low-dose helical computed tomography 
(CT) for lung cancer have contributed to the increase 
in detection of small pulmonary lesions (4,5). Primary 
lung cancers have various appearances in radiological 
findings, occasionally emerging with cavity formation. 
The presence of cavities in lung cancer was reported to 
be a poor prognostic factor for non-small cell lung cancer 
(NSCLC) (6-8), in addition to pathological stage, which 
involves tumor differentiation (9), tumor size (10), number 
of involved lymph nodes (11), and vascular invasion or 
pleural invasion (12-14). However, the underlying cause 
of cavity formation accompanying lung cancers as well as 
why the presence of cavities is likely to be responsible for 
dismal prognosis remains unclear.

A cavity has been defined in the radiology literature 
as a gas-filled space, seen as a lucency or low-attenuation 
area, within pulmonary consolidation, a mass, or a nodule, 
and sometimes contains fluid (15). This means that a small 
number of lung cancer cells sometimes occur in “the gas-
filled space”, but most of the cells lie along the cavity wall. 
Normal growth pattern in which cancer progression or 
cell proliferation is directly proportional to increments of 
tumor size might not apply to the development of cavitary 
lung cancers. This is because cancer with cavity formation 
might be caused by bronchial obstruction and a check-
valve mechanism or originate in the wall of a pre-existing 
cystic space (16,17). In such cases, it remains in doubt 
that their whole tumor size is associated with malignant 
potential as in other lung cancers, whereas cavity wall 
thickness might reflect malignant potential. Our postulates 
are as follows: 

(I) To clarify whether whole tumor size is appropriate 
as a prognostic factor which determines TNM 
classification in patients with lung cancers with 
cavity formation, and;

(II) To evaluate the effect of cavity wall thickness on 
prognosis in this cohort.

This study was performed to provide pragmatic 
information for a prognostic factor in lung cancer with 
cavity formation.

Methods

Patients

A total of 1,313 consecutive patients underwent curative 
operations (lobectomy or bilobectomy with lymph node 
dissection) for NSCLC at Tokyo Medical University 
Hospital between January 2005 and December 2011. 
Patients who had received preoperative chemotherapy, 
radiotherapy, or both were excluded. Of these cases,  
65 patients (5.0%) who were diagnosed with NSCLC 
with a cavity based on chest CT were enrolled. After 
pulmonary resection, the patients were followed up at 3 
to 6 months intervals for 3 years, then at 6 to 12 months 
intervals for the next 2 years, and thereafter at 1-year 
intervals as necessary. The evaluations included physical 
examination, chest roentgenogram, chest CT, and tumor 
marker examination. Abdominal CT, brain magnetic 
resonance imaging, and bone scintigraphy or positron 
emission tomography CT were performed once a year 
(with some exceptions) or when recurrence was suspected. 
The Institutional Review Board of our hospital approved 
the protocols for data collection and analyses, and waived 
the need to obtain written informed consent from each 
patient (No. 2016-224).

Radiological and pathological examinations

The images from preoperative CT scans were reviewed 
by two experienced radiologists (Daisuke Yunaiyama and 
Jinho Park). In this study, cavity formation in lung cancer 
was defined as an air-containing space greater than 5 mm 
in diameter that was located within a tumor and was also 
surrounded with the wall. The maximum length from the 
inside wall of a cavity to the margin of the solid part of 
the tumor in a lung window width and window level was 
measured as cavity wall thickness. There are no definitive 
classifications about wall thickness of cavitary lesions. In 
this study, we used the classification that Woodring et al. 
developed to predict benign or malignant lesions (18). 
The patients were classified into three groups based on 
maximum cavity wall thickness, namely, 4 mm or smaller 
(Group 1), both larger than 4 mm and equal to or smaller 
than 15 mm (Group 2), and larger than 15 mm (Group 3) 
(Figure 1A,B,C).

All resected specimens were formalin-fixed and stained 
with hematoxylin and eosin by routine procedures. All the 
cases were reviewed by two experienced pathologists (Jun 
Matsubayashi and Toshitaka Nagao). TNM classification 



975Journal of Thoracic Disease, Vol 10, No 2 February 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(2):973-983jtd.amegroups.com

was performed according to the Union for International 
Cancer Control and the American Joint Committee on 
Cancer staging system (7th edition) (19). Histopathological 
analyses were performed according to WHO criteria (4th 
edition) (20). For detailed examinations of blood vessel 
invasion (BVI), lymphatic permeation, and visceral pleural 
invasion (VPI), Elastica van Gieson stain and D2-40 stain 
were routinely used to evaluate histological structures 
and tumor invasion. Vascular invasion was defined as the 
presence of BVI and/or lymphatic permeation. In this 
study, the presence of necrosis was evaluated in each cavity 
macroscopically (Figure 2).

Statistical analysis

Overall survival (OS) and recurrence-free survival (RFS) 
were estimated using the Kaplan-Meier method, and 
differences in survival rates were determined by log-rank 
analysis. OS was defined as the time elapsed from the date 
of pulmonary resection to the date of the date of death 
from any cause or last follow-up showing being alive. RFS 
was defined as the time elapsed from the date of pulmonary 
resection to the date of the first recurrence or last follow-
up showing no recurrence. The last follow-up observation 
was censored if the patient was alive or lost to follow-
up. Categorical and continuous variables were analyzed 
using the Fisher exact test and Student t-test, respectively. 
Multivariate analysis was performed by the backward 
stepwise procedure for the Cox proportional hazards 
model. The interaction terms of variables selected in the 
final model were evaluated by the likelihood ratio test. All 
tests were two-sided and P values of less than 0.05 were 
considered to indicate a statistically significant difference 
between groups. All statistical calculations were performed 
using the SPSS statistical software package (version 24.0; 
SPSS, Inc., Chicago, IL, USA).

Results

The characteristics of the patients with cavity-containing 
lung cancer are shown in Table 1. The 65 patients in this 
study consisted of 48 men (74%) and 17 women (26%). 

B CA

Figure 1 Radiological images of lung cancer with cavity formation. (A) Computed tomography (CT) scan shows a 20 mm-sized nodule with 
3.5 mm of cavity wall thickness located in the right upper lobe (Group 1); (B) CT scan shows a 35 mm-sized tumor with 8.7 mm of cavity 
wall thickness located in the right upper lobe (Group 2); (C) CT scan shows a 37 mm-sized tumor with 18.8 mm of cavity wall thickness 
located in the left upper lobe (Group 3).

Figure 2 Microscopic examination of the cavity area demonstrates 
cancer cells present along the cavity wall (black arrows) and 
necrotic tissue inside of the cavity (red arrows) (hematoxylin-eosin 
staining; ×40).



976 Shigefuku et al. Cavity wall thickness in lung cancer

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(2):973-983jtd.amegroups.com

The median age was 66 years (range, 26–82 years). The 
median follow-up period was 49.2 months. The median 
radiological and pathological tumor sizes were 3.4 and  
3.5 cm (range, 1.5–7.0 cm), respectively. Histopathological 

types were adenocarcinoma in 42 patients (64%), squamous 
cell carcinoma in 18 patients (28%), and other types of 
NSCLC (pleomorphic carcinoma or large cell carcinoma) in  
5 patients (8%). Lymph node metastases were present in  
15 patients (23%). Pathological findings showed that 
necrosis in the cavity was present in 32 patients (49%). 
Necrosis in the cavity was found in 16 squamous cell 
carcinomas (16/18, 89%), in 12 adenocarcinomas (12/42, 
29%), and in 4 cases of the other types (4/5, 80%) with a 
significant difference (P<0.001).

The associations between cavity wall thickness and 
clinicopathological factors are shown in Table 2. There were 
8 patients (12%) in Group 1, 33 patients (51%) in Group 2, 
and 24 patients (37%) in Group 3. The number of patients 
with pathological whole tumor size larger than 3 cm was 
2 (25%) in Group 1, 17 (52%) in Group 2, and 23 (96%) 
in Group 3 (P<0.001). A dot plot shows the relationship 
between cavity wall thickness and whole tumor size in 
Figure S1. The prevalence of lymph node metastasis was 
0% in Group 1, 15% in Group 2, and 42% in Group 3. 
The prevalence of vascular invasion was 25% in Group 1, 
70% in Group 2, and 96% in Group 3. The prevalence of 
necrosis in cavity of Group 1, Group 2, and Group 3 was 
25%, 39%, and 71%, respectively. Cavity wall thickness 
had a statistically significant strong relationship with tumor 
size (P<0.001), lymph node metastasis (P=0.016), stage 
(P=0.001), vascular invasion (P<0.001), VPI (P=0.012), 
and necrosis in cavity (P=0.022). There was no association 
between cavity wall thickness and histological type.

The 5-year OS rate of Group 1, Group 2, and Group 
3 was 100%, 84.0%, and 52.0%, respectively. There was 
a statistically significant difference between Group 1 and 
Group 3 (P=0.044), and between Group 2 and Group 3 
(P=0.034) (Figure 3A). The 5-year RFS rate of Group 1, 
Group 2, and Group 3 was 100%, 75.4%, and 37.0%, 
respectively. The difference in the RFS rate was statistically 
significant between Group 1 and Group 3 (P=0.005), and 
between Group 2 and Group 3 (P=0.003) (Figure 3B). 
Considering these results, cavity wall thickness could be 
recategorized into two groups in the following analysis, 
namely, 15 mm or smaller (Group 1 + Group 2) and larger 
than 15 mm (Group 3).

Univariate analysis indicated that cavity wall thickness 
was a statistically significant prognostic factor for OS, 
and that age, lymph node metastasis, pathological stage, 
vascular invasion, VPI, tumor differentiation, and cavity 
wall thickness were significant prognostic factors for RFS  

Table 1 Patient characteristics (n=65)

Variable
Number (%) or 

(range)

Sex

Men 48 [74]

Women 17 [26]

Median age (range), years 66 [26–82]

Smoking habits

Ever-smoker 58 [89]

Never-smoker 7 [11]

Operation procedure (lobectomy) 65 [100]

Median radiological tumor size (range), cm 3.4 (1.5–6.4)

Histological type

Adenocarcinoma 42 [64]

Squamous cell carcinoma 18 [28]

Large cell carcinoma 2 [3]

Pleomorphic carcinoma 3 [5]

Median pathological tumor size (range), cm 3.5 (1.5–7.0)

Lymph node metastasis

N0 50 [77]

N1–2 15 [23]

Pathological stage

I 38 [58]

II 20 [31]

III 7 [11]

Vascular invasion (present) 48 [74]

Visceral pleural invasion (present) 23 [35]

Tumor differentiation

Poor/undifferentiated 16 [25]

Well/moderate 49 [75]

Necrosis in cavity

Present 32 [49]

Absent 33 [51]
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Table 2 Relationship between cavity wall thickness and other clinicopathological factors (n=65)

Variable
Cavity wall thickness

P value
Group 1 (≤4 mm) (n=8) Group 2 (>4 and ≤15 mm) (n=33) Group 3 (>15 mm) (n=24)

Age (years), n [%] NS (0.57)

>70 6 [75] 23 [70] 14 [58]

≤70 2 [25] 10 [30] 10 [42]

Sex, n [%] *0.036

Men 3 [38] 25 [76] 20 [83]

Women 5 [62] 8 [24] 4 [17]

Smoking history, n [%]  NS (0.38)

Ever-smoker 6 [75] 30 [91] 22 [92]

Never-smoker 2 [25] 3 [9] 2 [8]

Histological type, n [%]  NS (0.74)

Squamous 2 [25] 8 [24] 8 [33]

Non-squamous 6 [75] 25 [76] 16 [67]

Pathological tumor size (cm) , n [%] <0.001*

≤3 6 [75] 16 [48] 1 [4]

>3 2 [25] 17 [52] 23 [96]

Lymph node metastasis, n [%] 0.016*

N0 8 [100] 28 [85] 14 [58]

N1–2 0 5 [15] 10 [42]

Pathological stage, n [%] 0.001*

I 7 [88] 24 [73] 7 [29]

II–III 1 [12] 9 [27] 17 [71]

Vascular invasion, n [%] <0.001*

Present 2 [25] 23 [70] 23 [96]

Absent 6 [75] 10 [30] 1 [4]

Visceral pleural invasion, n [%]  0.012*

Present 2 [25] 7 [21] 14 [58]

Absent 6 [75] 26 [79] 10 [42]

Tumor differentiation, n [%] NS (0.084)

Well or moderate 8 [100] 26 [79] 15 [62]

Poor or undifferentiated 0 7 [21] 9 [38]

Necrosis in cavity, n [%] 0.022*

Present 2 [25] 13 [39] 17 [71]

Absent 6 [75] 20 [61] 7 [29]

*, P<0.05. NS, not significant.
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Figure 3 Survival curves in all patients. (A) Overall survival stratified by cavity wall thickness in all patients. The 5-year OS rate of Group 1, 
Group 2, and Group 3 was 100%, 84.0%, and 52.0%, respectively. Significant differences in the OS rates were observed between Group 1 
and Group 3 (P=0.044), and between Group 2 and Group 3 (P=0.034). (B) Recurrence-free survival stratified by cavity wall thickness in all 
patients. The 5-year RFS rate of Group 1, Group 2, and Group 3 was 100%, 75.4%, and 37.0%, respectively. Significant differences in the 
RFS rates were observed between Group 1 and Group 3 (P=0.005), and between Group 2 and Group 3 (P=0.003).

(Table 3). Multivariate analysis showed that cavity wall 
thickness was a statistically significant prognostic factor 
for OS [hazard ratio (HR), 3.57; 95% confidence interval 
(CI), 1.22–10.48; P=0.020] and that age (HR, 3.18; 95% CI, 
1.33–7.62; P=0.009) and cavity wall thickness (HR, 3.20; 
95% CI, 1.35–7.63; P=0.009) were significant prognostic 
factors for RFS (Table 4).

A cohort of the patients without lymph node metastasis 
showed similar results. The difference in the OS rate was 
significant between Group 1 and Group 3 (P=0.043), and the 
5-year OS rate of Group 2 was worse than that of Group 3, 
although not statistically significant (P=0.052) (Figure 4A). 
Regarding RFS curves, there was a statistically significant 
difference between Group 1 and Group 3 (P=0.004), and 
between Group 2 and Group 3 (P=0.001) (Figure 4B). 
Multivariate analysis showed that cavity wall thickness was a 
statistically significant prognostic factor for OS (HR, 4.69; 
95% CI, 1.12–19.69; P=0.035) and that cavity wall thickness 
(HR, 5.45; 95% CI, 1.59–18.64; P=0.007) was a significant 
prognostic factor for RFS (Table S1).

Discussion

Tumor size, especially solid tumor size, is an important 
prognostic factor to determine the T factor of the TNM 

classification (8th edition) in patients with lung cancers (21). 
In lung cancers with part-solid ground-glass nodules, a solid 
lesion from radiological findings indicates invasive area of 
the tumor, and was therefore reported to be associated with 
prognosis (22,23). There were reports that tumor volume 
affected the outcome of patients with lung cancer (24).  
However, lung cancers with cavity formation have less 
actual tumor volume compared with the whole solid lesion 
even if the tumor diameter is the same. As mentioned 
above, it might be unclear whether the whole tumor size 
is a relevant prognostic factor in lung cancers with cavity 
formation. Cavity wall thickness may reflect tumor volume 
with cavity formation. 

There were several reports about cavity wall thickness in 
lung cancer (18,25). Woodring et al. reported that maximum 
cavity wall thickness provided reliable information 
to distinguish between benign lesions and malignant  
lesions (18). Of the lesions 4 mm or smaller in thickness, 
92% were benign. Of those greater than 15 mm, 95% were 
malignant. Watanabe et al. analyzed receiver-operating 
characteristic curves of the cavity wall thickness predicting 
disease-specific survival, with a cutoff value of 4.5 mm. The 
surgically resected adenocarcinoma patients with cavity 
formation were categorized into two groups stratified by the 
cutoff value of 4 mm of cavity wall thickness (25).
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Table 3 Univariate analysis of prognostic factors for overall survival and recurrence-free survival

Variable n 5-year OS (%) P value 5-year RFS (%) P value

Age (years) NS (0.057) 0.036*

>70 22 59.0 48.5

≤70 43 82.1 71.9

Sex NS (0.52) NS (0.93)

Men 48 75.9 64.0

Women 17 69.3 64.7

Smoking history NS (0.22) NS (0.69)

Ever-smoker 58 76.3 64.9

Never-smoker 7 57.1 57.1

Pathological tumor size (cm) NS (0.51) NS (0.23)

≤3 23 81.7 73.7

>3 42 70.1 58.8

Lymph node metastasis NS (0.27) 0.028*

N0 50 78.1 71.6

N1–2 15 60.9 38.9

Pathological stage NS (0.39) 0.050*

I 38 80.4 73.3

II–III 27 66.4 51.4

Vascular invasion NS (0.52) NS (0.072)

Present 48 70.9 57.6

Absent 17 82.4 82.4

Visceral pleural invasion NS (0.14) 0.003*

Present 23 61.4 43.5

Absent 42 81.9 75.6

Tumor differentiation NS (0.55) 0.022*

Well or moderate 49 75.4 70.9

Poor or undifferentiated 16 71.8 43.8

Histological type NS (0.63) NS (0.66)

Squamous 18 67.1 69.9

Non-squamous 47 76.9 61.6

Necrosis in cavity NS (0.41) NS (0.13)

Present 32 66.7 55.4

Absent 33 81.4 72.5

Cavity wall thickness (mm) 0.009* <0.001*

>15 24 52.0 37.0

≤15 41 87.0 80.0

*, P<0.05. OS, overall survival; RFS, recurrence-free survival; NS, not significant.
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Figure 4 Survival curves in the patients without lymph node metastasis. (A) Overall survival stratified by cavity wall thickness in the patients 
without lymph node metastasis. The 5-year OS rate of Group 1, Group 2, and Group 3 was 100%, 85.3%, and 50.9%, respectively. The 
difference in the OS rate was significant between Group 1 and Group 3 (P=0.043), and the 5-year OS rate of Group 2 was worse than that 
of Group 3 (P=0.052). (B) Recurrence-free survival stratified by cavity wall thickness in the patients without lymph node metastasis. The 
5-year RFS rate of Group 1, Group 2, and Group 3 was 100%, 82.0%, and 35.7%, respectively. Significant differences in the RFS rates were 
observed between Group 1 and Group 3 (P=0.004), and between Group 2 and Group 3 (P=0.001).

The prevalence of lung cancer with cavity formation 
reported previously was 2–25% (16,26-28). These variations 
are explained by the differences in methods of selection. 
It might depend on time periods in the studies or the 
prevalence rate of infectious pulmonary diseases during 
these periods. Our series, which was reviewed by chest CT 
findings for the patients with surgically resected NSCLC, 
showed that the prevalence was 5.0%.

Several reports showed that the presence of a cavity was 
a poor prognostic factor in patients with NSCLC (6-8). 
Meanwhile, Pentheroudakis et al. reported that there were 
no statistically significant differences in survival between 
patients with squamous lung carcinoma with cavity and 
with solid lesions, but this report included advanced cases 
that received chemotherapy or radiotherapy (29). Watanabe  
et al. recently demonstrated that cavity wall thickness was a 
prognostic factor for cavitary adenocarcinomas, particularly 
for early stage cancers. The 5-year OS of stage I patients 

Table 4 Multivariate analyses of prognostic factors for overall 
survival and recurrence-free survival

Variable
Hazard 

ratio
95% CI P value

OS

Cavity wall thickness 
(mm): >15 vs. ≤15

3.57 1.22–10.48 0.020*

RFS

Age (years): >70 vs. ≤70 3.18 1.33–7.62 0.009*

Lymph node metastasis: 
N1–2 vs. N0

2.19 0.90–5.33 NS (0.086)

Tumor differentiation: poor 
or undifferentiated vs. well 
or moderate

2.23 0.95–5.25 NS (0.065)

Cavity wall thickness 
(mm): >15 vs. ≤15

3.20 1.35–7.63 0.009*

*, P<0.05. 95% CI, 95% confidence interval; OS, overall survival; 
RFS, recurrence-free survival; NS, not significant.



981Journal of Thoracic Disease, Vol 10, No 2 February 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(2):973-983jtd.amegroups.com

with thin-wall (thickness ≤4 mm) and thick-wall (thickness 
>4 mm) was 91.5% and 70.1%, respectively (P<0.01) (25).

In our series, cavity wall thickness had a statistically 
significant association with prognosis. First, Table 2 shows 
there were significant relationships both between wall 
thickness and tumor size, and between wall thickness and 
lymph node metastasis. Second, Group 1 had 100% as 
both OS rate and RFS rate, and Group 3 had the worst 
prognosis (Figure 3A,B). However, tumor size and lymph 
node metastasis were not prognostic factors for OS (P=0.51 
and P=0.27, respectively) in our cases (Table 3). Third, 
multivariate analysis demonstrated that cavity wall thickness 
was a prognostic factor for OS and RFS, whereas tumor 
size, lymph node metastasis, or pathological stage showed 
no statistical significance (Table 4). Furthermore, the cohort 
of the patients without lymph node metastasis showed 
similar results in which cavity wall thickness was also 
statistically a prognostic factor (Figure 4A,B). Therefore, 
our results indicated that cavity wall thickness was most 
essential for establishing prognosis and treatment strategy 
in NSCLC patients with cavity formation.

Although the mechanism of cavity formation is often 
difficult to ascertain, there were explanations of several 
mechanisms of cavity development in primary lung cancer 
(16,17,30). The lesion might be caused by necrosis of the 
primary cancer growth itself, it might arise in the distal 
portion of the lung by causing bronchial obstruction and 
a check-valve mechanism or originate in the wall of a pre-
existing cystic lesion, or it might develop by neoplastic 
cell autophagy due to a particular enzymatic system which 
it secreted. The main factors for tumor necrosis were 
considered to be due to bronchial obstruction and vascular 
invasion leading to ischemia. In lung adenocarcinoma, recent 
reports demonstrated that the incidence of vascular invasion 
was higher in cavitary cases than in non-cavitary cases and 
that cases with cavity wall thickness larger than 4 mm had a 
higher frequency of vascular invasion or necrosis than those 
with cavity wall thickness 4 mm or smaller (7,25). Our series 
showed that 96% of the patients in Group 3 had vascular 
invasion and that 71% of the patients in Group 3 had 
necrosis in the cavity. Cavity wall thickness was associated 
with both vascular invasion and necrosis, although there was 
a difference in prevalence. It was possible that necrosis was 
not always detected due to washing out during the surgical 
procedure or when the surgical specimen was prepared 
for fixation or something else. For the histopathological 
types, cavity formation in lung cancer was found the most 
frequently in squamous cell carcinoma (67–82%), and was 

relatively less common in other types of NSCLC (16,27,31). 
The proportion of squamous cell carcinoma was only 28% 
in this study. It might depend on a decrease in typical large-
sized squamous cell carcinoma with necrosis due to a recent 
multiplication of small-sized adenocarcinomas.

There were some limitations and biases in the present 
study, as this is a retrospective analysis in a single institution. 
The measurement of cavity wall thickness was made by 
radiological findings, not pathological findings. It was 
often difficult to measure pathological maximum thickness 
of the cavity wall accurately, because a sample of cavitary 
lesion might occasionally collapse and not keep its original 
configuration during the surgical or pathological procedure, 
including sample fixation. The pathological thickness could 
be measured in 61 cases, and there was a positive correlation 
between radiological thickness and pathological thickness 
(Figure S2). Even though our series included heterogeneous 
pathological types of NSCLC, only one of the 14 patients 
with adenocarcinoma who had recurrence was treated with 
epidermal growth factor receptor tyrosine kinase inhibitor, 
which did not significantly affect the above results (data not 
shown). Nevertheless, our present series revealed highly 
essential information for NSCLCs with cavities that their 
wall thickness enabled prognosis rather than tumor size. 
Multi-institutional studies are mandatory to further validate 
cavity wall thickness as a prognostic factor for those patients 
with cavitary-formed NSCLCs due to their relatively low 
population.

In conclusion, the prevalence of cavity formation in 
NSCLC was low; however, maximum cavity wall thickness 
was an important prognostic factor in NSCLCs with cavity 
formation, comparable with other established prognostic 
factors. Evaluating wall thickness should help us in deciding 
on therapeutic options, including minimum resection or 
conversely extended lymph node dissection. Moreover, 
we should consider following a more intensive follow-
up schedule to detect their recurrence at the earliest 
opportunity, basing the evaluation on wall thickness. 
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Figure S1 This dot plot shows the relationship between wall 
thickness and whole tumor size.

Figure S2 The relationship between pathological thickness and 
radiological thickness in cavities (61 cases). There was a positive 
correlation between pathological thickness and radiological 
thickness. The R-squared value was 0.87.

Table S1 Multivariate analyses of prognostic factors for overall 
survival and recurrence-free survival in the patients without lymph 
node metastasis

Variable Hazard ratio 95% CI P value

OS

Cavity wall thickness 
(mm): >15 vs. ≤15

4.69 1.12–19.69 0.035*

RFS

Age (years): >70 vs. ≤70 2.98 0.87–10.17 0.081

Cavity wall thickness 
(mm): >15 vs. ≤15

5.45 1.59–18.64 0.007*

*, P<0.05. 95% CI, 95% confidence interval; OS, overall survival; 
RFS, recurrence-free survival.
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