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Background: With the emerging radiological techniques and the increasing incidence of adenocarcinoma,
the composition and structure of cavitary lung cancer have been significantly changed. The aim of the study
was to demonstrate clinicopathological characteristics of solitary cavitary lung cancer which was <3 cm.
Methods: A case-control study was designed through retrospective data analysis of clinicopathological data
of 946 cases with solitary lung cancer smaller than 3 cm. Univariable and multivariable analysis were used to
identify the risk factors of cavitation.

Results: Cavitary lung cancer occurred more frequently in patients who were elderly (P=0.044), male
(P=0.004), who had a smoking history (P=0.018), higher carcinoembryonic antigen (CEA) level (P<0.001),
peripheral lesions (P=0.017), solid nodules (P<0.001), spiculation (P=0.003), vascular convergence (P<0.001),
air bronchogram (P=0.004), larger tumor size (P<0.001), advanced T stage (P<0.001), lymph node metastasis
(P=0.028) and advanced pTNM stage (P=0.004). In addition, cavitary lung cancer was more common in
papillary predominant tumors (P=0.017), while noncavitary lung cancer occurred more frequently in AIS/
MIA (P=0.002) and lepidic predominant tumors (P<0.001). It was confirmed that cavitation was significantly
associated with elderly (P=0.013), male (P=0.003), larger maximum tumor diameter (P<0.001), solid nodules
(P<0.001), larger pT size (P=0.016) and advanced pN stage (P=0.036) in multivariable analysis. ROC curves
showed that the AUV was greater in maximum tumor diameter than in pT size predicting cavitation (0.71 vs.
0.66). A cut off value of 20.9 mm showed a discriminatory power of cavitation with a sensitivity of 68.7% and
a specificity of 71.2%.

Conclusions: Comparing with noncavitary lung cancer, cavitary lung cancer smaller than 3 cm may have
worse prognostic clinical, radiological and pathological characteristics. Especially, cavitary lung cancer

present as more solid nodules on CT images and present with more invasive on pathological findings.
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Introduction related death (1,2). It has been reported that r cavitary

lesions was presented in 2% to 25% of lung cancer (3),
Lung cancer is the most common malignant tumor in China with larger tumor tissue size, more squamous cell histology
and the world, and identified as the main cause of cancer- and poor prognosis (4-6). In recent years, with the
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continuous development of high-resolution computed
tomography (HRCT) and other radiological technologies,
more and more cavitary lung nodules smaller than 3 cm
were found. At present, clinicopathological characteristics
of cavitary lung cancer are mainly about squamous cell
carcinoma based on previous published studies. However,
cavitary adenocarcinoma becomes more dominantly with
the increasing incidence of adenocarcinoma. As a result,
the composition and structure of cavitary lung cancer
have been significantly changed as adenocarcinoma
presented more, raising the requirement of reevaluation of
clinicopathological features cavitary lesions.

The objective of this retrospective, case-control study
was to investigate the clinicopathological features of solitary
cavitary lung cancer <3 cm. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/jtd-20-426).

Methods

This retrospective, case-control study was carried out
between April 2014 and June 2018 in a single academic
thoracic surgery center at the China-Japan Friendship
hospital, Beijing, China.

Study population

Patients were selected from the hospital clinical database
between April 2014 and June 2018 using several inclusion
criteria: (I) at least one CT scan was performed in our
hospital, and no puncture biopsy or anti-tumor therapy
was performed before CT scan; (II) solitary nodule with
maximum diameter <3 cm were shown in CT images; (ILI)
lung cancer was diagnosed pathologically after surgery
or puncture treatment in our hospital; (IV) complete
clinicopathological data were available. Patients were
excluded from the study cohort if one of the following
criteria was met: history of previous lung operation,
metastatic lung adenocarcinoma, multiple lung nodules. As
a result, a total of 946 patients were included in this study.
The upper limit of the normal value for carcinoembryonic
antigen (CEA) was 5 ng/mL. The study was approved by
our institutional ethics board of China-Japan Friendship
Hospital (No. 2018-13-K08).

Review of CT images

CT images were independently evaluated by a radiologist
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with more than 10 years’ experience in thoracic imaging
diagnosis and a thoracic surgeon with more than 10 years’
experience in diagnosis and treatment of thoracic disease.
The clinicopathological characteristics of the patients were
not informed in advance to avoid any potential bias. Length
measurements were carried out by manual cursor method in
the Picture Archiving and Communication System (PACS).
All measurement data were measured on the cross section
for three times and the average value was taken.

Evaluation contents include tumor location (peripheral
or central), maximum tumor diameter, edge morphology
changes and adjacent structural changes (notch, spiculation,
pleural indentation, vascular convergence and air
bronchogram), nodule density (nonsolid, partial solid and
solid) and internal structure of cavitation (separations
and blood vessels). If the patient underwent positron
emission tomography-computed tomography (PET-CT)
examination, the maximum standard uptake value (SUV,,,)
of the lesion was recorded, with the critical value of 2.5.

Cavitation was defined as the presence of an air-
containing space within the primary tumor and which was
not identifiable as an airway. Peripheral lesions were defined
as existence of margin arising from subsegmental or other
distal bronchi and bronchiole (7). Non-solid lesions refer
to the increased density of lung tissues without covering
the original vascular and bronchial shadow that foil the
region (8). Solid lesions refer to nodules with soft tissue
density that completely conceal the vascular and bronchial
shadows.

Pathological characteristics

All patients’ postoperative or puncture pathology reports
were reviewed, and histological type, tumor tissue size,
visceral pleural invasion (VPI), lymphovascular invasion
(LVI), lymph node metastasis and epidermal growth factor
receptor (EGFR) gene mutation status were recorded.
All patients were staged according to the eighth edition
of tumor-node-metastasis classification proposed by
TASLC Lung Cancer Staging Project (9). According to the
International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society
classification method to further subdivided adenocarcinoma
into adenocarcinoma in situ (AIS), microinvasive
adenocarcinoma (MIA) and invasive adenocarcinoma. The
invasive adenocarcinoma was further subdivide into one
of the following five predominant patterns: lepidic, acinar,
papillary, micropapillary and solid predominant pattern (10).
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Figure 1 Flow chart for the study population.

Statistical analysis

IBM SPSS Statistics 22.0 (IBM, Chicago, IL, USA) was
used for statistical analysis. Continuous variables with
normal distribution were presents as mean = standard
deviation (SD); non-normal variables were reported as
median (interquartile range). For comparison of continuous
variables between groups, #-test (homogeneity of variance)
or t-test (heterogeneity of variance) was used for those
conforming to normal distribution and Mann-Whitney
U test was used for those failing to conform to normal
distribution. Categorical variables were represented by
number of cases and percentage. Pearson  test, continuous
calibration ¥’ test and Fisher’s exact test were used to
analyze categorical variables. Multivariable analysis was used
to identify the risk factors of cavitation. Variables with a P
value less than 0.05 from univariable analysis were identified
and selected into multivariable analysis. Receiver operating
characteristic (ROC) curve was used to determine optimal
cut-off values for continuous variables. The area under
the curve (AUC) was adopted to measure the diagnostic
power of a test. Youden index was used to select the optimal
sensitivity and specificity from the ROC curves. All tests
were two-tailed and P<0.05 was considered statistically
significant. Delete cases with missing data.

Results
Patients characteristics

From April 2014 to June 2018, lung cancer <3 cm was
confirmed in 1,039 patients.

Of these, 93 patients were excluded because of previous
lung operation (n=7), metastatic lung cancer (n=13), multiple

© Journal of Thoracic Disease. All rights reserved.

Liu et al. Clinicopathological characteristics of cavitary lung cancer

lung nodules (n=73). After exclusion, 946 patients (99
patients who were positive for cavitation and 847 patients
who were negative for cavitation) remained (Figure 1).
The mean age of our study population was (60+11) years
and it included 406 men and 540 women. Two hundred
and fifty patients (26.4%) had smoking history and 146
patients (15.4%) were CEA-positive; 44 patients underwent
CT-guided puncture biopsy of chest lesions, and 902
patients underwent surgery, among which 750 patients had
lobectomy, 116 patients had wedge resection and 36 patients
had segmentectomy. The most prevalent histological
type was adenocarcinoma which was confirmed in 830
cases (87.7%). And adenocarcinoma was invasive in 699
patients (84.2%) with acinar predominant tumor [369 cases
(52.8%)] was the most common subtype. Other subtype
of invasive adenocarcinoma included lepidic predominant
tumors in 163 cases (23.3%), solid predominant tumors in
67 cases (9.6%), papillary predominant tumors in 62 cases
(8.9%), mucinous adenocarcinoma in 24 cases (3.4%) and
micropapillary predominant tumors in 14 cases (2.0%).
The other 54 cases (6.5%) had no definite histological
subtypes of adenocarcinoma. There are also 194 cases
(21.5%) of visceral pleura invasion and 50 cases (5.5%) of
lymphovascular invasion. 838 patients underwent lymph
node dissection or sampling, among which 129 patients
(15.4%) had lymph node metastasis. N1 and N2 lymph
node involvement occurred in 54 patients (6.4%) and 75
patients (8.9%) respectively. Pathological stage I, II, III and
IV tumors were found in 692 (80.0%), 52 (6.0%), 73 (8.4%),
and 48 (5.5%) patients respectively. In addition, EGFR
gene mutation was found in 59.3% patients (324 of 546).

Clinicopathologic characteristics between cavitary lung
cancer and noncavitary lung cancer

The clinical and radiological characteristics were listed in
Table 1. Comparing with noncavitary lung cancer, cavitary
lung cancer occurred more frequently in elderly (P=0.044),
male (P=0.004), who had a history of smoking (P=0.018)
and higher CEA level (P<0.001). In addition, cavitary lung
cancer were significantly associated with the presence
of several radiological features, including peripheral
nodules (P=0.017), maximum tumor diameter (P<0.001),
solid nodules (P<0.001), spiculation (P=0.003), vascular
convergence (P<0.001) and air bronchogram (P=0.004). On
CT images, separations within cavities (44 cases, 44.4%)
and blood vessels passing through the cavities (20 cases,
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Table 1 Clinical and radiological characteristics of cavitary and noncavitary lung cancer groups
Characteristics Total (N=946) Cavitation+ (N=99) Cavitation— (N=847) P value
Sex, n (%) 0.004
Male 406 (42.9) 56 (56.6) 350 (41.3)
Female 540 (57.1) 43 (43.4) 497 (58.7)
Age (years) 60+11 61+9 60+11 0.454
>60 years, n (%) 531 (56.1) 65 (65.7) 466 (55.0) 0.044
Smoking history, n (%) 250 (26.4) 36 (36.4) 214 (25.3) 0.018
CEA (ng/mL) 2.24 (1.43, 3.58) 2.79 (2.05, 5.41) 2.23 (1.42, 3.60) <0.001
>5, n (%) 146 (15.4) 26 (26.3) 120 (14.2) 0.002
SUVmax 29(1.5,7.7) 3.8(2.2,7.4) 2.7(1.5,7.9) 0.188
>2.5, n (%) 118 (54.4) 24 (68.6) 94 (51.6) 0.066
Tumor location, n (%) 0.017
Peripheral 868 (91.8) 97 (98.0) 771 (91.0)
Central 78 (8.2) 2 (2.0) 76 (9.0)
Maximum diameter (mm) 17.9 (13.0, 23.0) 22.7 (19.8, 25.3) 17.2 (125, 21.9) <0.001
Density, n (%) <0.001
Nonsolid 336 (35.5) 14 (14.1) 322 (38.0)
Partial solid 350 (37.0) 34 (34.3) 316 (37.3)
Solid 260 (27.5) 51 (51.5) 209 (24.7)
CT features, n (%)
Notch 721 (76.2) 81 (81.8) 640 (75.6) 0.166
Spiculation 628 (66.4) 79 (79.8) 549 (64.8) 0.003
Pleural indentation 545 (57.6) 65 (65.7) 480 (56.7) 0.087
Vascular convergence 133 (14.1) 43 (43.4) 90 (10.6) <0.001
Air bronchogram 154 (16.3) 26 (26.3) 128 (15.1) 0.004

CEA, carcinoembryonic antigen; SUVmax, the maximum standardized uptake value.

20.2%) was found in cavitary lung cancer.

Histologic findings reveals that there are larger tumor
size (P<0.001), advanced T stage (P<0.001), more lymph
node metastasis (P=0.028), advanced pathological staging
(P=0.004), more adenocarcinoma (P=0.047) and more
papillary predominant tumors (P<0.001) in patients with
cavitary lung cancer. While, noncavitary lung cancer
occurred more frequently in AIS/MIA (P=0.002) and
lepidic predominant tumors (P<0.001). In addition, there
were no significant differences in visceral pleura invasion,
LVI and EGFR gene mutation status between the two
groups (Zable 2).

© Journal of Thoracic Disease. All rights reserved.

Multivariable analysis for the correlation between
clinicopathological characteristics and cavitation

Multivariable analysis showed that cavitation was
significantly associated with elderly (OR =2.13, 95% CI:
1.17-3.85, P=0.013), male (OR =2.38, 95% CI: 1.34—4.22,
P=0.003), larger maximum tumor diameter (OR =1.20, 95%
CI: 1.12-1.29, P<0.001), solid nodules (OR =9.25, 95% CI:
3.85-22.22, P<0.001), larger pT size (OR =0.50, 95% CI:
0.29-0.88, P=0.016) and advanced pN stage (OR =2.31,
95% CI: 1.06-5.06, P=0.036) (1uble 3).

ROC curve was used to determine optimal cut-off values
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Table 2 Pathological features of cavitary and noncavitary lung cancer groups

Characteristics Total (N=946) Cavitation+ (N=99) Cavitation— (N=847) P value
Adenocarcinoma, n (%) 830 (87.7) 93 (93.9) 737 (87.0) 0.047
AIS+MIA 77 (9.9) 0(0) 77 (11.1) 0.002
Lepidic 163 (21.0) 10 (12.3) 153 (22.0) 0.043
Acinar 369 (47.6) 41 (50.6) 328 (47.2) 0.559
Papillary 62 (8.0) 12 (16.0) 50 (7.2) 0.017
Micropapillary 14 (1.8) 0(0) 14 (2.0) 0.396
Solid 67 (8.6) 10 (12.3) 57 (8.2) 0.209
EGFR mutation, n (%) 324 (59.3) 24 (48.0) 299 (60.3) 0.087
PLI, n (%) 194 (21.5) 26 (28.0) 167 (20.6) 0.110
VLI, n (%) 50 (5.5) 6 (6.5) 44 (5.4) 0.686
Tumor size (cm) 1.5(1.0,2.0) 2.0(1.4,2.5) 1.5(1.0,2.0) <0.001
pTia, n (%) 227 (25.2) 6 (6.5) 221 (27.3) <0.001
pNO, n (%) 709 (84.6) 65 (76.5) 644 (85.5) 0.028
pMO, n (%) 46 (4.9) 8(8.1) 38 (4.5) 0.185
Pla, n (%) 539 (62.2) 43 (48.3) 496 (63.8) 0.004

AIS, adenocarcinoma in situ; MIA, micro invasive adenocarcinoma; PLI, pleural invasive; VLI, vascular and lymphatic invasive.

for continuous variables (Figure 2). The AUC of maximum
tumor diameter was 0.71 (95% CI: 0.66-0.75, P<0.001), a
cut off value of 20.9 mm showed a discriminatory power
of cavitation with a sensitivity of 68.7% and a specificity of
71.2%. The AUC of pT size was 0.66 (95% CI: 0.61-0.71,
P<0.001), a cut off value of 2.0 cm showed a discriminatory
power of cavitation with a sensitivity of 59.3% and a
specificity of 65.6%.

Discussion

In the current study in which 99 patients with cavitary lung
cancer were enrolled, incidence of cavitary lung cancer
was 10.5%, which was similar to previous reports (3).
Recently, it was reported that the incidence of cavitary
lung adenocarcinoma was about 6.2% (11), which was
consistent with the results of our study (9.8%). It has been
reported that patients with cavitary lung cancer presented
more in male patients and patients with smoking history
than patients with noncavitary lung cancer (11). In our
study, cavitary lung cancer occurred more frequently in
elderly (P=0.013) and male (P=0.003), but not in patients
who have a history of smoking. The proportion of smoking
history in cavitary lung cancer patients is relatively low, only
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36.4%, while it has been reported that just the proportion
of smoking history in cavitary lung adenocarcinoma was as
high as 66.4% (11). We suggest that it was associated with
the inclusion of more female patients (57.1%), as Asian
women smoke less but are more susceptible to the effects of
passive smoking.

In previous studies, both cavitary squamous cell
carcinoma and cavitary adenocarcinoma had larger
tumor size and advanced T staging (11-13). Similarly,
we found that cavitary lung cancer had larger maximum
tumor diameter (P<0.001) and larger pT size (P=0.016)
in our cohort. ROC curve showed that maximum tumor
diameter had stronger discriminatory power than pT size
in predicting cavitation. A cut off value of 20.9 mm showed
a discriminatory power of cavitation with a sensitivity of
68.7% and a specificity of 71.2%. We suggest that it was
related to the pathogenesis of cavitary lung cancer. Zhang
et al. (14) used digital scanner to detect the number and
area of blood vessels in tumor tissues of 105 patients with
non-small cell lung cancer, and found that the number of
blood vessels decreased with the increase of tumor size,
but the area of blood vessels within the tumor remained
stable. Therefore, as the tumor tissue grows, the irregular
distribution of blood flow in the tumor will lead to ischemia
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Table 3 Multivariable analysis for the relationship between
clinicopathological characteristics and cavitation

Characteristics OR (95% Cl) P value
Gender 0.003
Female 1
Male 2.38 (1.34-4.22)
Age (years) 0.013
<60 1
>60 2.13 (1.17-3.85)
Maximum tumor diameter 1.20 (1.12-1.29) <0.001
(mm)
Density <0.001
Nonsolid 1
Partial solid 1.58 (0.72-3.50)
Solid 9.25 (3.85-22.22)
Vascular convergence <0.001
Negative 1
Positive 6.01 (3.20-11.29)
pT size (cm) 0.50 (0.29-0.88) 0.016
pN stage 0.036
NO 1
>N1 2.31 (1.06-5.06)

and hypoxia of the partial tissue. After the necrosis of the
ischemic tissue, it will be discharged through the drainage
bronchus, forming a cavitation.

The findings of CT images revealed that there were
more vascular convergences (P<0.001) in cavitary lung
cancer patients. In addition, it also had some characteristic
performance, including the blood vessels passing through
the cavities and the separations within cavities. These signs
were mostly seen in thin-walled cavities, and closely related
to its formation mechanism. With the improvement of
people’s understanding of cavitary lung cancer, the reports
of thin-walled cavitation lung cancer gradually increased
(15-17). However, its exact mechanism remains unclear,
and currently, most scholars are in favor of the check-valve
mechanism. Tumor cells grow along the alveolar walls or
shed and block the bronchioles. Due to the lack of cartilage
in the bronchioles, tumor cells play an indirect role as a
valve. With the destruction of the alveolar wall by tumor
cells and the gradual increase of air in the alveolar cavity,
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Figure 2 Receiver operating characteristic curves show that
the area under the curve was greater in the model that used the
maximum tumor diameter than in the model that used the pT size

for predicting cavitation (0.71 vs. 0.66).

the alveolar wall ruptures and fuses with each other to
form the thin-walled cavity (18). The separations within
the cavitation are the alveolar septal tissues that have not
yet been completely destroyed, which had been confirmed
in pathology (19). There are relatively few reports on
the sign of blood vessels passing through cavitation. One
study speculated that the possible cause of formation is the
contraction of elastic fibers in tumor tissues, which leads to
the formation of cavitation wall cracks and allows small blood
vessels to enter the cavitation through local defects (20).
However, there is currently no comparison between
radiology and pathology.

With regard to tumor density on CT, it is—to our
knowledge—the first report showing that cavitary lung
cancer present as more solid nodules on CT, while
noncavitary lung cancer had more nonsolid components
(P<0.001). This characteristic of CT image of cavitary
lung cancer was consistent with the pathological subtype of
cavitary lung adenocarcinoma. When ground glass opacity
(GGO) was shown on CT, the pathological subtypes
of adenocarcinoma are mostly AIS, MIA and lepidic
predominant invasive adenocarcinoma (21). This was also
confirmed in the present study, cavitary lung cancer was
more common in invasive adenocarcinoma, especially the
papillary type (P=0.017), while noncavitary lung cancer
occurred more frequently in AIS/MIA (P=0.002) and lepidic
predominant (P=0.043), which was basically consistent
with the report of Watanabe ez 4/. (11). They also found
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that there were more solid predominant cases in cavitary
lung cancer, but there was no significant difference in AIS
and MIA between cavitary and noncavitary lung cancer.
In addition, the most common histological subtype of
cavitary lung invasive adenocarcinoma was papillary type
(43.2%), while in our study it was acinar type (51.2%),
which was similar to the study of Tomizawa er al. (22). We
suggest that it could be due to the difference inclusion
criteria among studies, our study and Tomizawa’s study
included more early patients, so the relationship between
cavitary lung adenocarcinoma and pathological subtypes
needs to be confirmed by further studies. The consistency
of CT manifestations and pathological subtypes of
cavitary lung adenocarcinoma indicates that cavitary lung
adenocarcinoma tends to have a poor prognosis, which has
been confirmed in recent studies. The study of Watanabe
et al. showed that cavitation was an independent prognostic
risk factor for adenocarcinoma (11). However, due to the
lack of patient survival data, the clinicopathological features
of cavitary lung cancer cannot be verified.

More EGFR mutations have been reported in
noncavitary lung adenocarcinoma, with a mutation rate
of 47.3% and 33.6% respectively (11). In the present
study, no significant difference was found between lung
adenocarcinoma with cavitation and without cavitation
in EGFR mutations status, but the mutation rate of
EGFR gene was significantly higher than that of previous
study (23). It may be related to the fact that our study
was a retrospective study and EGFR gene tests were not
conducted in the entire cohort, with only 57.5% of patients
were tested for EGFR gene mutations. Furthermore, one
research has shown that cavitary lung adenocarcinoma
was common in pleural invasion, vascular and lymphatic
invasion and lymph node metastasis (11). However, the
findings of our study provide that there are more lymph
node metastasis (P=0.036) in cavitary lung cancer, but there
are no significant difference in VPI and lymphovascular
invasion. Considering that the samples included in this
study are mainly early-stage tumors with relatively few
occurrences, it is necessary to confirm whether there are
more pleural invasion and vascular infiltration of cavitary
lung cancer in patients with early-stage lung cancer by large
sample studies.

In our study, 217 patients underwent PET-CT
examination, and the results showed that no significant
difference in SUV,,, between cavitary lung cancer and
noncavitary lung cancer (P=0.188). It may be related to the
relatively small sample in the study (22.9%) or the existence
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of cavitation. A partial volume effect between the cavity
and the tumor tissue can lead to a relative decrease in lesion
uptake. In addition, the presence of GGO components
also has a certain impact on the measurement of uptake
values. Most of them are pathological components with low
invasive degrees, such as AIS, MIA and lepidic predominant
invasive adenocarcinoma. These tumor components grow
slowly and have low metabolic activity, leading to relatively
low uptake in PET-CT (21,24). Therefore, PET-CT is
not a sensitive detection method for <3 cm cavitary lung
cancer, especially the lung cancer with large cavity and
GGO components. However, its advantages in assessing
systemic metastasis are of great significance in determining
cavitary lung cancer, especially thin-walled cavitary lung
cancer which is difficult to distinguish with other benign
pulmonary cavitary diseases on CT.

This study has several limitations. As a monocenter
retrospective study, selection bias was unavoidable and
the incidence of cavitary lung cancer was not assessed
adequately. Because of its retrospective design, some
data were also missing, especially data regarding the
SUVmax and EGFR gene mutation status. In addition,
this study lacks the correlation analysis of patient survival
and recurrence, cannot verify the worse prognostic
clinicopathological features.

Conclusions

The present study confirms that cavitary lung cancer
has some worse prognostic clinical, radiological and
pathological characteristics, comparing with noncavitary
lung cancer. Especially, cavitary lung cancer present as more
solid nodules on CT images and present with more invasive
on pathological findings.
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