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Abstract

Background: Lung cancer is the leading cause of cancer-related mortality worldwide. Thin-walled cystic lung cancer with ground
glas s opacity (GGO) is a type of lung carcinoma with specific computed tomography (CT) features.
Objectives: To investigate the imaging features of multi-slice spiral computed tomography (MSCT) of GGO and to improve the imag-
ing diagnosis of this type of lung cancer.
Patients and Methods: The clinical data of 24 patients with pathologically confirmed thin-walled cystic lung cancer with GGO
were retrospectively analyzed in this study. The imaging features of preoperative MSCT, including vascular convergence, burr signs,
pleural depression signs, lobulation signs, thickness and uniformity of the cavity wall, partitive membranes, and position of the
ground-glass cavity, were examined. The relationship between the imaging features and postoperative pathological findings of
lung carcinoma were also explored.
Results: Most of the lesions (75.0%) were located in the upper lobe of the lungs. The size range of the cavity was 5.8 - 28.1 mm, with
a mean of 13.6 ± 7.2 mm. Fifteen patients (62.5%) had a cavity wall thickness < 2 mm, 6 (25.0%) patients had a cavity wall thickness
in the range of 2 - 3 mm, and 3 (12.5%) patients had a cavity wall thickness of about 3 - 4 mm. A uniform cavity wall was found in 10
(41.7%) cases, while a non-uniform cavity wall was observed in 14 (58.3%) cases. Eleven patients showed pure GGO (45.8%), while 13
patients showed mixed GGO (54.2%). Besides, nine patients (37.5%) showed lobular signs, 12 (50.0%) patients showed spicule signs,
and 6 (28.6%) patients showed vascular convergence signs. Twelve patients (50.0%) had signs of pleural indentation, while 14 (66.7%)
patients showed thick or thin small blood vessel opacity or fine partitive membranes. Twenty-three patients were diagnosed with
lung adenocarcinoma, while one patients was diagnosed with mixed adenosquamous carcinoma.
Conclusion: Thin-walled cystic lung cancer with GGO is a rare clinical phenomenon. The imaging features of this type of lung
cancer on MSCT are consistent with the characteristics of lung cancers.
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1. Background

According to the data published by China Cancer Reg-
istration Center in 2014, 605,900 new cases of lung can-
cer (416,300 males and 189,600 females) were reported in
China in 2010. According to recent lung cancer epidemiol-
ogy findings, lung carcinoma is the leading malignancy in
men and the third most common malignancy in women,
accounting for 22.5% of all new cases of malignant tumors
worldwide (31.5% in men and 14.6% in women) (1).

Thin-walled cystic lung cancer is a type of lung carci-
noma with special computed tomography (CT) features (2,
3). This type of lung cancer is defined as an air-containing
space, surrounded by a thin wall (≤4 mm) (3). However,
the formation mechanism of thin-walled cystic lung can-
cer remains unclear (4). The majority of previous studies

have reported that the development of thin-walled cystic
lung cancer involves infiltration of the lung adenocarci-
noma tissue into the alveolar wall and fine bronchial tubes
to thicken the alveolar wall or protrude into the lumen, re-
sulting in small airway stenosis and/or check-valve airway
obstruction (5, 6). The breathing process continues to in-
crease the internal gas volume and pressure to form a cyst
cavity that continues to enlarge outside the tumor with
lower pressure. However, this type of lung cancer is rarely
seen in clinical practice (7).

2. Objectives

Due to its uncommon occurrence, thin-walled cystic
lung cancer can be easily misdiagnosed. Therefore, in this
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study, we aimed to retrospectively analyze 24 cases of thin-
walled cystic lung cancer, receiving surgical treatment in
our hospital and to explore the imaging features of these
patients.

3. Patients and Methods

3.1. Patient Selection

We retrospectively analyzed 24 cases of pathologically
confirmed thin-walled cystic lung cancer with ground
glass opacity (GGO) from September 2014 to February 2017
in our hospital. The inclusion criteria were as follows: (1)
CT scan indicating a thin-walled translucent area, located
at the center or on one side of GGO; (2) an average cavity
wall thickness of ≤ 4 mm; (3) treatment by surgery and
pathologically confirmed diagnosis of lung cancer postop-
eratively; and (4) complete clinical and imaging data. The
exclusion criteria were as follows: (1) cavity wall thickness >
4 mm; (2) pulmonary bulla, pulmonary cyst, or thin-walled
cystic lung cancer without GGO; (3) lack of a pathological
diagnosis; and (4) incomplete clinical or imaging data.

3.2. Multi-slice Spiral Computed Tomography (MSCT) Examina-
tion

A Philips Brilliance 16-slice spiral CT scanner (Philips CT
Imaging Systems, Amsterdam, Netherlands) and a Siemens
64-slice dual-source CT system (Siemens Medical Imaging
System, Munich, Germany) were used in the present study.
The patients were placed in a supine position; the scan-
ning range was from the chest entrance to the costal an-
gle. The thickness of the scanning layer was 5-8 mm, with
an interval of 4 - 6 mm. Scanning was followed by a 1.5- to
2-mm thin-layer reconstruction. Five patients underwent
enhanced CT examinations.

A high-pressure syringe was used to inject the con-
trast agent (Iopamidol, Bracco Co., Ltd., Shanghai, China)
through the cubital vein as a bolus. The injection dose was
1.5 mL/kg, the injection flow rate was 2.6 - 3.0 mL/s, and the
biphasic scanning time windows were 25 - 30 and 65 - 80
sec. The scanned raw data were forwarded to a workstation
for multiplanar reconstruction (MPR). Continuous thin-
layer CT examination of the cavity wall was performed,
and the thickest and the thinnest cyst walls were selected
through visual inspection. The wall thickness was mea-
sured with the CT workstation software by calculating the
average of the thinnest and thickest parts.

3.3. Statistical Analysis

Statistical analysis was performed in SPSS version 17.0
(SPSS Inc., Chicago, IL, USA). Numerical variables are ex-
pressed as mean ± standard deviation (SD). Quantitative
data are expressed as relative numbers.

4. Results

4.1. Patients’ Characteristics

Of 24 patients included in this study, 18 were male, and
six were female; the male-to-female ratio was 3:1. The pa-
tients’ age ranged from 46 to 75 years, and their mean age
was 60.0 ± 7.0 years. Fifteen patients were smokers, 16
showed a productive cough, two patients showed cough
accompanied by hemoptysis, and six patients had no ob-
vious symptoms (Table 1).

Table 1. The General Characteristics of 24 Patients Included in this Study

Characteristics No. (%)

Age, y

40 - 50 3 (12.5)

50 - 60 8 (33.3)

60 - 70 9 (37.5)

> 70 4 (16.7)

Gender

Male 18 (75.0)

Female 6 (25.0)

Smoking

Yes 15 (62.5)

No 9 (37.5)

Symptoms

Cough and expectoration 16 (66.7)

Hemoptysis 2 (8.3)

Asymptomatic 6 (25.0)

Laboratory examination

Elevated carcinoembryonic antigen (CEA) 9 (37.5)

Elevated CYFRA 21-1 7 (29.2)

Pathology

Adenocarcinoma 23 (95.8)

Adenosquamous carcinoma 1 (4.2)

4.2. Characteristics of Cavity Lesions

All patients had single lesions. Six cases had lesions in
the left upper lobe of the lungs, two cases had lesions in the
left lower lobe of the lungs, 12 cases had lesions in the right
upper lobe of the lungs, and four cases had lesions in the
right lower lobe of the lungs. Most of the lesions (75.0%)
were located in the upper lobe of the lungs. The size range
of the cavity was 5.8 - 28.1 mm, with a mean of 13.6 ± 7.2
mm. The thickness of the cyst wall was 0.4 - 3.6 mm, with
a mean of 1.7 ± 0.9 mm. Most patients had irregular cavity
shapes (round or round-like). Fifteen patients (62.5%) had
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a cavity wall thickness < 2 mm, 6 (25.0%) patients had a cav-
ity wall thickness range of 2 - 3 mm, and 3 (12.5%) patients
had a cavity wall thickness of about 3 - 4 mm. A uniform
cavity wall was observed in 10 (41.7%) patients, while a non-
uniform cavity wall was identified in 14 (58.3%) patients (Ta-
ble 2).

Table 2. Summary of MSCT Features in the Patients

MSCT features No. (%)

Lesion location

Left upper lung 6 (25.0)

Left lower lung 2 (8.3)

Right upper lung 12 (50.0)

Right lower lung 4 (16.7)

Cavity size (mm)

Range 5.8 - 28.1

Mean 13.6 ± 7.2

Thickness of the cyst wall (mm)

Range 0.4 - 3.6

Mean 1.7 ± 0.9

Cavity wall

Uniform 10 (41.7)

Non-uniform 14 (58.3)

GGO type

Pure GGO 11 (45.8)

Mixed GGO 13 (54.2)

Signs of GGO

Lobular sign 9 (37.5)

Spicule sign 12 (50)

Vascular convergence 6 (25.0)

Pleural indentation 12 (50.0)

Small blood vessel opacity 14 (58.3)

Abbreviations: MSCT, multi-slice spiral computed tomography; GGO, ground
glass opacity.

4.3. Characteristics of GGO

The maximum width range of GGO was 7.01 - 22.92 mm.
Eleven patients showed pure GGO (45.8%) (Figure 1A), while
13 patients showed mixed GGO (54.2%) (Figure 1B). Nine pa-
tients (37.5%) had lobular signs, 12 (50.0%) patients showed
spicule signs (Figure 2A), and 6 (28.6%) patients showed
vascular convergence signs (Figure 2B). Twelve patients
(50.0%) showed obvious signs of pleural indentation, while
14 (58.3%) cases showed thick or thin small blood vessel
opacity or fine partitive membranes (Table 2).

4.4. Postoperative Pathology

Twenty-three patients were pathologically diagnosed
with lung adenocarcinoma (Figure 3A), while one patient
was diagnosed with mixed adenosquamous carcinoma
(Figure 3B).

4.5. Follow-up

The follow-up period ranged from 39 to 69 months
postoperatively. Until June 2020, 16 patients expired, while
eight patients were still alive.

5. Discussion

Pulmonary cystic lesions are defined as gas-containing
translucent areas with a wall thickness of ≤ 4 mm. On
the other hand, a cavitary lung lesion is defined as a gas-
containing translucent area with a thicker wall than cystic
lung lesions (> 4 mm) (8, 9). Although cavities are com-
monly seen in lung cancer patients, accounting for 22% of
all primary lung carcinomas (9), thin-walled cystic lung
cancer has been rarely reported in the literature. Cavitary
lung cancer is common in patients with squamous cell car-
cinoma (SCC) and is often seen in adenocarcinomas (10).
Occasionally, it can be found in bronchioloalveolar carci-
noma (BAC), while small-cell lung cancer has not been as-
sociated with cavitary lesions (10).

Today, formation of gas-bearing lacunae is believed to
occur through several mechanisms: (1) tumor tissue in-
vasion of the original lung cyst or bullae; (2) ischemic
necrosis of tumor tissue and excretion of the liquefied part
through the bronchus to form a cystic translucent area;
and (3) one-way valve formation. According to the charac-
teristics of patients in the present study, as well as previous
publications, one-way valve formation is believed to be the
main mechanism of cystic lung cancer development with
peripheral GGO.

The evolution of GGO lesions from atypical adenoma-
tous hyperplasia (AAH) to adenocarcinoma in situ (AIS)
and to minimally invasive adenocarcinoma (MIA) is an
evolving and progressive process. As it further infiltrates
the lung tissue, tumor invades the alveolar wall, bronchio-
lar wall, and interstitial lung, forming a one-way valve that
continuously accumulates gas in the alveolar space. Mul-
tiple alveolar spaces then burst and fuse into a cystic cav-
ity; over time, pressure inside the cyst increases, and its vol-
ume expands.

The epidermal growth factor (EGFR) is believed to be
involved in multiple processes, such as tumor infiltration,
angiogenesis, and cell proliferation (11). A previous study
reported that 81% of all thin-walled cystic lung cancers are
associated with EGFR overexpression (12). In the present
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Figure 1. A 66-year-old man with more than one month of coughing. The multi-slice spiral computed tomography (MSCT) scan showed a round cavity in the upper lobe of the
left lung with pure ground glass opacity (GGO). A: Coronal MSCT images showed diaphragmatic and pleural depressions, without an obvious burr sign (red arrow). B: A thin
wall cavity was found in the left upper lobe of the lung with mixed GGO (red arrow). The CT scan showed that the inner wall of the cavity was smooth, and the wall thickness
was uniform with multiple septal shadows.

Figure 2. A 58-year-old man had symptoms of cough and expectoration for one week. The multi-slice spiral computed tomography (MSCT) scan showed an irregular cavity
in the left upper lobe of the lung with spicule and vascular convergence signs. A: The CT scan showed that the lesion was located in the upper lobe of the left lung. The inner
wall of the cavity was smooth, the thickness of the wall was not uniform, and internal septation was visible; the lesions were surrounded by ground glass opacity (GGO) and
lobulated at the edge of the lesion (red arrow). B: The coronal view showed that the cavity was divided internally, blood vessels passed through the cavity, and the surrounding
vessels were clustered (red arrow).

study, 18 (75.0%) tumors were reported in the upper lobe of
the lungs, as the preferred site for emphysema. Although
tumor tissue invasion into the existing pulmonary cysts or
large bulla structures has been proposed in the literature,
this theory cannot be widely accepted, since lesions have
not been found in the common sites of bullae, and this type
of balloon-containing lumen has not been previously ob-
served (13).

Some researchers believe that the soft and fragile na-
ture of tumor tissue leads to the elastic retraction of the pe-
ripheral lung tissue and aggravates the valve mechanism

(14, 15). Microscopic analyses have indicated tumor infiltra-
tion along the walls of the bronchioles and cyst, but not the
liquefied necrotic tissue. This observation better supports
the mechanism of one-way valve formation in thin-walled
cystic lung cancer, which is completely different from the
mechanism of cavity formation in necrotic tumors, such as
SCC.

In the present study, 14 out of 24 patients (58.3%)
showed fine partitions or small blood vessel shadows in
the cavity, suggesting cavity formation as an expansion-
like change, as cavitary lung cancer does not show par-
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Figure 3. A: A 56-year-old woman received lobectomy for lung cancer treatment. Hematoxylin and Eosin (H&E) staining showed lung adenocarcinoma, mainly distributed in
the adenoid structure. Tumor cells grew along the alveolar wall in an adherent manner. The cell body was large, the nucleus was large and dark-stained, and the nucleus was
irregular with nucleoli. B: A 60-year-old man with cough for one month undergoing surgery. Pathological examination demonstrated that the adenosquamous carcinoma
tissue was distributed in nests, with a large cell body, an abundant cytoplasm, an eosinophilic, large, and deeply stained nucleus, and an irregular nuclear shape; in some
areas, the tumor tissue had a glandular structure with heterotypic cells and infiltrative growth.

tition opacity due to complete liquefied necrosis. Since
GGO lesions have the characteristics of malignancy, such as
lobulation, vascular convergence, pleural depression, and
burr signs, thin-layer CT scan and MPR can reflect these
imaging features completely to indicate the exact location
of the lesion, the size of the cavity, and the relationship of
these lesions with peripheral tissues. Therefore, CT imag-
ing is the preferred method for examining thin-walled cys-
tic lung cancer with GGO.

Since it is difficult to distinguish between benign and
malignant parenchymal lesions, fiberoptic bronchoscopy
and percutaneous lung biopsy are suggested for patho-
logical diagnosis. Considering the characteristics of thin-
walled cystic lung cancer, its pathology may be challeng-
ing because of thin walls. Also, as inaccurate puncture
can easily lead to pneumothorax. Some scholars have pro-
posed the application of CT-guided percutaneous needle
aspiration biopsy to avoid this complication (16).

Cavitary lung lesions may be associated with some dis-
eases. They are commonly seen in SCC patients. The patho-
logical mechanism of this type of cavitation involves the
formation of liquefied tumor necrosis that creates a hol-
low area through bronchial discharge, forming a thick-
walled cavity with an irregular internal surface. Wall nod-
ules without internal partitions or vascular structures and
lobulation signs may be also present. Besides, pleural de-
pression, burr sings, and other malignant signs may be ob-
served.

Moreover, pulmonary cysts or bullae are identified

as thin-walled lung cysts. Internal partitions, lobulation
signs, wall nodules, and other signs are absent in these
cysts. During alveolar expansion, cystic cavity develops
through rupture and fusion of the alveolar wall, usually
caused by obstruction of a small bronchial valve. Be-
sides, tuberculosis cavities mainly present as fibrous thick-
walled cavities with extensive cord-like fibrotic changes
around the lesions, scattered new and old lesions, calcifi-
cation, pleural thickening, and other symptoms. Once My-
cobacterium tuberculosis is found in clinical sputum sam-
ples, identifying the disease is not difficult.

In this study, we reviewed the clinical and radiographic
features of 24 patients with thin-walled peripheral GGO.
The findings showed that most cases of lung cancer were
adenocarcinomas. In terms of imaging features, 50% of the
lesions showed pure GGO, while 50% showed mixed GGO.
Most of the lesions were associated with at least one sign of
lobulation, burr sign, vascular convergence, or pleural de-
pression. With a pathological understanding of the MSCT
features of thin-walled cystic lung cancer with GGO, be-
nign and malignant cases can be distinguished when en-
countering similar images (3).

Considering the prognosis of thin-walled cystic lung
cancer, studies in the literature have reported small sam-
ple sizes with limited survival data. In our dataset un-
til June 2020, 16 patients expired, while eight patients re-
mained alive during the follow-up (39 - 69 months), with a
three-year survival rate of 33.3%. However, the survival rate
was reported in a small sample size (n = 24), and further val-
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idation in a larger sample size is needed for survival stud-
ies. Therefore, similar cases should be examined, and prog-
nosis needs to be further evaluated.

In conclusion, thin-walled cystic lung cancer with GGO
is a rare clinical phenomenon. Adenocarcinoma is the
main pathological diagnosis of this type of lung carci-
noma. Although this cancer is usually a relatively lower
grade malignancy with well or moderate tumor differen-
tiation, early detection and surgical resection remain ap-
propriate managment options.
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