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Background: Lung cancer associated with cystic airspaces (LC-CAS) is a special type of lung cancer that is
often misdiagnosed due to its similar imaging appearances to pulmonary bulla or pulmonary cyst. This study
was designed to explore the imaging and pathological features of LC-CAS.

Methods: A retrospective analysis was performed on 35 LC-CAS patients treated in our center from January 2017
to January 2020. There were 23 men and 12 women aged 61.429.2 years, with a range of 44-78 years. All patients
underwent chest computed tomography (CT), and the diagnoses were surgically and pathologically confirmed.
Results: The lesions were 0.5-3.0 cm (mean: 1.6+0.7 cm) in diameter. The CT signs of these lesions
included lobulation sign (n=25), spicule sign (n=21), pleural indentation sign (n=22), vessel convergence sign
(n=17), nodules on cystic wall (n=16), bronchial cut-off sign (n=15), uneven thickening of the cystic wall
(n=10), and honeycombing (n=7). Postoperative pathological types included 30 cases of adenocarcinoma
[which included 22 cases of invasive adenocarcinoma (IAC) and 8 cases of minimally invasive adenocarcinoma
(MIA)], 4 cases of squamous cell carcinoma, and 1 case of adenosquamous carcinoma.

Conclusions: LC-CAS has diverse CT signs. The most common pathological type of LC-CAS is

adenocarcinoma.
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Introduction

Lung cancer is one of the most common malignant
tumors and remains the leading cause of cancer death
worldwide. The awareness and early diagnosis of lung
cancer have greatly improved in recent years thanks to
the advances in computed tomography (CT) and video-
assisted thoracoscopic surgery (VATS). However, missed
and delayed diagnoses are still common due to the
polymorphisms in lung cancer and the limited awareness
and knowledge of this disease. A special type of lung cancer,
lung cancer associated with cystic airspaces (LC-CAS),
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has a prevalence rate of about 3.6% (1), which is often
misdiagnosed due to its similar imaging appearances to
pulmonary bulla or pulmonary cyst.

According to the classification of Mascalchi, LC-CAS can
be divided into four categories: type I, the nodule located
outside the cystic cavity; type 1I, the nodule located inside
the cystic cavity; type III, annular thickening of the cystic
cavity wall; type IV, the multilocular cystic cavity mixed
with solid or non-solid nodule. Because of the thin cystic
cavity wall of LC-CAS, it is easy to cause pneumothorax or
rupture of tumor body by CT-guiding puncture biopsy, so it
is difficult to obtain ideal pathological tissue. What’s more,
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Figure 1 CT revealed uneven thickness or different density shadows on the inner wall of the cystic airspaces, and the proportion of ground-

glass opacity nodules (GGNs) with solid component was higher than 30%. The wall of the airspace showed coelentereous growth in most

cases, along with a high proportion of micropapillary (MIP) component. (A,B) CT images; (C,D) pathological sections of tumor tissue

(hematoxylin and eosin staining).

LC-CAS is mostly peripheral type, which leads to a low
positive rate of sputum exfoliated cells and bronchoscopy.
Therefore, it is of clinically significance to distinguish LC-
CAS from benign tumors based on imaging technology,
which will favor to improve the understanding, diagnosis
and treatment of LC-CAS

Even though a recent study (2) has reported CT
and pathological features of LC-CAS, it focused on the
imaging features correlated with pathological invasiveness.
In the current study, we analyzed the CT signs and
clinicopathological features of LC-CAS patients in our
hospital, and found that the most common pathological
type of LC-CAS is adenocarcinoma, and the CT signs of
LC-CAS were diverse.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-1926).

Methods

A retrospective analysis was performed on 35 LC-CAS
patients treated in our center from January, 2017, to
January, 2020. There were 23 men and 12 women aged
61.4£9.2 years. CT showed that the cystic cavities were
1.6+0.7cm and ranged between 0.5 and 3.0cm in diameter.
The CT signs of these lesions included lobulation sign
(n=25), spicule sign (n=21), pleural indentation sign (n=22),
vessel convergence sign (n=17), nodules on cystic wall
(n=16), bronchial cut-off sign (n=15), uneven thickening
of the cystic wall (n=10), and honeycombing (n=7). The
lesions were central in 2 cases and peripheral in 33 cases,
and were located in the left upper lung in 7 cases, the left
lower lung in 9 cases, the right upper lung in 8 cases, the
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right middle lobe in 2 cases, and the right lower lobe in 9
cases. The morphological (3) types included type I (nodules
located outside the cystic airspaces) in 11 cases (31.4%),
type II (nodules located inside the cystic airspaces) in 9 cases
(25.7%), type III (cyst wall thickening) in 8 cases (22.8%),
and type III (multilocular cysts and the co-existence of solid
and non-solid nodules) in 7 cases (20.0%).

All procedures performed in this study were in
accordance with the Declaration of Helsinki. The study was
approved by the ethics committee of Zhejiang University
Zhoushan Hospital. Because of the retrospective nature of
the research, the requirement for informed consent was
waived.

Results

The lesions were adenocarcinomas in 30 patients, among
which 22 were invasive adenocarcinoma (IACs); CT
revealed uneven thickness or different density shadows on
the inner wall of the cystic airspaces, and the proportion of
ground-glass opacity nodules (GGNs) with solid component
was higher than 30% (Figure I). Minimally invasive
adenocarcinoma (MIA) was detected in 8 cases, in whom
CT revealed well-defined vacuolization-like translucent
shadows; locally increased density of soft tissues was visible
at the border, whereas the proportion of its solid component
was below 30% (Figure 2). In addition, there were 4 cases
of squamous cell carcinoma and 1 case of adenosquamous
carcinoma; the lesions were manifested as single cystic
airspace shadow in most cases, with a thick cystic wall; the
nodules grew locally, and they typically protruded into the
cystic airspace; notably, there were no surrounding GGNs
(Figure 3).
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Figure 2 Computed tomography (CT) findings of minimally invasive adenocarcinoma (MIA). Well-defined vacuolization-like translucent

shadows were found; locally increased density of soft tissues was visible at the border, whereas the proportion of its solid component was

below 30%. (A,B,C) CT images; (D) pathological sections of tumor tissue (hematoxylin and eosin staining).
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Figure 3 Squamous cell carcinoma and adenosquamous carcinoma characterized mostly by single cystic cavities with thick walls; the

nodules grew locally and typically protruded into the cystic airspace; notably, there were no surrounding GGNs. (A,B,C) CT images; (D)

pathological sections of tumor tissue (hematoxylin and eosin staining). GGNs, ground-glass opacity nodules.

Discussion

Although the description of LC-CAS can be traced back
to 1941, there is still no widely recognized definition
and nomenclature of this disease. Fintelmann ez al. (4)
believe that the cystic airspace refers to the pathological
enlargement of the original cavities in lungs, and the
solitary thin-walled air-containing cystic airspace is
often located in lung parenchyma, with a clearly defined
boundary. In most cases the cystic walls measured >8 mm.
The Fleischner Society has a broader definition of LC-
CAS (5); for example, lung cancer can arise from cystic
cavities including emphysematous bullae and cysts. Several
explanations have been proposed for the pathogenesis of
LC-CAS (6-9): (I) tumor cells grow along the alveolar wall,
and the damaged alveolar wall fuses to form cystic airspaces;
(IT) after liquefaction and necrosis, the space-occupying
lesions are discharged to form cystic airspaces; (III) the
elastic retraction of the tissues around the lung causes the
cavity to be pulled, causing the cystic wall to become thin.
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A fourth explanation involves the cystic cavity arising
from the “valve effect”, in which the tumor cells originate
from the bronchiolar epithelium, the tumor grows, the
bronchioles are completely blocked, and the dilation and
rupture of the distal alveoli subsequently occur. As a result,
the inner wall of the cavity and the nodules in the outer wall
form, and the annular wall of cyst thickens. The valve effect
has been widely recognized, and we also hold that the valve
effect is one of the main pathogenic mechanisms for LC-
CAS. The effect is perhaps even more obvious when the
fragility of the alveolar space increases as the tumor grows,
and when the stretching of the tissues outside the bronchi and
the changes in the structure of the bronchial wall also cause
irregular bronchiectasis. The tumor tissue has its internal
traction. The partially blocked bronchioles contribute to
the formation of valves and thus cystic airspaces. A better
understanding of the origin of LC-CAS can also explain why
LC-CASs are predominantly peripheral.

Many studies have described the pathological types
of LC-CAS. Liu ez a/. (10) reported that all 26 of their
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patients had peripheral LC-CAS; in addition, most of
the lesions were IACs. Kelley ez a/. (11) reported that
squamous cell carcinoma accounted for about 47.8% of
LC-CAS cases. Other literature focuses (12-16) on different
pathological types including squamous cell carcinoma,
large cell carcinoma, and small cell carcinoma in LC-
CAS patients; nevertheless, the vast majority of LC-CAS
shave been reported to be adenosquamous carcinoma, with
adenocarcinoma being the most common type. Among
the 35 cases in our current series, the pathological types
included adenocarcinoma (n=30, accounting for 85.7%),
squamous cell carcinoma (n=4), and adenosquamous
carcinoma (n=1), which were similar to the results reported
in the literature. We also found 22 cases of IAC and 8 cases
of MIA. Although the proportion of IAC was high, we
speculate that MIA may be more common than IAC when
considering the pathogenic mechanism of LC-CAS, but this
needs to be further investigated in larger patient cohorts.

It is difficult to obtain ideal pathological tissue due to
the cystic changes of LC-CAS, but CT three-dimensional
reconstruction can clearly display the microstructures
inside and outside the wall of cystic airspaces. As a non-
invasive examination, it is cheaper than positron emission
tomography-CT (PET-CT) and is more feasible for follow-
up and observations. The CT signs of the lesions in our
series included lobulation sign (n=25, 71.4%), spicule
sign (n=21, 62.8%), and pleural indentation sign (n=22,
57.1%). According to the method of Mascalchi ez al., the
proportions of LC-CAS types in our current series included
type I (31.4%), type II (25.7%), type III (22.8%), and type
IV (20.0%). Thus, LC-CAS has diverse imaging features,
which include both the common CT signs of lung cancer
and other more characteristic findings such as the rough
and honeycombed inner wall of the cystic spaces, nodules
on the wall, and vascular bundles. Among them, CT of IAC
showed cystic translucent shadows: the thickness of the
inner wall of the cystic airspaces was uneven, the airspaces
were surrounded by GGNs or solid components, and the
proportion of solid components accounted was greater than
30%. The proportion of the shadow of cystic airspaces
was lower in IAC than in MIA, which might be explained
by the fact that the cystic airspaces were replaced by solid
components. In eight patients, MIA showed coelentereous
growth, along with mucous components. CT revealed
well-defined vacuolization-like translucent shadows:
locally increased density of soft tissues was visible at the
border, whereas the proportions of its solid component and
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GGNs were below 30%. Unlike the traditional belief that
squamous cell carcinoma is prone to form cavities, these
lesions are known to us as cystic squamous cell carcinoma.
Typically, the cystic wall of cystic squamous cell carcinoma
is thicker than that of adenocarcinoma; nodules on the
cystic wall are caused by tumor growth rather than by
residues after tumor necrosis. Necrosis in the cystic wall
is not obvious. Typically there is only 1 cyst. Difference in
growth makes the cystic wall irregularly thickened locally.
The lesions were manifested as single cystic airspace
shadow in most cases, and there was a thick cystic wall. The
nodules grew locally, and they typically protruded into the
cystic airspace, with, notably, no surrounding GGNss. It
is therefore speculated that the proportions of pericystic
GGNs, mixed GGNs, and solid components somehow
reflect the pathological characteristics of a tumor, and the
chaotic internal structures of cystic airspaces may suggest its
malignant property. The solid nodules typically have rough
borders in a peripheral lung cancer, along with the presence
of lobulation sign, spicule sign, and pleural indentation
sign. In contrast, benign cystic airspace-like lesions (e.g.,
pulmonary bullae) are mostly located in the air-containing
cavities at the apex of the lung; these solitary or multiple
lesions have smooth borders, and their internal structures
have even density and show no abnormal change in density.
Most patients with tuberculous cavities have the toxic
symptoms of tuberculous infection or have a medical history
of tuberculosis. The cavities often occur in the apical and
posterior segments of the upper lobe and the dorsal segment
of the lower lobe. The morphologies of these cavities are
diverse, and satellite lesions can be seen around the cavities.

"There are still some limitations in the current study. Firstly,
the case enrolled in this study is small. Secondly, it is a single-
center, retrospective study. A multiple-center, perspective study
with more cases enrolled are required to further investigate the
clinical manifestations of LC-CAS, so as to improve the accuracy
of early diagnosis and reduce missed and delayed diagnoses.

In summary, LC-CAS is a special type of lung cancer.
It has a low prevalence rate, with adenocarcinoma being
its main pathological type. The CT signs of LC-CAS are
diverse, and therefore CT-based follow-up and increased
awareness and knowledge of this disease among clinicians
are particularly important.
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