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Lung cancer associated with cystic airspaces (LCCAs) is a distinct subtype of lung
cancer defined by its unique radiological characteristics. It is increasing in
prevalence but is often misdiagnosed. The constantly emerging radiological
classification systems help characterize LCCAs and guide certain treatment
methods. Compared to non-LCCAs, LCCAs are more likely to be associated
with an invasive nature. The natural progression of LCCAs involves the thickening
of cyst walls and the emergence of solid nodules, which are indicative of tumor
progression. Despite their aggressive features, the overall prognosis of LCCAs
was similar to non-LCCAs this review, we aim to systematically address the
current understanding of LCCAs, including the epidemiology, radiologic
classification, pathology, molecular characteristics, disease progression, and
survival prognosis, highlighting the need for further research to standardize
the diagnosis and treatment of LCCAs and to better understand their
mechanisms of development.

lung cancer, lung cancer associated with cystic airspaces, clinicopathological features,
image characteristics, pathogenesis, prognosis

Introduction

Lung cancer is one of the most common and deadliest malignant tumors (1).
Recently, lung cancer associated with cystic airspaces (LCCAs) has gradually emerged
as a significant but potentially underappreciated subtype (2). LCCAs was first defined
by Farooqi et al. as “lung cancers that about or are in the wall of cystic airspaces
identified at CT, regardless of the pathology findings and irrespective of the presence of
emphysema elsewhere in the lung” (3). “Cystic airspaces” were historically considered
to be associated with benign diseases (4, 5). However, it was recently observed that
certain lung cancers were associated with it (6). Womack first reported LCCAs in 1941
(7). Later, Anderson and Pierce introduced a series of radiological manifestations as
thin-walled cysts in cases of bronchogenic carcinoma (8). Subsequently, multilocular
cysts and emphysematous bullae have also been described as being associated with lung
cancer afterward (9-11).

LCCAs was also denoted as “cystic lung cancer,” “lung cancer adjoining bullae,” and
“pulmonary cavity nodules” in the past (12-14). This diversity of terminology reflected
the lack of a unified understanding, leading to inconsistencies in research and confusion
in clinical recognition. In the Nederlands-Leuvens Longkanker Screenings Onderzoek
(NELSON) lung cancer screening trial, 22.7% of lesions presented as LCCAs that were
missed or delayed (15, 16). The NELSON trial demonstrated that structured LDCT
screening improved outcomes by 24%; however, patients with missed or delayed
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diagnoses could not benefit from these advantages, as disease
progression during follow-up may compromise surgical
eligibility and survival (17-19). Cystic airspaces lead to
diagnostic challenges, such as difficulty in distinguishing them
from benign lesions such as tuberculosis or fungal infections on
imaging, and obtaining sufficient tissue samples from thin or
irregular cyst walls is difficult (13, 20). In terms of treatment, the
presence of cystic airspaces may complicate margin assessment
and treatment response because of the lack of relative standards
(21). Therefore, the diagnosis and management of LCCAs cannot
simply rely on the standards for conventional lung cancer. It is
essential to elucidate the epidemiology, clinical features, and
progression patterns of LCCAs.

In this review, we aim to address these issues to advance the
current understanding of LCCAs, facilitating early identification,
providing opportunities for early treatment, and accurately assessing
treatment outcomes.

Epidemiology

The prevalence rates of LCCAs vary widely from 0.46% to 12.6%,
largely reflecting differences in study design and populations
(22-26). In the pre-existing cysts, the proportion of LCCAs
reached 4.6% (22). The incidence of LCCAs is influenced by the
frequency of CT scans and the number of patients screened, as well
as the differences in the definition of LCCAs. Farooqi et al. reported
that the detection rate of LCCAs in the baseline round of screening
was 2%, whereas it increased to 12% in the annual rounds (3).

Demographic characteristics

Similar to the demographic characteristics of lung cancer,
LCCAs was frequently observed in middle-aged and elderly
individuals. More than half of patients were male (27, 28). In
most Asian studies, LCCAs predominantly affected male patients,
whereas female patients represented the majority in Western
cohorts, which contrasts with findings from subsolid nodules
(SSNs), highlighting that LCCAs may not fully share the same
demographic distribution as SSNs (29). The prevalence of
smoking among these patients varied widely in different studies,
ranging from 12.5% to 100% (30, 31) (Table 1).

Radiologic classification

LCCAs can be observed on CT scans as either solitary or

multiple cystic components, accompanied by air density

shadows within.

Abbreviations: LCCAs, lung cancer associated with cystic airspaces; GGO,
ground-glass opacities; SSN, subsolid nodules; EGFR, epidermal growth
factor receptor; KRAS, Kirsten rat sarcoma viral oncogene homolog; ALK,
anaplastic lymphoma kinase; RET, rearranged during transfection; PD-L1,
programmed cell death ligand 1; ICls, immune checkpoint inhibitors; DFS,
disease-free survival; OS, overall survival; PFS, progression-free survival; RFS,
recurrence-free survival.
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Maki—Mascalchi classification

Initially, in 2006, Maki et al. proposed a classification system for
LCCAs (38), which was subsequently refined by Mascalchi (39)
(Figure 1). The classification categorized LCCAs into four subtypes
based on their morphological characteristics: type I: nodule or mass
extruding from the wall of the cystic airspace (Figure 1A); type II:
nodule or mass confined within the cystic airspace (Figure 1B); type
III: soft tissue density extending along the wall of the cystic airspace
(Figure 1C); and type IV: soft tissue density intermixed within
clusters of cystic airspaces (Figure 1D). Among them, type III
was the most common type (39, 40).

Fintelmann classification

In 2017, Fintelmann et al. introduced a new classification system
based on the Maki-Mascalchi classification (28). The modified
classification system included a numerical component, optional
uppercase letters, and a lowercase letter to represent the wall,
nodule, and cystic components. For the first time, this system
also considered thin-walled cysts (with a maximum thickness of
1 mm) and ground glass nodules (Figure 2). This classification
system was more accurate as it took the diverse manifestations of
components of LCCAs into account. This classification method was
primarily suitable for investigating the natural progression of
LCCAs, but it was difficult to conduct clinical research due to
the limited number of patients across different groups.

SPH classification

Shen et al. introduced the SPH
distinguishing four types: type I
wall <2 mm; type II (thick-walled type): cyst wall >2 mm; type

in 2019,
(thin-walled type):

classification
cyst

III (cystic airspace with mural nodule, CWN): a cystic airspace with
a mural nodule that is either endophytic or exophytic; and type IV
(mixed type): tissue intermixed within clusters of multiple cysts. It
thin-wall  type
Maki-Mascalchi types I and II into the cystic airspace with a
mural nodule type (SPH type III) (41) (Figure 3). According to
this classification, SPH type III accounted for a larger proportion
(43/123, 35.0%), which was further confirmed by the research by Ma
et al. (31). Because some previous studies excluded cases lacking

incorporated  the and consolidated the

sufficient evidence to demonstrate that the tumor originated from a
pre-existing thin-walled cystic airspace, the above results may lead to
an underestimation of the incidence of thin-wall-type
LCCAs (39, 41).

Jung classification

These classifications did not take into account the development
of the ground glass opacities (GGOs) component of LCCAs.
Recently, Jung et al. proposed a new classification system based
on the evolution and development of LCCAs (33). The four subtypes
distinguished GGOs, part-solid, and pure-solid LCCAs, linking CT
findings with pathological progression (26). It was the first
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TABLE 1 Demographic characteristics of LCCAs.

Demographic

characteristics

Toyokawa,
2018 ( )

Fintelmann,
2017 ( )

Watanabe,
2016 ( )

Farooqi,
2012 ()

(mean or median)®

Cases, n 252 123 60 31 30 45 15 143 26 47 384
Proportion 265/ 123/ 60/ 31/283 (11%) 30/2,954 (1.0%) 45/488 (9.2%) 15/ 143/3192 (4.48%) 26/706 (3.7%) 47/
2,093 10,835 1,971 (3%) 3268 431 (10.9%)
(12.6%) (1.13%) (0.46%)
Sex, n(%)
Male | 128 (50.8) 82 (66.7) 44 (73.3) 27 (87.1) 12 (40.0) 43 (95.6) 12 (80) 97 (67.8) 13 (50) 20 (42.6) 236 (61.5)
Female | 124 (49.2) 41 (33.3) 16 (26.7) 4 (12.6) 18 (60.0) 2 (44) 3 (20) 46 (32.2) 13 (50) 27 (57.4) 148 (38.5)
Age (mean or median)* 580 + 11.1 61 (54-67) 69 (29-85) 66.2 (44-84) 63.6 58 (39-77) 63 (26-82) 65.15 + 13.25 69 (65-74) 582 +10.8
(60.5-66.8)
Smoking history, n (%)
Ever 37 (61.7) 30 (96.8) 29 (96.7) 95 (66.4) 26 (100.0) 39 (83) 48 (12.5)
Never 23 (38.3) 1(32) 1(3.3) 48 (33.6) 8 (17) 336 (87.5)
Number of packs per year 46 (15-110) 532 +9.2 45 (36-59)

“Data are presented as the mean + standard deviation (SD) or the median (range).
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Schematic illustrations and CT images of Maki—Mascalchi classification: (A) type I: solid nodule protruding externally from the cystic cavity. (B) Type
II: solid nodule protruding internally from the cystic cavity. (C) Type Ill: circumferential thickening of the cyst wall. (D) Type IV: soft tissue density

intermixed within clusters of the cyst.

classification system that considered the proportion of solid
components, which was in concordance to the differentiation of
pulmonary nodules.

Pathology
Location and histology

The majority of LCCAs was in the peripheral site, accounting for
approximately 70% of the cases, without the tendency of pulmonary
lobar inclination (30). Adenocarcinoma accounted for more than
70% of LCCAs (31, 41), whereas fewer than 30% of patients had
squamous cell carcinoma (32, 42, 43). The proportion of patients
with LCCAs coexisting with emphysema was relatively high, with a
reported rate of 73% (3) (Table 2).

Pathological features

Compared to non-LCCAs, LCCAs was more likely to be
associated with pleural and vascular invasion, as well as
subtypes papillary or solid
component (34). SPH type III, solid wall, and large cystic

histological invasive such as
airspaces were independently predictive of a poor differentiation
of LCCAs, which may guide the extent of surgical resection (31).
Multiple cystic airspaces, irregular shape of cystic airspaces, whole
tumor size, and CT attenuation were identified as independent risk
factors for the pathologic invasiveness of LCCAs, and a thicker wall
was indicative of vascular and/or lymphatic invasion, suggesting a
need for careful intraoperative evaluation (26, 36, 41). Regarding the
LCCA subtypes, SPH type I represented an earlier stage of disease
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because it manifested as adenocarcinoma in situ, whereas patients
with SPH type III or IV had more invasive characteristics. In
addition, type III was identified as an independent risk factor for
pathological invasion in LCCAs (41). The majority of type IV lesions
exhibited lepidic, acinar, or papillary characteristics (32). Therefore,
the thickness of the cyst wall, in conjunction with the presence of
solid components, collectively determined the pathological
invasiveness of tumors and provided actionable information for
surgical planning and follow-up strategies.

Tan et al. found that an uneven wall on CT reflected the
infiltration of tumor cells into normal tissues, whereas a wall
nodule was indicative of tumor cell proliferation within the
alveolar cavity. GGOs signified the expansion of tumor cells
along the alveolar walls, irregular margins resulted from inward
folding of tumor cells into fibrous tissue within cyst walls, and
septations within the cyst might consist of fibrous tissue generated
by tumor cells, bronchi, or blood vessels (45). Recognizing these
imaging characteristics could help radiologists and surgeons predict
pathological invasiveness preoperatively and optimize the extent of
resection, thus directly linking CT findings with clinical
decision-making.

Tissue sampling

Notably, in terms of pathological specimens, conventional
percutaneous and bronchoscopic biopsy had historically faced
challenges in acquiring sufficient diagnostic samples of LCCAs
due to the thinness of the cyst wall and the small number of
(22). may be
concerned that biopsies of lesions containing airspaces may result

obtainable cells Moreover, some operators

in tumor rupture and pneumothorax (46, 47). However, several
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FIGURE 2

Fintelmann classification: the numbers (0-3) represent different types of the wall: 0. thin-walled cystic airspace with a maximum wall thickness of
1 mm, 1: endophytic nodule, 2: exophytic nodule, and 3: thick-walled with a wall thickness greater than 1 mm; the uppercase letters (S, NS, and PS)
indicate the nodule density (S, solid; NS, nonsolid; PS, part solid); the lowercase letters (u and m) represent the loculation of the cystic airspaces (u,

unilocular; m, multilocular).

studies showed that CT-guided core needle biopsy had a comparable
safety in evaluating lesions associated with LCCAs as non-LCCAs
(48, 49). In addition, CT-guided fine-needle aspiration biopsy and
CT-guided percutaneous needle biopsy have also been shown to be
effective and safe for cavitary or thin-walled lesions, providing
additional options in challenging cases (50, 51). For patients who
are surgical candidates, intraoperative tissue sampling or resection
remains the most definitive and effective diagnostic approach.

PET-CT

Consistent with the more aggressive pathological classification,
LCCAs demonstrated higher FDG uptake. In the study regarding
“emphysematous bullae-associated lung adenocarcinomas,” the
bullae was
significantly higher than that of cancer without emphysematous
bullae (34). During the follow-up process, FDG uptake showed a
progressively increasing trend, which is potentially attributed to

SUVmax of cancer adjoining emphysematous

increased metabolic demands resulting from tumor growth and

Oncology Reviews 05

increased invasiveness. For the subtypes, SPH type I potentially
exhibited low FDG uptake (52, 53). It may be because of the low
invasiveness and/or the volume effect of cystic components, which
lead to a reduction in the density of metabolically active cells (20).
There was a positive correlation between FDG uptake and the
thickness of the cyst wall as well as the presence of wall nodules.
The minimum diameter for FDG uptake for a wall nodule was 8 mm
(28). Therefore, the diagnostic reliability of PET-CT alone for
LCCAs is relatively low, and a 6-month follow-up CT
examination could be recommended (54) (Table 3).

Molecular characteristics
Driver gene mutation

Epidermal growth factor receptor (EGFR) has been identified as
the predominant driver mutation in LCCAs, followed by Kirsten rat

sarcoma viral oncogene homolog (KRAS), which was consistent
with the overall data for lung cancer (40, 41, 44, 55). In a study
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FIGURE 3

Schematic illustrations and CT images of SPH classification: (A) type I: thin-walled type: cyst wall thickness of less than 2mm. (B) Type II: thick-walled
type: cyst wall thickness of more than 2 mm. (C) Type Ill: CWN type: a cystic airspace with a mural nodule that is either endophytic or exophytic. (D) Type

IV: mixed type: tissue intermixed within clusters of multiple cysts

concerning early-stage lung adenocarcinoma, LCCAs accounted for
a higher proportion of tumors with positive anaplastic lymphoma
(ALK) or (RET)
rearrangements (56). However, Toyokawa et al. revealed an

EGFR
emphysematous

kinase rearranged during transfection

association  between  wild-type status  and lung

bullae  (34).
Discrepancies may stem from differences in patient selection

adenocarcinoma adjacent to
because Toyokawa only included patients with emphysematous
lungs. No significant association was found between the types of
LCCAs and the status of driver gene mutations (41).

PD-L1 expression

A higher prevalence of programmed cell death ligand 1 (PD-L1)
expression was identified in LCCAs than in non-LCCAs (34, 57).
This could be attributed to the inclusion of patients with
emphysema, wherein PD-L1 expression was triggered by IFN-y
due to inflammation induced by COPD or smoking (58-61).
However, it was unclear whether increased PD-L1 expression was
also present in patients with other LCCAs without emphysema. The
increase in PD-L1 expression implied that LCCAs could potentially
be more amenable to immunotherapy (62, 63). For patients with
LCCAs exhibiting increased PD-L1 expression, immunotherapy
may be considered as a potential treatment option in the future.

Disease progression

The progression of LCCAs remains a topic of extensive
discussion. Currently, various patterns of LCCA formation have

Oncology Reviews

been identified and are broadly categorized into the progression of
the cyst wall and the cystic airspace.

Evolution of the cyst wall

This includes (i) thickening of the pre-existing thin-walled cystic
airspace [SPH type I (thin-walled type) that progressed to type II
(thick-walled type)] (3, 24, 30, 41), (ii) emergence of new nodules
[SPH types I or II that progressed to type III (CWN type, cyst with
an associated nodule)], and (iii) enlargement or solidification of
existing nodules within the cyst wall (13, 22, 64).

Evolution of the cystic airspace

This includes (i) enlargement, (ii) shrinkage, (iii) the emergence
of ground glass nodules, and (iv) the formation of solid nodules
within the cystic airspace (39, 41, 45).

These transitions might signify tumor progression, whereas
changes in the cyst wall and airspace could develop together and
ultimately progress to a solid mass (30, 39, 45) (Figure 4).
Furthermore, there were some reports of the appearance of new
cystic cavities on the basis of solid nodules (53).

The most common evolution of LCCAs was nodule enlargement,
followed by the thickening of the cyst wall (20, 40). Changes in the
cystic airspaces were more commonly observed as an increase in size,
followed by a decrease in size (20). Jung et al. found a commonly
observed progression pattern in LCCAs, which was characterized by
the gradual enlargement of cysts followed by the emergence of solid
nodules. Subsequently, there was a gradual reduction in cyst size
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TABLE 2 Clinical characteristics of LCCAs.

Clinical Haider, Shinohara, Fintelmann, Iwama, Guo, Mascalchi, Farooq;i, Byrne,
characteristics 2019 2018 ( ), 2017 (), 2016 2016  2015( ), 2012 (), 2021
(30)), n (%) n (%) () () n (%) n (%) ()
n (%) n (%) n (%) n (%)
Stage I 154 (92) 67 (63.2) 34 (65.4) 18 (60.0) 16 (35.6) 9 (60) 12 (50.0) 21 (80.8)
I 7 (4) 12 (11.3) 14 (26.9) 5 (16.7) 2 (4.4) 2(133)  3(125) 2(7.7)
I 7 (4) 11 (10.4) 4(7.7) 2(6.7) 10 (22.2) 3(20) 4(16.7) 3(11.5)
v 16 (15.1) 0 (0) 5 (16.7) 17 (37.8) 1(6.7) 5 (20.8)
Emphysema 38(309) 5 (4.7) 5 (45.5) 29 (96.7) 19 (73.1)
Lobe location RUL 25(23.6)  1(9.1) 36 (69.2)° 6 (20.0) 32 (71.1) 4(267) 10 (41.7) 7 (26.9) 13 (26.5)
RLL 27 (25.5) | 4 (36.4) 15 (28.9)° 8 (26.7) 12 (26.7) 3(20) 7 (29.2) 5(19.2) 16 (32.7)
RML 10 (94) 2 (182) 1(19) 3 (10.0) 1(22) 1(6.7) 1(4.2) 2(7.7) 2(4.1)
LUL 23 (217)  3(27.3) 7(23.3) 3(20) 3(12.5) 9 (34.6) 10 (20.4)
LLL 21 (198)  1(9.1) 6 (20.0) 4(267)  3(125) 3(11.5) 8 (16.3)
Location Peripheral 289 7 (63.6) 24 (80.0) 15 (100) 4 (16.7)
(75.3)
Central 95 (24.7) 4 (36.4) 6 (20.0) 20 (83.7)
Histology sce 8 (5) 115 6 (4.9) 7(7.5) 2(18.2) 18 (34.6) 4(133) 13 (28.9) 2(133)  7(29.2) 1(3.8) 9 (18.4)
(29.9)
Adenocarcinoma | 155 (94) 237 117 (95.1) 81 (87.1) 9 (81.8) 26 (50.0) 24 (80.0) 23 (51.1) 11(733) 17 (70.8) 23 (88.5) 39 (79.6)
(61.7)
Others 2(1) 5(1.3) 5 (4.7) 8 (15.4) 2(6.7) 4(89) 2(13.3) 2(7.7) 1(2.0)

RUL, right upper lobe; RLL, right lower lobe; RML, right middle lobe; LUL, left upper lobe; LLL, left lower lobe; SCC, squamous cell carcinoma.
“Upper lobe from both the right and left sides.
*Lower lobe from both the right and left sides.
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TABLE 3 Correlation between FDG uptake and LCCA subtypes.

LCCA classification

FDG uptake

SPH Maki—Mascalchi

I Low

11 Juis Moderate to marked

Jats /11 Depends on nodule size

Moderate to marked

accompanied by an increase in the solid component (33). Such
progression, particularly the changes of cyst wall and cystic
airspaces and nodule development, warranted shorter follow-up
intervals or even prompt surgical intervention (21).

The dynamic imaging changes of LCCAs may indicate different
follow-up intervals or even shifts in the management strategy. Lung-
RADS introduced specific recommendations regarding atypical
pulmonary cyst in 2022, with classifications that largely
correspond to the SPH classification. According to Lung-RADS
v2022 (v 2.0), thin-walled cysts (wall< 2 mm) are recognized as
benign; however, thick-walled cysts (2 mm or larger wall thickness),

10.3389/0r.2025.1615365

multilocular cysts (thick- or thin-walled cysts with internal
septations), and thin-
multilocular are categorized as 4A, with the recommendation of
a 3-month LDCT or PET/CT. In contrast, progressive features such
as growing wall thickness or nodularity of the thick-walled cyst,
increasing loculation of the multilocular cyst, or new/increasing
opacity within or adjacent to the multilocular cyst are upgraded to

or thick-walled cysts that became

4B, for which appropriate diagnostic evaluation is advised. For cysts
with mural nodules (either endophytic or exophytic), the higher
Lung-RADS category should be assigned, based on the more
concerning feature between the cyst wall and the solid
component. Although its applicability requires further validation
in this specific subgroup, Lung-RADS v2022 provides a framework
for managing atypical cystic lesions and is potentially applicable
to LCCAs (65).

Treatment response

Nonoperative management of non-LCCAs generally relies on
routine CT follow-up, with the area/volume outperforming the
diameter despite practical constraints (66). In contrast, the
management of LCCAs requires paying attention to changes in

Thickening of the cyst wall

|lem 1840 a3 UO S8|Npou MaN

Progress to a solid mass

SSBW pI|oS e 0} ssa1b0id

FIGURE 4

Progression of LCCAs: changes in both the cyst wall and cavity may develop and ultimately culminate in a solid mass.
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cyst walls, cystic airspaces, and mural nodules for response
assessment and follow-up strategy.

Chemotherapy

The response of LCCAs to chemotherapy was characterized by
changes in cystic wall, airspaces, and nodules, which was different
from that of non-LCCAs. After neoadjuvant chemotherapy, the
solid components of LCCAs exhibited a reduction in size, whereas
the cysts either increased or remained unchanged. These changes in
the solid constituents might provide a more accurate depiction of
treatment response. The enlargement of airspaces may not indicate
tumor progression but could reflect treatment-related remodeling,
such as the enlargement of check valves secondary to the reduction
of solid components. Additionally, alterations in area and volume
were more pronounced than changes in diameter, as small linear
changes were amplified in two- and three-dimensional
measurements (67). Although these parameters may provide a
more sensitive reflection of tumor burden, their clinical
application remains limited by technical complexity.

Post-treatment CT images clearly demonstrated potential
modifications in imaging classification of LCCAs among patients
undergoing nonsurgical interventions. However, the impact of post-
treatment classification on prognosis remains uncertain, and
prospective studies are urgently needed to validate the imaging
markers of treatment response in LCCAs, which could ultimately

guide personalized management strategies.

Immunotherapy

Immune checkpoint inhibitors (ICIs) have reshaped the
treatment of NSCLC in recent years (68). However, current
evidence regarding ICIs in LCCAs is limited to isolated case
reports. In a case report by Parisi et al., two patients showed a
reduction in the solid component and a thinning of the cyst wall
after receiving immune checkpoint inhibitors treatment, which was
in line with the tumor response. Another patient whose tumor
presented with thickening of the cyst wall and a nodule filling the
cyst died 2 months after ICI treatment although the solid target
lesion was in a stable state (69). As the current evidence was mainly
derived from individual case reports, further prospective studies
with systematic in LCCAs are needed to characterize the radiological
changes or other imaging markers and their association with the
patterns of response of ICIs.

Survival prognosis

Despite the inherently more aggressive nature, there was no
statistically significant difference in disease-free survival (DFS) and
overall survival (OS) between LCCAs and non-cystic lung cancer
(DES: type I-IV LCCAs: 100%, 84%, 83%, and 83%, respectively, vs.
non-LCCAs: 77%; OS: type I-IV LCCAs: 100%, 84%, 83%, and 83%,
respectively, vs. non-LCCAs: 80%) (34, 70). The possible
explanation is that early studies excluded some thick-walled-type
LCCAs in order to eliminate the bias from cancerous cavities (71).
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Micro-papillary components, tumor spread through airspaces,
visceral pleura invasion, and lymphovascular invasion were
significant predictors of progression-free survival (PFS) in LCCA
patients (32, 44). The study by Watanabe et al. revealed that cyst wall
thickness served as an independent prognostic factor, with an
optimal cutoff point of 4 mm for predicting DFS and OS. In
patients of stage I LCCAs, the 5-year OS rate in the thick-walled
group was 70.1%, whereas it was 91.5% in the thin-walled group
(36). However, these results did not specify whether the
measurement of wall thickness encompassed only the solid
component or incorporated nonsolid components. Whereas the
thick-walled type was associated with a worse prognosis, Ma
et al. found that cyst wall thickness and cystic cavity type were
independent prognostic factors for LCCA adenocarcinoma subtype
but not for squamous cell carcinoma (31). Furthermore, in
transcriptomic studies, gene expressions of KCNK3, NRNI,
PARVB, and TRHDE-ASI were associated with the prognosis in
adenocarcinomas of LCCAs (44).

Regarding LCCA classification, Shen et al. indicated that there
was no statistically significant difference in recurrence-free survival
(RFES) between the LCCA and non-LCCA groups. However, SPH
type III exhibited a poorer 3-year RES rate than SPH type I (type I:
100% vs. type III: 77%). In the subgroup analysis, a significant
correlation was observed between the volume and diameter of
lesions with RFS in SPH type II and III LCCAs (32). The above
results were in line with the progression mode of LCCAs.

Mechanism hypothesis

Currently, there are multiple hypotheses regarding the
formation of LCCAs, with the most widely accepted being the
check-valve mechanism, in which tumor cells resulted in scar-
induced narrowing in small airways, leading to the formation of
a valve that causes gas retention and cyst formation (9, 45, 72,
73). This hypothesis was supported by Jung et al., as nonsolid
nodules were indicative of cancer cells lining the alveolar wall,
potentially leading to the formation of a check-valve (33).
Subsequently, the check-valve led to the enlargement of the
cyst, which manifested as the presence of cystic components in
nonsolid nodules on CT, followed by the emergence of solid
nodules at a specific stage. At this point, there was a gradual
increase in the solid component that encircled the cyst.
Eventually, the cyst shrank (3, 28, 33, 39). This hypothesis
could partly explain LCCAs that originated from GGOs.

Another potential explanation was that tumors proliferated
along pre-existing lung bullae (14, 28, 45). The presence of
emphysematous bullae was a significant risk factor for the
development of lung cancer (74-78). The majority of tumors in
patients with emphysema were located in close proximity to the
emphysematous bullae, and these patients may exhibit increased
susceptibility to DNA damage induced by smoking (35). Moreover,
chronic inflammation around the emphysematous bullae promoted
carcinogenesis and hindered DNA repair processes (70, 78).
Pathologically, the cumulative impact of these factors potentially
contributed to the increased vulnerability toward carcinogenesis,
resulting in the development of lung cancer along the damaged
alveolar walls (78).
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Regressive changes with absorption in a solid tumor could result
from non-necrotic cystic transformation in the solid tumor, thus
leading to the formation of cystic airspaces in lung cancer (28, 79).
This distinctive feature sets it apart from necrotic cysts exhibiting
irregular inner walls.

The pathological findings also provided insights into the etiology
of LCCAs. During the progression process, as the cysts enlarged on
CT scans, fibrosis developed a thin lining along the boundary of the
cystic airspace. With the fibrotic wall becoming progressively thicker
and lined with adenocarcinoma cells, the cyst wall gradually
appeared thickened. Eventually, infiltrating adenocarcinoma cells
gradually invaded the cyst wall while inducing stromal reaction-
associated fibrosis. The histopathologic pattern of the tumor could
also transform from lepidic and acinar subtypes to solid and
micropapillary types, indicating more invasive behavior and
poorer prognosis (33).

At the molecular level, transcriptome sequencing revealed
upregulation of pathways related to epithelial-mesenchymal
transition, angiogenesis, and cell migration in LCCAs compared
to non-LCCAs. Additionally, increased immune-suppressive cell
infiltration, less B-cell receptor richness, clonality, and high-
abundance shared clonotypes were found in LCCAs, which may
further deteriorate the antitumor immunity (44). These findings
suggest that LCCAs may show distinct mechanisms of development
and differences in the immune landscape compared to other types of
lung cancer.

Conclusion

With the widespread adoption of lung cancer screening, the
incidence of LCCAs is expected to increase. The radiological
classification linked the imaging manifestations of LCCAs with
pathological features, and patients with SPH types II-IV required
closer surveillance and even needed surgical treatment. Changes in
thickened cystic walls and wall nodules, which are indicative of
tumor progression, warranted careful consideration. Despite
presenting with more invasive features, the overall prognosis of
LCCAs did not significantly differ from that of non-LCCAs (32). A
diversity of mechanism hypotheses such as check-valve
mechanism or progression from pre-existing lung bullae
implied the complexity of the etiology of LCCAs. Current
diagnostic and therapeutic approaches for LCCAs are limited by
the difficulty in distinguishing them from benign lesions during
imaging, as well as the uncertainty in grading, staging, and
assessing treatment response. Therefore, prospective multicenter

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA: A Cancer ] Clinicians (2021) 71(3):209-49. doi:10.3322/
caac.21660

2. Valsecchi C, Petrella F, Freguia S, Frattini M, Argentieri G, Puligheddu C, et al.
Lung cancers associated with cystic airspaces. Cancers (Basel) (2025) 17(2):307. doi:10.
3390/cancers17020307

3. Farooqi AO, Cham M, Zhang L, Beasley MB, Austin JHM, Miller A, et al. Lung
cancer associated with cystic airspaces. Am ] Roentgenology (2012) 199(4):781-6. doi:10.
2214/ajr.11.7812

Oncology Reviews

10

10.3389/0r.2025.1615365

studies with long-term follow-up are imperative to validate

existing knowledge and standardize the diagnostic and

therapeutic strategies for LCCAs.

Author contributions

JW: Writing - review and editing, Writing - original draft,
Conceptualization. JD: Writing - review and editing, Funding
acquisition, Conceptualization, Supervision.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by the National Natural
(No. 82172848).

Science Foundation of China

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

4. Austin JH, Miiller NL, Friedman PJ, Hansell DM, Naidich DP, Remy-Jardin M,
et al. Glossary of terms for CT of the lungs: recommendations of the nomenclature
committee of the fleischner society. Radiology (1996) 200(2):327-31. doi:10.1148/
radiology.200.2.8685321

5. Hansell DM, Bankier AA, MacMahon H, McLoud TC, Miiller NL, Remy J.
Fleischner society: glossary of terms for thoracic imaging. Radiology (2008) 246(3):
697-722. doi:10.1148/radiol.2462070712

6. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. CA: A Cancer ] Clinicians (2016) 66(2):115-32. doi:10.3322/caac.
21338

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3390/cancers17020307
https://doi.org/10.3390/cancers17020307
https://doi.org/10.2214/ajr.11.7812
https://doi.org/10.2214/ajr.11.7812
https://doi.org/10.1148/radiology.200.2.8685321
https://doi.org/10.1148/radiology.200.2.8685321
https://doi.org/10.1148/radiol.2462070712
https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21338
https://www.frontiersin.org/journals/oncology-reviews
https://www.frontiersin.org
https://doi.org/10.3389/or.2025.1615365

Wang and Dai

7. Womack NA, Graham EA. Epithelial metaplasia in congenital cystic disease of the
lung: its possible relation to carcinoma of the bronchus. Am J Pathol (1941) 17(5):
645-54.

8. Anderson H]J, Pierce JW. Carcinoma of the bronchus presenting as thin-walled
cysts. Thorax (1954) 9(2):100-5. doi:10.1136/thx.9.2.100

9. Yoshida T, Harada T, Fuke S, Konishi ], Yamazaki K, Kaji M, et al. Lung
adenocarcinoma presenting with enlarged and multiloculated cystic lesions over
2 years. Respir Care (2004) 49(12):1522-4.

10. Ema T. Large cell carcinoma on the bullous wall detected in a specimen from a
patient with spontaneous pneumothorax: report of a case. ] Thorac Dis (2014) 6(10):
E234-E236. doi:10.3978/j.issn.2072-1439.2014.09.29

11. Kaneda M, Tarukawa T, Watanabe F, Adachi K, Sakai T, Nakabayashi H. Clinical
features of primary lung cancer adjoining pulmonary bulla. Interactive CardioVascular
Thorac Surg (2010) 10(6):940-4. doi:10.1510/icvts.2010.233551

12. Mergo PJ, Rojas CA. CT characteristics and pathologic basis of solitary cystic lung
cancer. Radiology (2019) 291(2):502-3. doi:10.1148/radiol.2019190329

13. Yao Y, Yang Y, Hu Q, Xie X, Jiang W, Liu C, et al. A nomogram combining CT-
based radiomic features with clinical features for the differentiation of benign and
malignant cystic pulmonary nodules. J Cardiothorac Surg (2024) 19(1):392. doi:10.1186/
513019-024-02936-z

14. Shinohara S, Sugaya M, Onitsuka T, Machida K, Matsuo M, Kato K, et al. Impact
of the favorable prognosis of patients with lung cancer adjoining bullae. ] Thorac Dis
(2018) 10(6):3289-97. doi:10.21037/jtd.2018.05.125

15. Scholten ET, Horeweg N, de Koning HJ, Vliegenthart R, Oudkerk M, Mali
WPTM, et al. Computed tomographic characteristics of interval and post screen
carcinomas in lung cancer screening. Eur Radiol (2015) 25(1):81-8. doi:10.1007/
s00330-014-3394-4

16. Horeweg N, Scholten ET, de Jong PA, van der Aalst CM, Weenink C, Lammers
JW, et al. Detection of lung cancer through low-dose CT screening (NELSON): a
prespecified analysis of screening test performance and interval cancers. Lancet Oncol
(2014) 15(12):1342-50. doi:10.1016/s1470-2045(14)70387-0

17. Qi Y, Zhang Q, Huang Y, Wang D. Manifestations and pathological features of
solitary thin-walled cavity lung cancer observed by CT and PET/CT imaging. Oncol Lett
(2014) 8(1):285-90. doi:10.3892/01.2014.2065

18. He J, Li N, Chen WQ, Wu N, Shen HB, Jiang Y, et al. China guideline for the
screening and early detection of lung cancer(2021, Beijing). Zhonghua Zhong Liu Za Zhi
(2021) 43(3):243-68. doi:10.3760/cma.j.cn112152-20210119-00060

19. Romine PE, Sun Q, Fedorenko C, Li L, Tang M, Eaton KD, et al. Impact of
diagnostic delays on lung cancer survival outcomes: a population study of the US SEER-
medicare database. JCO Oncol Pract (2022) 18(6):e877-€885. doi:10.1200/0p.21.00485

20. Sheard S, Moser J, Sayer C, Stefanidis K, Devaraj A, Vlahos I. Lung cancers
associated with cystic airspaces: underrecognized features of early disease.
Radiographics (2018) 38(3):704-17. doi:10.1148/rg.2018170099

21. Detterbeck FC, Kumbasar U, Li AX, Rubinowitz AN, Traube L, Gosangi B, et al.
Lung cancer with air lucency: a systematic review and clinical management guide.
J Thorac Dis (2023) 15(2):731-46. doi:10.21037/jtd-22-1199

22. Guo J, Liang C, Sun Y, Zhou N, Liu Y, Chu X. Lung cancer presenting as thin-
walled cysts: an analysis of 15 cases and review of literature. Asia-Pacific ] Clin Oncol
(2016) 12(1):e105-e112. doi:10.1111/ajco.12126

23. de Torres JP, Bastarrika G, Wisnivesky JP, Alcaide AB, Campo A, Seijo LM, et al.
Assessing the relationship between lung cancer risk and emphysema detected on low-
dose CT of the chest. Chest (2007) 132(6):1932-8. doi:10.1378/chest.07-1490

24. Wang K, Leng X, Yi H, Zhang G, Hu Z, Mao Y. Lung cancer associated with cystic
airspaces: current insights into diagnosis, pathophysiology, and treatment strategies.
Cancers (Basel) (2024) 16(23):3930. doi:10.3390/cancers16233930

25. Pan X, Wang H, Yu H, Chen Z, Wang Z, Wang L, et al. Lung cancer associated
with cystic airspaces: CT and pathological features. Translational Cancer Res (2020)
9(6):3960-4. doi:10.21037/tcr-20-1926

26. Zhu H, Zhang L, Huang Z, Chen J, Sun L, Chen Y, et al. Lung adenocarcinoma
associated with cystic airspaces: predictive value of CT features in assessing pathologic
invasiveness. Eur ] Radiol (2023) 165:110947. doi:10.1016/j.ejrad.2023.110947

27. Chen X, Mo S, Yi B. The spatiotemporal dynamics of lung cancer: 30-year trends
of epidemiology across 204 countries and territories. BMC Public Health (2022) 22(1):
987. doi:10.1186/s12889-022-13281-y

28. Fintelmann FJ, Brinkmann JK, Jeck WR, Troschel FM, Digumarthy SR, Mino-
Kenudson M, et al. Lung cancers associated with cystic airspaces: natural history,
pathologic correlation, and mutational analysis. ] Thorac Imaging (2017) 32(3):176-88.
doi:10.1097/rti.0000000000000265

29. Chang YC, Hung YC, Wu Y], Tang EK, Wu FZ. Understanding East-West
differences in subsolid nodules: prevalence and overdiagnosis implications in lung
cancer screening. Ann Med (2025) 57(1):2478321. doi:10.1080/07853890.2025.2478321

30. Haider E, Burute N, Harish S, Boylan C. Lung cancer associated with cystic
airspaces: characteristic morphological features on CT in a series of 11 cases. Clin
Imaging (2019) 56:102-7. doi:10.1016/j.clinimag.2019.02.015

Oncology Reviews

11

10.3389/0r.2025.1615365

31.MaZ, Wang S, Zhu H, Li Y, Zhang Y. Comprehensive investigation of lung cancer
associated with cystic airspaces: predictive value of morphology. Eur ] Cardio-Thoracic
Surg (2022) 62(5):ezac297. doi:10.1093/ejcts/ezac297

32. Shen Y, Zhang Y, Guo Y, Li W, Huang Y, Wu T, et al. Prognosis of lung cancer
associated with cystic airspaces: a propensity score matching analysis. Lung Cancer
(2021) 159:111-6. doi:10.1016/j.lungcan.2021.07.003

33. Jung W, Cho S, Yum S, Chung JH, Lee KW, Kim K, et al. Stepwise disease
progression model of subsolid lung adenocarcinoma with cystic airspaces. Ann Surg
Oncol (2020) 27(11):4394-403. doi:10.1245/s10434-020-08508-4

34. Toyokawa G, Shimokawa M, Kozuma Y, Matsubara T, Haratake N, Takamori S,
et al. Invasive features of small-sized lung adenocarcinoma adjoining
emphysematous bullae. Eur J Cardio-Thoracic Surg (2018) 53(2):372-8. doi:10.
1093/ejcts/ezx295

35. Iwama E, Okamoto I, Yabuuchi H, Takayama K, Harada T, Matsuo Y, et al.
Characteristics of smoking patients with lung cancer with emphysematous bullae.
J Thorac Oncol (2016) 11(9):1586-90. doi:10.1016/j.jth0.2016.04.024

36. Watanabe Y, Kusumoto M, Yoshida A, Shiraishi K, Suzuki K, Watanabe SI, et al.
Cavity wall thickness in solitary cavitary lung adenocarcinomas is a prognostic
indicator. Ann Thorac Surg (2016) 102(6):1863-71. doi:10.1016/j.athoracsur.2016.
03.121

37. Byrne D, English JC, Atkar-Khattra S, Lam S, Yee J, Myers R, et al.
Cystic primary lung cancer: evolution of computed tomography imaging
morphology over time. ] Thorac Imaging (2021) 36(6):373-81. doi:10.1097/rti.
0000000000000594

38. Maki D, Takahashi M, Murata K, Sawai S, Fujino S, Inoue S. Computed
tomography appearances of bronchogenic carcinoma associated with bullous lung
disease. J Comput Assist tomography (2006) 30:447-52. doi:10.1097/00004728-
200605000-00016

39. Mascalchi M, Attina D, Bertelli E, Falchini M, Vella A, Pegna AL, et al. Lung
cancer associated with cystic airspaces. ] Comp Assist Tomography (2015) 39(1):102-8.
doi:10.1097/rct.0000000000000154

40. Mendoza DP, Heeger A, Mino-Kenudson M, Lanuti M, Shepard JAO, Sequist LV,
et al. Clinicopathologic and longitudinal imaging features of lung cancer associated with
cystic airspaces: a systematic review and meta-analysis. Am ] Roentgenology (2021)
216(2):318-29. doi:10.2214/ajr.20.23835

41. Shen Y, Xu X, Zhang Y, Li W, Dai ], Jiang S, et al. Lung cancers associated with
cystic airspaces: CT features and pathologic correlation. Lung Cancer (2019) 135:110-5.
doi:10.1016/j.lungcan.2019.05.012

42. Iwata T, Nishiyama N, Nagano K, Izumi N, Tsukioka T, Hanada S, et al. Squamous
cell carcinoma presenting as a solitary growing cyst in lung: a diagnostic pitfall in daily
clinical practice. Ann Thorac Cardiovasc Surg (2009) 15(3):174-7.

43. Mascalchi M. Lung cancer associated with cystic airspaces in the screening
perspective. Ann Surg Oncol (2020) 27(Suppl. 3):960-1. doi:10.1245/510434-020-
08929-1

44. Zheng X, Qiu L, Huang Y, Cheng R, Huang S, Xu K, et al. Exploring the molecular
and immune-landscape of lung cancer associated with cystic airspaces. Mol Immunol
(2024) 168:75-88. doi:10.1016/j.molimm.2024.01.007

45.Tan Y, Gao J, Wu C, Zhao S, Yu J, Zhu R, et al. CT characteristics and pathologic
basis of solitary cystic lung cancer. Radiology (2019) 291(2):495-501. doi:10.1148/radiol.
2019181598

46. Wu CC, Maher MM, Shepard J-AO. Complications of CT-Guided percutaneous
needle biopsy of the chest: prevention and management. Am | Roentgenology (2011)
196(6):W678-W682. doi:10.2214/ajr.10.4659

47. Maher MM, Kalra MK, Titton RL, Boland GW, Wittram C, Aquino S, et al.
Percutaneous lung biopsy in a patient with a cavitating lung mass: indications,
technique, and complications. Am ] Roentgenology (2005) 185(4):989-94. doi:10.
2214/ajr.05.0489

48. Balbi M, Capelli S, Caroli A, Culasso NC, Barba M, Senkeev R, et al. CT-Guided
core needle biopsy of pulmonary lesions associated with cystic airspaces: a case-control
study. Am ] Roentgenology (2024) 223(1):e2431042. doi:10.2214/ajr.24.31042

49. Shin KE, Park JS, Lee JW. Diagnostic accuracy of CT-Guided core needle biopsy
for thin-walled cavitary pulmonary lesions. Am ] Roentgenology (2021) 216(2):369-75.
doi:10.2214/ajr.20.22780

50. Zhuang Y-P, Wang H-Y, Zhang ], Feng Y, Zhang L. Diagnostic accuracy and
safety of CT-guided fine needle aspiration biopsy in cavitary pulmonary lesions. Eur |
Radiol (2013) 82(1):182-6. doi:10.1016/j.¢jrad.2012.09.011

51. Kiranantawat N, Petranovic M, McDermott S, Gilman M, Digumarthy SR, O
Shepard JA, et al. Feasibility and accuracy of CT-guided percutaneous needle biopsy of
cavitary pulmonary lesions. Diagn Interv Radiol (2019) 25(6):435-41. doi:10.5152/dir.
2019.18061

52. Snoeckx A, Reyntiens P, Carp L, Spinhoven MJ, El Addouli H, Van Hoyweghen A,
et al. Diagnostic and clinical features of lung cancer associated with cystic airspaces.
J Thorac Dis (2019) 11(3):987-1004. doi:10.21037/jtd.2019.02.91

53. Deng H, Zhang ], Zhao S, Zhang J, Jiang H, Chen X, et al. Thin-wall cystic lung
cancer: a study of 45 cases. Oncol Lett (2018) 16(1):755-60. doi:10.3892/01.2018.8707

frontiersin.org


https://doi.org/10.1136/thx.9.2.100
https://doi.org/10.3978/j.issn.2072-1439.2014.09.29
https://doi.org/10.1510/icvts.2010.233551
https://doi.org/10.1148/radiol.2019190329
https://doi.org/10.1186/s13019-024-02936-z
https://doi.org/10.1186/s13019-024-02936-z
https://doi.org/10.21037/jtd.2018.05.125
https://doi.org/10.1007/s00330-014-3394-4
https://doi.org/10.1007/s00330-014-3394-4
https://doi.org/10.1016/s1470-2045(14)70387-0
https://doi.org/10.3892/ol.2014.2065
https://doi.org/10.3760/cma.j.cn112152-20210119-00060
https://doi.org/10.1200/op.21.00485
https://doi.org/10.1148/rg.2018170099
https://doi.org/10.21037/jtd-22-1199
https://doi.org/10.1111/ajco.12126
https://doi.org/10.1378/chest.07-1490
https://doi.org/10.3390/cancers16233930
https://doi.org/10.21037/tcr-20-1926
https://doi.org/10.1016/j.ejrad.2023.110947
https://doi.org/10.1186/s12889-022-13281-y
https://doi.org/10.1097/rti.0000000000000265
https://doi.org/10.1080/07853890.2025.2478321
https://doi.org/10.1016/j.clinimag.2019.02.015
https://doi.org/10.1093/ejcts/ezac297
https://doi.org/10.1016/j.lungcan.2021.07.003
https://doi.org/10.1245/s10434-020-08508-4
https://doi.org/10.1093/ejcts/ezx295
https://doi.org/10.1093/ejcts/ezx295
https://doi.org/10.1016/j.jtho.2016.04.024
https://doi.org/10.1016/j.athoracsur.2016.03.121
https://doi.org/10.1016/j.athoracsur.2016.03.121
https://doi.org/10.1097/rti.0000000000000594
https://doi.org/10.1097/rti.0000000000000594
https://doi.org/10.1097/00004728-200605000-00016
https://doi.org/10.1097/00004728-200605000-00016
https://doi.org/10.1097/rct.0000000000000154
https://doi.org/10.2214/ajr.20.23835
https://doi.org/10.1016/j.lungcan.2019.05.012
https://doi.org/10.1245/s10434-020-08929-1
https://doi.org/10.1245/s10434-020-08929-1
https://doi.org/10.1016/j.molimm.2024.01.007
https://doi.org/10.1148/radiol.2019181598
https://doi.org/10.1148/radiol.2019181598
https://doi.org/10.2214/ajr.10.4659
https://doi.org/10.2214/ajr.05.0489
https://doi.org/10.2214/ajr.05.0489
https://doi.org/10.2214/ajr.24.31042
https://doi.org/10.2214/ajr.20.22780
https://doi.org/10.1016/j.ejrad.2012.09.011
https://doi.org/10.5152/dir.2019.18061
https://doi.org/10.5152/dir.2019.18061
https://doi.org/10.21037/jtd.2019.02.91
https://doi.org/10.3892/ol.2018.8707
https://www.frontiersin.org/journals/oncology-reviews
https://www.frontiersin.org
https://doi.org/10.3389/or.2025.1615365

Wang and Dai

54. Carroll MB, Shroff GS, Truong MT, Walker CM. Pearls and pitfalls in lung cancer
imaging. Semin Ultrasound CT MRI (2021) 42(6):524-34. doi:10.1053/j.sult.2021.
04.013

55. Chen H, Huang D, Lin G, Yang X, Zhuo M, Chi Y, et al. The prevalence and real-
world therapeutic analysis of Chinese patients with KRAS-mutant non-small cell lung
cancer. Cancer Med (2022) 11(19):3581-92. doi:10.1002/cam4.4739

56. Deng C, Chen Z, Bai J, Fu F, Wang S, Li Y, et al. Clinical characteristics and
progression of pre-/minimally invasive lung adenocarcinoma harboring ALK or RET
rearrangements: a retrospective cohort study. Transl Lung Cancer Res (2023) 12(12):
2440-7. doi:10.21037/tler-23-517

57. Toyokawa G, Takada K, Okamoto T, Kozuma Y, Matsubara T, Haratake N, et al.
High frequency of programmed death-ligand 1 expression in emphysematous bullae-
associated lung adenocarcinomas. Clin Lung Cancer (2017) 18(5):504-11.el. doi:10.
1016/j.cllc.2016.11.011

58. Takada K, Okamoto T, Shoji F, Shimokawa M, Akamine T, Takamori S, et al.
Clinical significance of PD-L1 protein expression in surgically resected primary lung
adenocarcinoma. J Thorac Oncol (2016) 11(11):1879-90. doi:10.1016/j.jtho.2016.06.006

59. Sun J-M, Zhou W, Choi Y-L, Choi S-J, Kim SE, Wang Z, et al. Prognostic
significance of PD-L1 in patients with non-small cell lung cancer: a large cohort study of
surgically resected cases. ] Thorac Oncol (2016) 11(7):1003-11. doi:10.1016/j.jtho.2016.
04.007

60. Abiko K, Matsumura N, Hamanishi J, Horikawa N, Murakami R, Yamaguchi K,
et al. IFN-y from lymphocytes induces PD-L1 expression and promotes progression of
ovarian cancer. Br ] Cancer (2015) 112(9):1501-9. doi:10.1038/bjc.2015.101

61. Spranger S, Spaapen RM, Zha Y, Williams J, Meng Y, Ha TT, et al. Up-Regulation
of PD-L1, IDO, and tregs in the melanoma tumor microenvironment is driven by CD8+
T cells. Sci Translational Med (2013) 5(200):200ral16-200rall6. doi:10.1126/
scitranslmed.3006504

62. Fusi A, Festino L, Botti G, Masucci G, Melero I, Lorigan P, et al. PD-L1 expression
as a potential predictive biomarker. Lancet Oncol (2015) 16(13):1285-7. doi:10.1016/
$1470-2045(15)00307-1

63. Daud AI, Wolchok JD, Robert C, Hwu W-J, Weber JS, Ribas A, et al. Programmed
death-ligand 1 expression and response to the anti-programmed death 1 antibody
pembrolizumab in melanoma. J Clin Oncol (2016) 34(34):4102-9. doi:10.1200/jco.2016.
67.2477

64. Meng SS, Wang SD, Zhang YY, Wang J. Lung cancer from a focal bulla into thin-
walled adenocarcinoma with ground glass opacity - an observation for more than
10 years: a case report. World J Clin Cases (2020) 8(11):2312-7. doi:10.12998/wjcc.v8.
i11.2312

65. Christensen ], Prosper AE, Wu CC, Chung J, Lee E, Elicker B, et al. ACR Lung-
RADS v2022: assessment categories and management recommendations. ] Am Coll
Radiol (2024) 21(3):473-88. doi:10.1016/j.jacr.2023.09.009

66. Liu YC, Liang CH, Wu YJ, Chen CS, Tang EK, Wu FZ. Managing persistent
subsolid nodules in lung cancer: education, decision making, and impact of interval

Oncology Reviews

12

10.3389/0r.2025.1615365

growth  patterns. (Basel)  (2023)  13(16):2674.  doi:10.3390/

diagnostics13162674

67.Dou P, Meng Y, Zhao H, Zhang S, Liu Z, Zhu L, et al. Serial CT changes in different
components of lung cancer associated with cystic airspace in patients treated with
neoadjuvant chemotherapy. Sci Rep (2021) 11(1):23544. doi:10.1038/s41598-021-
02897-6

68. Paz-Ares LG, Ciuleanu T-E, Cobo M, Bennouna J, Schenker M, Cheng Y, et al.
First-line nivolumab plus ipilimumab with chemotherapy versus chemotherapy alone
for metastatic NSCLC in CheckMate 9LA: 3-year clinical update and outcomes in
patients with brain metastases or select somatic mutations. ] Thorac Oncol (2023) 18(2):
204-22. doi:10.1016/j.jtho.2022.10.014

Diagnostics

69. Parisi C, Lamberti G, Zompatori M, Gelsomino F, Salvagni S, Sperandi F, et al.
Evolution of cystic airspaces lung lesions on immune checkpoint inhibition in non-
small cell lung cancer. | Immunother Cancer (2020) 8(2):¢000502. doi:10.1136/jitc-
2019-000502

70. Hanaoka N, Tanaka F, Otake Y, Yanagihara K, Nakagawa T, Kawano Y, et al.
Primary lung carcinoma arising from emphysematous bullae. Lung Cancer (2002) 38(2):
185-91. doi:10.1016/s0169-5002(02)00186-1

71. Onn A, Choe DH, Herbst RS, Correa AM, Munden RF, Truong MT, et al. Tumor
cavitation in stage I non-small cell lung cancer: epidermal growth factor receptor
expression and prediction of poor outcome. Radiology (2005) 237(1):342-7. doi:10.
1148/radiol.2371041650

72. Lan C-C, Wu H-C, Lee C-H, Huang S-F, Wu Y-K. Lung cancer with unusual
presentation as a thin-walled cyst in a young nonsmoker. J Thorac Oncol (2010) 5(9):
1481-2. doi:10.1097/jto.0b013e3181e77f2e

73. Xue X, Wang P, Xue Q, Wang N, Zhang L, Sun J, et al. Comparative study of
solitary thin-walled cavity lung cancer with computed tomography and pathological
findings. Lung Cancer (2012) 78(1):45-50. doi:10.1016/j.lungcan.2012.06.004

74. Korol E. The correlation of carcinoma and congenital cystic emphysema of the
lungs. Dis Chest (1953) 23(4):403-11. doi:10.1378/chest.23.4.403

75. Stoloff IL, Kanofsky P, Magilner L. The risk of lung cancer in males with bullous
disease of the lung. Arch Environ Health Int J (1971) 22(1):163-7. doi:10.1080/
00039896.1971.10665827

76. Nickoladze GD. Bullae and lung cancer. ] Thorac Cardiovasc Surg (1993) 106(1):
186. doi:10.1016/s0022-5223(19)33764-x

77. Tsutsui M, Araki Y, Shirakusa T, Inutsuka S. Characteristic radiographic features
of pulmonary carcinoma associated with large bulla. Ann Thorac Surg (1988) 46(6):
679-83. doi:10.1016/s0003-4975(10)64733-9

78. Goldstein MJ, Snider GL, Liberson M, Poske RM. Bronchogenic carcinoma and
giant bullous disease. Am Rev Respir Dis (1968) 97(6):1062-70. doi:10.1164/arrd.1968.
97.6P1.1062

79. Ohdama S, Akagawa S, Matsubara O, Yoshizawa Y. Primary diffuse alveolar septal
amyloidosis with multiple cysts and calcification. Eur Respir ] (1996) 9(7):1569-71.
doi:10.1183/09031936.96.09071569

frontiersin.org


https://doi.org/10.1053/j.sult.2021.04.013
https://doi.org/10.1053/j.sult.2021.04.013
https://doi.org/10.1002/cam4.4739
https://doi.org/10.21037/tlcr-23-517
https://doi.org/10.1016/j.cllc.2016.11.011
https://doi.org/10.1016/j.cllc.2016.11.011
https://doi.org/10.1016/j.jtho.2016.06.006
https://doi.org/10.1016/j.jtho.2016.04.007
https://doi.org/10.1016/j.jtho.2016.04.007
https://doi.org/10.1038/bjc.2015.101
https://doi.org/10.1126/scitranslmed.3006504
https://doi.org/10.1126/scitranslmed.3006504
https://doi.org/10.1016/s1470-2045(15)00307-1
https://doi.org/10.1016/s1470-2045(15)00307-1
https://doi.org/10.1200/jco.2016.67.2477
https://doi.org/10.1200/jco.2016.67.2477
https://doi.org/10.12998/wjcc.v8.i11.2312
https://doi.org/10.12998/wjcc.v8.i11.2312
https://doi.org/10.1016/j.jacr.2023.09.009
https://doi.org/10.3390/diagnostics13162674
https://doi.org/10.3390/diagnostics13162674
https://doi.org/10.1038/s41598-021-02897-6
https://doi.org/10.1038/s41598-021-02897-6
https://doi.org/10.1016/j.jtho.2022.10.014
https://doi.org/10.1136/jitc-2019-000502
https://doi.org/10.1136/jitc-2019-000502
https://doi.org/10.1016/s0169-5002(02)00186-1
https://doi.org/10.1148/radiol.2371041650
https://doi.org/10.1148/radiol.2371041650
https://doi.org/10.1097/jto.0b013e3181e77f2e
https://doi.org/10.1016/j.lungcan.2012.06.004
https://doi.org/10.1378/chest.23.4.403
https://doi.org/10.1080/00039896.1971.10665827
https://doi.org/10.1080/00039896.1971.10665827
https://doi.org/10.1016/s0022-5223(19)33764-x
https://doi.org/10.1016/s0003-4975(10)64733-9
https://doi.org/10.1164/arrd.1968.97.6P1.1062
https://doi.org/10.1164/arrd.1968.97.6P1.1062
https://doi.org/10.1183/09031936.96.09071569
https://www.frontiersin.org/journals/oncology-reviews
https://www.frontiersin.org
https://doi.org/10.3389/or.2025.1615365

	Lung cancer associated with cystic airspaces: current progress and future perspectives
	Introduction
	Epidemiology
	Demographic characteristics
	Radiologic classification
	Maki–Mascalchi classification
	Fintelmann classification
	SPH classification
	Jung classification

	Pathology
	Location and histology
	Pathological features
	Tissue sampling

	PET-CT
	Molecular characteristics
	Driver gene mutation
	PD-L1 expression

	Disease progression
	Evolution of the cyst wall
	Evolution of the cystic airspace

	Treatment response
	Chemotherapy
	Immunotherapy

	Survival prognosis
	Mechanism hypothesis
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


